V^r^^ 


i  ' 


h 


Knight's 


KRICAN 


HANICAL 


])!(  TIOiNARY 


Till-:    PAPYRUS-ri.AXT   OF  THE    NILE. 


Pr.ATK  XXXVI. 


.Sr/!  jififjr  IC.IH. 


KNIGHT'S 

AMERICAN 

MECHANICAL  DICTIONARY. 

A  DESCRIPTION  OF  TOOLS,  INSTRUilEXTS,  MACHINES,  PROCESSES, 

AND    ENGINEERING;    HISTORY    OF    IN\T;NTI0NS; 

GENERAL  TECHNOLOGICAL  VOCABULARY ; 

AND 

DIGEST  OF  MECHANICAL  APPLIANCES  IN  SCIENCE  AND  THE  ARTS. 
By  EDWARD   H.  KNIGHT, 

CIVIL  AND  MECHANICAL  ESGINEEK,   ETC. 

WrXH  UPWARDS  OP  SEVEN  THOUSAND  ENGRAVINGS. 

VOLUME  n.  — GAS-EEA. 


"Thus  Time  brings  all  things,  one  by  one,  to  sight, 
And  Skill  evolves  them  into  perfect  light."  —  Lucretics,  Book  V. 


Fint  Steam  Engine. 


BOSTON: 

HOUGHTON,  MIFFLIN  AND   COMPANY. 

Suljc  JKitJcrsiDc  press,  CambriDgc. 

1882. 


Copyright,  1872, 
By  J.  B.  FORD   AND   COMPANY. 

COPYKIGIIT,    187G, 

By  HURD   and   HOUGHTON. 


BITERSIDE,    CAMBRIDGE: 

EI.ECTROTYPED    AND     PRINTED    BY 

II.   O.    HOUGHTON  AND   COMPANY. 


LIST   OF   FULL-PAGE  PLATES. 

Vol.  IL 


Plate.                                                  Scbject.  Page. 

XX.    GLASS-BLOWING.    {Brooklyn,  N.  Y.) 976 

XXI.    STEAM-ENGINE  GOVERNORS 998 

XXII.    GRINDING-MILLS 1020 

XXIII.  GUN-BOATS,     {irestem  River  Flotilla.) "  •  1034 

XXIV.  HYDROSTATIC   PRESSES.     (Applications  of ) Ho? 

XXV.    HYDROSTATIC  PRESSES 1150 

XXVL    ICE-MACHINES 116^ 

XXVII.     INCLINED   PLANE.     (Tlie  Rhone  Glacier,  Furha  Pass.)       .        .        .        .1176 

XXVin.     GIRARD-AVENUE   IRON   BRIDGE.     {Over  the  Schuylkill,  Philadelphia.)  1200 

XXIX.     MAP.     {Mapping  from  900  B.  C.  to  A.  D.  1520.) 1386 

XXX.     MOWERS.     {Principles  of  Cutting  Apparatm.) 1-189 

XXXL     MOWERS.     {Connection  of  Cutting  Apparatus.) 1490 

XXXII.     MOWERS.     {Modes  of  driving  Cutters.) 1491 

XXXIII.  MOWERS.     {Style  of  Cutters.     Track-clearers.) 1492 

XXXIV.  ORE-MILL.     {Dry  Process.) 1567 

XXXV.    ORE-MILLS 1570 

XXXVI.    THE  PAPYRUS-PLANT  OF  THE  NILE FrontispUci 

XXX VII.    PAPER  AND  PASTEBOARD   MACHINES 1624 

XXXVIII.    WOODEN-BLOCK  PAVING 1640 

XXXIX.     PEN.     {Text  in  103  Languages.) 1655 

XXXIX*     PHOTOLITHOGRAPH.     (."specimen  of  plate  printed  by  Ihnt  process.)     .  1687 

XL.     PIANO   FORTE.     {Pictorial  History.) 1692 


Iv  LIST   OK  FULL-PAGE   PLATES. 

Plate.                                                                    Subject.  Page. 

XLI.  PIVOT   BRIDGE.     (Orer  the  Yssel,  vearWeftervoort,  Holland.)          .         .  .1721 

XLII.  AMERICAN  FIVE-TON  BESSEMER  PLANT 1733 

XLIII.  THE   VICTORY  PRINTING  AND   FOLDING   MACHINE       .        .  .1798 

XLIV.  PUMPING   ENGINE.     (Louisville  Water  Works.) 1828 

XLV.  RAILWAY   CARRIAGE.     (Moscow  and  KoorsL- Railwai/,  Russia.)            .  .     1865 


GAS-ALARM. 


945 


GAS-APPARATUS. 


supply  from  certain  localities  lor  repair  or  other 
j)ur[ioses.  These  ai'e  hydraulic  water-traps,  in  fact, 
consi-sting  of  inverted  cups  shuttiu";  down  over  the 
top  of  the  pipe,  whii'h  is  turned  up  for  that  purpose 
beneath  a  small  dome  ;  or  other  mechanical  devices 
are  used,  such  iis  spring  or  slide  valves,  which  are 
essentially  similar  to  some  described  under  Valves. 
An  essential  part  of  the  distributing  apjiaratus  is 
the  meter ;  these  are  wcl  or  dri/,  and  are  described 
under  Gas-meter. 

Gas-a-larm'.  A  device  invented  by  M.  C'huard, 
and  described  in  the  foi'ty-fourth  volume  of  the 
Bulletin  dc  In  Sucieti  d' EncourafjcnieiU  puur  I'lii- 
dustrie  y^atwmiJc,  1845. 

It  is  called  by  him  a  "gasoscope"  (J),  and  was 
intended  to  indicate  the 
Fig  2162.  presence  of   carbureted 

hydrogen  in  mines  and 
dwellings.  It  is  con- 
structed like  a  very 
delicate  areometor,  with 
a  light  metallic  stem, 
surmounted  by  a  thin 
glass  globe  tilled  witli 
atmospheric  air.  The 
lower  ball,  wliich  gives 
it  buoyancy,  and  the 
suspended  weight, 
which  maintains  its 
vertical  ])osition,  are- 
submerged  in  a  vessel 
of  distilled  water.  The 
weight  is  graduated,  so 
that  the  normal  condi- 
tion of  the  air  causes 
the  finger  to  indicate 
zero  on  the  scale  ;  P, 
pure.  When  the  sur- 
rounding air  becomes 
nii.iced  with  hydrogen, 
the  relative  weight 
of  the  glass  globe  will 
be  changed,  its  con- 
tained air  being  heavier 
than  the  air  and  gas  by 
which  it  is  surrounded. 
It  will  then  sink,  and 
the  pointer  will  indi- 
cate upon  the  gradu- 
ated scale  a  dangerous 
degree  of  suffusion  of 
the  ail' ;  D,  danger. 
When  nearing  the  point 
E,  e.x]iIosion,  a  stud  on 
tile  stem  trips  a  trigger 
or  comes  in  ccuitact  with 
a  magnet,  by  which  a 
lever  is  moved  and  a 
haunner  caused  to  sound 
upon  an  alarm-bell. 
Several  other  devices 
Chuard's  Gas-Alarm.  founded     upon    endos- 

motic  action  have  Ijeen 
proposed.  A  blailder  of  air  is  pilaced  in  a  position 
e.\posed  to  the  action  of  escaping  hydrogen,  and 
by  the  absorption  of  gas  its  form  or  specific  weight 
becomes  changed,  the  change  being  made  the  means 
of  mechanically  actuating  a  device  which  sounds 
the  alarm. 

Another  gas-alavm  for  mines  or  rooms  consists  of 
a  galvanic  battery  w-ith  a  bell  and  a  glass  tube  filled 
with  chloride  of  palladium.  This  metallic  salt  is 
extremely  sensitive  to  the  presence  of  carbonic-oxide 
gas.  A  small  quantity  of  the  gas  will  at  once  throw 
60 


down  some  of  the  metal  from  tile  solution,  and  this 
precipitate  collecting  in  the  bottom  of  the  tube,  at 
once  establishes  a  connection  in  the  current  of  elec- 
tricity, and  tlie  violent  ringing  of  a  bell  will  wain 
the  sleeper  of  his  danger. 

Van  der  Weyde's  burglar-alarm  B  is  so  arranged 
that  the  opening  of  a  door  or  window  to  which  it  is 
connected  \\ill  turn  a  gas-cock  and  emit  gas  into  a 
cylinder,  where  it  is  exploded  by  contact  with  a 
small,  constant  burner  above. 

It  has  an  upper  metallic  cylinder  and  a  lower 
apron  of  wire  gauze,  into  which  the  gas  enters  as  the 
lower  gas-cock  is  turned  by  the  opening  of  the  door. 
As  the  gas  readies  tlie  upjier  end  of  the  tube  and  is 
ignited  at  the  burner,  it  produces  a  shrill  sound 
which  may  be  heard  by  the  inmates  of  tlie  house. 
The  apiiaratns  may  be  placed  within  the  room  which 
is  being  surreptitiously  entered,  or  at  any  other 
]ioint,  connected  liy  wire  with  the  door  of  said 
room,  and  conveniently  situated  to  alarm  the  per.soii 
in  cbai'ge. 

Gas'a-lier.  A  .stem  or  dependent  tube  having  a 
group  of  blanches  tipped  with  gas-burners. 

Gas-ap'pa-ra'tus.  The  apparatus  for  making 
nitrous-oxide  gas  is  shown  in  Fig.  2163.     It  consists 

Fig.  2163. 


Nitrous- Oxide  Gas-Apparatus. 

of  a  retort  n,  purifier  y/,  and  gas-holder  b.  The 
purifier  A  is  a  cop]ier  cylinder,  divided  into  two 
chambers  by  a  gas-tight  horizontal  disk  I/.  The 
cylinder  is  pierced  just  below  the  disk  bj'  a  number 
of  small  boles.  7?  is  a  wooden  .stand  ;  C,  a  glass 
vase  covering  the  cylindei'  ;  A',  a  short  pipe,  to 
which  the  conducting  tube  is  attached,  curving 
under  the  vase,  and  passing  into  the  Jower  chamber 
and  connecting  with  the  retort  by  a  rubber  tube  E. 
A  similar  pipe  communicates  with  the  upper  cham- 
ber, and  is  connected  with  the  gas-holder  by  tube  G. 
The  cylinder  is  loosely  fitted  with  four  wire-cloth 
disks  /,  placed  equidistant,  on  which  is  spread  lime. 
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The  wliole  a[ijiiir;itu.s  .sits  in  a  Tes.sel  D,  which 
shimlii  be  about  biilf  lull  of  water. 

The  gas  jia.sses  lioni  the  retort  liy  tube  E  into  the 
lower  chamber,  is  (laitly  waslieil  by  the  water,  passes 
out  at  the  small  holes  into  the  inside  of  the  va.se,  up 
into  the  top  of  the  eylimler,  down  through  the  lime 
into  the  pipe  ./,  and  to  the  ga.s-holder  by  tube  G,  as 
indicated  by  the  arrows. 

Fig.  2164  shows  a  i]ortable  apparatus  lor  making 
the  usual  carbureted  hydrogen  lor  mauiiractories  or 

Fig.  2164. 


Portable  GaS'Apparatits. 

eor.ntry  mansion.s,  having  a  furnace  and  retort  a,  a 
condenser,  washer,  |iuritier,  and  gas-holder,  con- 
nected by  pipes  with  couplings,  so  as  to  be  set  up 
on  a  pavement  or  tloor  without  special  excavation  or 
building.  See  also  C.\i;biiiietoii,  and  the  subjects 
under  the  following  heads  :  — 


Ammoniac.al  gas-engine. 
Argand-burner. 
Bat's-wing  burner. 
Burner. 

Butterrty-burncr. 
Carbure  t  i  n  g  -  m  a  c  h  i  n  e. 

Air  and  gas 
Compensator. 
Detonating-tube. 
Dry-meter. 
Electro])horus. 
Eudionr'ter. 
Exhauster. 
Fan-tail. 
Fish-tail  burner. 
Gas. 

Gas-alarm. 
Gasalier. 
Gas-apparatus. 
Gas-bellows. 
Gas  blow-pipe. 
Gas-bracket. 
Gas-burner. 
Gas-check. 
Gas-compen.sator. 
Gas-coud'.'u.ser. 
Gas  cooking-stove. 
Gas-eugiuc. 


G.is-fitters'  tongs. 
Gas-fitting  tool. 
Ga.s-gage. 
Gas-generator. 
Gas-governor. 
Gas-heated  furnace. 
Gas-heater. 
Gas-holder. 
Gasing. 
Gas-injector. 
Gas-lighter. 

Gas-lighting     by     elec- 
tricity. 
Gas-m;H'hine. 
Gas-making. 
Gas-meter. 
Gasometer. 
Gasophaner. 
Gasoscope. 
Gas-pipe. 
Gas-pipe  tongs. 
Gas-pressure  indicator. 
Gas-pressure  regulator. 
Gas- purifier. 
Gas-register, 
Gas-regulator. 
Gas-retort. 
Gas-retort  charger. 


Gas    reverberatory    fur- 
nace. 
Gas-stove. 

Gas-torch. 
Gas-washer. 
Hydraulic  main. 
Hydraulic  valve. 
Hydrocarbon  burner. 
Lid-closer. 
Lighter. 

Lighting    gas    by    elec- 
tricity. 
Nitrous-oxide  apparatus. 
Oil-gas. 


0.\ygen-gas  apparatus. 

O.xy  hydrogen  -  light. 

Petroleum-still. 

Photometer. 

tjuicksilver-valve. 

Scrubber. 

Seal. 

Switch. 

Tar-well. 

Tell-tale. 

Torch. 

Yrtpor-burner. 

Water-gas. 

Wet-meter. 


Gas-bel'lows.  A  kindling  device  consisting  of 
a  hollow  poker  attached  by  a  flexible  tube  with  the 
gas-pipe.  The  end  of  the  poker  is  perforated,  and 
is  thrust  among  the  coals  in  the  grate  or  furnace,  so 
that  the  ignited  jet  may  start  the  fire. 

English  patents  of  1854  and  1856  describe  bellows 
connected  with  a  gas-reservoir,  and  also  a  portable 
apparatus  containing  compressed  gas,  and  having  a 
nozzle  whicli  may  lie  thrust  among  the  .coals. 

Gas  Blo'w-pipe.  A  form  of  blow-pipe  designed 
to  be  attached  to  a  gas-pipe,  for  using  gas  instead  of 

Fig.  2165. 


Gas  Blow-Fipe. 

oil  or  alcohol.  The  atmospheric  air  is  driven 
through  the  center  tube,  adding  force  and  giving  a 
cylindrical  form  to  the  flame,  which  issues  at  an 
annular  opening. 

Gas-brack'et.  A  branch  proceeding  from  a  wall 
anil  having  on  its  end  a  burner  or  burners. 

Gas-burn'er.  The  jet-piece  at  which  the  gas 
issues. 

It  consists  of  a  slit  or  of  a  number  of  orifices  dis- 
po.sed  so  as  to  produce  the  shape  of  flame  required. 

The  Jish-lrtil  flame  is  made  by  two  obliipie  orifices 
at  an  angle  of  about  60°,  so  as  to  cause  the  jets  to 
cross  each  other  ;  the  object  is  divergence,  to  spread 
the  gas  and  bring  the  eaibureted  hydrogen  in  con- 
tact with  the  air. 

The  cock-spur  burner  a  has  three  apertures,  one 
central  and  the  others  divergent. 

The  uition  burner  b  has  a  row  of  holes  so  disposed 
that  the  jets  touch  and  nearly  coalesce,  each  main- 
taining in  part  its  distinctiveness. 

Tlie  hat's  vimj  c  has  a  slit  aperture  instead  of 
holes,  giving  a  Hat,  fan-like  flame. 

The  bcrik  has  a  round,  smooth  hole  /„-  of  an  inch 
in  diameter. 

The  Boccius  light,  named  after  the  inventor,  con- 
sists of  two  concentric,  metallic  cylinders,  placed  on 
the  tlanie  and  within  the  usual  lanip-gla.ss,  so  as  to 
modify  the  combustion  and  increase  the  brilliancy 
of  the  light. 

The  Argand  burner  d  is  a  hollow  ajinulus,  the 
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upper  surface  of  whiclt  is  pierced  with  a  circle  of 
small  openings  having  a  dianietci-  of  from  iV  to  577 
of  an  inch.  It  also  has  a  central  aperture  to  allow 
access  of  air  to  the  inside  of  the  flame  as  well  as  the 
outside. 

The  jets  from  each  hole  unite  to  form  a  cylin- 
drical rtame.  The  holes  are  about  J  of  an  incli 
asunder,  and  when  there  are  ten  holes  in  the  circle 
the  middle  opening  will  be  -i*j  of  an  inch  in  diame- 
ter. With  twenty-tive  hole^  the  central  orifice  will 
be  about  1  inch  in  diameter. 

Burners  with  ten,  fifteen,  twenty,  or  twenty-five 
holes  have  central  apertures  f,  ^,  *,  and  V'Tui  "f  ^n 
inch  in  diameter.  The  flames  of  these  burners  may 
be  rai.<ied  withont  smoking  to  the  height  of  3^,  3, 
2i,  and  2  inches  resjjectively.  The  gla.ss  chimneys 
for  the  burners  mentioned  should  be  -,%,  jj,  -|S,  H 
of  an  inch  in  diameter  respectively. 

The  Buik  burner  has  two  or  three  concentric 
Argand  rings. 

The  Wiitfield-Anjaiul  has  a  metallic  button  above 
the  auuulus  to  deflect  the  central  current  laterally. 


Fig.  2166. 


Gas-Burn€rs, 


A  contraction  of  the  chimney  above  the  jet  has  a 
similar  ellVct  upon  the  exterior  envelope  of  air. 

Leslie's  Argand  has  a  series  of  small  tubes  ar- 
ranged in  a  circle,  which  eject  the  gas  in  a  conical 
form  just  below  the  contraction  of  the  chimney. 

Frauklaud's  burner  e  is  an  Argand  with  two  chim- 
neys, the  outer  one  standing  on  a  plate  so  as  to  be 
closed  at  bottom,  and  the  air  passing  between  the 
two  for  the  supply  of  the  flame. 

Faraday's  ventilating  burner  /  removes  the  pro- 
ducts of  combustion,  and  prevents  their  mingling 
with  the  air  of  the  apartment.  It  is  shown  in  verti- 
cal and  horizontal  section,  the  arrows  indicating  the 
coui-se  of  the  air,  and  s  being  the  exit -pipe  for  the 
effete  air  and  gases. 

(/  is  a  three-slit  burner. 

his  a,  soapstone-tipped  burner. 

In  i,  the  elongated  ring  upon  the  turner  has  on 


its  sides  two  arms  supporting  fine  platinum  wires 
bent  over  at  the  top,  between  which  is  a  spongy 
platinum  with  wires  at  the  bottom  to  ignite  the  gas 
issuing  from  the  jet  of  the  burner. 

j  is  also  a  platinum  coil-lighter,  the  resistance  of 
the  metal  causing  it  to  become  red-hot  when  a  cui- 
rent  of  galvanic-  electricity  i.s  passed  through  it. 

In  k,  a  small  axial  tube  .supplies  the  jet  in  the 
bulbous  cap  around  the  main  burners  ;  the  jet  re- 
mains lighted  while  the  main  pipe  is  clo.sed,  and  is 
closed  wheu  the  main  pipe  is  lighted.  The  same 
spigot  acts  to  make  these  charges  of  connection, 
having  side  ramifications  which  conduct  to  the  axial 
tube  in  the  former  case,  and  a  divi.'sioual  piece  which 
closes  the  .said  tube  in  the  latter  ca.se. 

Gas-check.  A  ring  or  jdate  at  the  rear  of  the 
charge  chamber  in  some  kinds  of  breech-loading  ord- 
nance, such  as  Broadwell's,  Krupp'.s,  Armstrong's, 
etc.  It  is  designed  to  close  the  rear  aperture  com- 
jdetely,  and  prevent  escape  of  gas  rearward.  See 
G.\s-niXG. 

Gas-con-dens'er.  The  gas  from  the  retorts  is 
passed  through  the  condenser  to  rid  it  of  the  tar. 
It  comes  hot  from  the  retort,  and  is  pas.sed  through 
the  convoluted  pipes,  which  are  surrounded  by  water,  . 
precipitating  the  tar.  It  Is  the  second  in  the  scries 
of  apparatus  in  gas-making,  —  refvrl,  condenser, 
u-ashcr,  pnrijicr.  From  the  latter  it  passes  to  the 
gas-holder  and  the  distributing  mains.  The  condenser 
<;athers  about  eight  or  ten  gallons  of  tar  froni  the  gas 
produced  from  '2,000  pounds  of  coal.  Thi'  tar  is 
used,  in  connection  with  paper  and  gravel,  for  roof- 
ing ;  and  combined  with  sawdust,  gravel,  and  vari- 
ous other  mattei's,  in  nuiking  pavement.  It  is  dis- 
tilled to  obtain  diflerent  giades  of  hydrocarbon 
licjuids  used  for  illumination  and  in  the  aits. 

The  Ibrm  of  the  condenser  is  a  tank  having  a  sub- 
merged series  of  si- 
phon-shaped tubes,  Fig.  2167. 
whose  lower  ends 
are  bolted  to  a  plate 
forming  the  ceiling 
of  a  chamlier  below, 
wliich  is  divided  by 
partitions  into  com- 
partments. Each 
rank  of  lient  tubes 
connects  two  adjoin- 
ing   compartments. 
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Gas-Condfnser. 

SO  that  the  gas  is  compelled  to  pass  through  each  set, 
by  which  it  is  brought  to  the  temperature  of  llie  air, 
the  tar  and  ammoniacal  lif[Uor  being  condensed  and 
collected  in  the  lower  chamber,  whence  they  are 
drawn  ofl'  into  a  cistern. 

Where  100,000  cubic  feet  of  gas  are  produced 
every  twenty-four  hours,  the  condenser  should  have 
a  surface  of  from  800  to  900  square  feet. 

Gas-en'gine.  An  engine  in  which  the  motion 
of  the  piston  is  caused  by  the  combustion  or  sud- 
den production  or  expansion  of  gas  in  a  closed  cyl- 
inder. 

The  first  gas-engines  were  gunpowder-engines,  the 
gas  generated  by  the  explosion  being  the  means  of 
expelling  the  air,  the  conden.sation  of  the  gases  pro- 
ducing a  partial  vacuum  in  the  chamber.  See 
Brown's  English  patent,  vacuum  engine,  1824. 

D'Hautefeuille,  in  1678,  seems  to  have  been  the 
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iiist  to  use  this  power  ;  Hugyliens  applied  it  in  a  ryl- 
iiider  so  tiiiit  tin-  atiiiosphmc  pitfssurc  iiiiglit  force 
a  piston  ilowiiward  wlicn  the  vacuum  was  tluis 
fonncil  hcncath  it.  Tallin  sulistitutcd  a  bell-valve 
over  the  air-eduelion  port,  lor  the  collapsible  leath- 
ern tul«-s  of  lhivj,'liens. 

In  nyl  Harber  took  an  English  patent  fora  ga.s- 
engini'  in  wliii.h  a  stream  of  carbureted  hydi'ogen 
gas  \ra.s  introduced  at  one  imUn-tion  port  and  a  (pian- 
tity  of  .atmosiiheiic  air  at  another,  the  resulting 
eomlmstion  giving  an  explosive  fori'c  against  the 
piston.  Street,  in  179-1,  proposed  to  u.sc  the  ex- 
pansive power  of  heated  gas  in.stead  of  its  explosive 
jjower.  Lebou's  freuch  patent  of  1799  described 
the  distillation  of  carbureted  liydrogen  from  coal, 
and  its  introduction  into  the  cylinder  beneath  the 
piston  and  simultaneously  at  another  channel  a 
proper  proportion  of  atmos]iheric,  air.  The  mixed 
gases  were  then  exploded  by  the  electric  spark  (see 
also  Pinkus's  English  pateiit,  1840),  their  dilatatio.i 
furnishing  the  desired  motive-power.  The  engine 
was  self-regulating  and  operated  two  pumps,  one  of 
them  designi'd  to  introduce  the  supply  of  gas,  and 
the  other  that  of  air. 

Brunid's  gas-engine  (1825)  consisted  of  five  distinct 
cylindrical  vessels  ;  the  two  exterior  vessels  a  and  b 
contain  tlie  carbonic  acid,  ivduced  to  the  liquid 
form,  and  are  called  the  receivers ;  from  these  it 
passes  into  two  other  vessels  c  and  d,  called  eu-pmi- 
sion  vessels.  These  latter  have  communication  with 
the  central  vessel  or  working  cylinder  e,  the  piston 
of  which  is  operated  by  the  alternate  expansion  and 


Fig.  2168. 


Cooper,  1S35  (English  patent.  No.  6875),  describes 
an  engine  in  which  one  part  oxygen  and  two  parts 
hydrogen  are  ignited  to  produce  a  vacuum  alternately 
on  each  siilc  of  a  piston. 

In  Sir  James  (_'.  Anderson's  (English  patent.  No. 
11,273),  two  cylinder,!  o|ien  at  the  ends  are  placed 
end  to  end.  A  web  of  gun-cotton  is  fed  to  cylinders 
alternately  and  igniteil  iiy  electric  spark. 

Johnson's  British  patent  of  1841  proposed  to  intro- 
duce pure  hydrogen  gas  and  oxygen  instead  of  at- 
mospheric air,  in  order  that  the  water,  the  resultant 
of  tile  explosion,  might  render  the  vacuum  practi- 
cally perfect. 

Otto  and  Langen's  gas-engine  is  an  ujiright  hollow 
column,  baring  a  heavy  jiiston,  whose  ro(l  is  a  rack 
acting  upon  a  cog-wheel  on  the  tiy-whcel  slialt  ;  as 
the  pi.ston  ascends,  the  cog-wheel  sli]is  loosely  on 
the  shaft.  The  mixed  gases,  coal-gas  and  air,  are  ex- 
]doded  by  communication  with  the  ga.s-jet,  which 
is  kept  constantly  burning.  As  the  gases  rapidly 
condense  after  the  explosion,  the  atmospheric  press- 
ure, aided  by  the  weight  of  the  jiiston,  is  made  ell'ec- 
five  upon  the  shaft  of  the  wheel  by  the  engagement 
of  the  rack-teeth  with  those  of  the  spur-wheel.  See 
Dr.  liarnard's  "  lieport  of  the  French  Expo.sitiou," 
pp.  00  -  ti;i.  The  same  excellent  rejiort  gives  an  ac- 
count and  illustration  of  the  I.enoir  gas-engine,  of 
which  three  hundred  were,  in  18()2,  in  use  in  France. 
The  essential  portions  are  a  horizontal  cylinder  with 
a  iiiston  which  communicates  motion  by  a  crank  to 
a  sliaft  which  carries  a  heavy  Hy-wheel.  The  gieat 
weight  of  this  wheel  is  for  a  double  purpose  :  to  ab- 
sorb the  force  suddenly  developed  by  the  explosion, 
and  so  moderate  the  speed  at  this  period  ;  and,  sec- 
ondly, to  carry  the  machine  over  the  one  half  of  its 
perioil  in  which  the  driving-power  is  absent.  Like 
the  Otto  and  Langen  engine,  a  water-jacket  around 
the  cylinder  prevented  the  latter  from  becoming  over- 
heated. The  explosion  was  made  by  electric  spark. 
See  Alll-ENGIXE. 

In  Hugon's  gas-engine,  a  small  quantity  of  water 
is  introduced  into  the  cylinder  along  with  every 
charge  of  gas.      By  its  evaporation  the  W'ater  absorbs 


Srunel's  Gas-En^ne. 

contraction  of  the  gas,  giving  motion  to  machinery 
through  the  medium  of  the  piston-rod  /'. 

Heat  and  cold  are  alternately  applied  to  the  con- 
tents of  the  receivers  by  means  of  steam,  water,  etc., 
circulating  through  pipes  which  pass  through  the 
receircrs.  Thi^  air  in  the  ccyjadMixi-chanibers  Jiresses 
upon  a  body  of  oil  in  the  chamber,  and  through  it 
transmits  the  pressure  to  the  piston.  It  being  nmch 
easier  to  maice  an  oil-tight  than  a  gas-tight  Joint, 
the  direct  access  of  gas  to  the  piston  is  thus  obvi- 
ated. 

If  water  at  120°  be  passed  through  one  cylinder, 
the  gaseous  contents  will  have  an  expansive  press- 
ure of  90  atmospheres,  and  cold  water  be  passed 
through  the  other  receiver,  the  latter  will  exert  a 
force  of  from  40  to  50  atmospheres.  The  ditference 
in  the  pressures,  say  45  atmospheres  to  the  square 
inch,  will  be  the  power  on  the  piston  (at  the  start). 

Davy  anil  Faraday,  about  1823,  succeeded  in  re- 
ducing several  gases  to  a  liquid  state  by  means  of 
great  pressure  and  very  low  temperature.  Upon 
releasing  the  ])ressure,  the  gases  were  found  to  again 
expand  to  their  original  volume.  This  discovery 
again  turned  attention  to  gas-engines.  It  was  ascer- 
tained —  a  result  which  was  of  course  expected  — 
that  in  the  condensation  a  considerable  amount  of 
caloric  was  rendered  sensible,  and  that  in  re-expand- 
ing the  same  amount  of  caloric  was  rendered  latent. 


Fig.  2169. 


Hu^on^s  Gas-En^hie. 

some  heat,  and  in  becoming  steam  it  prevents  the 
abrupt  fall  of  pressure  which  follows  the  e.xplosiou 
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when  the  gases  are  used  eutirely  dry.  The  mode  ■  lower  tube,  and  passes  into  the  jacket  /,  where  it 
of  firing  is  by  ]iermauent  lights  pl.-iceil  on  the  out-  I  imparts  a  portion  of  its  heat  to  the  solution  in  the 
side  of  the    cylinder,  jets   being  inHamed 

at  these  and  taken  to  the  charges  at  the  /^v __  Fig.  2170. 

respective  ends  of  the  cylinder.  As  the  ex- 
plosion exhausts  the  oxygen  of  the  cylinder, 
the  jet  is  extinguished.  The  gases  are  ad- 
mitted by  a  slide-ralve,  and  the  lighted  jet 
by  a  supplementary  slide. 

The  cylinder  is  shown  at  n,  the  small 
space  a'  being  the  interval  between  it  and 
the  jacket,  which  is  tilled  with  cold  water. 

b  is  the  piston  with  its  rod  b',  guided  by 
the  support  b". 

c  is  the  connecting-rod,  which  is  forked 
below,  and  attached  above  to  the  crank. 

d  is  the  arbor  moved  by  the  crank,  and 
carrying  tlie  pulley  rf',  by  which  the  mo- 
tive-power is  applied.     The  same  arbor  car-    1^ 
ries  the  Hy -wheel  at  the  extremity. 

c  is  the  slide  carrying  the  portable  gas 
jets  k  k,  and  serving  also  to  open  the  es- 
cape  pa.'^sage  to  the  exhaust  gases.  "^.v^^ 

/  is  the"  induction  slide,  admitting  the 
e.xplosive  mixture  to  the  cylinder. 

g  is  the  compressor  by  which  the  inflammable  gas 
Ls  introduced  into  the  chamber  where  the  mixture 
is  formed. 

i  is  the  reservoir  of  inflammable  gas. 

jj  are  the  fixed  jets,  antl  k  k  the  movable. 

In  Hugon's  English  patent  653  of  1863,  the  explo- 
sive force  of  the  gas  acts  upon  a  column  of  water 
which  transfers  the  force  to  tlie  piston. 

See  also  Lenoir's  patent,  JIarch  19,  1861  ;  Dick's, 
186"  ;  JlilUon,  1867. 

The  amnioniacal  engine  has  been  tenned  a  gas- 
engine,  but  this  latter  name  is  more  fairly  applicable 
to  those  engines  in  which  the  force  is  obtiiined  by 
the  inflammation  of  the  charge,  rather  than  to  those 
in  which  the  motor  is  an  elastic  vapor  under  press- 
ure. 

Frot's  ammonia-engine  resembles  the  steam-en- 
gine so  closely  that  comparative  experiments  with 
the  vapor  of  water  and  of  ammonia  have  been  made 
with  it.     See  .XMMoxr.iCAL  EsoiXE. 

R.  Waller  (English  patent,  Xo.  1019  of  1854) 
uses  condensible  and  permanent  gases  ;  as  carbonic 
acid,  ether,  air.     Vaporizes  by  steam  or  l)ot  water. 

Arbos  (English  patent,  3108  of  1862),  steam  and 
gas  combined. 

X.  H.  Barbour  {So.  46,769,  March  14,  1865)  has 
a  traveling  car  with  reservoir  supplied  with  carlwnic 
acid  from  condensing  stations  along  the  route.  See 
Co.MruE.<sEn  Aiii-ENGISES  on  this  principle  ;  Bom- 
pas  and  others,  pp.  602  -  604. 

In  Delaporte's  ammoniaral  gas-engine,  a  is  the 
boiler,  d  the  cylinder,  and  b  the  tube  communicat- 
ing between  the  cylinder  and  the  boiler,  c  is  the 
valve-box,  and  x  the  slider  by  means  of  which  the 
gas  is  introduced  alternately  above  and  below  tlie 
piston,  e  is  the  eduction-pipe  and  /  the  Condenser 
and  dissolver.  In  this  machine,  the  condenser  and 
dissolver  are  not  separate,  as  in  Sir.  Frot's.  The 
water  of  injection  is  introduced  by  a  pipe  and  rose- 
jet  at  the  top  of  tlie  condenser  /.  The  solution 
passes  from/ into  h,  from  which  it  is  withdrawn  by 
the  piston  A,  pa-ssing  through  the  reservoir  k  and 
the  tubes  u  and  i;  by  which  it  is  returned  to  the 
boiler.  As  its  return  is  opposed  by  the  elasticity  of 
the  gas  in  the  boiler,  it  must  be  forced  in,  and  a 
small  forcing-pump  is  employed  for  this  purpose. 
The  tube  v  is  surrounded  by  a  jacket  I.     The  water 


DetaporU^s  Ammonia-Efigine, 

tube  V,  which  is  on  its  way  to  the  boiler.  It  is 
then  discharged  by  a  connection,  not  .shown,  and 
carried  through  a  refrigerator,  which  is  also  not 
shown,  after  which  it  is  conveyed  into  the  vessel  t, 
and  is  employed  for  injection  into  the  dissolver  /. 
See  also  Aik-exgine. 

Gas-fit'ter's  Gage.  An  arrangement  by  which 
the  tightness  of  the  joints  in  a  line  of  jiipe  is  ascer- 
tained. The  pipes  being  filled  with  air  by  a  pump, 
the  pressure-gage  in  connection  therewitli  remains 
stationary  if  the  joints  are  perfect.  If  the  gage  fall, 
ether  may  be  admitted  to  the  interior  and  the  escape 
detected  bv  a  torch. 

Gas-fit'ter's  Tongs.    One  for  pinching  gas-pipe, 
holding  them  while  screwing  joints 
together,  or  screwing  gas-burners 
into  their  sockets. 

In    Fig.    2172,     a    cutter    for 
cutting  oH"  the  ends  of  pipes,  a 

Fig.  2171 
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Gas-Fitter's  Tongs. 


Gas-Fitter's  Tool 


scraper  for  clearing  its  surface  before  forming  the 
screw,  dies  for  cutting  the  thread,  and  a  cramp  for 
which  has  been  deprived  bv"  heat  of  its  ammonia  is  '  holding  the  pipe  to  turn  it,  are  arranged  in  a  frame 
withdrawn  from  the  bottom  of  the  boiler  by  the  ;  or  stock  fitted  for  the  purpose. 
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Gas-fur'nace.  1.  A  small  fiiriuK'c,  mucli  cni- 
ployi'cl  I'm'  l:il>ui;iti)i'y  ]iiu'pi>si's,  iinJ  which  is  so  iir- 
ran^ctl  as  to  in-cive  the  iiiaxiniuni  heating;  powers 
of  tiie  gas  without  reganl  to  its  illnmiiiatiii;,'  pur- 
poses.     Various  rurnis  have  been  eoiitrived. 

2.  .\  funiaee  of  whieli  the  fuel  is  gas  from  burners 
Buitably  iUsi>o.seil  in  the  ehaniber  for  the  pur- 
pose reiiuircd.  Steam-boilers  and  nietallurgic  fur- 
naces are  sometimes  thus  heated.  See  Siemen's 
En^disli  patent,  IStil. 

Gas-gage.  An  instrument  for  ascertaining  the 
pressure  of  gas.  A  bent  graduated  tube  containing 
water  or  luereury,  open  at  one  end  and  with  the 
other  screwed  into  the  vessel  containing  the  gas.  It 
resembles  Lind's  anemometer  (p.  99),  except  that  the 
open  end  is  exposed  to  the  ga.s  pj(essure  instead  of 
wind  |iressnre. 

Gas-gen'er-a'tor.  .\  chamlier  in  which  gas  is 
evolved.      The   term   inehiiles  :  —  1.   Tlie    retort    in 


Fig  2173. 


Carbonic- Acid  Gas-  Generator. 

which  volatile  hydrocarbons  are  evolved  by  heat,  as 
in  the  ordinary  gas-apparatus.  2.  The  maidiine  in 
which  air  is  saturated  with  the  vapor  of  liipiid 
hydrocarbon.  (SeeCAUBtTRETOK.)  3.  The  machines 
in  whii-h  carl»nic-acid  gas  is  evolved  for  aerating 
water  or  otiier  purposes.  Such  is  that  shown  in 
Fig.  217:5,  in  wliich  -•/  is  the  vessel  containing  the 
sulphuric  acid  in  an  upper  chamlier,  and  tlie  other 
materials  in  u  lower  [lortion.  «  is  a  discharge  for 
spent  matter,  b  is  a  ])ressure-gage,  c  d  are  openings 
for  charging,  e  is  the  purifier,  /  the  discharge  for 
the  exhausted  mateiials  of  purification,  y  a  stoji- 
cock  in  the  jiipe  h  leading  to  the  vessel  /,   which 

contains    the 
f«  2174.  .R-ater      to      be 

aerated. 

Of  an  allied 
character  is 
that  for  pro- 
ducing the 
deutoxide  of 
nitrogi-n  for 
anajstbetic  pur- 
]X)ses.  4.  A 
device  belong- 
ing to  a  vapor - 


Vapor-Burner. 


burner  in  which  the  lii|uid  hydrocarbon  passes  from 
its  reservoir  into  the  (diamber  b  betweim  the  plates 
a  a,  where  it  is  vaporized  by  lieat  from  the  burner/. 
The  vajMir  of  the  oil  jiasses  by  tlie  pipe  d  to  the 
burner,  and  the  Ihime  is  regulated  by  the  theiino- 
static  sjiring  and  |dug  h  i. 
Gas-gov'ern-or.  The 
gas-holder  into  which  the 


as-governor  is  a  small 
Fig.  2175. 


Gas-  Governor. 


gas  enters,  and  from  which 
it  is  jjassed  to  the  mains 
with  a  regulated  ])ressure. 
The  velocity  of  gas  in  the 
mains  increases  in  the  ratio 
of  the  sipiare  root  of  the 
pressure,  so  that  by  add- 
ing to  this  it  may  either 
be  (Iriven  more  rapidly  or 
to  a  gnatci'  distance. 

Gas-heat'er.  An  ap- 
paratus c-ontiived  for  the 
ap|ilication  of  gas  to  spe- 
cific purposes  of  heating. 

While  every  jet  of  in- 
flamed ga-s  will  warm  the 
surrounding    air,    it    be- 
comes necessary,  in  adapt- 
ing it  specifically  for  warm- 
ing]mrposes,  tochangethe 
jet  from  its  usual  jiosition  and  in  some  other  respects. 
In  deference  to  the  custom,  the  pas-heater  is  some- 
times made  to  assume  the  forms  of  grate-bars  or  logs 
of  wood  in  the  usual  fire- 
place. 

(loddard's  gas-heater 
has  perforated  bars  in  the 
form  of  a  basket-grate, 
and  over  these  is  spread 
a  i|uantity  of  asbestus, 
which  makes  an  incan- 
descent mass,  resembling 
a  coal  fire. 

In  Fig.  2177,  the  air- 
regulating  dish  is  formed 
in  the  segment  of  a 
sphere,  and  has  its  con- 
cave side  ii]iward.  The 
influx  of  air  is  regulated 
by  the  vertical  distance  between  the  edge  of  the  dish 
and  tlie  bottom  of  the  stove.  Above  the  frame  is  a 
lotating  disk,  consisting  of  a  series  of  inclined  sec- 
toral wings,  which  distribute  the  heat. 

Fig  2177. 


GoddartPs  Gas-Heater, 


Gas-hold'er.     A  large,  vertical,   open -bottomed 
cylinder  a,  inverted  into  a  tank  b  of  water,  and  used 
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for  storing  the  gas  from  the  retorts  after  purifii'ation. 
Its  hight  is  usually  equal  to  its  radius,  in  accordance 

Fig.  a78. 


Gas- Holders 


with  the  geometrical 
law  that  a  cylinder 
having  those  propor- 
tions li;is  the  greatest 
capacity  with  a  given 
surface. 

Gas-holdei-s  are  now 
made  much  larger  than 
they  were  some  years 
back.  A  work  on  this 
suliject,  written  a  few 
years  since,  s])caks  in 
admiration  of  the  West- 
minster gas-holders  as 
having  a  capacity  of 
&,  afjO.OOn  feet.  We  have 
far  exceeded  this. 

Gas-holders  are  maile 
of  sheet-iron  plates  riv- 
eted together  and  daubed  with  tar  inside  and  out  to 
prevent  leakage.  They  are  stayed  with  rods  and 
braces  internally,  and  are  suspended  by  chains  c  which 
pass  over  puUevs  on  the  posts  c  which  encircle  the 
holder.  Weights/on  the  pulleys  partially  counter- 
balance the  weight  of  the  holder,  the  extra  weight 
of  the  latter  being  the  power  which  drives  the  g:us 
through  the  mains  and  serWce-pipes  to  the  burners 
of  the  district  supplied  liy  it. 

Within  the  franiethe  holder  ascends  and  descends 
as  it  is  tilled  or  emptied  of  gas,  the  lower  edge  re- 
maining submerged  in  the  tank  to  prevent  the 
escape  of  gas.  The  gas  is  introduced  and  withdrawn 
through  pipes  (i  /?,  whose  terminations  are  above  the 
level  of  the  water  in  the  tank  of  the  gas-hohler. 

Vah'ts  regulate  the  inlet  an<l  outlet  apertures,  so 
as  to  direct  the  gas  into  the  holder,  or  to  allow  it  to 
pass  therefrom,  as  may  be  reipiired.  To  prevent 
the  freezing  of  the  water  in  the  t.ink,  the  surface  of 
the  water  is  covered  with  tar  in  the  space  between 
the  outside  of  the  holder  and  the  .side  of  the  tank. 

Gas-holders  are  made  of  v.arions  sizes,  from 
100,000  to  1,000,000  cubic  feet  eajncity. 

For  laboratory  and  exhibitional  use  a  pair  of 
gas-hohlers  is  found  useful,  containing  respectively 
oxygen  and  hydrogen  gas.  Their  purpose  in  this 
connection  for  the  exhibition  of  the  oxy-hydrogen 
light,  or  the  microscope  illimiiTiated  by  that  means, 
requires  that  the  hydrogen-bolder  »i  shall  have 
double  the  capacity  oif  the  other  one  h,  as  the  com- 
bining proportions  of  the  two  gases  to  form  water  is 


oxygen,  1,  hydrogen,  2,  by  bulk.  ?.y  weight  the 
statement  is  very  diH'erent  :  oxygen,  S,  hydrogen, 
1  ;  oxygen  being  .sixteen  times  heavier  than  hydrogen. 

Gas-holde\-s  are  sometimes  made  of  flexible  im- 
pervious bags,  or  sheet-metal  cases.  These  require 
no  particular  description. 

The  weighted  gas-holder  is  the  air-forcing  device 

Fig.  2179. 


Air-Holder  for  Carburetor. 

in  some  forms  of  carbui-etors,  as  in  M'Avoy's.  In 
the  illustration,  the  tank  B  a  contains  the  liquid 
hydrocarbon  ;  the  air  comes  in  by  pijie  c  to  the 
lower  part  ff,  where  it  is  distributed  through  the 
liquid  by  perforated  plate  b,  and  ascends  into  the 
holder  J.      It  passes  off  by  pi]>e  d  to  the  burner. 

Gas-in'di-ca'tor.     This  instrument  is  connected 
1o  the  main  pij'P,  and  imlicates 
by  the   rising  and  falling  of  a  fig-  2180. 

spring  piston,  or  a  weighted 
gas-holder  b,  the  pressure  of  gas 
in  the  pijie  c. 

A  register  is  attached,  hav- 
ing a  pencil  which  rises  and 
falls  as  the  pressure  varies  ;  and 
as  the  pencil  rests  on  a  sheet  of 
paper  on  a  drum  a  traveling  at  a 
given  rate,  the  diagram  gives  a 
faithful  report  as  to  jiressure 
and  time  by  the  combined  move- 
ments of  the  paper  and  pencil. 
A  fit'is-Tffjistcr. 

Gas'ket  1.  (Ska ni -engine.) 
A  strip  of  leather,  tow,  or  textile 
fabric,  to  form  a  packing  or 
calk  a  joint. 

2.  (yati/ical.)  A  plaited  cord 
by  which  the  .'ails,  when  furled, 
are  bound  close  to  the  yards  or 
gaffs. 

Gas-light'ing  Ap'pa-ra'- 
tus.  Devices  for  gas-lighting 
are  matches,  s]iong\'  platinum, 
fuse-pipe,  electiophonis  or-^ 
voltaic  circuit,  eliciting  a  spart, 
or  heated  platinum  coil.  See, 
in  this  connection.  Lighting-  Gas-Pressure  Indicator. 
DF.vicES  and  G.\s-Bri;NF,it. 

Spongy  platinum  is  heated  to  redness  when  ex, 
posed  to"  a  jet  of  hydrogen  gas,  and  has  fiequently 
been  used  for  this  purpose.  The  effect  is  moie  im- 
mediate and  certain  when  a  stream  of  ])ure  hydrogen 
is  emitted  temporarily,  as  in  Fig.  21S1,  in  which  a 
small  cylinder  containing  sjiongy  platinum  is  at- 
tached to  a  gas-burner,  which  throws  a  stream  of 
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i;ns  thereon  to  ignite  the  same.  A  niixtuiv  of  puic 
anil  i,';iil)ureteil  hydrogen  is  lirst  jia-ssed  through 
the  pipe,  .-uiU  alter  ignition  the  How  of  the  I'oruier 
is  .sto|iiii'(l. 

Tlie  fuse-pipe  is  a  pijio  leading  from  an  accessible 
]iositiuu  to  liurners  at  a  distance,  and  having  a  row 
ol  aniuU  openings  tliroughont  its  length.  Gas  Ix'ing 
turned  on  issues  at  these  jets,  and,  a  light  being 
applied,  runs  along  the  i)ipe  from  jet  to  jet  till  it 
reaches  tlx!  distiuit  burners.      It  is  then  turned  oil'. 

Oas-ligliting  by  elwtricity  is  ndopted  ius  a  nic:usure 
of  convenience  in  re.iching  distant  burners,  or  those 
in  situations  dillicnlt  to  n-ach.  Of  the  I'ornu'r  char- 
a.-tiM-  may  be  cited  the  circles  of  burners  in  the  dome 
and  rotunda  and  the  cluster  in  the  tliolus  of  the 
t'apitol  at  Wiusliington  ;  and  of  the  latter  the  works 
at  the  royal  ai-senal,  Woolwich,  England,  wlx^re  all 
the  burners  are  li.'ced  ui>on  the  outside  of  the  win- 
dows. 

The  means  ailopted  are  an  elivtric  spark  proiluced 
by  friction,  as  in  the  clixtroi>iiorii!<,  or  a  resistance 

Iwdv,    such    as    a 
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platinum  coil 
placeil  in  a  voltaic 
circuit. 

The  electro|iho- 
rus  has  iussunied 
many  forms :  a 
glass  ]»iston  in  a 
metallic  baton 
lined  with  Canton 
flannel  ;  a  pair  of 
disks  with  cdoth- 
lined  faces,  etc.  (See 
ELErniiiPiioKUs.) 
Kig.  2181  shows 
one  form  in  which 
tlie  device  is  at- 
tached to  the  stop- 
cock, so  that  the 
act  of  turning  the 


same  to  let  on  g;issh:ill  generate  a  spark  at  th>^  break 
of  the  circuit  betW(H;n  the  point  (i  and  the  tip  of  the 
burner  c. 

The  other  mo«le  of  gas-lighting  hy  electricity  is 
by  means  of  a  voltaic  circuit.  A  battery  is  placed 
in  any  convenient  place,  ami  is  connci'ted  by  in- 
sulated copper  wiivs  with  the  burnei-s.  A  <'oil  of 
tine  platinum  wii'c,  forming  a  part  of  tlie  circuit,  is 
placed  above  and  a  little  on  one  side  of  the  opening 
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g:us,  which  has  been  previously  turned  on.  Or,  a 
break  may  be  maile  in  the  circuit  inunediately  above 
the  gas  oritice,  and  tlie  sjiark  leaping  across  the  in- 
terval lights  the  gas.  These  modes  have  been 
iulopted  in  a  number  of  legislative  halls,  public 
buildings,  manufaett>ries,  and  stores,  on  both  sides  * 
of  tlic  Atlantic,  and  the  electric,  cnrrent  has  been 
also  the  means  of  turning  on  the  gas  at  the  di.stant 
points  by  means  of  a  ratchet-wheel  on  the  a.xis  of 
ttic  gas-coi-k,  which  is  turned  by  llic  successive  pul- 
sations of  the  arniuturc,  the  latter  being  alternately 
ai'tuated  by  electric  connection  and  a  reti'acting 
spring.  This  device  is  shown  in  I'"ig.  2182.  The 
sliding  rod  E  is  a  stem  attached  to  the  armature  B, 
and  has  a  click  O  whii  h  acts  n|ion  the  tcetli  of  the 
ratchet-wheel  //,  whose  a.\is  is  the  sj)igot  of  the 
gas-cock.  When  the  voltaic  current  is  ])assed 
through  the  coils  ..•/,  the  armature  H  is  attracted, 
and  the  ratchet  moved  one  tooth  ;  the  voltaic  con- 
nection ceasing,  the  armature  is  rrtracted  by  the 
spring  ready  for  another  impulse. 

On  a  less  extended  scale,  the  hnrners  of  a  room 
may  be  connected  with  one  pole  of  a  battery  and  a 
wire  hidilen  in  a  tassel  with  the  other  pole  ;  "when 
the  wire  is  brought  near  to  the  burnei',  a  spark  leaps 
across  the  interval  and  lights  the  gas. 

Clock-work  has  also  been  employed  to  turn  on 
and  light  gas  at  a  set  time  ;  and  also  to  turn  oil'  the 
gas  at  a  picarranged  time. 

Gas-iUctin.  A  principal  gas-pipe  leading  from 
the  works,  and  having  branches  and  distributing 
pipes. 

See  also  hydrauUc  main,  invented  hy  Clegg  in 
18(i7,  ami  forming  a  part  of  the  gas-producing  works. 

Gcis-me'ter.  A  device  for  measuring  the  quan- 
tity of  volume  of  passing  gas. 

Citizen  Seguin,  of  the  National  Institute  of 
France,  described  a  gas-meter  at  the  sitting  of  the 
Institute,  October  6,  1797. 

The  wet-meter  was  invented  hy  Clegg  in  1807, 
and  imjirovcd  by  Crosley  in  1815.  The  dry-meter 
was  invented  by  Malam  in  1820,  and  imjuoved  hy 
Defries  in  1838.  Many  improvements  and  variations 
have  been  added  since  hy  various  ]iarties. 

A  (Fig.  2183)  is  a  longitudinal  and  B  a  tran.svei"se 
section  of  the  wet-meter,   which  is  composed  of  an 

Fig.  2183. 
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outer  box  n  partially  filled  witli  licinid,  as  water, 
alcohol,  or  glycerine,  to  the  level  of  the  line  b  c, 
somewhat  above  its  center.  Within  this  is  jourualed 
an  axis  carrying  a  .seiies  of  buckets  d  d  d  d,  each 
capable  of  containing  a  definite  quantity  of  gas, 
which  is  admittcil  through  the  pipe  e  at  the  central 
jiart  of  the  meter,  anil  causes  the  buckets  succes- 
sively to  rise,  maintaining  a  cimtiinious  rotation. 
The  gas  passes  out  through  a  jiipe  /  at  the  ujiper 
in  each  burner,  and  this  coil  becomes  heated  by  its  part  of  the  meter,  its  quantity  being  measured  liy  a 
resistance  to  the  passing  current,  and  so  ignites  the  i  series  of  nntltiplying  gear-wheels  ;  these  derive  their 
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motion  from  the  axis  on  which  the  buckets  are  jour- 
naled.auJ  register  100s,  1,000s,  10,000s,  anil  100,000s 
effect,  the  amount  being  indicated  on  a  series  of  dials. 

Valves  arc  arranged  to  cut  oil'  the  su])])ly  of  gas 
when  the  water  in  the  meter  rises  above  or  falls  be- 
low certain  limits. 

The  constant-level  meter  has  an  automatic  arrange- 
ment of  float,  which,  as  the  water  wastes  liy  evapora- 
tion, de.scends  and  immerses  an  e(|nal  portion  of  its 
bulk,  which  is  always  eijvial  to  the  quantity  of  wa- 
ter whicli  has  dis<i[tpeared. 

The  principle  of  the  dry-meter  may  be  understood 
by  describing  it  as  a  machine  having  a  bellows  of 
known  capacity,  and  alternately  lilled  with  gas  and 
emptied,  the  pulsations  being  counted  by  a  register. 
Oi  it  may  be  described  as  a  cylinder  with  a  recipro- 
cating piston,  whose  motions  are  counted,  the  gas 
being  discharged  from  the  alternate  ends  of  the  cyl- 
inder as  the  piston  reciprocates.  The  pressure  of 
gas  is  the  motor,  and  the  changes  of  direction  of  mo- 
tion are  effected  by  induction  and  eduction  valves, 
much  as  in  a  steam-engine. 

Sugg's  (English)  photometric  gas-meter  is  designed 
for  experimental  us',  to  show  not  only  the  volume 
of  gas  which  has  been  consumed  at  the  end  of  a 
giv.:n  time,  but  also  the  rate  per  hour  or  per  minute 
thit  the  consumption  is  proceeding.  It  has  two 
index-hands,  one  revolving  once  in  a  minute,  and 
move  1  by  dock-work  ;  the  other  making  a  complete 
revolution  during  the  passage  through  the  meter  oi 
one  twelfth  foot  of  gas.  The  standard  of  the  Lou- 
don companies  is  that  the  gas,  when  burned  at  the 
rate  of  5  cubic  feet  per  hour,  shall  give  a  light  equal 
to  the  burning  of  14  sperm  candles,  each  consuming 
120  grains  in  the  same  time. 

Gas'o-liue.     A  liglit  grade  of  petroleum. 

Gas-om'e-ter.  The  tennis  applied  in  England 
to  a  large  vertical  cylinder,  closeil  above,  and  with 
its  lower  edge  immersed  in  a  water-tank,  and  usc.l 
for  holding  gas.  Such  a  vessel  is  more  appropriately 
called  a  G.\s-HOLDEU  (which  see).  The  term  f/n?- 
omckr  probably  arose  from  the  fact  that  the  hohl-r 
is  of  known  capacity,  and  as  it  rises  affords  so  ready 
a  means  of  estimating  the  quantity  coufciined,  tluis 
constituting  a  meter.  It  is  usual  now  to  provide  a 
7n,eter  in  gas-works,  whose  duty  it  is  to  mea.sure  the 
gas  on  its  way  to  the  holder. 

From  g.tsometer  has  arisen  the  term  airomc/ei; 
when  a  vessel  of  similar  construction  contains  atmos- 
pheric air.  This  is  used  in  one  form  of  blower,  in 
veutilating-machines,  in  aspirator.s,  machines  for  car- 
bureting air,  and  for  other  purposes.  See  Am- 
HOLUEIl. 

Gas-oph'a-ner.  An  indicator  of  the  presence  of 
poisonous  gases.  It  is  described  as  a  lump  of  boracic 
acid,  heatid  to  redness  in  chlorine,  and  blown  into  a 
bulb.  Carbonic  acid,  sulphureted  hydrogen,  ami 
other  deleterious  gases,  give  peculiar  reactions  on 
the  bulb,  and  indicate  their  presence. 

Gas'o-scope.  An  instrument  for  detecting  the 
presence  of  carbureted  hydrogen  in  the  atmosphere. 

It  is  used,  or  should  be,  in  coal-mines,  to  give  an 
alarm  when  a  dangerous  and  explosive  condition  of 
the  air  supervenes.  It  may  also  be  .applied  to  detect 
a  leak  in  the  gas-apparatus  of  a  building,  or  to  give 
an  alarm  when  Aminadab  from  the  rural  districts 
blows  out  the  gas  on  retiring  to  bed  at  the  hotel  or 
at  the  house  of  his  city  cousin.     See  Gas-al.^um. 

Gas-pipe.  Gas-mains  are  laiil  in  sections,  the 
small  end  of  one  entering  the  wide  socket  of  the  ad- 
jacent section.  A  packing  of  hemp  dipped  in  tar  is 
driven  in  to  form  a  joint ;  over  this  is  a  luting  of 
clay,  within  which  is  poured  hot  lead. 

Service-pipes  are  of  various  metals,  wrought-irou 


tubing  being  now  more  common  than  any  other. 
The  sections  of  distributing-pipe  have  screw-socket 
couplings. 

The  mains  are  laid  with  a  giadual  slope,  and  at 
the  foot  of  each  incline,  or  where  two  descending 
slopes  meet,  a  reservoir  is  formed  to  collect  water  of 
condensation.  This  chamber  has  an  iron  cover  into 
which  is  lixed  a  pipe,  which  descends  nearly  to  the 
bottom  of  the  reservoir.  At  the  sumnjit  of  the  pipe 
is  a  screw,  which  admits  the  attachment  of  a  ]iunip, 
by  whicli  the  liquid  in  the  reservoir  is  removed. 

Gas-pipe  Tongs.  A  wrench  for  screwing  pipes 
into  or  out  of  their  coupling.      See  Pipe-toxgs. 

Gas-press'ure    Reg'u-la'tor.    See   Gas-jiegu- 

LATUU. 

Gas-pu'ri-fier.  An  appaiatus  in  which  gas  is 
purified  of  its  sulphur  comjionnds. 

The  purification  of  gas  by  passing  it  through  lime- 
water  is  the  invention  ofJIr.  Clegg,  England,  and 
was  introduced  in  1S07. 

The  ordinary  illuminating  gas,  after  having  been 
evolved  in  the  retort,  its  tar  eliminated  in  the  emi- 
denser,  and  its  ammonia  alistracted  in  the  washer,  is 
passed  through  the  purifier,  whose  duty  is  to  remove 
the  sulphur  and  remler  the  gas  fit  for  consumption. 

The  wet-lime  purifier  has  several  chambers  con- 
taining a  certain  depth  of  cream  of  lime.  The  gas 
passes  through  each  chamber  in  succession,  bubbling 
up  through  the  liquid,  the  contact  being  rendered 
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more  intimate  by  arms  which  rotate  in  the  spaces 
through  which  the  gas  pas.ses  in  flowing  from  one 
chamber  to  another.  The  arms  also  stir  up  the  lime 
and  prevent  its  settling. 

The  cream  of  lime  absorbs  the  sulphureted  hy- 
drogen and  carbonic  acid,  tlie  water  absorbs  the 
remaining  ammonia. 

This  process  has  been  generall)'  abandoned  on  ac- 
count of  the  difficulty  of  disposing  of  the  foul  cream 
of  lime  known  as  "  blue  billy." 

In  the  dnj-lime  process  slightly  moist  hydrate  of 
lime  is  placed  on  trays,  or  iron  boxes,  through 
which  the  gas  is  made  to  pass.  This  process  is  very 
effective,  and  has  very  generally  .su]ierseded  the  wet- 
lime  "process.  It  removes  the  sulphur  compounds 
and  the  carbonic  acid  equally  well.  AVhen  the  foul 
lime  is  removed,  however,  it  evolves  the  same  odor 
of  sulphide  of  ammonium  which  caused  the  wet-lime 
process  to  be  aliandoned.  The  suppression  of  this 
offensive  odor  hivs  been  effected  by  washing  and 
special  purification.  The  dry-lime  meter  has  been 
generally  abandoned  in  Europe,  however,  as  was  the 
wet-lime  process  previously. 

The  Laming  process,  now  used  in  Paris,  and 
generally  over  the  continent  of  Europe,  was  intro- 
duced in  1849.  The  hydrated  sesipiioxide  of  iron 
fonus  a  substitute  for  the  lime.     It  is  pre))ared  of  a 
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suitalili'  iiuiility  liy  mixing  ooppeins  (sulphate  of  iron) 
witli  sUuki'cl  iirnc  and  sawdust,  and  exjiosing  tlie 
mixtun-  to  the  air  to  oxidizi-  the  protoxide'  of  iron  to 
thi'  srsijuioxidc.  Till'  rusultlng mixture  contains  liy- 
dr.ited  SfSiiuioxide  of  iron,  suljihate  of  lime,  and 
sawchist.  When  an  exeess  of  hydrate  of  lime  is 
emiiliiyed,  tlie  resulting  mixture  contains  this  sub- 
stance also.  Tliis  material  is  very  etl'ective  in  re- 
moving the  sulphur  compounds  from  the  gas,  and  is 
not  olVeusive  when  fouled  with  sulphur.  The  hitter 
may  lu-  distilled  to  ]uoduce  sulphuric  acid. 

The  iroii-iirc  process  of  Hill  consists  in  the  use  of 
the  natural  liydrateil  scsipiioxiile  of  iron  or  bog  iron 
ore,  to  which  is  addeil  by  tlie  New  York  Gas-Liglit 
Company  a  quantity  of  iron  borings  and  turnings 
moistened  by  ammoniacal  liiinor  and  exposed  to  tlie 
air.  To  the  mixture  is  added  (lulverized  charcoal. 
Other  ores  are  used  in  Germany,  where  the  oxides 
of  iron  are  used  in  purification,  to  the  exclusion  of 
all  the  lime  processes. 

In  some  forms  of  apparatus  for  the  purification  of 
gases  which  are  led  through  a  lifpiid,  a  wheel  with 
fans  is  made  to  revolve  and  keep  the  li((uid  agitated, 
while  also  exposing  a  large  wetted  surface  to  the 
passing  gas. 

Gas-reg'is-ter.    An  instrument  hy  which  the 
pressure  of  gas  is  indicated 
Fig.  2185.  and  recorded.      The  rate  of 

pressure  is  not  unifomi,  but 
varies  with  the  season  and 
the  hour.  An  ordinary 
pressure  during  the  day  is 
i*if  of  an  inch  ;  that  is,  a 
pressure  which  will  raise  a 
column  of  water  in  a  tube  to 
that  higlit.  At  night  the 
pressure  is  increased  accord- 
ing to  the  hour  and  the 
season  ;  the  ([uantity  burned 
in  winter  is  double  that  con- 
sumed in  summer  ;  more  gas 
is  burning  at  9  i'.  M.  than  at 
1'2  p.  M.  ;  and  more  at  the 
latter  than  at  3  A.  M.  The 
rate  being  determined  ac- 
cording to  the  judgment  of 
the  engineer,  a  man  is  jdaced 
in  attendance,  and  a  register 
records  his  doings.  This 
pressure  indicator  is  a  cyl- 
inder covered  with  paper 
and  revolved  by  clock- 
Gas-Register.  Work.     Ag^iinst  it  rests  the 

point  of  a  pencil,  which  is 
acted  on  by  the  pressure  of  the  gas  in  the  mains, 
and  records  in  a  rising  and  falling  line  the  changes 
in  the  pressuri',  while  the  vertical  graduations  of 
the  paper  answer  to  periods  of  time. 

Gas-reg'u-latOr.  A  device  to  equalize  the  flow 
of  gas,  notwithstanding  varying  pressure  in  the 
main  and  the  variations  produced  by  turning  on  or 
shutting  olf  gas  to  or  from  burners  in  the  building. 

The  valve  (/  of  the  regulator  is  a  cup  with  a 
notched  rim  inverted  over  the  end  of  the  inlet  pipe 
e  and  coniiccteil  by  a  lever  with  a  larger  cup  h. 
The  edges  of  cup  h  and  valve  d  dip  into  annular 
troughs  containing  mercury. 

As  the  pressure  of  gas  increases,  it  acts  upon  the 
inside  of  the  cup  h,  causing  a  deiiression  of  the 
notched  eilge  of  the  valve  d  into  the  quicksilvei'. 
This  decrea,ses  the  o]>ening  through  whii'h  gas  can 
pass  to  the  delivery  pipe  /  in  such  proportion  that 
at  the  extra  pressure  and  speed  an  equal  quantity 
will  How. 
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A  decrease  of  press-  Fig-  218G. 

ure  has  a  contrary 
ell'ect,  increasing  the 
opening.  The  press- 
ure of  gas  is  beneath 
both  the  valve  and  the 
cup,  but  the  latter 
being  the  larger  over- 
comes the  smaller  and 
drives  its  edge  into  the 
quicksilver. 

The  larger  view, 
Fig.  2186,  has  also  au 
inverted  cylinder 
which  is  partially 
counterpoised  by  a 
weight.  As  the  press- 
ure of  gas  at  the  inlet 
increa,ses,  the  cylinder 
lises  and  carries  with 
it  the  cone,  which  con- 
tracts the  area  of  the 
gas  opening  in  the 
plate  on  the  summit  of 
the  central  inlet-pipe ;  the  pipe  on  the  left  is  the  exit. 

Fig.  2187  shows  a  rubber  diaphragm  in  a  chamber 
wherein      the 

jiressure    of   gas  ^'g'  2187. 

raises  the  wire 
i^and  with  it  the 
lever  C  on  which 
is  the  valve. 
Thus  the  extent 
of  pressure  in  S 
determines  the 
position  of  the 
valve  relatively 
to  its  seat,  and 
this  graduates 
the  area  of  open- 
ing to  the  press- 
ure. 

Gas-re-tort'. 
The  chamber  in 
which  carbona- 
ceous matter  is 
distilled  to  pro- 
duce illuminat- 
ing gas. 

Dr.  Clayton 
distilled  illunii- 
niiting  gas  from 
coal  in  11)88  ;  the 
"  I*hilo.so)ihical 
Transactions"  of 
1739  refer  to  the  fact.  Dr.  Hales  in  1726  made  a 
([uantitative  experiment  as  to  the  cubic  inches  of 
gas  obtained  Ironi  a  given  number  of  grains  of  coal. 
Lord  Dundonald's  patent  of  1786  was  for  ovens  or 
retorts  in  which  coal  was  distilled.  Murdoch  in 
1792  made  lighting  buildings  by  gas  a  success.  See 
Gas. 

Gas-retoi'ts  are  made  of  iron  or  clay,  and  each  in 
shape  is  a  segment  of  a  cyliiuler,  the  fiat  side  form- 
ing the  tloor.  These  are  set  in  a  brick  furnace, 
with  their  ojien  ends  presented  outward  reaily  for 
charging.  This  is  quickly  done  by  a  peculiarly 
.shaped  scoop,  which  holds,  .say,  110  )ionnds  of  coal, 
and  is  handled  by  three  men,  as  .seen  in  the  illustra- 
tion. Being  introduced  longitudinally  into  the  re- 
tort, it  is  upset,  and  deposits  its  load  on  the  fioor  of 
the  retort  ;  a  second  scoo]iful  makes  up  the  charge, 
ami  the  month  of  the  retort  is  then  closed  and  luted 
to  prevent  the  escape  of  gas. 
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Fig.  2188. 


,. ,  u.ive  Mr. 
Watson's  authority 
for  stating  tliat  a 
retort  holds  220 
pounds,  and  that  a 
bench  of  tifteen  re- 
torts is  charged  in 
iifteen  minutes  by 
three  hands.  The 
charge  remains  five 
hours  in  the  retort  ; 
the  coal  is  expanded 
to  double  its  bulk 
and  forms  coke,  but 
is  much  lighter,  of 
course. 

Some  retorts  are 
D-shaped  in  section, 
others  are  oval,  and 
one  is  noticed  having 
what  is  called  a  kidney  shape,  that  is,  a  general 
elliptical  form  is  varied  by  a  longitudinal  ridge  along 
the  bottom. 

Croll's  gas-furnace,  Bow  Common,  London,  Eng- 
land, has  an  upper  series  of  6  clay  retorts,  18  feet 
long,  constructed  to  be  charged  from  both  ends. 
The  fire  has  a  middle  position,  and  the  upper  series 
are  heated  by  the  direct  radiation  from  the  lire, 
while  the  7  lower  i-etorts  of  iron,  also  double,  are 
heated  by  tlie  caloric  current  descending  from  the 
upper  portion  of  the  furnace. 

The  upper  clay  retorts  are  charged  every  four 
hours,  and  the  lower  iron  ones  every  si.\  hours. 
The  average  yield  per  day  is  8, 500  cubic  feet  per 
retort ;  8,o00"x  13  =  110,500  feet.     Twelve  of  these 


furnaces  are  used  at  the  Central  Gas-Works,  Bow 
Common,  London,  having  a  capacity  for  1,326,000 
cubic  feet  daily.  The  usual  make  of  gas  at  these 
works  is  yOO,000  cubic  feet  per  day. 

Fig.  2189  shows  a  retort  in  which  illnminating 
gas  is  made  from  tar  introduced  from  vessel  E  into 
retort  C  The  tar  pa.s.ses  through  the  water  which  is 
contained  in  the  washing  vessel  above  the  retort, 
and  whicli  forms  an  hydraulic  stopper  to  the  retort. 
The  steam  is  generated  in  pipes  over  the  retort  and 
piisses  into  the  latter.  The  retort  is  heated  to  red- 
ness and  contains  coke.  A  jet  of  steam  i^itroduced 
at  the  rear  pipe,  and  the  carbureted  hydrogen  passes 
otl"  at  S  to  the  main. 

Fig.  2190  is  an  arrangement  of  mechanism  for 
roasting  hydrocarbon  vapoi-s,  or  changing  them 
into  permanent  gases,  by  exposing  them  to  heat 
while  minutely  divided  or  sejiarated  into  small 
streams.     The  vapore  generated  in  the  vaporizer  by 
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Gas-Retort. 


Gas-Apparatus. 

steam  from  the  boiler  pass  to  the  roasting-chamber. 
The  vapor  traverses  the  longitudinal  perforations  in 
the  chaicoal  block,  and  is  thus  divided  into  streams 
to  be  more  efleetively  acted  upon  by  the  heat.  It 
then  passes  to  the  condenser. 

A  is  the  furnace,  £  the  boiler,  C  steam-pipe  to 
vaporizer  E,  which  contains  steam-ioil  I>.  6'vapor- 
]iipe  to  roasting-chamber  II.  I  charcoal-block,  which 
divides  the  stream  of  vapor.  J  pipe  leading  to  con- 
denser A'. 

Fig.  2191  is  an  arrangement  for  clearing  the  inner 
surface  of  the  retort  of  the  scale  of  carlionaceous 
matter.      The  gas-retort  is  filled  with  limestone,  and 
a  cap  with  an  air-pipe  extending  nearly  the  whole 
length  of   the  retort  is  Inted  thereu]ion.     The  cap 
of  the  ascension-pipe  is  removed,  and  a  cur- 
i^^y^     rent  of  air  being  established  through  the  re- 
'^\_y    tort,  the  "  scurting,"  or  removal  ol  the  car- 
'"'  bonaceous  coat   of  the  inside  of  the  retort 

takes  place  simultaneously  with  the  elimi- 
nation of  carbon  from  the  limestone,  pro- 
ducing quick'ime. 

Gas-re-tort'  Charg'er.  An  apparatus 
for  introducing  the  charge  of  coal  into  a  re- 
tort or  removing  the  coke  therefrom.  The 
scoop  is  sustained  on  swivel  and  sliding  bearings 
upon  the  truck,  which  runs  on  a  track,  and  conveys 
coal  from  the  heap  to  the  bench  of  retorts.  The 
scoop  is  run  into  the  n-tort,  and  the  bottom  is  drawn 
hack  by  the  rod  extending  beneath  the  handle  ;  this 
discharges  the  coal. 

A  machine  for  this  purpose  has  been  for  some  time 
in  successful  operation  at  the  Dublin,  Ireland,  gas- 
works. 

The  method  of  working  is  as  follows  :  One  man 
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takes  oil'  tlie  liils  of  the  retorts 
of  one  row,  tlieilriiwing-meichine 
moves  opposite  to  one  retort, 
.semis  ill  tlie  rakes,  at  one  ilraw 
brings  out  tlie  eoke,  and  then 
moves  on  to  the  next  retort, 
and  the  ehaigiiig-niaehine  comes 
up  to  the  discharged  retort 
and  jiuts  in  the  charge  of  coal. 
The  scoop  is  made  double,  and 

Fig.  2191. 


Gas  Re-ver'ber-a-to'ry-fur'nace.  An  iron- 
reliniiig  I'uiinee  in  which  gas  Iruni  bituminous  coal 
is  caused  to  pass  over  the  molten  metal,  dejiriving 
it  of  carbon.  The  uj)per  is  a  front  view,  and  the 
lower  a  longitudinal  section  of  the  ajipaiatus.  The 
generator  is  partially  hlled  with  coal  which  is  ig- 
nited, a  sntticicnt  quantity  added  to  till  the  generator, 
and  the  opening  is  bricked  up.  The  metal,  broken 
into  jiieces  of  suitable  size,  is  placed  ujion  the  hearth, 
and  the  intlamed  gas  is  directed  downwardly  upon 
it  by  tuyeres.  A  limited  quantity  of  air  is  also  ad- 
mitted to  the  generator  by  |iipcs.     The  metal,  wlien 

Fig.  2193. 
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forms  two  small  scoops  hinged  together,  and  dis- 
charging in  opposite  directions  ;  so  that,  in  turning, 
the  coals  ari'  spread  well  over  the  surface  of  the  re- 
tort, thus  utilizing  the  greatest  amount  of  heating 
surface  in  the  rein.     As  the    retorts   are    charged. 


Fig.  2192. 
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Gas-Retort  Charger. 

the  man  who  preceiled  the  drawing-machine  and 
took  otf  the  lids  now  follows  the  charging-machine, 
closing  the  retorts.  Two  boys  drive  the  machines, 
one  man  tills  the  coal  into  the  hopper,  and  another 
attends  to  the  taking  off  and  putting  on  of  the  lids 
or  doors.  The  iilatforms  of  the  machines  are  now 
altered  to  the  level  of  the  row  of  retorts  to  be  drawn 
and  charged  ne.ft,  anil  those  operations  proceed  as 
befon^  By  these  arrangements,  the  retorts  are  ex- 
posed to  the  action  of  the  atmo.splicre  a  much  shorter 
time  than  in  the  ca.se  of  haml  lalior,  as  the  stokers 
generally  ".slack  out  "  ten  or  a  dozen  doors  at  once, 
and  draw  them  all  before  charging  any,  thus  leaving 
the  first-drawn  retort  a  long  time  to  the  cooling 
atvnosphere,  whereas  with  the  machine  the  retort  is 
charged  directly  it  is  emptied,  —  an  advantage  that 
must  be  appreciated  by  all  gas-engineers.  The  work 
of  drawing  and  idiarging  is  done  with  a  regiilarity 
that  cannot  be  attained  by  manual  labor  ;  the  le- 
torts  are  supplied  with  the  maximum  quantity  of 
coal  they  will  take,  and  the  quantity  does  not  de- 
pend upon  the  caprice  of  a  scoop-driver.  The  coke 
must  be  raked  out  clean  and  a  quantity  cannot  be 
left  in,  as  is  often  the  ease  with  manual  labor  when 
the  eye  of  the  foreman  is  not  on  the  men. 


in  a  state  of  fusion,  is  stirred  occasionally,  and  a 
.small  ipiantity  of  limestone  added  from  time  to  time. 
The  treatment  lasts  from  two  and  a  half  to  five 
hours,  according  to  the  quality  of  iron  produced, 
and  the  metal  is  drawn  off  in  a  fluid  state.  The  fire 
is  allowed  to  die  out,  and  the  generator  cleaned  at 
intervals  of  about  fourteen  days. 

Gas-ring.  A  thin  plate  of  steel  or  copper,  per- 
forated to  the  exact  size  of  the  caliber  of  the  gun, 
and  used  as  a  face-plate  to  the  breech-block  in 
Sharp's  breech-loading  rifle  anil  Broadwell's  breech- 
loading  ordnance,  adopted  by  the  Prussian  govern- 
ment. The  hreecli-biock  is  chambered  out  larger 
than  the  hole  in  the  plate,  so  that  the  gas  from  the 
explosion  of  a  chai-ge  in  the  gun  Hies  back  into  the 
chamber  nnd  presses  the  jilate  or  ring  foiward  against 
the  breecli  of  the  gun.      A  gas-check. 

Gas'sing.  (Cntlnn-maniifacturc.)  The  process  of 
burning  tlie  ilivergent  fibers  or  Jii',lf  from  yarn. 
The  loose  filaments  are  burned  oft'by  passing  the  yarn 
quickly  through  a  gas-flame.  The  yarn  is  thus  pre- 
pared for  thread,  lace,  and  hosiery.  An  average 
yarn  loses  about  one  eighteenth  in  the  opeiation. 

The  (fii.i.iincj-fr'imc  has  a  row  of  jets  about  twelve 
inches  apart,  and  a  little  hood  above  each.  The 
yarn  is  led  from  one  bobbin  to  a  second,  which  is 
rotated  by  being  pressed  against  a  rotating  roller. 
The  yarn  in  passing  between  the  spools  traverses  back 
and  forth  through  the  flame  passing  over  pulleys. 
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On  emerging  from  the  Hame  the  yarn  is  chained 
by  a  brush  and  passes  througli  a  notcli  in  a  jjieee  of 
brass,  which  is  arranged  to  deteet  any  knot  or  lump 

Fig.  2194. 


Gassing  Yam. 

in  the  yarn.  A  defect  of  this  character  depresses 
the  brass,  and  instantly  tarns  aside  the  gas-burner, 
so  that  the  yarn  is  not  burnt  during  the  temporary 
stopii.ige  ;  the  defect  being  remedied  by  the  minder, 
the  parts  are  restored  to  their  normal  position  and 
the  operation  proceeds. 

Gas-sock'et.     The  metallic  socket  which  slips 
over  the  tip  of  a  burner,  and  connects 
Fig  2195.    tlio  elastic  <;^s-tubing  therewith. 

Gas-stove.   Om-  usually  riride  of  iron, 
and  may  be  partially  lim-d  with  lire-brick. 


Fig.  2196. 
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Gas-Tube  Socket. 


Gas  Cooking-Stove, 


Branches  1,  2,  .3,  4,  5,  from  the  main  ]iipe  a  are 
carried  to  the  upper  part  of  the  stove  and  to  the  bot- 
toms of  the  various  interior  compartments  designed 
for  roasting,  baking,  etc.  These  terminate  in  cir- 
cularly arranged  tubes,  provideil  with  minute  burn- 
ers, over  which  the  vessel  containing  the  article  to  be 
cooked  is  supported. 

Fig.  2197  is  a  heating  stove  in  which  the  gas  is 
turned  on  to  the  perforated  to])  of  a  gas-chamber, 
and  over  this  a  corrugated  conical  cap  is  suspended 
from  an  upright  flue,  the  product  of  combustion 
llowing  into  and  around  this  ca[)  up  the  tine,  and 
througli  holes  in  the  side  at  top,  down  another  Hue 
as  far  as  the  cover  of  the  combustion  chamber,  and 
thence  through  the  apertures  into  and  up  a  third 
flue  to  the  top  of  stove.  The  flues  are  formed  by 
spaces  between  three  cylinders  of  ditferent  diameter ; 


a  plate  at   the  top  covering  Fig-  2197. 

the   inner  flues  bus  p^erfora- 
tions  over  the  outer  Hue. 

Fig,  2198  is  a  gas  cooking- 
stove  which  has  a  scpiare 
sheet-iron  stove,  to  be  used 
with  a  kerosene  lamp,  or  a 
gas-burner,  having  on  each 
side  an  oven  for  baking,  etc., 
which  is  surrounded  on  all 
sides,  except  the  outside  and 
ends,  by  a  flue,  in  which  the 
products  of  combustion  cir- 
culate. On  the  toji  of  tlie 
stove  are  holes  in  which  tlie 
cooking  utensils  are  jilaced, 
and  a  pan  for  baking  may 
also  be  placed  thereon.  By 
nu'ans  of  dampers  the  pro- 
ducts of  combu.stion  may  be 
prevented  from  circulating 
heneath  the  top,  and  made  to 
pass  directly  out  of  the  chim- 
ney. On  one  end  of  the  stove 
is  a  boiler  in  which  to  gener- 
ate steam,  which  is  conveyed 
oft'  by  pipes  to  perform  vai-ious  culinary  operations. 
Pieces  of  mica  are  let  into  the  stove  in  various  places 
to  expose  the 
light  and  also 
to  give  a  view 
of  the  interior 
of  the  ovens. 

Fig.  2199  is  a 
gas-stove  in 
which  the  heat 
of  the  burning 
jet  is  made  to 
vaporize  coal- 
oil  in  the  pipe 
D.  The  gener- 
ating chamber 
is  of  a  metal 
less  liable  to 
oxidation  than 
cast-iron,  and  is 
protected  by  a 
movable  jilate 
beneath,  which 
is  suspended 
over  the  surface 
of  the  burning 

hvdrocarbon.  ^     /-    ,  ■      c^, 

m'      ,       .  .  •  Gas  Cookmg-Slove. 

The  heat  is  con- 
centrated by  an  annulus  C,  which  encloses  the  com- 
bustion ch.amber.     A    fire-cup   beneath  the  burner 
catches  the  waste  oil. 

Fig  2199 


Gas  Heating-Stove. 


Fig.  2198. 
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Fig.  2200. 


Gas-torch.     A  lifjhti'i-  for  gas.     See  Licmting-pevicf.s  ;  Ei.KfTUorilouus. 

Gas-vpash'er.     Tljis  appaiutii.s  leceivr.s  the  giis  IVom  the  I'ondensei-,   which  removes  tlie  tiir. 
olticf  of  tlie  wa.-ihiT  is  to  remove  the  aimnoiiia,  vvliicli  atlects  tlie  iiuality  of  tlie  gas  and  is  otherwise 

ous.  Several  forms  of  washers  are 
known.     Tlie  essential  features  con-  F'g-  2201. 

sist  of  ileviees  for  bringing  every  par- 
ticle of  the  gas  into  contact  with 
water,  for  which  the  ammonia  has  a 
great  atlinity.  The  effectiveness  of 
a  particular  niai'hine  is  in  proportion 
to  the  intimatene.ss  of  the  contact  of 
the  gas  and  water  therein.  Dr.  Wat- 
son, Bishop  of  Llandaff,  announced 
the  fact  in  1750,  that  the  inflamma- 
bility of  gas  was  not  affected  by  con- 
tact with  water.  The  wnslivr  is  the 
third  in  the  scries  of  gas-making  ap- 
paratus. (See  Gas-makino.  )  Mr. 
CroU,  an  English  gas-engineer,  is 
credited  with  the  inveiiti(ni  of  the 
gas-washer  now  in  use. 

Eight  or  ten  gallons  of  amnioniacal 
licjuor  are  extracted  from  the  gas  pro- 
duced from  2,000  pounds  of  coal,  and 
it  is  treated  by  manufacturing  chem- 
ists, who  extract  about  fourteen 
ounces  of  sulplinti'  of  ammonia  from 
one  gallon  of  the  lii]Uor. 

Gas  'Weld'ing-fur'nace.  {Mehil- 
rcorkinij.)  A  heating  jet,  or  cluster 
of  jets,  to  heat  pieces  of  metal  locally, 
in  order  to  bring  them  to  a  welding 
temperature.     See  Gas  Blow-I'Ipe. 

Gate.  1.  A  barrier  which  may  be 
opened  to  pemiit  jiassage  ;  as,  — 

Canal-lock  gate.  Sluice-gate. 

Farm  -gate.  Turnpike-gate. 

Flood-gate.  Water-gate. 
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Some  of  which  are  considered  un- 
der their  alphalietical  order. 

a  is  a  gate  with  adjustable  hinges, 
operating  on  rings  on  the  post ;  the 
fastening  consisting  of  a  movable 
latch  and  staple. 

b  shows  a  luode  of  setting  up  the 
gate  when  the  outer  end  sags,  by  means 
of  the  diagonal  stmt. 

c  shows  another  fomi  of  .setting  up 
the  outer  end  by  means  of  a  tie  slat. 

d  is  a  gate  whose  toji  bar  is  pivoted 
on  the  post,  the  gate  being  counter- 
weighted  by  a  box  of  stone  on  the 
extended  bar. 

c  is  a  gate  which  slides  longitudi- 
nally, its  slats  traversing  on  rollers. 

/  is  also  a  sliding-gate,  which  has 
rollers  to  keep  it  level,  whether  open 
or  shut. 

(/  is  a  gate  which  slides  half  its 
length  ami  tlien  rotates  on  a  bar  at 
its  midlcngth. 

A.  is  a  gate  of  pivoted  bars  on  the 
principle  of  the  lazy-tongs. 

i  is  a  gate  having  a  set  of  pivoted 
slats,  which  assume  a  vertical  posi- 
tion when  the  cotinterweighted  top 
slat  is  allowed  to  oscillate. 

j  is  a  suspended  gate,  which  swings 
upward  broadside  in  a  vertical  plane. 
Gates.  k  is  a  gate  suspended  from  pulleys, 

and  conntei  weighted. 
I  VI  are  gates  operated  by  equestrians  or  persons  in  vehicles  l>y  means  of  ropes. 
2.  (Lockmnilhing.)     One  of  the  apertures  in  the  tumblers  for  the  passage  of  the  stub. 
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3.  The  Talve  which  admits  the  water  to  the  bucket 
of  the  \V.\TEK-WHEEL  (which  see). 

4.  (Founding.)  a.  Au  iiujatc.  The  aperture  in  a 
mold  through  wliich  the  metal  is  poured.  The  run- 
ner conducts  the  metal  from  the  ingale  to  the  hollow 
in  the  luold,  where  it  forms  a  aislinq.  The  piece  of 
metal  which  occu]iies  the  iH^n^i;  and  runner  is  called 
a  sprue,  and  is  knocked  ott'  the  casting. 

b.  The  sprue  or  piece  of  metal  cast  in  the  gate. 
A  sullage-piece. 

Gate-oham'ber.  (Hydraulic  Engineering.)  A 
recess  in  tin-  sida  wall  of  a  canal-lock,  which  receives 
the  opened  gate,  so  that  it  shall  not  project  into  the 
loi;k-chaml>i'r. 

Gate-chan'nel.  (Founding.)  The  gate,  geat,  or 
git,  through  which  molten  metal  is  admitted  to  the 
mold.     See  G.\te. 

Gate-hook.  A  gate-hook  is  that  part  of  a  gate- 
hinge  whic  li  is  driven  into  the  post  and  sustains  the 
leaf  attaclied  to  the  gate. 

Gate-post.  One  to  which  a  gate  is  hung  or 
whicli  it  shuts  against,  and  which  are  known  re- 
spectively as  the  swinging  or  hinging  post,  and  the 
shutting  post. 

Gate-saw.  A  mill-saw  which  is  strained  in  a 
gate  or  sfw/t  to  prevent  buckling. 

Gate-shut'ter.  (Founding. )  A  spade  or  paddle 
whicli  closi's  the  channel  against  the  molten  metal 
when  the  mold  or  bed  is  full,  and  turns  it  in  another 
diiection  to  other  molds  or  beds. 

Gath'er.  1.  ( Vehidc. )  The  inclination  forward 
of  an  a.xle  journal,  or  spindle,  usually  one  tenth  of 
its  diameter. 

The  amount  of  gather  depends  upon  the  amount 
of  taper.  A  perfectly  cylindrical  spindle  requires 
none. 

The  inclination  downward  is  also  dependent  upon 
the  taper,  and  is  called  the  swing.  The  latter  ren- 
ders the  dijihing  of  the  wheel  necessary,  in  order  that 
each  spoke  as  it  comes  to  the  bottom  position  may 
be  vertical.     See  Swing  ;  Dish. 

If  a  taper  spindle  be  made  without  any  galh:r,  the 
tendency  of  tlie  wheel  is  to  slip  outward  against  the 
linchpin  or  nut.  If  the  gather  is  in  excess,  the 
boxing  of  the  hub  rubs  hard  against  the  butlituj-ring 
of  the  a.xle. 

2.  (Bookbinding.)  To  collect  and  jilace  in  con- 
secutive order  the  printed  sheets  of  a  book.  The 
pile  of  sheets  is  folded,  gathered,  collated,  stitc/ted, 
and  bound. 

3.  (XecdUwork.)  To  draw  into  plaits  or  folds  Vy 
means  of  a  thread  or  cord. 

Gath'er-er.     (Sewing-machine.)    A  device  which 
brings  the  cloth  together  in 
Fig.  2202.  folds  or  plaits,  so  as  to  be 

sewn  in  crimps.  It  may 
consist  of  a  tongue  whose 
end  pushes  against  and 
puckers  up  the  material  in 
advance  of  the  action  of  the 
'  needle.  In  the  (example, 
uainerer.  Fig.  2202,  the  device  is  at- 

tached to  the  presser  foot. 
The  upper  and  lower  pieces  of  cloth  are  separated 
by  a  metallic  tongue,  so  that  the  feed-bar  acts  first 
upon  the  lower  piece  and  gathers  the  same.  The 
two  pieces  of  cloth  are  then  forwarded  together  be- 
neath the  presser. 

There    are    numerous    varieties.     See    Gregory's 
"Sewing-Machine  Attachments,"  Washington,  1872.  I 
The  rutfler  acts  upon  the  same  principle.  [ 

Gath'er-ing.  1.  (Bookbinding.)  The  selection  I 
and  arranging  of  a  set  of  sheets  according  to  sig-  [ 
natures,  to  form  a  book.     See  Gather.  | 


process 
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Caufftritt^-  Press. 


2.  (Carpentry.)  An  assemblage  of  beams  support- 
ing a  scuttle. 

Gath'er-iug-board.  (Bookbinding.)  A  horse- 
shoe-shapeil  table  on  which  signatures  are  laid  to  be 
gathered  or  assembled  to  form  a  book.  A  more 
convenient  way  is  to  arrange  the  signatures  on  a 
long  straight  table,  the  first  half  on  one  side  and  the 
latter  half  on  the  other,  so  that  the  gatherers  may 
follow  each  other  consecutively,  "knocking  up" 
and  depositing  the  complete  book  on  an  adjoining 
table. 

Gath'er-iag-hoop.  One  used  by  coopers  to 
draw  in  the  ends  of  the  staves  so  as  to  allow  the 
hoop  to  be  slipiied  thereon. 

Gat'ling-gun.  A  machine-gun  which  has  a 
cluster  of  barrels  and  a  charging  breech  at  which 
the  cartridges  are  automatically  loaded  into  the  bar- 
rels and  fired  in  .succession.     See  B.\TTEnY-GUN. 

Gau-din'o-type.       (P/iotogniphy.)      A 
named  from  its  I'lcncli  discoverer,  Gaudin. 

Gauf' fer-ing-press.  A  press  in  which  ijieces 
of  fabric  cut  to  the  shapes 
of  leaves,  petals,  etc.,  are 
pressed  between  dies  to 
confer  the  ridges,  indenta- 
tions, creases,  and  other 
irregular  features  of  the 
natural  object. 

Tlie   ancient    Egyptians 
gautl'ered    their   linen    by " 
pressing   it  between  fluted 
boards. 

Gauf'fer-ing-tool.  A  tool  for  giving  the  round- 
ness, fluting,  crimping,  or  other  peculiai-  fonii  to 
leaves,  petals,  calyxes,  etc.,  for  the  construction  of 
artificial  flowers  and  sprays. 

The  hand  tools  are  spherical,  conical,  pyramidal, 
hooking,  or  cylindrical,  and  attached  to  handles,  the 
working  faces  being  heated  to  deliver  the  impression 
or  indentation. 

Other  tools  are  stamps  with  counterpart  convex 
and  intaglio  faces,  between  which  is  stamped  the 
piece  of  fabric  which  has  been  previously  cut  to  a 
sha]^e. 

The  material  is  cambric,  jaconet,  and  fine  muslin, 
crape,  gauze,  taffeta,  .satin,  and  velvet,  according  to 
the  natural  aiijiearance  of  the  flower  represented. 

Various  other  materials  are  necessary,  —  .silk 
thread,  wire,  wax,  beads,  floss-silk,  chenille,  gum- 
water,  starch,  gold-leaf,  kid,  colors,  naji  of  cloth,  etc. 

Gauge.    A  measuring  device.     See  Gage. 

Gauntlet.  An  armed  glove,  anciently  of  mail 
or  leather,  with  metallic  shells  or  scales. 

Gaun'tree ;  Gaivn'tree.    A  trestle  for  ca.sks. 

Gauze.  (Fubric.)  A  light,  traiisparent  silk  or 
cotton  goods.  Said  to  be  named  from  Gaza,  in 
Palestine,  from  whence  it  was  introduced. 

In  gauze-weaving,  between  every  two  casts  of  the 
shuttle,  the  warji-threads  are  turned  or  twisted  after 
receiving  the  woof  from  right  to  left,  and  the  re- 
Fig.  2204 


Gauze-Weaving. 

verse,  alternately,  between  each  throw  of  the  shuttle, 
so  that  the  weft  threads,  represented  by  black  dots 
in  the  figure  are  separated  from  each  other,  and  a 
light,  transparent  texture  produced. 

Gauze  wire-cloth.  A  textile  fabric,  either 
plain  or  twilled,  made  of  brass,  iron,  or  copper  wire, 
of  various  degrees  of  fineness.  Used  lor  sieves, 
safety-lamps,  respirators,  etc.  Brass-wire  gauze  was 
shown  in  the  French  department  of  the   London 
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E.xliiliition  of  1851,  liiiviiig  (i7,<;00  nieslies  to  the 
squall'  iiii'li  =  2tiU  paralli-1  tlin-ails  in  a  liiii-ar  ini-h. 
Gav'el.  1.  Originally,  a  small  parwl  of  grain  in 
the  .straw.  Now,  iMiuugli  of  th(r  grain  to  be  hound 
into  a  .sheaf  ;  the  grain  i.s  rakeil  from  the  harvester 
platfunn  ill  gavels.  Biniling  makes  it  a  shoif.  A 
stook,  or  collection  of  sheaves  placed  on  end,  lean- 
ing together  and  mutually  sui>|iorting,  is  a  shock. 

2.  A  nia.son's  setting  maul. 

3.  A  prHsiding  ollicer's  mallet. 
Gav'e-lock.     An  iron  crow-bar. 
Gay'di-ang.     A    vessel  of   Anani    resembling  a 

junk.  It  carries  two  or  three  nuists  with  triangular 
.sails. 

Gaze-a-Blu-toir'.  {Fdhrk.)  A  thin  silk  gauze, 
madr  lu  Fr.uice,  lor  l>i)lling  cloths. 

Gaz-o-gene'.  A  imrtabh;  fonntain  or  soda-water 
app  imtus.      .See  Fig.  4.5,  p.  18. 

Ga-zon'.  (Forlification.)  A  piece  of  sod  used  as 
a  revetment  or  lining  for  parapets  and  earthen  banks. 

Gear.     A  general  term  which  may  mean  :  — 

1.  Arms  ("  ready  all  his  yen;,"  Chancer),  (KcoiUcr- 
ments  ("armours  and  al  other  gnre,  Ywaine  and 
Gawin,"  Kitson),  duthiiuj,  dress,  tnij/piiigs,  liMni^is, 
chajimi-gnw. 

2.  Furniture,  rigging,  tackle  (jeers),  apparatus, 
the  ajipurtenances  of  an  implement :  e.  g.,  cjopansioi- 
gear,  valcc-gnax,  pamp-uvM,  p/oio-gaar ;  the  work- 
ii[g  parts  of  a  locomotive  ;  the  rigging  of  a  spar  or 
sail ;  the  running  i)arts  of  a  wheeled  vehicle,  as  the 
fore-rjai.ri,  hind-ijcars,  referring  to  the/o/'C-a.^le  and 
its  wheels,  tlie  hi.iid-a.x\e  and  its  wheels.  To  the 
former  is  attached  the  tongue  and  fore  liounds,  to 
the  latter  the  hind  hounds.     Each  carries  its  bolster. 

3.  A  cog-wheel.      See  Gr,.\FlINf;. 
Gear-cut'ting  M.a-chine'.     One    for    making 

cog-wheels  iiy  rutting  out  the  interdental  material. 
Invented  by  Henry  .Nfaiidslay. 

in  one  foiin  of  this  machine,  the  disk  to  be  cut  is 
fixed  on  a  .spindle  oi'  nr.indrel,  to  whose  end  is  at- 
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Gear-Cutting  Machine. 


tached  a  graduated  dividing-wheel.  This  wheel  has 
a  number  of  circles,  each  having  its  own  .series  of 
graduations,  at  which  are  holes  with  which  the 
stop-pin  iMigagi's  to  hold  the  Wank  while  the  cir- 
cular cutter  on  the  sliile-rest  does  its  work.  This 
cutter  has  a  sha|i(^  coinriiling  with  that  of  the  inter- 
dental spice  of  the  wheid  re(|uired,  as  shown  in  the 
enlarged  view  b.  The  mandrel  of  the  cutter-wheel 
is  rotated  by  a  bau'l,  and  the  cutter  is  fed  by  a 
hand-crank  artd  feed-screw,  so  as  to  traverse  past 
the  face  of  the  wheel  under  treatment. 


Tile  face  of  the  dividing-wheel,  as  has  been  stated, 
has  various  circles  of  graduations,  which  atl'ord  the 
means  of  giving  a  gi-eat  choice  of  number  of  cogs  to 
the  wheel  on  the  spindle. 

Circles  graduated  as  below  are  divisible  by  the 
numbers  attached,  and  divide  a  wheel  for  the  cor- 
resptmding  numbers  of  teeth  :  — 
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Fig.  2206  shows  a  machine  for  cutting  wooden 
gear,  oi"  patterns 

of  eog-wheels  for  F'g-  2206. 

easting.  Ar- 
ranged on 
lathe-bench  is  a 
sliding  cutter- 
carriage,  having 
a  revoh'ing  cut- 
ter of  the  .shape 
of  the  side  of  the 
tooth,  so  that  as 
itrevolves  it  cuts 
the  space  be- 
tween two  teeth  ; 
a  graduated  di- 
V  i  d  i  n  g  -  p  1  a  t  e 
governs  the 
spaces  between 
the  teeth. 

Gear'ing. 
Wheels  with   eogs  to  transmit  power. 

The  term  is  also  ap]ilied  to  other  nieclianieal  de- 
vices by  wliich  motion  is  transmitted  ;  as,  change- 
gear,  cluiin-gear,  back-gear,  overhead-gear:  or  by 
ndiich  parts  are  operated,  as  valvc-gr.ar,  huisting-year, 
expnnsion-gcar.  Also  to  other  devices  involving  an 
asfemblage  of  parts,  as  running-gear  of  a  wagon. 

Archimedes  was  acquainted  with  toothed  wheel- 
work  before  tlie  Christian  era. 

Thomas  Young  does  not  doubt  that  Ebn-Junis,  at 
the  end  of  the  tenth  century,  had  ajiplied  the  pen- 
dulum to  the  measurement  of  time,  but  a.scribes  tlie 
first  combination  of  tlie  pendulum  with  wheel-work 
to  Santorio,  in  1612. 

The  hydraulic  clock  of  Ctesibus,  under  Ptolemy 
Energetes  II.,  which  gave  the  civil  hours  throughout 
the  year  at  Alexandria,  was,  according  to  the  descrip- 
tion of  Vitruvius,  a  real  astronomical  clock  ;  a  very 
complicated  hydraulic  machine,  working;  by  means 
of  toothed  wheels.     It  is  not  improbable  that  the 
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clock  presented  by  Haroun  r1  Raschid  to  Chaile- 
niagne,  and  which  marked  tlie  hours  by  tlie  sountl 
of  small  balls  falling,  and  also  by  the  a|)])earance  of 
miniature  horsemen  tlirougli  doors,  was  analogous  in 
principle. 

See  under  the  following  heads  :  — 

Addendum.  Multiplying-gearing. 

Augula*  gear.  Mutilated  gear. 

Annular  gear.  Nest. 

tack-gear.  Odontograph. 

evel-gear.  '  Overhead-gear. 

Cani-gear.  Piuion. 

Chain-gear.  Pin-wheel. 

Change-gear.  Pitch. 

Cog-wlieel.  Pitch-circle. 

Cone-gear.  Pitcli-wheel. 

Conical  gear.  Pivot-gearing. 

Contrate-wlieel.  Planet-wheel. 

Crow^n-wheel.  Prime. 

Dittereritial  geariug.  Rack. 

Division-plate.  Rag-wheel. 

Double-gear.  Ratchet. 

Double  gear-wheel.  Real-radius. 

Eccentric  gear.  Screw-gear. 

Elliptical  gear.  Scroll-gear. 

Eiiicyclic  gear.  Sector-gear. 

Equatorial  box.  Segnient-gear. 

Face.  Segment-rack. 

Face-wheel.  Skew-gear. 

Flank.  Skew  bevel-gear. 

Friction-gear.  Slosh-gear. 

Gear-cutter.  Snail-gear. 
Gear-cutting  machine.       Speed-cones. 

Gearing-chain.      -  Speed-multiplier. 

Geometrical  radius.  Spiral  gear. 

Hooke's  gearing.  Sprocket-gear. 

Hunting-cog.  Spur-wheid. 

Interdental.  Star-wheel. 

Intermittent  gear.  Stepped-gear. 

Internal  gear.  Sunk-motions. 

Irregular  wheel.  Train. 

Lantern-wheel.  Trundle. 

Mangle-raek.  Variable  gear.  • 

Mangle-wheel.  V-gear. 

Match-gear.  AVaved  gear. 

Mesh  ;  mash.  "Wiper. 

Miter.  Worm-gear. 

Multiple.  Worm-wheel. 

Gear'ing-chain.  An  endless  chain  transmitting 
motion  from  one  toothed  wheel  to  another. 

Gears.  A  name  applied  to  harness,  as  the  cloth- 
ing (Anglo-Sa.xon,  c/cara,  clothing)  of  a  horse.  The 
word  is  usual  in  the  West,  and  different  kinds  of 
harness  are  indicated  by  the  names  sinijlc-cjeai ,  dnu- 
blf-genr,  lead-qear,  hip-strap  gear,  Yankee-gaii;  etc. 

Gear-wheel.  Any  cog-wdieel,  whether  crown, 
spur,  internal-cogged,  bevel,  or  lantern,  is  a  gear- 
wheel. The  essential  feature  is  the  possession  of 
cogs,  which  act  upon  the  cogs  of  another  wheel  in 
the  train  or  series  to  impart  or  transmit  motion. 
See  Gkaring. 

Geat.  {Founding.)  The  channel  or  spout  through 
which  molten  metal  descends  into  the  mold.  See 
Gate. 

Geis'ler-tube.  A  sealed  tube  filled  with  rarefied 
gas,  through  which  an  electric  spark  is  transmitted 
by  means  of  platinum  connections  inserted  at  eacli 
extremity.  On  the  passage  of  the  spark,  waves  and 
bands  of  light  make  their  appearance,  which  range 
ill  color  and  intensity  according  to  the  character  of 
the  gas  with  which  the  tube  is  tilled.  .This  appara- 
tus is  used  with  the  induction-coil. 

Gel'a-tine.  An  animal  substance  which  assumes 
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seviu'al  forms,  according  to  the  material  from  which 
it  is  made  and  the  mode  of  manufacture. 

Common  gelatine  is  made  from  cli|i|iings  of  hides, 
horns,  hoofs ;  and  some  is  yieldeil  by  the  feet,  bones, 
tendons,  and  ligaments  of  animals. 

In  a  jelly  foim  it  is  called  size. 

The  coarser  qualities,  dried  in  fiakcs,  are  qhie. 

When  made  from  the  membrane  of  fislies  it  is 
isinijln.tx,  the  best  of  which  is  made  in  Russia  from 
the  uir-blailders  and  sounds  of  sturgeon. 

Gel'a-tine-pro'cess.  The  action  which  is  at 
the  bottom  of  nearly  all  the  permanent  photograjihic- 
priiiting  processes  is  that  of  light  on  gelatine  in 
presence  of  a  bic/hromate.  Dissolve  gelatine  in  hot 
water,  and  add  to  the  solution  .some  bichromate  of 
potash,  and  dry  it  ;  the  com]iound  is  sensitive  to 
light  in  a  way  diH'ereiit  from  ordinary  photographic 
paper.  Exposure  to  light  changes  the  color  to  a 
chestnut-brown,  but,  what  is  more  important,  it  is 
no  longer  soluble  in  hot  water.  If  a  portion  of  the 
dried  gelatine  and  liichroniate  be  shielded  from  light, 
that  ]iortion  will  dissolve  as  readily  as  before,  hut 
the  portion  which  has  Iieen  acted  on  liy  light  forms 
a  tough,  tawny  substance  which  is  unaffected  by  the 
hot  water.  The  discovery  of  this  action  wa.s  made 
in  various  steps,  the  first  change  of  color  being  an- 
nounced by  Mr.  Wungo  Ponton  as  earlyas  1S39.  This 
remarkable  property  was  finally  laid  hold  of  by  e.x- 
])erimentalists,  and  two  groups  of  juocesses  have  been 
founded  upon  it.  In  the  first  group,  this  action  is 
brought  into  play  in  the  jiroduction  of  every  proof. 
That  is  to  say,  eveiy  picture  is  produced  by  the  action 
of  light  on  bichromatcd  gelatine.  In  the  second 
group,  one  picture  is  produced  by  the  action  of  light 
on  bieliromated  gelatine  ;  and  this  picture  is  made  by 
various  devices  to  serve  as  a  printing  matrix,  from 
whii'h  any  number  of  impressions  may  be  struck  off 
hj  mec  lianical  means. 

Ill  the  first  group  is  included  what  is  ordinarily 
called  Cakbon-pkinting  (which  see).  See  also  Au- 
totype. 

In  the  second  group,  the  gelatine  picture  is  xised 
as  a  matrix  for  producing  a  printing-base,  or  is  itself 
used  as  a  printing-base,  which  is  then  in  either  case 
printed  from  liy  mechanical  means.  The  first  suc- 
cessful attem]>ts  in  this  direction  resulted  in  the 
]irocess  which  is  known  as  jihotolithograjiliy.  A  print 
is  [iroiluced  liy  the  action  of  light  on  paper  coated  with 
.sensitized  gelatine  in  the  way  first  indicated.  It  is 
found  that  lithograjihie  ink  will  adhere  to  those  parts 
where  light  has  acted.  The  gelatine  print  is  accord- 
ingly inked  with  a  Iitliogra|iIiic  transfer-ink,  and  the 
print  thus  produced  is  transferred  to  the  surface  of 
stone  or  zinc.  But  a  lithographic  stone  does  not 
do  more  than  discriminate  between  black  and  white  ; 
it  will  not  recognize  half-tones.  The  process  is  there- 
fore only  suitable  for  the  production  of  work  either 
in  dots  or  lines.  For  this  jnirpose  it  was  used  by 
Mr.  Osborne  in  Australia,  in  Southanijiton,  England, 
and  now  very  extensively  in  this  country.  See 
Phiitolithogp.aphy. 

Poitevin's  process,  1855,  belongs  to  this  group, 
and  is  typical  of  its  kind.  He  coated  the  stone 
with  biciiromated  albumen,  and  put  it  through  the 
actinic  processes  in  siiu,  then  inked  up  on  the 
stone. 

Another  process  in  the  second  group  is  Photogal- 
VANiiGnAPHY  (which  see).  See  also  Photoglyphic 
E.N'oRAviNi; ;  PHuTozrxcoonAPH. 

A  third  process  is  the  JVoodbnry,  in  which  a  gel- 
atine picture,  having  been  obtained  by  light,  is 
placed  in  contact  with  a  sheet  of  soft  metal,  and 
submitted  to  heavy  hydraulic  pressure.  Bearing  in 
mind  that  the  gelatine  picture  is  a  picture  iu  relief 
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and  (li'pressioii,  tlie  nii'tallic  eonntiirpait  obtained  by 
pressur**  will  iiu  in  revei'sed  relief  and  depression. 
A  mold  will  Imvi^  been  obtained,  wliich  it  will  only 
be  neCL'.ssary  to  (ill  with  a  .solution  ot 'gelatine  to  ob- 
tain a  duplicate,  .so  to  speak,  of  the  gelatine  picture 
from  wliii.li  the  metallic  mold  was  struck.  The  re- 
s.ilting  picture  will  be  one  in  relief  and  depression  ; 
but  if,  as  in  the  case  of  carbon-printing,  coloring 
matter  is  mixed  with  the  solution  of  gelatine  used 
to  fill  the  metallic  molds,  it  will  also  be  in  liglit  and 
shade.  A  little  solution  of  gelatine  in  bot  water, 
containing  suitable  coloring  matter,  is  poured  into  the 
metallic  mold,  a  piece  of  jiaper  i.s  placed  on  the  top, 
and  a  level  liil  pressed  down  on  it,  so  as  to  squeeze 
out  superlluous  gelatine.  In  a  few  minutes  the  liil 
is  opened  and  tlie  paper  removed,  bringing  with  it 
the  adhering  gelatine,  which,  with  the  coloring  mat- 
ter, forius  the  pictture.  See  Woodbury  Process  ; 
iS'.\nTiiE-riaN'TiNG  ;  Hbliotvi-e  ;  Albeutype,  —  .so 
named  from  Herr  .Vlbert  of  Munich. 

Gem.  A  i]recious  stone,  as  a  diamond,  ruby, 
sapphire,  emerald,  topaz,  opal,  etc.  Some  of  those 
in  the  following  list  are  only  semi-precious,  and  are 
not  strictly  gtuns.  In  a  mechanical  point  of  view, 
they  have  about  e  [Uil  interest.  Some  common  and 
softer  minerals  are  iutrodujed  for  the  sake  of  com- 
parison. 

Tabic  of  Hardness  of  Gems,  etc. 


Agate    . 

.     12 

Onyx     . 

.    12 

Amethyst  . 

11 

Opal . 

10 

Calcareous  spar 

.      6 

Quartz   . 

.     10 

Chalk 

3 

Kuby 

16-17 

Crysolite 

.     10 

Kuby  spinelle 

.     13 

Carnelian  . 

11 

Sapphire     . 

16-17 

Crystal  . 

.     11 

Sardonyx 

.     12 

Diamonil   .           18-20 

Sidiorl 

10 

EnieraM 

.     12 

Topaz      . 

11-15 

Fluor-spar 

7 

Tourmaline 

10 

Gypsum 

.      5 

Zeolite  . 

.       8 

Jasp  ;r 

9-U 

Gem,  Ar'ti-fi'cial.  Factitious  stones  are  made 
of  very  pui'c,  fusil)le,  highly  transparent,  and  dense 
glass,  usually  called  p'csle  or  strass.  The  composi- 
tion is  silica,  potassa,  and  oxicie  of  lead,  with  some 
other  ingredients  at  times,  and  metal-lie  oxides  for 
coloring.  (See  Gl.\ss-coi,oi'.ing.  )  The  beauty  de- 
pends upon  tlift  clearness  anil  the  exact  imitation  of 
the  natural  gem,  and  also  upon  the  care  and  skill 
in  the  cutting. 

Gem-cut'tiQs;.  The  surfaces  of  gems  are  cut 
into  facets  to  increase  their  brilliancy.  The  greater 
the  natural  brilliancy  the  fewer  facets  are  required 
to  obtain  a  given  brilliancy. 

As  a  general  rule,  the  back  that  is  inclosed  in  the 
setting  has  double  the  depth  of  the  face.  The  back 
is  cut  into  facets  or  s:[U.ares  that  exactly  correspond 
in  place  with  the  position  of  the  principal  facets  on  the 
front  of  the  stone  ;  and  the  angles  which  the  squares 
at  the  back  in.ike  with  the  axis  of  the  stone  are  re- 
quired to  be  such  that  all  the  light  reflected  from 
their  surfaces  may  fall  within  the  central,  flat  sur- 
face, on  the  part  of  the  stone  called  the  ln-ble. 

The  parts  of  a  cut  gem  are  as  follows  :  — 

Front ;  the  face  or  exposed  portion. 

Back  ;  the  rear  portion. 

Table  ;  the  central  plane  in  the  face. 

Girdle  ;  tlic  extreme  margin  of  a  stone  by  which 
it  is  retained  in  the  setting. 

Top  ;  the  beveled  portion  between  the  table  and 
the  girdle. 

Facet  ;  a  small  face. 

Culh't  ;  a  small  central  plane  on  the  back. 

See  Brilliant. 


Gem-cutting  was  not  so  well  understood  among 
the  ancients  as  it  is  now,  neithei'  are  the  Oriental 
cutters  equal  to  those  of  Amsterdam.  The  Kuh-l- 
nuor  was  recut  after  coming  into  tlie  possession  of 
the  Briti.sh  queen.  (See  DiA.MONU.)  We  read, 
however,  of  gem-cutting  in  Pliny  and  elsewhere. 

"  People  bore  into  these  red  hyancinths  I  rubies) 
by  means  of  the  diamond." — Al  Khazini,  12tli 
century. 

The  principal  modes  of  cutting  may  be  classed 
under  three  heads  :  — 

The  Imp,  brilliant,  and  rose  cut. 

The  trap  {a  b)  cut  consists  of  parallel  jilanes 
nearly  rectangularly  arranged  around  the  contour 
of  the  stone. 

c  d  repiesents  a  thicker  stone,  trapjjed  in  two 
liights  on  the  front  and  three  on  the  back. 

The  brilliiint  cut  consists  of  lozenge-shaped  facets 
alternating  with  triangles,  and  is  used  for  the  fronts 
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of  most  transpai'ent  stones  that  are  sufliciently  thick 
to  allow  of  being  cut  into  facets  on  both  the  front 
and  the  back. 

There  are  several  varieties  of  brilliant  cuts,  known 
as  — 

Half-brilliant  e. 

Full-brilliant/. 

S|ilit  or  trap  brilliant  g. 

Double-brilliant  or  Lisbon  cut  h.     ' 

The  rose  cut  {i  j)  consists  of  triangular  facets  ar- 
ranged u]ion  and  around  a  central  hexagon.  This 
cutis  enqdoyeil  ujion  such  stones  as  are  thin  and 
large  on  the  surface,  as  the  rose  cut  is  only  applied 
on  the  surface  and  the  back  is  left  flat.  The  rose 
cut  is  consi<lered  to  give  the  greatest  luster  that  can 
be  obtained  from  cutting  the  front  only,  as  the  sur- 
face is  entirely  covered  with  facets. 
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k  is  the  X-cut  ;  I,  dental  cut.  Many  other  minor 
varieties  might  he  cited. 

Gem'el-liiiige.  {Loch-smithing.)  (\.i\X.,  iiiuiiellm, 
twill. )  A  lull",'!'  ODiisisting  of  an  eye  orhioi^ndahook. 

Gem'el-w^in'dow.  (Architecture.)  A  window 
witli  two  hays. 

Gem-sn-grav'mg.  The  art  of  engraving  on 
gems,  it  is  jierforined  hy  small  revolving  wheels  or 
points  charged  with  diamond  dust,  emery,  etc.,  ac- 
cording to  the  hardness  of  the  gem.  See  Se.\l-en- 
GR.WIXG. 

Gen'der.  (.If «.?*<;. )  A  Javanese  musical  instru- 
mi'iit  introduced  into  England  by  Sir  Stamford 
Rallies.  It  consists  of  a  row  of  |iarallel  metallic 
plates,  supported  liorizontally  hy  two  strings  passed 
through  the  respective  nodal  lines  of  the  plates. 
The  modern  dulcimer  with  glass  plates  supported  on 
tapes  gives  an  idea  of  tlie  method.  Uuderneatli  each 
plate  is  an  upright  banihoo  containing  a  column  of 
air  of  such  a  length  as  to  reciprocate  tile  sound  of  the 
plate  above.  The  resonance  of  the  unisonant 
columns  of  air  augments  the  sounds  of  the  vibrating 
metallic  plates. 

Gen'er-at  ing-3ur'face.  The  heating  surface  of  a 
boiler,  thaton  whi  :h  heat  is  applied  to  generate  steam. 

Gen'er-a'tor.  1.  (.%■««.)  A  vessel  in  which 
steam  is  generated  from  water,  for  use  in  a  steam- 
engine,  a  heating  apparatus,  etc.  The  term  was 
first  applieil  to  the  I'erkins  steam-boiler,  in  whicli 
water  in  small  vjuantity  was  heated  to  great  tem- 
perature. It  is  now  specifically  applied  to  a  chiss 
of  in.stantaneous  generators.  The  name  is  now 
rapidly  coming  into  use  for  all  apparatus  for  gener- 
ating steam,  being  held  to  be  more  correct  than  the 
usual  tenn.     See  Stkam-eoilf.k. 

2.  (Aerated  iVater.-!.)  .\n  apparatus  for  generating 
carbonic-acid  gas   for   charging   soda-fountains,   or 
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bottles  with  aerated  water.  One  form  is  shown  in 
the  figure.  The  generator  (shown  on  the  right)  is 
a  lead-lined  copper  cylinder,  supported  on  an  axis, 
and  containing  the  ingredients,  which  may  be  water, 
carbonate  of  lime,  and  sulphuric  acid,  which  are  com- 
mingled by  the  swaying  or  reversal  of  the  chamber  on 
its  axis.  The  gas  evolved  passes  to  the  receiver,  where 
it  is  absorbed  by  the  water,  as.sisted  by  the  swajing  of 
the  receiver  on  its  axis.     SeeAER.\Ton,  pp.  18-20. 

3.  A  retort  in  which  volatile  hydrocarbons  are 
distilled  from  solid  or  liquid  matters  See  Ga.s- 
MAKixG  ;  Gas-generator. 

Ge'o-met'ric-al  Lathe.     An  instrument  belong- 


ing to  the  bank-note  engi'aver.  Like  the  Cyci.didal- 
EXGINK  (which  see),  it  is  used  for  making  compli- 
cated patterns  of  interlacing  lines  to  form  an 
additional  guard  against  counterfeiting.  It  is 
adapted  for  more  delicate  and  minute  work  than  the 
cycloidal  engine,  aud  is  the  means  by  which  the 
stars,  rosettes,  and  ornamental  tablets,  escutcheons 
and  borders,  are  produced  around  the  denominating 
figures,  etc.,  of  bank-notes. 

A  graver  whose  normal  motion  is  in  a  curve  is 
made  by  the  motion  of  the  plate  to  form  a  waved 
line  with  any  character  of  convolutions  ;  this  is 
crossed  by  one  of  somcwliat  varying  character,  and 
this  by  a  third,  and  so  on,  forming  an  interlacing 
but  regular  pattern.  If  the  plate  move  in  a  direct 
line,  this  pattern  will  have  a  general  straight  di- 
rection, but  if  the  jdate  lie  moved  in  a  circle,  a  cir- 
cular pattern  of  interlacing  lines  will  be  the  result. 
By  cams  and  other  devices  the  general  trenil  of  the 
figure  may  be  niaile  to  till  a  circle,  l■lli]l^e,  shield,  or 
tablet  of  any  form.  Fair  examples  of  the  work  may 
be  seen  on  the  face  and  back  of  tlie  greenbacks  of  the 
United  States,  and  it  will  be  seen  that  the  spaces  and 
escutcheons  consist  of  a  series  of  concentric  designs. 

Machines  of  this  character  are  very  costly,  and 
po.ssessed  by  but  few  establishments  ;  the  Treasury 
of  the  United  .States  and  llie  American  l!iink-Xote 
Company  for  instances.  The  dilficulty  of  counter- 
feiting is  much  increased  by  the  use  of  this  mode  of 
ornamentation. 

Ge  o-met'ric-al  Pen.  An  instrument  for  draw- 
ing geometric  curves,  in  which  the  movements  of  a 
jien  or  pencil  attached  to  a  revolving  arm  of  aijjust- 
able  length  are  varied  by  I'hanging  the  toothed 
wheels  which  give  motion  to  the  arm.  —  Webster. 

Ge'o-met'ric-al  Ra'dius.  {Gcariiui.)  The  radius 
of  the  jiitch  circle  of  a  cog-wheel.  The  real  radius 
is  that  touching  the  crests  of  the  teeth. 

Ge'o-met'ric-al  Stairs.  A  stone  stairs  where  the 
steps  are  secured  into  the  wall  at  one  end  only,  the 
other  foniiing  a  continued  string  with  an  ojieii  newel. 

Ge'o-met'ric  Chuck.  A  chuck  liaving  a  radial 
slider  to  which  the  work  is  attached,  the  s.aid  slider 
oscillating  in  a  plane  at  light  angles  to  the  axis  of 
motion,  so  as  to  produce  curved  lines  in  various 
patterns,  as  regulated  by  sjiecial  devices.  See 
Gecimetrtc  I..\tiik;  Rose  Exoine-lathe. 

Ge'o-met'ric  Square.  An  instninient  for  meas- 
uring distances  and 

bights,    and    useful  Fig.  2209. 

for  its  [lortability  as 
well  as  for  the  far- 
cility,  by  the  com- 
mon rule  of  three, 
of  solving  most  of 
the  problems  arising 
from  its  use.  It  is 
made  of  brass  or 
wood,  12  or  18 
inches  square,  and 
the  quadrant  is 
graduated  in  each 
direction.  The  two 
sides  o|i]iosite  to  the 
axial  point  of  the 
alidade  are  gradu- 
ated to  100  equal  parts,  irith  major  divisions  of  ten 
of  said  parts.  The  100  point  finishes  at  the  angle 
obliquely  opposite  the  center  from  \\  bic'h  the  arc  is 
struck.  One  side  represents  the  horizon,  and  the 
alidade  with  two  sights  is  equal  in  length  to  the 
diagonal  of  the  square.  The  alidade  has  dinsions 
equal  to  those  on  the  sides  of  the  square. 

In   measuring   vertical    hights,    the    distance    is 
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measurcil  fioin  tlie  station  to  the  base,  and  by  mov- 
in;^  tile  aliLUult*  the  angle  subtended  by  the  object  is 
obsi'i-vcil. 

Ge-o-ram'a.  A  concave  globe  on  the  inside  of 
wliicli  till'  cdimtries,  oceans,  etc.,  of  the  earth  are 
ivpi-eseiitfil  to  the  spectators,  who  stand  on  a  frame- 
work inside. 

The  f,'lol)e  of  Gottorp  was  11  feet  in  diameter; 
that  of  Dr.  Long  was  IS  feet  in  diameter.  i\Ir. 
Wyld's,  IM.tI  -in,  was  60  feet  4  inches  in  diame- 
ter. Tlic  loncavity  of  each  of  these  represented  the 
terrestrial  siirfaie. 

Wyld's  ghdie  was  lighted  by  openings  during  the 
day  and  by  gas  at  night.      See  G  LOBE. 

G-e'o-stat'ic  Arch.  {Architectarc.)  A  linear  arch 
of  a  ligure  suited  to  .sustain  a  pressure  similar  to  that 
of  tlie  earth,  wliicli  ronsists,  in  a  given  vertical 
]>laiie,  of  a  jiiiir  of  conjug.ite  pressures,  one  vertical 
and  pro[K)rtioiial  to  the  di'ptli  below  a  given  plane, 
horizoatai  or  sloping  ;  and  the  other  jiarallel  to  the 
horizontal  or  sloping  ]ilane,  and  bearing  to  the  ver- 
tical pressure  a  certain  constant  ratio  depending  on 
the  nature  of  the  mateiial,  etc.  — R.\NKINE. 

Ge-o-ther-moni'e-ter.  An  instrument  for 
measuiiug  llie  earth's  heat  at  dilt'erent  depths,  as  in 
mines  aud  wells.  The  temperature  rises  about  1" 
Fab.  for  every  70  or  SO  feet  of  descent. 

Ger'man-bit.  A  wood-boring  tool  adapted  to 
be  used  in  a  brace.  It  has  a  long  elliptical  pod  and 
a  screw-point.      See  BlT. 

Ger'man-chest  {iktaUargy.')  (Caisse  a  torn- 
bean,  cottiii.)  An  a |iparatus  resembling  a  trunk  in 
some  respects.  It  is  a  long  bo.\  into  which  the 
s'inies  are  carried  gradually  by  a  stream  of  water. 
Tlie  heavier  jiortions  settle  near  the  head  of  the  lio.'c, 
and  the  lighter  towards  the  lower  end,  where  the 
water  escapes  at  holes  from  which  the  pegs  arc 
withdrawn  ;  a  lower  ]ieg  being  replaced  and  the 
discharge-opening  being  made  a  little  higher  up  as 
the  box  gradually  tills. 

Ger'mau-sil'ver.  A  white  alloy  for  table  ware, 
consisting  of  jaeicel,  copper,  and  zinc  in  various 
proportions  :  — 


nnttide 

Brande     . 

I'jirisiaii 

P:ickfonK  (Chinese) 


Parke's  (Kng.  imtetit,  1844)   46.5 
Cutler's  (Eug.  patent,  IBS'*)     5 
Toucas'8(Bng.  patent,  1850)     4 
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Another  authority  gives  :  - 


Common  albata 
Best  albata 

Another  :  — 


Nickel. 
3.5 
5.5 


Zinc. 

16 

9 


Copper. 
20 
20 


Nickel.  Zinc.  Copper. 


2 
60 
60 


1 
20 
20 


Lead. 

20 

Iron. 

3 


German  silver  (finest  quality)      1 
German  silver  (for  rolling)     .  25 
German  silver  (for  casting)  20 
German  silver  (original  for- 
mula)       .         .         .         .  32       40       25 

It  is  said  to  have  been  originally  obtained  from  a 
metallic  ore  found  at  Henueburg,  whose  analysis  is 
nearly  the  same  as  the  last  formula  given  above. 

Ger'man-steel.  A  metal  made  of  charcoal-iron 
obtained  i'loni  bog-iron  or  the  sparry  carbonate. 


Gib  and  Cotter. 


Ger'man-tu-ta'nia.    An  alloy  of  copper,  1  ;  tin, 

48  ;  aiituiioiiy,   4. 

Ger'mau  'White-cop'per.  An  alloy  of  cop|)er, 
88:  nickel,  8.75;  with  traces  of  silex,  aluminium, 
antimony,  and  arsenic. 

Get-in.  (Printing.)  An  order  to  condense  mat- 
ter so  that  it  shall  not  extend  beyond  the  end  of 
a  line.      Jinn  in. 

Gi'ant-povy'der.  A  form  of  di/namite,  consist- 
ing of  infusorial  earth  saturated  witli  nitro-glycerine. 
The  silicious  earth  consists  of  diamtonis  and  frus- 
tules,  and  the  result  is  a  brown  powder,  something 
like  tine  sawdust. 

Gib.  A  ])iece  of  metal  or  wood  whose  duty  it  is  to 
hold  another  in 

place,  as  in  the  Fig  2210. 

1'a.se  of  a  sled- 
tongue  in  its 
roller,  or  a 
strap-head  on 
a  connecting- 
rod.    See  Key. 

It  is  usually 
tightened  by  a 
key  or  cotter, 
as  in  the  an- 
nexed illustra- 
tion, which 
shows  a  very 
common  mode 
of  .sei'uring  the 
tongue  in  the 
roller  of  a  sled.  The  notched  yib  is  placed  in  the 
mortise  of  the  roller,  the  heel  of  the  tmujuc  inserted, 
and  a  wedge-shaped  cotter  is  driven  in  to  tighten 
them  all  in  place.  Pins  prevent  the  endwise  with- 
drawal of  the  lonrjtw  or  eoltcr. 

Gib.  1.  Gib  and  Ixij.  The  fixed  wedge  and  the 
driving  wedge  for  tightening  the  strap  wliich  holds 
the  brasse's  at  the  end  of  a  connecting-rod  in  steam 
machinery.     See  lower  illustration  in  Fig.  2210. 

2.   The  projecting  arm  of  a  crane.     Gibbet,  jib. 

Gib'bet.  The  jiost  and  arm  of  a  crane,  reaching 
over  for  the  suspension  of  the  loatl  therefrom. 

Giffard  In-ject'or.  A  steam-jet  which  acts 
upon  a  body  of  water  by  which  it  is  condensed,  and 
to  which  it  communicates  its  velocity,  driving  it 
through  the  feed- water  pipe  into  the  boiler.     See 

iN.IF.CTOIl. 

Gig.  1.  {Vehicle.)  A  light,  two-wheeled  vehi- 
.cle,  drawn  by  one  horse. 

2.  (^Fabric.)  A  rotary  cylinder  covered  with  wire 
teeth  for  teaseling  cloth. 

3.  {Nautical.)  A  clinker-built  boat,  from  20  to 
28  feet  long,  and  rowed  with  4,  C,  or  S  alternate 
oars.  It  is  reserved  for  the  commanding  officer. 
Usually  nearly  the  size  of  the  cutter,  but  of  longer 
aud  slenderer  build. 

4.  A  tish-spear. 

Gig'ging-ma-chine'.  A  machine  for  dressing 
woolen  cloth  by  subjecting  it  to  the  action  of  teasels, 
whose  line  hooks  draw  the  loose  fibers  to  the  sur- 
face.    A  napping-machine. 

The  teasel  is  a  kind  of  thistle  (Pipsncm  fullo- 
iniin.)  cultivated  for  the  ])urpose.  The  awns  or  bracts 
of  the  prickly  head  are  furnished  at  the  ends  with 
little  hooks,  which  are  sufficiently  strong  to  over- 
come slight  impediments  in  drawing  the  loose  ends 
of  the  filaments  of  wool  to  the  surface.  If  the  hooks 
of  the  teasel  become  engaged  with  knots  which  they 
cannot  disentangle,  they  break,  and  it  is  this  prop- 
erty which  renders  them  so  peculiarly  suitable  for 
this  ]mrpose.  Artificial  teasels,  such  as  wire  cards, 
have  hitherto  failed  to  answer  the  purpose  as  fully, 
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Giggin^-STachine. 

on  account  of  their  unyielding  nature  when  they 
become  engaged  with  a  knot. 

From  2,000  to  3,000  teasel-heads  are  arranged  in 
frames  attached  to  a  hollow  drum  or  cylinder,  and 
the  cloth,  guided  liy  rollers,  is  drawn  in  a  direction 
contrary  to  that  of  the  cylinder,  the  latter  revolving 
somewhat  rapidly  and  the  cloth  passing  more  slowly. 

In  the  illustration,  the  ends  of  the  cloth  are  sewed 
together  so  as  to  make  it  a  continuous  band  which 
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terrcts  for  the  driving-rciiis  and  the  chcck-)iook  for 
the  bcariitfi-rcin. 

Gig-saw.     A  thin  saw  to  which  a  rapid  vertical 
reciprocatiou  is  imparted,  and  which  is  adapted  for 

Fig.  2214. 
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pssses  round  again  and  again.     See  TE.A..SELixr.-M.v- 

CHIXE. 

In  Fig.  2212  the  cloth  is  teaseled  in  opposite  di- 
rections on  the  same  side  without  removal  from  the 
machine,  and  may  be  presented  twice  to  each  teasel- 
ing cylinder.  It  does  not  pass  under  the  cylinders 
so  as  to  catch  the  falling  dirt,  etc.,  and  its  napped 
surface  is  uppermost  for  inspection  at  all  times. 

G-ig-ma-chine'. 
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See  Oir.GiN-r,-M.\i'HlNK. 

Gig-mill.  A  ma- 
chine in  which  woolen 
cloth  is  napped  or 
teaseled.  A  gigyiyig- 
iniit^h  'me. 

Gig-sad'dle.    (Sad- 
dh'r]i.\     \  small  saddle 
useci  with  cariiage-har-  | 
ness,  and  carrying  the  ; 


Gig-Savos. 

sawing  scrolls,  frets,  etc.     The  motion  is  imparted  by 

the  crai^  and  pitman,  and   the   spring   above  gigs 

back  the   saw,   keeping   it 

strained    on    its    upward 

stroke. 

Scroll-saws    are   usually 
gig-saws  or  band-saws.     In 
Fig.  221.1,  the  saw-guides 
and  opemting  mechanism 
have      rotarj'     adjustment 
around    the    point   where 
the  saw  passes  through  the 
table  so  "as    to    saw   to   a 
bevel.     The  motion  of  the 
land  -  ci-ank    operates   the 
wonn  E,  which  moves  the 
segment  1<  in  the  curved 
guides  C  h.      The  saw  H 
isstrained  between  the  ends 
of  levers  /  /,    which   are 
pivoted  to  the  .segment  D. 
Thus  the  angle  of  the  saw 
^  '\      is  capable  of  adiu.stnient  in 
\A     a  range  of   90° ;    that   is, 
45°  on  each  .side  of  the  per- 
pendicular, while  the  other 
adjustments  are  the  circular  and  vertical  of  the  table 
beneath. 

Gig-tree.     The  frame  of  a  gig  or  harness  sad- 
dle. 

Gild'ing.  The  process  of  overlaying  with  gold. 
Substances  overlaid  with  fine  gold-leaf  are  found 
in  connection  with  the  earlie.st  Egyptian  monu- 
ments, even  as  early  as  Osiitasen,  1706  n.  c.  In 
the  time  of  Thothni'es  III.,  the  era  of  the  exodus, 
they  had  various  modes  of  apyilying  ;  in  leaf,  in- 
laving,  or  by  beating  it  into  other  metals.  Speci- 
mens mav  be  seen  in  Dr.  Abbott's  collection.  New 
York.  We  read  that  the  wood  of  the  ark  was  over- 
laid with  gold.  1490  p..  c. 

It  was  lavishly  practiced  in  ancient  Rome  ;  parts 
of  the  Capitol  were  thus  ornamented,  a  single  ounce 
only  making  450  leaves,  each  four  inches  square. 
Gilding  is  ]ierformed  :  — 
1.   By  laying  on  gold-leaf. 
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2.  By  applying  l^oU  in  amalgam,  the  mercury 
being  siibsi'ii\iciitly  I'vaporated. 

3.  By  cU'Ltr^-plating. 

4.  By  a  ^slll■t■t  of  metal  soldered  to  the  cheaper 
foundation  metal. 

5.  By  enanK*ling. 

A  (;einian  plan  cited  in  the  "  Philosophical 
Tran.sactions  fen'  169S"  is  described  :  — 

Steep  linen  rags  in  a  solution  of  gold,  burn  them  ; 
with  a  pii'L'c  of  cloth  saturated  in  salt-water  rub 
the  ashes  upon  the  silver.      It  is  not  durable. 

The  modes  and  purposes  are  various  :  — 

Biiriiixhiil flililiiiff  is  destemper  gilding  polished 
by  burnisher,  and  is  \i3ed  especially  in  picture. 
frames. 

Chemical  gililiiiy  is  produced  by  galvanic  action 
in  the  bath,  or  by  affinity.  See  Elkctro-plating  ; 
■W.\si[-tHLi)iN'(:. 

0)fcl  ffi/dini)  consists  in  rubbing  the  annealed 
metal  with  gilding-powder  by  means  of  a  piece  of 
cork  dipped  in  .salt-water.  Polish  with  steel-bur- 
nisher. 

Destemper  r/lhliny  is  applied  to  wood,  plaster,  or 
marble.  Coat  with  size,  followed  by  successive  coats 
of  Hnely  powdered  whiting,  and  face  by  rubbing 
with  sand'iwper  between  each  coat.  Coat  with 
gold  size,  lay  on  the  leaf,  and  polish  with  an  agate 
or  dog's  tooth. 

Eledrc-yilding.     See  Electro-plating. 

Friclion  ijildinij.     See  above,  —  cold  gilding. 

German  yildiiig ;  a  name  for  Electko-platino 
(which  see). 

Iiiimcr.iion  iiildiivj :  dipping  the  metallic  article 
into  a  sohition  of  pyrophosphate  of  .soda  in  which 
terehloride  of  golil  has  been  dissolved. 

Or  in  a  lxiiling-!iot  gilding-lirjuor  of  nitro-mnriate 
of  gold,  water,  and  bicarbonate  o.''  potassa.  (Elking- 
ton's  patent.) 

Or  in  a  solution  of  gallic  acid  in  water,  ether,  or 
alcohol,  to  which  a  solution  of  gold  has  been  pre- 
viously .iddi'd.      (Tabbot's  jiatent.) 

Jiijiiniiirrs'  iiihlinr).  Cover  the  surface  with  oil- 
size  thiTUH'd  with  spiiits  of  turpentine,  and  dab  in 
gold  ill  jiiiwdcr  with  a  pulf  of  wash-leather. 

Leaf  (jiJdiiui  :  coat  the  pajier  or  vellnm  with 
gum-water  oi'  glaire,  lay  on  the  leaf-gold  and  polish 
with  an  agate. 

sVr.clianiail  gilding;  any  process  in  which  the 
gold  is  made  to  adhere  by  glue,  in  contradistinction 
to  chemical  processes. 


Mercurial  gilding,  by  amalgam.  See  Wash- 
gilding. 

Oil  gilding  ;  coat  with  size  ;  then  repeatedly 
with  calcined  white  lead  or  massicot  giound 
in  linseed-oil  and  turpentine  ;  shave  smooth  the 
dried  surface  after  each  applii-ation  ;  coat  with 
gold  size,  then  with  tlie  leaf ;  vaiiiish  ;  heat 
over  a  chahng-dish  ;  varnish. 

Varnish  gilding,  for  carriages,  etc.  The 
same  as  above,  except  that  the  surface  is 
varnished  liel'ore  ]*eceiving  the  gold,  repeatedly 
varnished  afterwards,  and  polished  with  tripoli 
and  water. 

Il'dsli.  gilding  ;  apply  amalgam  of  gold  and 
a     volatilize  the  mercuiy  by  heat. 
-^  H'arer  gilding,  same  as  toasli  gilding. 

To  state  more  in  full  :  — 

1.   Gilding  by  gold-leaf  is  divided  into,  — 

a.  Burnish  gilding. 

b.  Oil  gilding. 
^       a.    In    burnish  gilding,   the   surface  of   the 

i  looking-glass  or  picture-frame  stuff  is  prepared 
by  priming  of  irhile  stuff,  laid  on  with  a  brush 
and  follow<'d  by  several  thicknesses  of  the 
same  material  (hot  size  and  whiting),  but  of  a  thicker 
consistence.  This  surface  is  smoothed  and  polished, 
then  covered  with  several  coats  of  a  size  made  of 
pipe-clay,  red  chalk,  black  lead,  suet,  and  bullock's 
blood,  reduced  by  a  solution  of  gelatine  to  the  re- 
(iuired  thickness,  to  be  laid  on  by  a  brn.sh. 

In  gilding,  the  surface  is  wetted  by  a  camel's-hair 
brush,  the  leaf  is  raised  from  the  cushion  by  a  tool 
called  a  tij},  and  laid  upon  the  adhesive  surface. 

It  is  then  burni.shed  by  a  flint  or  agate  burni.sher, 
except  in  those  jiarts  where  the  gold  is  to  have  a 
dead  or  frosted  appearance,  called  matt,  and  which 
are  subse(iuently  covered  with  size. 

The  tools  of  a  gilder  are  a  eu.fhion,  liiifc,  and  tip. 

The  cushion  is  Hat,  made  of  several  thicknesses  of 
cloth,  and  covered  with  leather.  It  has  a  marginal 
wall  of  parchment  at  one  end  and  half-way  along 
two  sides. 

The  Icnife  is  pointed,  straight-edged,  and  is  not 
very  sharp. 

The  tip  is  a  layer  of  camel's  hairs,  whose  but-ends 
are  held  between  two  cards  which  are  glued  together, 
forming  a  very  light  and  elastic  brush. 

The  gold-leaf  is  sui>plied  by  the  gold-beater  in 
books  of  2,"i  leaves,  each  measuring  3J  x  3  inches. 

A  leaf  being  transferred  fiom  the  book  to  the 
cushion  is  cut  up  by  the  knife  into  strips  and 
pieces  of  the  ]irojier  size  and  shape  to  lay  upon  the 
work,  to  whicii  tlu'y  are  transferred  by  the  tip.  This 
tool  being  laid  gently  upon  the  leaf,  the  latter  ad- 
heres slightly  to  the  hairs,  and  is  thereby  raised  and 
deposited  in  its  )ilace  on  the  surface  to  lie  gilded. 

b.  Oil  gilding  diH'ei's  from  burnish  gilding  in  the 
preparation  of  the  surface,  which  is  by  coatings  of 
white  stuff,  clear  rule  (a  priming  prejiared  with  size 
in.stead  of  oiU,  and  oil  gold-size.  The  latter  is  a 
mixture  of  boiled  linseed-oil  and  ochre,  laid  on  by 
a  brush. 

The  gold-leaf  is  laid  on  as  in  the  former  process, 
and  is  covered  with  a  clear  size. 

Where  parts  aie  to  be  burni.shed,  they  are  left  for 
treatment  liy  the  burnish  process  just  described. 

2.  An  amalgam  paste  (see  Am.\lc:am)  is  applied 
with  a  brush  to  metallic  articles,  which  are  prepared 
for  its  reception  by  aqua-fortis.  Heat,  carefully  ap- 
])lied,  drives  olf  the  quicksilver ;  the  surface  may 
lie  improved  by  burnishing.  The  name  water  gild- 
ing is  also  apjilied  to  this  process.  See  Water- 
gilding. 

3.  A  bath  consisting  of  a  chemical  solution  of 
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gokl  is  piepaivd,  and  the  object  to  be  gilded  io  ren- 
dered electro-negative,  and  suspended  in  the  liquid. 
A  galvanic  cuirent  being  passed  through  the  article 
suspended  in  the  liquid,  tlie  gold  becomes  deposited 
upon  it.  Non-metallic  articles  may  receive  a  coat 
of  plumbago,  to  induce  dejiosition  thereon.  A  plate 
of  gold  is  suspended  in  the  liquid  to  leed  the  latter 
as  it  liecoines  iiniio\erished.    See  Electko-platixg. 

4.  The  form  of  gilding  by  soldering  on  a  plate  of 
the  metal  is  seldom  applied  with  gold,  but  is  com- 
mon with  silver.  .\  cheaper  metal  fonns  a  basis  or 
foundation  to  which  is  soldered  a  plate  of  gold.  The 
twoare  then  rolled  downtogether,  becominggradually 
attenuated  until  they  reach  the  required  thickness, 
when  they  are  worked  together  into  the  shape  or 
object  required. 

Porcelain  or  glass  is  gilded  by  a  magma  of  gold, 
quicksilver,  gum-water,  and  bora.K.  It  is  laid  -on 
with  a  hair-pencil,  being  thinned  with  turpentine 
and  oil,  like  paint.  It  is  black  when  used,  but  its 
natural  tint  is  restored  by  burning  in  the  enamel- 
kiln.  The  borax  acts  as  a  flux  to  unite  the  gold  to 
the  ceramic  or  vitric  material.  It  comes  dead-col- 
ored from  the  kiln,  but  is  brightened  by  the  bur- 
nisher. 

1.  (Bookbinding.)  In  gilding,  the  book  is  placed  in 
the  press  between  two  boards,  and  the  edges  beingcov- 
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^red  with  ylnire  (albumen),  a  layer  of  gold  leaf  is  laid 
on  and  rubbed  with  an  agate  burnisher,  fixing  it  to 
each  leaf  and  at  the  same  time  giving  it  a  polish. 

In  tooling,  tlie  portion  of  the  cover  is  covered 
with  glaire,  the  leaf  laid  thereon,  and  a  heated  tool 
carrying  the  desired  ornament  is  pressed  thereon. 
The  tool  may  be  a  hand-stamp,  as  in  the  figure,  or 
a  roller  or  lillet  liaviug  a  periphery  on  which  the 
pattern  is  repeated  all  round.  The  other  appliances 
of  the  gilder  are  the  cushion,  knife,  tip,  etc. 

Or  :  the  surface  is  dusted  with  gum-niastic  ;  the 
heated  tool  laid  on  the  gold,  whicli  it  catches  up  and 
transfei-s  to  the  cover ;  pressure  causes  it  to  adhere. 

Brass  buttons  are  gilded  by  throwing  them  into  a 
pan  with  a  little  amalgam  of  gold,  and  as  much 
diluted  aqua-fortis  as  will  wet  tliem  all  over  ;  stir 
till  they  appear  silvery,  then  wash,  dry,  and  heat  to 
volatilize  the  mercury. 

Glass  and  porcelain  are  gilded  by  blending 
powdered  gold  with  gum-water  and  borax  to  the 
biscuit,  heating  in  a  muffle,  and  polishing  with  a 
burnisher. 

2.  (Plwtographij.)  The  treatment  of  the  finished 
daguerreotype-plate  w-ith  a  salt  of  gold,  generally  sal 
d'or,  —  the  hyposulphite  of  golil  and  soda,  —  which 
determines  the  deposition  of  finely  divided  gold  upon 
the  vaporous  mercurial  deposit  of  which  the  picture 
consists.  By  this  means  permanence  is  imparted  to 
the  picture. 

Gild'ing-size.  A  viscid  composition  laid  upon 
an  object  to  hold  a  surface  of  gold-leaf.  The  book- 
binder uses  (jlii  irr,  white  of  egg.  The  oil-gilder  uses 
a  mixture  of  linseed-oil  and  oelire. 

Gill.  1.  Khnckh.  A  series  of  points  which  di- 
Wde  the  rilibons  of  flax  fiber  into  finer  parallel  fila- 
ments ready  for  drawing  and  spinning.    A  porcupine. 

2.  A  timber  vehicle  consisting  of  a  pair  of  wheels 
and  a  frame. 

3.  A  mi-asure  of  a  fourth  of  a  pint. 
Gill-frame ;   Gill-head.     A  machine  in  which 


slricks  of  llax  are  drawn  out  into  slivers ;  doubled 
and  combined  with  other  slivei-s,  and  redrawn  unril 
they  assume  the  character  of  roeings,  and  are  ready 
for  tlie  spinning  operation.     A  .tjtrcader. 

The  name  gill-frame  (Fr.  aiguille,  needle)  is  de- 
rived from  a  number  of  vertical  needles  forming  a 
comb,  thiough  which  the  line  passes  to  the  drawing- 
roller  ;  the  gill  is  attached  to  a  fuller-bar,  which 
rises  and  falls  at  intervals,  and  alternately  detains 
and  releases  the  line,  which,  by  a  series  of  opera- 
tions, is  converted  from  a  slrick  to  a  sliver  sind  then 
to  a  roving.     See  8i'i:t:.\DER. 

GiU'ing-ma-chine'.  A  draw-head  machine  for 
llax.     .\  i;iLL-Fr,.\.\ii-;  (which  see). 

Gill-net.  One  suspended  in  a  .stream,  having 
meshes  which  allow  the  heads  of  the  fish  to  pa.ss, 
and  which  catch  in  the  gills  to  prevent  the  fish  from 
detacliing  itself. 

Fig.  2218. 
Fig.  2217. 
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Gim'bal-joint.  A  form  of 
tmivcrsal  joint.  (From  gemel- 
lus, Latin,  twin.)  A  two-part 
joint  having  articulations  on  axes  at  right  angles 
to  each  other.  Invented  by  Hooke.  It  is  used  as 
a  shaft-coupling  in  the  tumbling-rods  of  horse-pow- 
ers, in  drilling  and  sheep-shearing  machines  and 
elsewhere. 

Gim'bal-ring.  A  single  gimbal  by  which  the 
cock-eye  of  the  upper  mill-stone  is  supported  on 
the  spindle  to  permit  vibmtion.     A  rynd. 

Gim'let.  A  small  boriug-tool.  It  has  a  leading 
screw,  a  grooved  staff,  and  a  cross  handle. 

Its  invention  is  ascribed  by  Pliny  to  Daedalus,  an 
artificer  of  .\then.s,  about  12-10.  He  considered  it  a 
]ioint  of  honor  to  give  an  author  in  each  case.  In 
England  it  was  formerly  called  a  irimble. 

The  Grecian  gimlet  (teretrion)  is  frequently  men- 
tioned. 

Gaillard's  instrument  for  the  insertion  of  steel  pins 
in  the  treatment  of  fractures  has  four  pieces,  the 
handle,  screw,  sheath,  and  nut.  The  silver  sheath 
is  passed  down  to  the  bone,  which  is  then  bored  by 
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the  gimlet.  The  nut  is  then  screwed  down  to  draw 
the  parts  into  apposition,  and  is  left  until  bony  ad- 
hesion takes  place. 

Gim'mal.  A  pair,  or  series,  of  interlocked  rings. 
A  giiiilxil  (from  gimelht.i,  twin). 

Gimp.  (Fabric.)  Silk  twist  interlaced  with 
wire  or  a  coarse  cord.     Used  for  trimming. 

"My  wife's  black  silk  gown  is  now  laced  all  over 
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with  blaok  gimp  lace,  us  the  fashion  is,  in  which 
she  is  vurv  )iiftty."  —  Pkpys's  Diary,  1B61. 

Gim-peg.  A  rest  for  tlie  arm  of  a  lapidary, 
consistin<!  of  a  roil  of  iron  hent  into  a  cranked  form 
n,  and  fitted  with  a  tlange  that  hears  upon  the  sur- 
face of  the  bench. 

It  also  serves' as  a  holder  for  a  block  h,  which  is 
slipped  thereon,  and  which  serves  as  a  guide  for  the 
vertical  angle  in  cutting  facets.  The  end  of  the 
stick  is  placed  in  one  of  the  seiies  of  holes  in  the 
block,  according  to  the  angle  required  for  the  facet. 

Fig.  2220 
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The  tang  of  the  gim-peg  is  secured  beneath  the 
bench,  and  the  block  is  secured  by  a  wedge  to  the 
gim-peg. 

Gimp-ma-chine'.  A  narrow-ware  loom  having 
devices  at  the  edge  of  the  warp  to  catch  the  woof 
<iiid  form  loops  or  patterns,  the  gimp  cords  of  various 
sizes  being  carried  by  independent  shuttles  or 
needles. 

Gimp-nail.  A  small  forged  nail  with  a  rounded 
head,  >ised  by  U]>holsterers. 

Gin.  1.  A  portable  hoisting-machine  a  whose 
frame  is  a  tripod,  one  leg  being  movable  so  as  to 
vary  its  angle  of  elevation,  and  thus  determine  the 
hight  of  the  apex  ;  the  other  two  legs  preserve  their 
relative  distance,  and  form  standards  for  the  drum, 
around  which  the  rope  is  wound  by  jiower  applied 
to  the  hand-spikes.  For  heavy  weights  a  fall  and 
tackle  is  useil  ;  and  for  luiisting  a  bucket  from  a  well 
or  mine,  simply  a  coujde  of  pulleys  to  change  the 
direction  of  motion  of  the  rope.  One  pulley  is 
suspended  from  tlie  apex,  and  the  other  attat'hed 
between  the  two  permanent  legs,  so  as  to  change  the 
rope  to  a  horizontal  position,  for  the  attachment  of 
draft  horse. 

The  gin  b  with  fall  and  tackle  is  used  for  loading 
heavy  objects,  mounting  ordnance,  moving  lieavy 
castings  in  foundries.  It  is  tlie  nio.st  convenient 
form  of  portable  hoisting-macliine  in  places  where 
traveling  cranes  and  elevators  eunnot  lie  had.  The 
shears  has  two  legs  and  the  derrick  one  ;  the  latter 
two  require  guys.  See  Ci;.\n'e  ;  DlcunicK  ;  Whin; 
Capstan;  Windla.ss;  Wincii  ;  Elevai-oii. 

In  the  United  States  military  service  gins  are 
divided  into  three  classes,  — fielrl,  r/nrrisnn,  and 
casenialc.  Each  is  comprised  of  the  same  ]iieces, 
difl'ering  only  in  size  and  minor  details  of  construc- 
tion. The  |iarts  are  the  ?«/«,  the  pri/pole,  which  is 
in  fact  the  tliiid  leg,  the  braecs,  the  clevis,  and  the 
block  and  fall. 

A  similar  contrivance  to  the  gin  is  nientioncil  by 
Vitruvius  (aliout  40  B.  c.) :  — 

"Three  pieces  of  timber  are  prepared,  suitable  to 
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the  weight  to  rig.  2221. 

be     raised, 

connected  at 

the  top  by  a 

pin,     but 

spreadingex- 

tensively    at 

the     fee  t  ; 

these    are/ 

raised    by 

means     of 

ropes     made 

fast     to    the 

top,     and 

when    raised 

are      kept 

steady ;      to 

the  top  is  fixed  a  block,  by 

some   calle<l    rcchamus,  in 

which  two  sheaves  turn  on 

axles."  —  VlTKUVlus,  Cap. 

II.,  lib.  10. 

Richardson's  gin  c  con- 
sists of  a  I'ramework  sup- 
porting a  fivefold  tackle  , 
with  blocks  ten  inches  in"^/; 
diameter,  and  a  roller  seven 
inches  in  diameter,  turned 
by  iron  levers.  In  the  il- 
lustration, it  is  shown  in 
its  application  to  raising 
surface  stone  for  removal  out  of  the  way  of  the  plow. 

2.  A  pump  operated  by  windmill. 

3.  A  coal-hoisting  machine.     See  Whin. 

4.  A  snare  for  birds  or  animals. 

5.  A  spirit  distilled  from  grain  and  flavored  with 
juiiijier  berries. 

6.  A  machine  for  separating  cotton-fiber  .from  the 
seeds. 

Eli  Whitney's  cotton-gin,  invented  in  1793,  revo- 
lutionized the  culture  and  manufacture  of  the  fiber 
by  providing  a  mode  of  putting  it  into  merchantable 
order  at  a  reasonable  price. 

When  done  by  hand,  a  man  can  clean  but  one 
pound  per  day.  The  roller-(jin  of  India  and  China 
cleans  from  40  to  65  pounds  in  a  day.  It  has  two 
rollers,  whicli  catch  the  fiber  between  them  and  car- 
ry it  away,  while  the  seed  is  detained  by  a  comb. 

The  combing  instrument  used  in  the  Spanish  col- 
onies for  removing  the  seed  from  the  cotton-fiber  is 
called  ohntirraes.  Tlie  .syllalde  al  indicates  the 
Saracenic  origin  of  the  tool  and  its  u.ses. 

In  Whitney's  saw -gin  (^)  the  cotton  is  placed  in 
a  long  and  narrow  hopper,  one  side  of  which  is 
formed  by  a  grating  of  strong  ]iarallel  wires  J  inch 
apart.  Close  to  the  hopjiei-  is  a  roller  witli  circular 
saws  \h  inches  apart.  Thc^ie,  as  they  revolve,  pass 
within  tlie  grating  to  a  certain  depth,  and  seize  the 
fibers  of  cotton,  dragging  tliem  lietween  the  vires 
which  detain  the  seeds.  The  cotton  is  swept  from 
the  saws  by  a  revolving  cylindrical  brush. 

In  the  lower  view  {B)  is  a  more  modern  form  of 
the  same  invention.  The  feeding-chamber  is  mounted 
above  the  gin,  .serving  the  duuble  purjiose  of  picking 
§])en  and  thoroughly  separating  all  lunijis  and  matted 
seed-cotton,  and  feeding  it  steadily  and  niiirornily 
the  whole  width  of  the  gin  in  small  pelh-ts  or 
masses  to  the  chamber  below,  in  which  is  a  roll-sup- 
porter, whicli  presents  the  cotton  regularly  to  the 
saws,  and  is  itself  driven  by  tlie  action  of  the  .saws 
ujion  the  under  side  of  the  roll.  The  brush  cylin- 
der removes  tlie  lint  from  the  saws  and  delivers  it 
into  a  chamber,  which  has  for  its  bottom  a  revolving 
gauze  cylinder,  through  which  the  air  escapes  while 
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Fig.  2222- 


holding  the  fiber  or  drawing  it  away,  while  the 
other  set  pushes  the  seeds  away. 

Another  has  a  roller-knife  acting  in  combination 
with  a  gin-roller,  and  doctor  or  pressing-knife,  the 
roller-knife  having  fi.xed  thereon  a  series  of  circular 
plates  or  disks,  the  edges  of  which  come  nearly  in 
contact  with  the  edge  of  the  doctor  or  pressing-knife, 
and  also  with  the  surface  of  tlie  gin-roller,  in  such 
a  manner  as  to  cause  the  seed  and  refuse  to  be 
beaten  ofl',  and  at  the  same  time  to  cause  the  fibers 
and  seeds  to  be  moved  to  and  fro  along  the  edge  of 
the  doctor. 

Calvert's  tootlied-roller  gin  has  a  guard-toothed 
roller  6,  which  acts  in  conjunction  with  a  guard-roller 
a  to  remove  the  lint  from  the  liopper  andkcej)  back 
the  seeds.  The  brush-roller  c  removes  the  lint  from 
the  roller  b  and  conducts  it  to  the  exit. 


Fig.  2224. 


Fig.  2225. 


the  lint  is  arrested  and  gathers  upon  the  surface  of 
the  cylinder  in  a  continuous  bat,  and  is  discharged 
by  doffing-roUers  ready  for  the  press. 

Fig.  2223  shows  a  form  in  which  the  cotton  is 
taken  by  a  toothed  feeding-cylinder  h  from  the  hop- 
per n,  a  stripper  keeping  superfluous  cotton  in  the 
hopper  ;  a  brush-cylinder  delivers  the  cotton  from 
the  feeding-cyliniler  h  to  the  ginning-cylindcr  a.  c 
is  tlie  brush-cylinder,  and  )'  one  of  a  pair  of  wire- 
cloth  covered  condensing  rolls,  wliich  press  tlie  cot- 


Fig.  2223. 
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ton  into  a  sliver  and  at  the  same  time  conduct  away 
the  dust  and  motes. 

Other  gins  operate  by  means  of  rollers  and 
knives  and  pinching  devices  wliich  grasp  the  lint 
and  tear  it  from  the  seeds,  as  in  the  roller-gin  of 
Inilia,  already  mentioned.  In  one  case,  as  the  combs 
alternately  move  up  and  down,  they  act  upon  the 
cotton,  which  is  drawn  in  by  the  continuously  re- 
volving rolls,  and  comb  back  the  seeds  by  working 
against  the  upper  and  lower  edges  of  the  bar. 

In  another,  the  fiber  is  grasped  by  positive  devices 
close  by  the  seed,  and  is  so  held  while  anotlier  part 
pushes  the  seed  away  from  the  fiber.  The  holders 
work  intermittingly,  or  two  sets  alternately,  one  set 


Gin-Block. 


-SSi      Gin-block.     A  tackle- 
Calvcrt's  Gin  block  w  itli  a  hook  to  swing 

from  the  gib  of  a  crane  or 
from  the  sheer  of  a  gin. 

Gin'gal.     An  East  Indian  breech-loading  fire-arm 
carrying  a  ball  of  from   four  to  eight  ounces.     See 

JlXGAL. 

Ging'ham.     (Fribric.)    A  linen  or  cotton 
goods,  colored  in  the  thread. 

Ging'ing.     The    lining   of   a   shaft   with 
bricks  or  iii;xsonry. 

Gin'gly-mvis.    An  elbow-joint  which  per- 
mits   no    other   motion    than   in  one  plane, 
having  no  rolling  articulation.     Such  a  joint 
is  the  ordinary  two-leaved  hinge  wliich  moves 
on  a  pintle  ;  such  are  also  nio.st  ?0(/(//c  joints. 
Gin'ny-car'riage.     A  railway  car  for  conveying 
materials  ;  probably  English  provincial  for  engine- 
carriage. 
Gin-race.     (Mining.)    A  miner's  term  for  the 

trade  of  a  whin  or  hoi.sting  apparatus. 
Gin-sa'w.     One  used  in  a  cotton-gin  for  drawing 
tlie  fibers  tlirough  the  grid,  leaving  tlie  seed  in  the 
liopper.      Sec  GiN. 

Gin-wheel.  1.  A  wheel  in  a  cotton-gin.  It  may 
mean  a  wheel  with  curved  ]iointed  teeth  or  claws, 
which  act  as  the  teeth  of  the  usual  saws  in  ilrawing 
the  fiber  through  the  grid  ;  or  the  brush-wheel, 
which  cleans  the  lint  from  tlie  said  wheel  or  saw. 
♦  See  Giy. 

2.  The  wheel  or  drum  of  a  whin. 
Gip'sy-winch.  A  small  winch  having  a  drum, 
ratchet,  and  pawl,  and  attai  halile  to  a  post.  The 
handle  of  the  winch  is  attached  by  stinups  to  a  cap 
revolving  on  the  axis.  This  cap  is  provided  with  a 
pair  of  pawls  «,  which,  by  means  of  springs  b,  are 
forced  against  ratchet  teeth  in  the  interior  of  the  small 
end  of  the  barrel.  By  this  nutans  two  motions  can 
be  applied  to  the  winch,  the  ordinary  rotaiy  method 
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of  wnikiiiH'  "~ 
the  liaiidli',  and 
a  reeiprucating 
motion  in  wliich 
the  liaiulie  is 
worked  iip  and 
downlikeapuiup- 
handlc.  In  the 
ordinary  rotary 
motion  tlu?  ratch- 
et movftnt-nt  of 
the  cap  is  not 
utilized  ;    but, 

I  when   tlie    nia.\i- 

'  mum  i>o\ver  of 
the  appiiiatiis  is 
required,  the 
pumping  motion 
is  adopted.  Tlie 
handk-  is  extensi- 
ble according  to 
the  power  re{[nired,  and  about  ten  times  the  usual 
power  may  be  obtained  by  the  rccipiocating  motion, 
owing  to  the  leverage  obtained  and  the  favorable 
position  for  the  workman  to  throw  his  weight  upon 
the    handle,   as   in   working  a  windlass.     See   also 

BRAtKKr-('l;AH. 

Gir'an-dole.  A  branching  caudle  -  holder  or 
chandelier.      A  tjasalier. 

Gird'er.  A  principal  beam  of  a  floor,  spanning 
the  distance  from  wall  to  wall,  and  affording  a  place 
of  attachment  for  the  bimlers,  to  which  the  lloor  and 
ceiling  joists  are  connected. 

In  roofs  of  a  less  comjtound  structure,  the  girder 
or    summer  -  beam,    sometimes   trussed,    spans   the 

Fig.  2227. 


Gipsy-Winch. 


Girrlers- 

buihling  longitudinally,  and  the  joists  proceed  from 
it  to  the  walls  on  each  side.     See  Floor. 

Girders  are  often  compound,  the  timbers  being 
scarfed  together  and  stayed  by  truss-work  or  fished 
at  the  junction. 

Smenton  bent  the  girders  upward  and  trussed 
them  in  that  position. 


In  double-framed  floors,  the  hiiidiiig-joisls  n,  in- 
stead of  resting  on  the  walls,  are  sn|iporteil  by  large 
timbers  »/,  culled  girders.  Tile  briiltjinij-joists  s  rest 
on  the  binding-joists  n,  and  the  ceiliiiy-joists  c  are 
secured  beneath  the  girder  m. 

a  to  I  are  forms  of  wrought-iron  girders. 

m  to  z  are  forms  of  cast-iron  ginlers. 

Plate-iron  girders  are  made  of  several  forms. 

Tile  I-girder  a  a  is  rolled  in  one  piece. 

The  co/iijmund  I-girder  b  b  has  tlat  top  and  bottom 
plates  secured  by  atiglc-ironx  to  the  vcb. 

Another  form  of  cninpound-lcHin  c  c  has  upper  and 
lower  members  built  of  several  layers  of  plates 
riveted  to  each  other,  and  to  a  pair  of  angle-irons 
wliose  other  arms  ar.-  riveted  to  the  web,  which  is 
.strengtliened  by  vertical  T-irons. 

The  British  rule  for  wooden  floor  girders  is  as 
follows  :  — 

Depth. 

Inches. 

9 

10 


Length  of  Bearing. 
Feet. 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


11 
12 
12 
13 
14 
15 
16 
16 
16 


Width. 
Inches. 

7 

8 

9 
10 
11 
11 
12 
12 
12 
13 
14 


The  box-girder  or  box-ienm  d  d  has  a  double  ver- 
tical web.  It  is  stated  by  Kankine  to  have  been  long 
employed  in  the  platforms  of  blast-furnaces,  and  to 
have  been  first  used  in  railway  briilges  by  Thomson, 
on  the  Pollok  and  Gowan  Railway,  in  1S32. 

Figs.  2228  and  2229  are  forms  of  arched  girders 
for  bridges.     The  former  has   for  an  arc  a  Hanged 

Fig.  2228. 


iron  beam  and  tension  trussing  in  yianels.  The  arch 
of  the  latter  is  formed  of  upper  and  lower  concentric 
iron  arcs  connected  by  diagonal  and  radial  braces. 
The  chord  is  connected  to  the  arch  by  radial  rods. 

Fig.  2229. 


The  ends  of  the  arch  and  chord  are  secured  in  the 
metallic  shoe.  See  also  LATTiCE-niKnER  ;  H.-vlf- 
i,.vn'icE  Giuher  ;  Bowstring  Girder  ;  Lattice; 
jTiiiiss  ;  Arched  Beam,  etc. 

The  Girard  Avenue  Bridge  over  the  Schuylkill,  at 
riiiladelphia,  has  five  spans  of  wrought-inm  lattice 
girders,  and  is  illustrated  under  Iron  BiaDc.E.  Under 
tlie  same  title  are  also  shown  a  number  of  cast-iron 
and  wronght-iron  bridges. 

S(ie  also  PivuT-BRiDRE,  where  are  girder-trnsses 
I'esting  at  midlength  on  piers.     See  also  Steel  Tu- 

BULAIMUUDGE  ;    TuEULAR-BRIDGE. 

See  also  Iron,  Angle,  where  a  large  number  of 
forms  of  angle-iron  are  shown. 
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Fig.  '2230  A  represents  a  jiortion  of  the  framing 
of  the  London  Crystal  Palace  of  1851,  sliowing  the 
means  adopted  for  getting  it  into  po.sition.  This 
was  effected  by  means  of  upright  poles  a  a  connected 
by  a  cross-piece  b,  and  steadied  by  gnvs.  The  sup- 
porting columns  were,  by  means  of  tackles  attached 
to  the  cross-piece,  hoisted  into  vertical  .position  and 
there  bolted,  after  which  the  girders  were  hoisted 
up  in  a  similar  way  and  secured  to  the  columns. 

B  is  an  elevation,  and  C  a  plan  of  one  of  the  cast- 
iron  girders.     They  were  23  leet  3J  inches  long,  and 


Fig.  2231. 


Faztons  Girders  (  Crystal  Palace,  London^  1851). 

3  feet  ileep,  and  connected  at  top  and  bottom  to  the 
columns.  Their  great  comparative  depth  enableil 
the  latter  to  resist  great  lateral  thrust,  and  inqiarted 
extreme  stiffness  to  the  structure,  with  the  least 
.  possible  weight. 

Z*  is  a  form  of  wooden  truss  employed  in  the  sann' 
structure. 

Gird'er-bridge.  A  bridge  supported  by  beams 
resting  ujion  abutments  at  the  ends.  The  beam  is 
usually  comjiound.      A  truss-bridjc. 

Gird'er-test'er.  A  form  of  hydrostatic  press 
for  testing  the  strength  of  girders.  The  form  shown 
is  on  wheels,  and  has  a  safety-valve.  By  bolting 
two  girders  together,  and  |ilacing  this  machine  be- 
tween them,  they  may  both  be  tested  at  one  time. 

Girdle.  {Dimnond-aitthuj.)  Thejioint  of  greatest 
marginal  circumference  of  a  brilliant-ciil  diamond, 
at  which  it  is  gras]iod  by  the  xrfiutg.  The  project- 
ing portion,  rising  about  the  xcltinq,  is  the  bizi'l,  and 
has  one  tliinl  of  the  depth  of  the  stone.  It  has 
thirty-two  facets,  and  terminates  in  a  flat  face  called 
the  tnhle.  The  imbedded  portion  of  the  stone  has 
two  thirds  of  the  depth  of  the  gem,  and  is  called  the 
culasic  ;  it  has  twenty-four  facets  and  teiminates  in 
a  flat  face,  the  collet  or  culcl.     See  Brilliant. 


(rirder-Tesler. 

Girt.  A  small  girder.  Used  in  roofs  or  bridge- 
frames. 

A  ijirlh. 

Girth.  A  band  pa.ssing  around  the  body.  A 
Siiiritu/k. 

Slore  specifically  :  a  band  passing  beneath  the 
belly  of  a  horse  and  buckled  at  each  end  to  a  girth 
straji  of  the  saddle. 

Girt-line.  {Xautical.)  A  whip-purchase,  de- 
pending from  a  lower-mast  head  and  used  in  hoist- 
ing rigging  and  gear  of  the  mast. 

Gis-arm.  A  weapon  formerly  used.  It  had  a 
long  handle,  a  curved  blade,  and  a  prong  projecting 
from  the  back  of  the  blade. 

Git.  (Foundhuj.)  The  entrance  for  molten  metal 
into  a  mold.     A  gate. 

Gla'cis.  (Fortification.)  The  superior  slope  of 
the  parapet  of  the  covered-way,  forming  a  gentle 
slope  towards  the  countrij,  and  protecting  the  revet- 
DKiit  of  the  xirirp  from  an  enemy's  fire.    See  Bastion. 

Glad'stone.  A  four-wheeled,  two-seated  pleas- 
ure-carriage, with  a  driver's  seat  and  dickey. 

Glaire.  [Bookbindinc/.)  White  of  eggs.  Used 
as  a  size  in  gilding. 

Gland.  1.  The  cover  of  a  stuffing-box.  The 
cyliudrical  sleeve  b  presses  upon  the  packing  around 

Pig.  2232. 
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the  piston-rod  to  make  a  steam  or  air-tight  joint. 
The  exterior  flange  n  is  perforated  for  the  passage  of 
the  bolts  by  which  the  gland  is  tightened. 

2.  The  common  clutch  consists  of  a  loo.se  pulley 
;)  which  is  slipped  upon  the  shaft  c  by  means  of  the 
lever  c,  so  that  the  studs  on  the  pulley  engage  with 
the  glrmd  d,  which  is  fast  to  the  shaft.  This  causes 
the  motion  of  the  pulley  to  be  imparted  to  the 
gland  and  shaft.  The  contrary  niotion  of  the  lever 
disconnects  the  power  from  the  shaft. 

3.  {Ffinndiix/.)  A  hooked  bar  by  which  the  parts 
of  a  niolder's  fla.sk  are  clamped  together. 

4.  .\  plate  i»  through  which  the  ends  of  a  hand  or 
tightening  clevis  pass.      A  clip-plate. 

Glass.  1.  Gla.ss  is  a  compound  substance  foiTned 
by  fusing  together  mixtures  of  the  silicates  of  pot- 
ash, soda,  lime,  magnesia,  alumina,  and  lead.  The 
proportions  vary  in  the  different  kinds  of  gla.ss. 

Silica   fused  with   alkalies   yields   a  transparent 
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glass  ;  if  the  iiroportions  of  alkali  and  silica  be 
as  tliive  to  one,  tlie  c;'oiii|ioiinil  is  soluble  in  boilin;^; 
water,  and  is  railed  sulahh  yloss,  mi/er-g/uss,  or 
soluble  silica.  The  greater  the  projiortiou  of  silica 
tlie  le.ss  fnsible  is  the  compound. 

Silica  fused  with  linu',  magnesia,  barj'ta,  or  alu- 
mina yields  an  insoluble  porcelainous  couipound, 
fusible  oidy  at  a  high  heat. 

(Uass  is  divided  into  — 

Fliiit-ijhiss :  used  in  making  table  ware  and  many 
articdes  of  domestic  furniture  and  fittings.  The 
molten  glass  is  taken  from  the  pot  by  a  pontij,  and 
is  blown  or  pressed  into  shape,  or,  by  a  combination 
of  operations,  is  held  in  a  mold  while  being  blown. 

Ci'oint-ijhins  is  taken  by  the  ponty  from  the  pot, 
and  is  then  blown  and  whirled  till  it  bei-.onics  glcpliu- 
lar.  A  ponty  tipped  with  molten  glass  is  ajiplied  to 
the  bulb,  tile  blowing-tube  detached,  leaving  a  hole. 
The  globe  being  again  whirled,  the  glass  flashes  into 
a  circular  disk  adhering  by  a  boss  in  its  center  to 
the  |)onty.      See  riioWN-GL.\ss. 

Slicel-ijhiss.  The  glass  withdrawn  by  the  ponty 
from  the  pot  is  blown  and  whirleil  till  it  assunu's  a 
cylindrical  form.  The  ends  being  cut  otf  and  the 
cylinder  slit  longitudinally,  the  sheet  is  heated, 
pressed,  and  rubbed  until  it  is  flattened  out.  This 
is  also  CA\WtX  ci/liiidcr-tjlKss  ;  brooxl-ghtss  {which  svt^). 

Phitc-ylass  is  made  by  pouring  it  upon  a  table 
whicdi  has  a  marginal  ledge  of  a  hight  equal  to  that 
designed  for  the  thickness  of  the  glass.  A  roller 
travels  over  the  table,  resting  on  the  ledges  and  flat- 
tening out  the  glass,  which  is  thus  made  of  equal 
thickness  throughout.     See  Plate-glass. 

Bullh'-yhi.ss  has  nothing  peculiar  in  the  mode  of 
its  manufacture,  but  is  made  of  coarse  ingi'edients. 

The  jiroportions  of  materials  in  dift'erent  kinds  of 
glass  vary  with  dilferent  places,  as  many  notable 
proportions  are,  as  it  were,  accidental  ;  that  is,  are 
present  in  the  sand  which  is  most  readily  accessible, 
or  are  used  to  correct  such  faulty  admi.xtura.  The 
following  analyses  are  approximate  :  — 


Silica 

Potiish 

Soda 

Liuie    . 

Aluinina 

Oxiile  of  lead 

Oxide  of  iroa  . 


100 


100 


63     52 
22  ;  U 


100  ,  100 


100 


100 


Glass  wasknown  in  Egypt  in  the  reign  of  O.sirtasen , 
1740  u.  c.  He  may  have  reigned  about  thirty-four 
years  when  Joseph  came  to  Egypt.  In  the  tombs 
of  Beui-IIas.san  of  this  date,  the  glass-blowers  are 
shown  at  work  («),  each  with  a  bulb  of  glass  on  the 
end  of  his  blow-pipe,  into  which  he  is  blowing,  while 
he  kee])s  his  glass  hot  by  exposure  to  the  fire.  The 
same  o|)eration  is  depicted  in  other  Egyptian  tombs 
of  various  epochs.  The  glass  at  the  end  of  the  blow- 
pipe is  colored  green  in  the  original  jiainting. 

Another  representation  (b)  of  the  same  process  is 
shown  in  a  tonili  at  Thebes,  where  one  workman  la- 
bors at  the  bulb  of  glass  in  the  earlier  stage  of  its 
formation,  and  two  unite  to  inflate  the  bottle  when 
it  lias  acquired  some  size,  lu  figure  i  is  .shown  a 
glass  bottle  found  in  Thebes.  The  bottle  came  to 
represent  wine  in  the  hieroglyphics. 

c  shows  a  glass  bead  belonging  to  Captain  Henvey, 
and  the  hieroglyphics  contain  the  name  of  a  mon- 


arch who  lived  1500  B.  c.  The  Egyptians  attained 
an  excellence  in  the  manufacture  of  counterfeit 
amethysts  and  other  precious  stones  which  has  not 
been  excelled,  and  Winckelmann  considers  their  skill 
in  all  departments  of  vitreous  art  to  be  in  advance 


Glass-malring  in  Egypt. 

of  any  succeeding  age.  They  made  glass  of  various 
colors,  imitation  jiearls,  and  two  films  of  glass  were 
made  to  inclose  gold  plates. 

Athenseus  states  that  the  glass  of  Egypt  was  fa- 
mous. Strabo  says  that  one  very  perfect  kind  could 
only  be  made  in  Egypt. 

Herodotus  speaks  of  rings  of  melted  stone  (no 
doubt,  glass)  as  decorating  the  eare  of  the  sacred 
Egyptian  crocodiles. 

The  manufaciures  of  glass  among  the  Egyjitians 
were  of  bottles,  vases,  and  other  utensils,  proliably 
lamps  ;  wine  was  brought  to  table  in  glass  bottles, 
handed  to  guests  in  glass  cups,  and  bodies  were 
sometimes  buried  in  glass  coifins.  They  also  made 
glass  beads,  charms,  amulets,  and  images. 

The  inscriptions  on  the  Egyptian  articles  of  glass 
were  ](robably  cut  by  diamonds  or  the  tlust  of  dia- 
monds or  other  hard  gems.  The  Isra(dites  learned 
the  art  from  them,  and  from  the  skill  thus  obtained 
were  enabled  to  engrave  the  stones  iu  the  breast- 
plate of  the  high-priest. 

Some  glass  bottles  among  the  Egyptians  were  in- 
closed by  wicker-work  like  the  damaydn  of  Khoras- 
san,  a  city  of  Persia,  once  famous  for  its  glass-works. 
(Hence  our  demijohn.) 

Others  were  covered  with  rushes  like  tlie  Floren- 
tine flask.  Others  were  partially  covered  with 
leather. 

d  is  a  bottle  with  a  partial  leathern  cover. 

c  is  a  glass  damagan. 

/  is  a  glass  bottle  encased  in  papynu. 
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Remains  of  painted  glass  liave  been  discovered  in 
the  ruins  of  Assyrian,  Egyjttian,  Greek,  Koman,  and 
Etruscan  cities. 

In  the  magnificent  collection,  happily  housed  in 
New  York,  discovered  ami  disinterred  by  General 
di  Cesnola  at  Golgoi  and  Idalium,  island  of  Cyprus, 
are  nearly  2,000  specimens  of  Greek  an<l  Phoenician 
glass.  The  effect  of  decay  or  some  rearrangement 
of  the  particles  during  the  thousands  of  years  of 
burial  has  rendered  these  articles  dazzlingly  irides- 
cent. 

"The  boundless  anuy  of  objects,  reflecting  from 
broail  or  curved  surfaces  tints  positively  outside  of 
all  experience,  confuse  the  most  accurate  ob-ierva- 
tion.  Broad  dishes,  marblcil  with  hues  like  those 
of  incandescence  ;  pots  ami  jars  and  bottles,  now 
plated  over  with  strong  surface-color  like  a  coat  of 
burnislu'd  metal,  now  sending  light,  pearly  hints  of 
variegated  radiance,  from  elusive  depths  ;  or  cups  fan- 
tastically pied  with  scales  of  iridescence  over  their 
own  strong  original  colorations,  are  scattered  around 
a  considerable  apartment,  defeating  all  sense  of 
strict  estimation,  and  cheating  the  mind  with  the 
notion  of  a  ]>ossilile  p.-'i-fectiou  in  the  manufacture 
only  compatible,  as  it  seems,  witli  decay.  Some  of 
the  platters  look  as  if  Turner  had  painted  skies  on 
them  in  his  maddest  mood,  and  had  been  allowed  to 
use  flames  for  colors.  Tlie  general  effect  seems  to 
suggest  that  all  the  sunsets  that  have  glimmered 
over  Cyprus  since  these  crystals  were  lost  in  the 
earth  had  sunk  into  their  hiding-place  and  per- 
meated their  substance."  —  X.   Y.  Nation. 

Most  of  the  pieces  are  of  simple  inflated  .shapes, 
but  som3  are  presseil,  having  monograms  and  in- 
.scriptions  in  relief,  opaijue  glass  in  mingled  colors, 
sticks  of  twisted  colors. 

Small  glass  bottles  from  the  Phoenician  tombs, 
beneath  the  level  of  the  Gr.'ek  necropolis,  show  a 
reddish  color  when  transmitting  sunshine. 

It  would  be  tedious  to  enumerate  the  articles  of 
glass  found  liy  Dr.  Abliott  in  the  tombs  of  Egypt. 
The  myth  related  by  Pliny  and  so  widely  copied  in 
relation  to  the  invention  of  gla.ss-making  by  certain 
Phoenician  mariners,  has  been  exploded  by  re- 
searches in  the  land  of  the  Xile.  A  few  pieces  in 
the  collection  may  be  noticed  :  — 

Two  beads  of  blue  glass  attached  to  a  gold  neck- 
lace .stamped  with  the  name  of  Menes,  the  first 
Pharaoh  of  Egypt  (over  2000  b.  c). 

A  cylindrical  ring  of  blue  gla.ss. 

Glass  bottles  from  Sakkarah,  Gizeh,  etc. 

Glass  beads,  —  white,  blue,  red,  green,  and  black. 

Variegated  glass  ornaments. 

Semi-translucent  glass  imitations  of  alabaster. 

Opafpie  red  and  blue  glasses. 

Tazzas  and  images  of  green,  blue,  and  other  colors. 

B.mds  of  colored  glasses  in  layers. 

Ornaments  of  mosaic  glass. 

A  glass  model  of  the  crown  of  Upper  and  Lower 

Egypt. 

Grotesque  faces  and  portraits  in  glass. 

Glass  imitations  of  firecious  stones. 

Glass  rings  of  various  colors. 

Glass  artificial  ej'es. 

Glass  spoons,  shaped  and  colored  in  imitation  of 
shells. 

Layard,  in  his  interesting  work  on  Nineveh,  says  : 
"  I  was  rewarded  by  the  discovery  of  two  small 
vases,  one  in  alabaster  and  the  other  in  glass,  both 
in  the  most  perfect  preservation,  of  elegant  shape 
and  admirable  workmanship."  Each  bore  the  name 
and  title  of  the  Khorsabad  king,  written  in  two 
different  ways,  as  in  the  inscriptions  of  Khoreabad. 
The  cuneiform  inscription  on  one  small  green  glass  , 


vase  was  to  "Sargon,"  king  of  Assyria,  the  founder 
of  Khorsabad,  about  709  B.  c.  He  also  found  a 
plano-convex  glass  lens  1^  inches  in  diameter  and  -f^j 
of  an  inch  thick. 

The  lachrymatories  (g)  of  ancient  Phtenicia  were 
of  glass  or  pottery,  and  are  found  in  great  numbei-s 
on  opening  the  tombs  and  sarcophagi  of  that  land. 
Thompson  records  the  opening  of  an  ancient  tomb 
in  a  gaiden  of  the  city  of  Beirut,  which  contained 
scores  of  these  tear-bottles  in  thin  glass  or  ungUized 
pottery.  They  have  a  slender  neck,  a  broad  bot- 
tom, and  a  funnel-shaped  top.  David  .says:  "Put 
thou  my  tears  into  thy  bottle." —  Psalm  Ivi.  S.  These 
bottles  are  probably  coeval  with  the  sweet  singer  of 
Israel. 

A  record  of  the  Phcenician  trade  on  the  western 
coast  of  Africa  is  still  preserved'in  the  peculiar  glass 
beads  found  there. 

The  pillar  of  emerald  seen  by  Herodotus  in  the 
temjile  of  Hercules  at  Tyre  (Book  II.  44)  was 
]irol)ably  of  glass.  "Of  all  stones,"  says  Pliny, 
"the  emerald  is  most  ea.sily  imitated  "  (XXVII.  12). 

The  Tyrians  erected  the  finst  glass-houses  men- 
tioned in  history,  and  practiced  the  manufacture 
foi-  many  ages  before  other  contemporary  nations 
attempted  it.  From  Syria  the  art  was  brought  by 
the  Crusaders  to  Europe  (1177),  and  established  in 
Venice,  which  long  had  a  monopoly  therein  and  at- 
tained great  excellence.     See  p.  976. 

Theophrastus,  the  ])upil  and  successor  of  Aristotle, 
notices  tlie  fitness  of  the  sand  at  the  mouth  of  the 
river  Bclus  for  the  manufacture  of  glass. 

Lucretius  termed  it  ritntin. 

Cicero  mentions  glass,  linen,  and  paper  as  the 
common  articles  of  Egyptian  merchandise. 

Scaurus,  58  B.  c,  introduced  it  in  the  scena  of 
his  gorgeous  theatre,  which  was  liivided  into  tliree 
tiers  :  the  lower  of  marble,  the  middle  of  glass,  the 
ujiper  of  gilded  wood. 

The  ]irice  of  a  glass  drinking-cup  in  the  time  of 
Strabo  was  lialf  an  as.     The  as  was  about  one  cent. 

The  JIuseo  Borbonico  of  Naples  contains  about 
2,400  specimens  of  ancient  glass,  recoveied  jjrinci- 
jially  from  Pompeii  and  Hercuhineum.  They  re|ire- 
sent  numerous  forms  of  glass  ornamentation  in  green, 
opal,  blue,  red,  white,  and  yellow. 

The  Barberini  vase,  now  known  as  the  "  Portland 
vase,"  was  discovered  about  300  years  since,  a  short 
distance  from  Konie,  in  the  tomb  of  Alexander  Se- 
verus,  who  was  killed  by  Maximinus,  A.  D.  235. 
The  body  of  the  vase  consists  of  dark  blue  glass,  on 
the  surface  of  which  are  delineated  in  relief  elabo- 
rately wiought  figures  of  opacpie  white  enamel.  So 
admirably  is  it  made  that  it  was  long  supposed  to  be 
a  genuine  sardonyx. 

Fictitious  gems  in  glass  were  known  in  Rome,  as 
were  also  mosaic  glass,  glass  plates  for  paving,  wall- 
lining,  windows. 

Lucretius  (95-51  B.  c.)  accounted  as  follows  for 
the  fact  that  sound  would  pass  through  some  objects 
while  images  would  not :  — 

"  The  voice  can  pass  unbroken  through  winding 
pores  of  bodies,  t/wHijh  images  refuse  to  paxs  llirough 
them  ;  for  the  taller  are  broken  to  pieces  unless  they 
go  through  straight  passages,  such  as  tliose  of  glass, 
through  which  every  image  flies."  (Book  IV.  613- 
619.) 

Opalescent  glass  is  referred  to  by  the  Emperor 
Hadrian  in  a  letter  to  the  consul  Servianus,  thanking 
him  for  a  present  of  three  curious  cups  of  glass 
which  "reflected  like  a  pigeon's  neck  a  variety  of 
colors." 

Flexible  glass  is  refeired  to  by  Pliny,  Petronius, 
Dion  Cassius,  and  others  who  copied  from  them. 
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Till'  twcj  I'oniirr  rclVr  to  vases  maik'  in  the  time  of 
Tilifiiiis.      It  is  not  fully  ii'i'ilited. 

■lulius  Ciesar  fotiiiil  tlie  liritons  in  |io.ssi'.ssion  of 
glas.s  lii'ads,  wliidi  they  jirobalily  obtained  of  the 
Phienieiaiis  in  i-etuni  for  tin.  Rome  had  fi'W  glass 
windows  till  the  reit,'n  of  Nei-o.  Some  are  found  iu 
tlie  luins  of  Pompeii,  buried  79  B.  C. 

riiny  (h'seribes  the  mode  of  making  ghiss,  and 
states  that  Sidon  was  formerlij  famous  for  its  glass- 
hou.ses,  ami  that  its  jieoph;  first  invc^nted  miiiors. 
In  this  day,  says  he  (.4.  D.  79),  throughout  the 
Spanish  and  Gallic  provinces,  ghass  is  made  of  white 
sand  and  niter  by  a  double  fusion,  lie  also  speaks 
of  flexible  glass,  statingthat  "he  h.irdly  lielieved  the 
story,"  whiidi  was  a  uonderful  thing  after  telling 
such  a  farrago  of  stuff  about  medieiues  and  magic. 
In  his  day  —  he  .says  —  glass  had  (|uite  (?  nearly) 
superseded  the  use  of  silver  and  gold  for  drinking- 
vessels. 

He  noticed  the  effect  of  lenses,  stating  that 
"globular,  glass  vessels,  filled  with  water,  when 
brought  in  contact  with  the  rays  of  the  sun,  become 
heated  to  such  a  degree  as  to  cause  articles  of 
clothing  to  ignite."  He  omitted  to  notice  that  the 
glass  remained  cool,  and  only  transmitted  and  con- 
centrated heat. 

Previous  to  the  introduction  of  glass  into  Europe 
in  c|u  intities  to  make  it  available  for  ordinary  house- 
hold use,  a  mineral  .substitute  was  employed. 

Crystals  of  gypsum  are  gcuierally  in  the  form  of 
more  or  less  compressed  rhomboids,  which  arc  easily 
divisible  into  thin  lamiuse  Ijy  splitting  tlu'm  ]iaraUel 
to  their  two  broad  planes.  Such  laminai  were  em- 
ployed  at  Rome  in  the  reign  of  Tiberius  for  many  of 
the  purposes  for  which  we  at  present  use  glass. 
Spain  and  t'appadoeia  furnished  the  best,  sometimes 
of  the  length  of  five  feet.  This  variety  of  gypsum 
was  known  by  the  name  of  Lapis  Specularis,  from 
the  use  to  which  it  was  applied,  namely,  in  glaz- 
ing windows  and  conservatories  in  which  were  placed 
fruit-trees,  to  protect  their  produce  from  the  winter's 
cold,  and  in  the  construi'tion  of  beehives,  as  Pliny 
e.tpressly  informs  ns,  for  the  purpo.se  of  enabling  the 
curious  to  observe  the  proceedings  of  these  interest- 
ing insects.  The  temple  of  Fortune  at  Pr:eneste  was 
built  of  slabs  of  gypsum,  through  which  the  light 
came  and  fell  on  the  statue  of  the  godiless,  which 
was  placed  in  the  center  of  the  edifice.  The  specular 
sluas  of  the  ancients  otten  signifies  vilca. 

Glass  panes  for  windows  are  mentioned  in  the 
writings  of  Gregory  of  Tours,  who  nourished  in  the 
last  quarter  of  the  sixth  century.  He  stated  that 
churches  w^ere  furnished  with  windows  of  colored 
glass  in  the  fourth  century  of  our  era. 

Jerome,  A.  u.  4'22,  states  that  glass  was  melted 
and  cast  into  plates  for  windows.  In  the  sixth  cen- 
tury Paulus  Silentarius  notices  that  tlu^  windows  of 
the  Church  of  St.  Sophia  at  Constantinople  were 
glazed. 

The  oldest  glass  windows  now  in  existence  are  of 
the  twelfth  century,  and  are  in  the  church  of  St. 
Deni.s,  France. 

In  the  thirteenth  century,  the  Venetians  exceeded 
all  others  in  glass-making. 

yEm^as  Sylvius  states  that,  in  1458,  the  houses  in 
Vienna  had  glass  windows.  He  regarded  it  as  a 
sign  of  opulence. 

In  Fiance,  church  windows  were  generally  glazed 
in  the  sixteenth  century,  though  there  were  but  few 
glass  windows  in  private  dwellings. 

Talc,  isinglass,  horn,  oiled  paper,  and  thinly 
shaved  leather  were  generally  used  instead  of  glass 
throughout  the  civilized  world. 

Hlue  glass,  colored  by  the  addition  of  cobalt  to  the 


frit,  was  discovered  about  luoO  by  Christopher 
Schurer  of  Platten,  Hoheniia. 

(ilass  was  imported  into  England,  A.  1).  1177  ;  the 
manufacture  was  established  in  that  country,  1557. 
In  Savoy,  the  same  year. 

Plate-glass  was  made  at  Lambeth  by  Venetian  art- 
ists, 1673. 

The  British  Plate-Glass  Company  was  established 
1773. 

An  active  manufactory  of  glass  exists  at  Hebron, 
in  the  land  of  Palestine,  —  the  same  Hebron  where 
is  tlie  cave  of  Machpelali,  bought  by  Abraham  for  a 
sum  of  money  of  Epliron,  one  of  tiie  sons  of  Heth. 
The  tombs  are  preserved  in  rigid  seclusimi  from  .lew 
and  Christian  ;  of  the  latter,  not  one  lives  in  the 
town  of  5,000  people.  Dr.  Thomson  gives  an  ac- 
count of  it  in  his  work,  "  The  Land  and  the  Book," 
but  could  not  reach  the  vault. 

The  manufacture  consists  of  party-colored  glass 
bracelets  for  the  Jerusalem  market,  and  lamps  for 
Syria,  Palestine,  and  Egypt.  The  solid  articles  are 
formed  from  a  bulb  of  glass  adhering  to  the  end  of 
an  iron,  being  sbapi'd  by  the  aid  of  a  long  knife. 
The  glass  is  twistetl,  pressed  into  an  ajiproximate 
shape,  then  reheated  and  stretched  by  another 
rod. 

The  Crystal  Palace  of  London  w-as  built  in  1851, 
after  the  designs  of  Sir  Joseph  Paxton,  soon  after 
the  abolition  of  the  excise  duty  on  glass,  and  was 
considered  to  celebrate  that  event  in  a  worthy  and 
effective  manner.  The  roof  and  sides  were,  to  a 
great  extent,  of  glass,  the  sash  being  of  wood,  and 
the  frame  of  the  building  a  combination  of  wrought 
and  cast  iron.  The  following  are  some  of  the  data 
and  dimensions  :  — 


Length      . 

Width  . 

Area  roofed  in    . 

Floor  area  of  galleries 

Sash -bars  . 

Glass      . 

Wrought-iron    . 

Cast-iron 

Visitors 

Receipts 

Expenses 


.     1,848  feet. 
408  feet. 
772,784  sciuare  feet. 
.     217,100  square  feet. 

200  miles. 
.     896,00(1  scpiare  feet. 

448,000  pounds. 
8,512,000  pounds. 
6,039,195  persons. 
£506,100 
£292,794 


Value  of  exhibited  articles     £2,000,000 
Number  of  exhibitors,  — 

British       .         .    7,381 

Foreign.         .         6,556 

13,957 

In  1838,  Mr.  Robert  Lucas  Chance,  of  Birming- 
ham, England,  successfully  introduced  the  manu- 
facture of  Bohemian  sheet-glass  into  his  district. 
Mr.  James  Chance  perfected  the  process  of  grind- 
ing and  polishing  sheet-glass,  now  known  as  patait 
plaU'. 

"The  'London  Builder'  gives,  as  derived  from 
an  eminent  member  of  this  firm,  the  following 
record  of  improvements  in  the  glass  trade,  during 
the  last  fifty  years  :  — 

"1.  The  substitution,  about  the  j'ear  1830,  of 
carbonate  of  soda  as  the  alkaline  ingredient  in  glass 
in  the  place  of  kelp,  and  subsequently,  for  crown 
and  sheet  glass,  of  sulphate  of  soda  in  the  place  of 
carbonate. 

"2.  An  increase  in  the  size  and  improvement  in 
the  workmanship  of  the  plates,  sheets,  and  tables 
produced. 

"  3.  An  improvement  in  the  color  of  the  glass  by 
the  use  of  purer  materials  and  modifications  in  the 
process  of  melting. 

"  4.  Numerous  improvements  in  the  flattening 
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of  sheet-gla.ss,  resulting  in  the  removal  or  diminu- 
tion of  many  imperfections. 

"5.  The  use  of  the  diamond  in  the  process  of 
splitting  cylinders  in  tlie  place  of  a  red-hot  iron. 

"  6.  An  increase  in  the  size  of  the  melting-pots 
and  furnaces,  with  the  view  of  economizing  coal  and 
labor. 

"  7.  The  adoption,  in  the  casting  of  plate-glass, 
of  various  mechanical  contrivances.  The  origin  of 
some  important  improvements  of  this  class  is  due  to 
the  present  manager  of  the  Birmingham  Plate-Glass 
Company. 

"8.  The  use  of  the  same  pot  for  the  two  pro- 
cesses of  melting  and  casting  jjlate-glass,  supersed- 
ing the  old  method  of  transferring  the  contents  of 
the  melting-pot  into  the  vessel  used  for  casting. 

"  9.  The  substitution  of  small  coal  oi'  slack  in  the 
melting  proce.sses  iu  the  place  of  the  large  coal  or 
lumps. 

"  10.  The  application  of  Siemen's  regenerative 
process  to  the  nndting  of  glass,  by  which  the  amount 
of  smoke  is  greatly  diminished,  the  color  of  the  glass 
is  improved,  a  greater  control  is  obtained  over  the 
furnace,  and  a  saving,  of  fuel  is  effected  wherever, 
hy  this  proces.s,  slack  can  be  substituted  for  large 
coal  or  lumps.  These  advantages  are  to  some  ex- 
tent counterbalanced  by  the  increased  cost  of  the 
furnace,  and  its  increased  liability  to  get  out  of 
order.  The  process,  however,  as  applied  to  glass- 
making,  is  so  new  that  there  has  been  scarcely  time 
as  yet  to  overcome  the  difficulties  which  have  pre- 
sented themselves. 

"M''s.srs.  Chance  are  widely  known  for  the  pro- 
duction of  dioptric  apparatus  for  lighthouse  illumi- 
nation. Mr.  Alan  Stevenson  remarks  :  '  Nothing 
can  be  more  beautiful  tlian  an  entire  apparatus  for 
a  fi.xed  light  of  the  first  order.  It  consists  of  a  cen- 
tral belt  of  refractors  forming  a  hollow  cylin<ler  six 
feet  in  diameter  and  thirty  inches  high  ;  below  it 
are  sLk  triangular  rings  of  glass  ranged  in  a  cylin- 
drical form,  and  above,  a  crown  of  thirteen  rings  of 
glass,  foL'ming  by  their  union  a  hollow  cage,  com- 
posed of  polislied  glass  ten  feet  high  and  si.\  feet  iu 
di-imeter.  I  know  of  no  work  of  art  more  beautiful 
or  creditable  to  the  boldness,  ardor,  intelligence,  and 
zeal  of  the  artist.'  More  than  one  hundred  and  fifty 
of  these  dioptric  lights  have  already  been  produced 
by  Messrs.  Chance,  for  almost  all  parts  of  the 
world. " 

A  vitreous,  oparjue  material,  called  from  its  trans- 
lucent, milky  appearance,  "  hot-cast  porcelain,"  is 
now  made  iu  Philadelphia.  It  is  understood  to  be 
made  from  cryolite  or  feldspar,  whose  natural  and 
added  fluxes  render  them  fusible  at  a  comparatively 
moderate  temperature,  yielding  a  mass  viscid  and 
tractable  while  hot,  lustrous  and  strong  when  cold. 

It  was  proposed  to  make  the  headstones  foi'  the 
graves  of  Union  soldiers  of  this  material.  One  side 
of  the  mold  would  have  a  tablet  in  which  the  letters 
of  the  inscription  would  be  set  up.  It  would  seem 
to  be  impossible  to  find  an  eipially  good  material 
for  the  purpose.  Glass  (ordinary),  marble,  or  enam- 
eled iron  are  inferior  and  more  f'rangible. 

Plates  of  ice  are  used  instead  of  panes  of  glass  in 
the  Siberian  yitrts,  or  winter-quarters,  which  are 
partly  subterranean. 

{Opiicnl  Glass.)  Crown  and  flint  glass  are  com- 
bine! in  the  construction  of  achromatic  lenses.  The 
former  of  these  is  a  compound  of  sile.x,  pota-sh,  ancl 
lime  ;  the  latter  contains  in  aildition  oxide  of  lead. 
This  tends  to  sink  to  the  bottom  of  the  melting-pot, 
rendering  the  glass  of  unequal  texture  and  consequent 
refracting  power.  In  this  consisted  the  principal 
difficulty  in  obtaining  object-glasses  of  large  size.    So 


late  as  1830,  the  largest  object-glasses  of  satisfactory 
performance  which  were  produced  did  not  exceed  five 
or  si.x  inches  in  diameter.  Previous  to  this,  how- 
evei',  Guinand,  a  melter  in  a  glass-manufactory  at 
Soleure,  in  Switzerland,  succeeded  in  making  large 
disks,  but  he  kept  his  process  secret,  and  died  with- 
out disclosing  it,  though  it  continued  to  be  practiced 
by  his  son  and  afterward  by  M.  Pfeil  of  Paris,  who 
exhibited  at  the  E.xposition  of  1867  a  disk  of  the 
diameter  of  72  centimeters, — over  28  incites.  The 
process  of  making  these  disks  consists  substantially  in 
uniting  numerous  small  selected  masses  of  unil'orm 
density  and  refracting  power  into  one  large  mass  by 
pressure  while  in  a  plastic  state.  In  1855,  Messra. 
Chance  of  Birmingham  exhibited  at  the  Exposition 
of  that  year  a  ]iair  of  disks,  crown  and  flint,  about 
an  inch  larger  than  those  of  M.  Pfeil.  Sec  Lens. 
2.  (Nautical  parlaiux.)    a.  A  telescope. 

b.  The  barometer. 

c.  The  half-hour  or  sand-glass  which  regulates  the 
watches. 

d.  The  half-minute  or  quarter-minute  sand-glasB 
u.sed  with  the  ship's  log. 

See  under  the  following  heads  :  — 


Adapter. 

Amaasa. 

Anaclastic  glass. 

Annealing  arch. 

A  rgentine-glass. 

A  venturine-glass. 

ISalloon. 

Bead. 

Beaker. 

B(dl-glass. 

Binocular  glasses. 

Blebby-glass. 

Blowing-iron. 

Blow-over. 

])lowing-tube. 

Bocal. 

]3occa. 

Boccarella. 

Bohemian-glass. 

Bologna-vial. 

P>olt-head. 

Bombolo. 

Bottle. 

Bottle-glass. 

Bottle-holder. 

Bottle-sto)iper. 

Bottoraing-hole. 

Broad-glass. 

Bruiser. 

Bu._dc. 

Bull's-eye. 

Bunfing-iron. 

Burning-glass. 

Calcar. 

Calx. 

Came. 

Capping-off. 

Cap-pot. 

C'arboy. 

Carquaise. 

Casher-box. 

Casting-slab. 

Casting-table. 

Cave. 

Cheval-glass. 

Circulus. 

Cistern. 

Cranny. 

Crown-glass. 


Cryolite-glass. 

Crystal. 

Cullet. 

Cupping-glass. 

Cut-glass. 

Cuvette. 

Cylinder-glass. 

Dro(). 

Egg-glass. 

Email  ombrant. 

Embo.ssing-glass. 

Emerill. 

Enameled-ware. 

Eye-glass. 

Fa-scet. 

Ferret. 

Ferretto. 

rield-gla,ss. 

Filigree-glass. 

Fine-arch. 

Firing. 

Fish-globe. 

Flacket. 

Flashing. 

Flatting. 

Flatting-furnace. 

Flint-glass. 

Flux. 

Frache. 

Fret-work. 

Frit. 

Frit-brick. 

Fritting-furnace. 

Frosted-glass. 

Fusible-porcelain. 

Gage-glass. 

Gem.     Artificial 

Gilding-glass. 

Glass. 

Glass  annealing-furnace. 

Glass-blowing. 

Glass-cement. 

Glass-coach. 

Glass-coloring. 

Glass-cutting. 

Glass-enamel. 

Glass-engraving. 

Gla-ss-furnace. 

Glass-gall. 
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GLASS-BLOWING. 


Glass-grinilinj,'. 

Glass-liousi'. 

Glass-maker's  cliair. 

Glass-iiiaki'r'.s  soap. 

Glass-mt'tal. 

Glass-moliL 

Glass-mosaic. 

Glass-ovi'ii. 

Glass-painting. 

Glass-papiT. 

Glass-polishing. 

Glass-pot. 

Glass-press. 

Glass-rolling. 

Glass-silvi'ring. 

Glass-soldering. 

Glass-spinning. 

Gla.ss-staining. 

Glass-tongs. 

Glazier's  diamond. 

Glazing-tool. 

Glory-hole. 

Graduated -glass. 

Grozing-iron. 

Ground-glass. 

Hand-gl;iS3. 

Harbor. 

Hopper. 

Horizon-glass. 

Hour-glass. 

Index-glass. 

Knob. 

Lamp-cliimney. 

Lead-light. 

Leer. 


Pinching-tongs. 

riate-glass. 

I'lateiiizing-glass. 

riattening-glass. 

Poling. 

Polishing-glass. 

Polverine. 

Pontil. 

Potichomanie. 

Pot-nietaL 

Pivssed-glass. 

Priseillas. 

Pueellas. 

Pulse-glivss. 

Quarrel. 

Quarry. 

Keticulated-glass. 

Runner. 

Sadwei. 

Sand-blast. 

Sand-glass. 

Sandiver. 

Sand-washer. 

Sehmelze. 

Shanks. 

Sheet-glass. 

Sheet-glass  machine. 

Shell. 

Siege. 

Silvering-glass. 

Singing-glass. 

Skylight. 

Snietz-glass. 

Smoke- beU. 

Snap. 


Fig.  22»l, 


Lens  (varieties,  see  Lens).  Snapdragon. 


Lens-grindiug. 
Log-glass. 
Looking-glass. 
Lunette. 

Magnil'ying-glass. 
Marver. 
Massicot. 
Matted-glasg. 
Metal. 
Milk -glass. 
MiUehore-glass. 
Minute-glass. 
Mirror. 
Mosaic-glass. 
Mouth-glass. 
Mucilage-hottle. 
Multiplying -glass. 
Nose-hole. 
Objcct-glas.s. 
Omnibus. 
Opaline. 
Ouvreaux. 
Paste. 

Perspective- 
Phial. 
Pier-glass. 


I'lass. 


Soluble-glass. 

Spreading-furnace. 

Spreading-plate. 

Spring-tool, 

Spy-glass. 

Sipiare. 

Stained-glas.s. 

Storm-glass. 

Strap. 

Strockle. 

Table. 

Template. 

Test-tube. 

Tin-gla.ss. 

Tisar. 

Vault-liglit. 

Venetian -ball. 

Venetian -glass. 

Vial. 

Vitrics. 

Vitrio-de-Trino. 

Watcli-glass. 

Water-glas.s. 

Weather-glass. 

Window-glass. 


Glass  An-neal'ing-fur'nace.  One  in  which 
articles  or  sheets  of  ghiss  are  kept  for  a  while  in  a 
heated  condition,  and  allowed  gradually  to  cool.  A 
leer.  (See  ANNEAl.iNn. )  In  the  illu.stration,  which 
is  a  leer  for  glass  jars,  the  trays  of  ware  are  put  into 
the  arch  at  one  end  and  pushed  in  succession  to  the 
discharge-end.  The  heat  of  a  furnace  is  thrown  into 
the  leer  at  a  point  between  feed  and  discharge  ends, 
so  that  the  heat  is  graduated  both  ways. 

Glass-blow'ers'  Lamp.  A  gas  or  alcohol  lamp. 
See  Blow-I'II'E. 


Glass  Annealing- Furnact. 

Glass -blo'w'ing.  A  nioile  of  nianufarturing 
glass-ware  and  window-glass  by  taking  a  mass  of 
viscid  glass  from  the  melting-jiol  on  the  end  of  the 
blowing-tube,  and  then  inflating  the  mass  by  blow- 
ing through  the  tube,  rolling  on  the  marver,  and 
exposing  it  at  the  fuiiiace  o)iening  where  its  con- 
tained air  is  expanded  and  itself  enlarged.  Glass- 
blowing  enters  into  most  of  the  o]iei-ations  with 
glass,  but  the  juocess  is  modified  to  suit  varying 
circumstances.  See  CltoWN -glass  ;  Cylinhei;- 
OLAss  ;  Flint-gi.as.s,  etc. 

Cilass-blowing  is  also  used  in  connection  with 
molds,  which  give  the  exterior  form  to  the  article, 
and  in  the  ingenious  operations  of  making  glass  ar- 
ticles and  toys  under  tlie  Bi.ow-riPF,  (which  see). 

The  art  of  glass-blowing  long  reigned  su]irenie  at 
JIurano,  one  of  the  islands  of  the  maritime  city 
Venice.  After  some  preliminary  matters,  an  ob- 
server states  :  — 

"At  the  present  moment  yon  may  set  before  Anto- 
nio Seguso  or  Antonio  and  Giovanni  Baiovier,  of 
JInrano,  any  sjiecinien  of  old  Venetian  glass,  and 
they  will  copy  it  with  all  its  perfections,  and,  if  you 
choose,  its  imperfections,  and  hand  you  a  fac-siniile 
in  color,  ibrm,  and  u-cight,  made  under  your  own 
eye.  On  my  first  visit,  the  head  workman  was  re- 
ipiested  by  Salviati  to  make  me  any  article  1  might 
fancy.  I  chose  a  wineglass  with  deep  bowl,  initial 
stem,  and  broad,  ruby -tinted  foot.  The  man  diiU'ed 
his  lioUow  iron  rod  into  a  pot  of  molten  white  glass, 
cnuglit  up  a  lump,  rolled  it  on  an  iron  .slab,  pojiped 
it  into  the  fuinace,  blew  through  his  rod,  tossed  it 
aloft,  and  a  hollow  ball  appeared.  His  assistant 
handed  him  a  rod  of  metal,  in  which  a  green  seipent 
seemed  coiled  in  a  white  cage  ;  this  he  caught,  and, 
quick  as  lightning,  formed  two  initials,  tomhing  the 
bowl  with  the   tip  of  the   M,  to  which  it  adhered, 

Then     his    assistant     offered     more     white    glass, 

which   was  joined  to  the  bottom   of  the  M,   spun 

round,  opened  with  the  nippers,  and  so  the  foot  was 

formed.        Again 

into  the  furnace,  F'g-  2235. 

ami      then      the 

shears  opened  and 

hollowed  the  deep 

and  slender  bowl. 

Then    the    assist- 

anthanded  a.scrap 

of    ruby    molten 

glass,     of    which 

the  master  caught 

a  hair,  as  it  were, 

wound    it    round 

the    rim    of    the 

bowl   and   of   the 

foot.     Once  moi'e 

into      an      upper 

oven,     wheie     it 

mu.st   remain    till    . .  _  ^^s^,_a         -       -«ia«_ 

the     morrow     to  ^^  i'^*ss 

cool."  Glass-Blowins 
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GLASS-CUTTING. 


Fig.  2235,  a  to  j  show  th«  forms  assumed  by  a 
ball  of  molten  gla.s.s  in  the  nianufacture  of  a  wine- 
glass, a  .shows  the  ball  a.s  taken  up  on  the  point, 
he.iteJ  nearly  to  redness,  of  the  blowin<:-iron.  After 
b.'ing  rolled  on  the  marver  and  slightly  expanded 
by  bloiving,  it  takes  the  shape  b,  when  it  is  farther 
shaped  and  Hattened  by  the  battledore,  as  repre- 
sented at  c  ;  a  solitl  ball  is  then  attached  d,  which 
is  by  the  lathe  or  the  use  of  the  pucellas  while  being 
rotated  on  the  glass-maker's  chair  formed  into  the 
stem  '.'.  To  this  a  globe  is  attached,  which  is  opened 
out  and  flattened  by  the  pucellas  wliiU'  being  rapidly 
rotated  on  the  chair  constituting  the  foot,  as  shown 
tXfg.  A  small  knob  of  glass  is  now  by  means  of 
the  pontil  attaidied  to  the  foot  h,  after  which  the 
cold  pucellas  are  apjdied  at  the  dotted  line  shown 
ill  A,  after  which  tii..'  bowl  is  sheared  ;  preparatory 
to  flashing  and  tiiii^hing.  Tlie  hnisheil  glass  j  is 
then  taken  up  bj-  means  of  a  forked  rod  and  trans- 
ferred to  tlie  annealing  arch. 

In  making  a  ringed  decanter,  tlie  ball  Jc,  after 
being  slightly  distended,  is  swung  round,  causing  it 
to  assume  the  shape  / ;  this  is  farther  expanded  and 
battledored  at  the  end,  taking  successively  the  forms 
)it  /(,  the  pontil  is  attached  to  the  bottom  and  the 
neck  broken  off  at  the  point  indicated  by  the  dotted 
line,  and  the  mouth  wanned  up  and  shaped.  The 
rings  are  formed  by  taking  up  small  quantities  of 
glass  on  the  pontil  and  applying  them  as  shown  in 
0  p  to  the  neck  of  the  decanter,  which  is  rotated  for 
the  inirpose. 

Glas8-ce-ment'.    To  stop  cracks  :  — 

Dissolve  caseiiie  in  cold  saturated  solution  of 
borax,  and  with  this  solution  paste  strips  of  hog's  or 
bullock's  bladder  (softened  in  water)  on  the  cracks 
of  glass,  and  dry  at  a  gentle  heat  ;  if  the  vessel  is 
to  be  heated,  coat  the  bladder  on  the  outside,  before 
it  has  become  cjuite  dry,  with  a  paste  of  a  rather 
concentrated  solution  of  silicate  of  soda  ami  quick- 
lime or  plaster  of  paris. 

To  unite  broken  parts  :  — 

Two  parts  isinglass  are  soaked  in  water  until  well 
swollen,  the  water  poured  otl',  and  the  isingla.ss  dis- 
solved in  warm  alcohol  ;  one  part  mastic  is  dis- 
solved in  three  parts  alcohol  and  added  to  the  above 
solution,  then  one  part  of  gum  aninioniacinn  is 
added.  The  solution  is  well  shaken  and  evaporated 
to  the  consistency  of  strong  glue,  then  allowed  to 
cool  and  solidify.  When  used,  both  cement  ami 
articles  to  be  mended  must  be  warmed.  See  also 
p.  507. 

Olass-cloth.  (Fabric.)  A  fabric  produced  by 
interweaving  fabrics  of  glass,  which  are,  in  a  very 
attenuated  state,  extremely  Uexibh'. 

Glass-coach.  A  carriage  of  the  superior  order. 
The  term  is  nearly  obsolete,  but  it  originally  ex- 
pressed that  the  vehicle  had  glass  windows  instead 
of  opaque  panels  or  curtains. 

Glass-col'or-ing.  Tinting  glass  by  incorporat- 
ing metallic  oxides  in  its  substance. 

Articles  which  exhibit  different  colors  upon  the 
same  specimen,  and  at  different  depths  in  the  thick- 
ness of  the  glass,  are  formed  by  dipping  the  article, 
first  made  in  white,  transparent  glass,  into  a  pot  of 
fused,  colored  glass.  A  coating  adheres,  and  is  af- 
tenvards  cut  away  in  portions,  so  as  to  expose  the 
clear  gla,ss. 

The  colors  are  obtained  by  the  following  :  — 

Oxide  of  cobalt  imparts  deep  blue. 

Dioxide  of  copper  imparts  ruby  red. 

Protoxide  of  copper  imparts  green. 

Protoxide  of  iron  imparts  .shades  of  green. 

Peroxide  of  iron  imjiarts  yellow  brown. 

Oxide  of  gold  imparts  ruby  red. 
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Yellow  oxide  of  iron,  muriate  of  silver,  oxide  of 
zinc,  and  white  clay,  impart  a  yellow  tinge;  oxide 
of  cobalt,  oxide  of  manganese,  and  oxide  of  iron, 
impart  a  black  tinge. 

Ked  oxide  of  iron  prepared  by  nitric  acid  and  heat 
imparts  red. 

Purple  of  Cassins,  i)recipitated  from  muriate  of 
gold  by  protomuriate  of  tin,  imparts  violet. 

Oxide,  chloride,  or  ]ihosphate  of  silver  imparts 
yellow. 

Peroxide  of  manganese  imparts  a  shade  of  violet. 

Oxides  of  chromium  impart  shades  of  green  and 
red. 

Uranium  imparts  opalescent  yellow. 

Binoxide  of  tin  injparts  opalescent  white.  In  ex- 
cess, opaque  enamel. 

-A.i-senic  imparts  bluish-white  opal  with  change- 
able red  tints. 

Green  may  be  obtained  by  staining  one  side  of  the 
glass  blue,  the  other  yellow. 

Orange  by  similar  combination  of  red  and  yellow. 

Colored  glass  is  known  as  flashed,  or  &s  pol-vietal  : 
in  the  former  ca.se  a  tilin  of  colored  glass  is  laid  over 
the  white  ;  in  the  latter,  the  color  is  stirred  up  with 
the  metal  in  the  pot,  imbuing  its  whole  substance. 

Glass-cut'ting.  Glass  was  known  to  the  ancient 
Egyptians  and  Assyrians,  and  the  art  of  gem-cutting 
was  also  known  ;  the  engraved  gems  of  the  Jewish 
high-priest's  brea.stplate  were  cut  by  artists  trained 
in  Egypt. 

Glass  was  cut  upon  a  lap  by  the  Greeks,  and 
Pliny  refers  to  the  same,  Book  XXXVI.  26. 

It  has  been  affirmed  that  the  art  of  glass-cutting 
was  invented  at  the  beginning  of  the  seventeenth 
century  b}'  one  Cas]iar  Lehmann,  of  Prague,  who 
was  patronized  by  the  Emperor  Rodolphus  II. 
Schwanhard,  an  apprentice  of  Lehmann,  removed 
to  Nuremberg,  where  he  worked  for  many  of  the 
principal  nobility,  and  hence  this  city  acquired  the 
reputation  of  being  the  birthplace  of  the  new  ait ; 
which  was  after\vaiil  nuich  imjnoved  by  the  intro- 
duction of  new  tools  and  cheaper  methods. 

Previous  to  this,  however,  figures  had  lieen  cut  or 
engi-aved  on  glass  by  means  of  the  diamond.  The 
first  mention  of  writing  on  glass  with  the  diamond 
only  dates  back  to  the  time  of  Francis  I.  of  France 
(1520),  but  about  the  )-ear  1562  festoons  and  other 
ornaments  cut  with  a  diamond  were  very  connnon 
on  Venetian  glasses,  which  at  that  period  were  ac- 
counted tlie  best. 

What  is  known  commercially  as  "  cut-glass  "  i.s 
glass  with  incisions  and  ornaments  with  smooth 
surfaces,  a)ipeariiig  as  if  cut  by  a  sharp  instrument. 
This  operation  is  chiefly  confined  to  flint-glass, 
which,  being  more  tough,  soft,  and  brilliant  tlian 
the  other  kinds,  is  more  easily  wrought,  and  pro- 
duces specimens  of  greater  luster.  An  establishment 
for  cutting  glass  contains  a  great  number  of  small 
wheels,  of  stone,  metal,  and  wood,  which  are  made 
to  revolve  rapidly,  by  a  steam-engine  or  other 
power.  The  cutting  of  the  glass  coii.sists  entirely 
in  grinding  away  successive  portions,  by  holding 
them  U[>oii  the  surfac.  s  of  tliese  wheels.  The  first  or 
rough  cutting  is  sometimes  given  by  wheels  of 
stone,  resembling  grindstones.  Afterward,  wheels 
of  iron  are  used,  having  their  edges  covered  with 
sharp  sand,  or  with  emery,  in  different  states  of  fine- 
ness. To  prevent  the  fiiction  from  exciting  .so  much 
heat  as  to  endanger  tlie  glass,  a  small  stream  of  water 
continually  drops  upon  the  surface  of  the  wheel. 
The  last  polish  is  given  by  brush-wheels,  covered  with 
putty-powder,  which  is  an  oxide  of  tin  and  lead. 

The  customary  grinding  and  polishing  of  glass 
articles    for  vaiious  uses  is  effected    by  revolving 
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wheels  of  iron,  stone,  or  wooil,  Ijoi'izontally  iiiouiiteil, 
and  supplieil  with  a  stream  of  water  from  a  liopper 
or     can     above     the 
Fig.  2236.  wheel.     The  water  is 

led  by  a  sloiiing 
channel  to  the  ui)per  ' 
edge  of  the  wheel,  [ 
and  a  slightly  sloping 
board  is  placed  just 
in  front  of  the  point 
of  its  delivery  to  dis- 
tribute it  eipially  j 
over  its  edge.  A 
splash-board  in  front 
catches  the  water  as 
thrown  off  by  cen- 
tiifiigal  force,  and 
leads  into  a  trough 
beneath.  A  second 
s]>lashl)oard  is  some- 
times jilaced  in  front 
to  protect  the  work- 
man from  wet.  The 
Glass-Culling.  w'heels  employed  are 

generally  from  six  to 
twenty  inches  in  diameter  ;  they  are  mounted  on 
separate  spindles,  so  as  to  be  exchangeable,  and 
have  flat,  rounded,  angular,  or  concave  edges. 

The  two  former  aie  used  for  producing  tlie  flat  or 
slightly  concave  faces  of  the  work,  called, ^Hfe^  /  the 
angvdar  )iro(luce  the  angular  grooves  or  sj)lils  on  the 
sides  of  decanters  and  similar  objects,  and  the  con- 
cave form  the  convex  ribs  called  pillars.  The  wheels 
for  first  or  rough  grinding  are  of  iron,  and  a  consid- 
erable quantity  of  sand  is  employed  ;  the  work  is 
then  smoothed  upon  fine  grit  stones,  rendered  circu- 
larly true  and  very  smooth,  less  water  and  no  sand 
being  used  ;  after  which  they  are  polished  U[>on 
wooden  wheels  with  pumice  and  rottenstone  and 
water,  and  the  final  luster  imparted  by  wet  putty- 
powiler  applied  on  similar  wheels. 

Tilghmau's  process  for  cutting  glass  or  stone  by 
means  of  a  blast  of  air  or  steam  canying  a  stream  of 
sand  is  adapted  for  piercing  or  for  engraving  the 
surface,  and  has  many  adaptations.  In  Fig.  2237, 
A  is  an  apparatus  for  roughening  .sheet-glass.  The 
air-blast  is  produced  by  the  fan  a  below,  and  the  air 
rises  through  the  curved  tube  h,  cari'ying  the  sand 
up  with  it,  which  is  thrown  into  the  air-tube  by  an 
endless  belt  of  scoops  arranged  in  the  lower  i)art  of 
the  angular  box  d.  The  sanil  is  carried  up  by  the 
air  and  brought  over  and  down  the  front  air-tube  c, 
where  it  discharges  with  gi'eat  force  u[)on  the  sur- 
face of  the  glass,  which  is  contained  within  the  front 
liox,  and  is  carried  by  a  belt  gradually  forward  un- 
der the  sand  blast.  The  sand  falls  from  the  glass 
into  the  lower  part  of  the  angular  box,  whence  it  is 
scooped  and  thrown  again  into  the  air  current. 

Another  form  of  a]iparatns  for  boring  or  engraving 
is  shown  at  B,  and  the  sand  is  driven  in  this  case 
by  steam,  on  the  j)rinciiile  of  the  injector.  The 
sand  descends  through  a  tube  e  from  the  hopper  /, 
and  in  its  course  the  vertical  sand-pipe  is  joined  liy 
a  lateral  steam  or  air  pipe,  which  gives  a  sudden 
impulse  to  the  san<l  and  drives  it  down  upon  the 
glass  below  with  gi-eat  force.  The  sand-tube  is  flexi- 
ble, its  extremity  is  carried  on  roUere,  by  which  it 
may  be  moved  back  and  forth  to  suit  tlie  require- 
ments of  the  work. 

C  is  still  another  form,  in  wliich  conmdum-pow- 
der  is  dro]iped  from  a  bight  U]ion  the  surface  of  glass 
to  I'oughen  or  engrave  it. 

In  each  of  the  cases  cited,  the  abrading  material  ' 
is  directed  by  a  tube  upon  the  part  desired  to  be  i 


Fig.  2237. 


bored  or  cut,  the 
plate,  if  necessary, 
beingmoved  beneath 
the  sand-blast  so  as 
to  bring  each  part  in 
succession  under  the 
action  of  the  cutting 
particles.  AVhen  a 
pattern  is  to  be  en- 
graved, a  portion  of 
the  surface  is  pro- 
tected by  paper,  oil- 
paint,  a  sheet  of 
rubber,  cloth,  or 
lace,  as  the  case  may 
be.  The  sand  bounds 
from  these  resilient 
nuiterials,  but  in- 
dents the  glass  or 
stone  with  its  points 
and  edges,  so  as  to 
roughen  and  gradu- 
ally wear  away  the 
face,  or  even  bore 
through  it  if  the 
])rocess  be  long  con- 
tinued. With  a 
steam  jet  of  300 
pounds'  pressure,  a 
hole  H  inches  in 
diameter  was  cut 
through  a  piece  of 
corundum  li  inches 
thick  in  ia  minutes. 
The  rate  is  cUqiend- 
ent  upon  the  hard- 
ness of  the  material 
to  be  cut,  tlie  force 
of  the  bla.st,  and  the 
sharpness  of  the 
powder ;  tlie  latter 
is  much  dependent 
upon  its  hardness, 
as  corundum  will 
outwear  mere  quartz 
sand. 

This  beautiful  pro- 
cess has  many  appli- 
cations. Gla.ss  par- 
tially protected  by 
a  fern-leaf  receives  a 
frosted  ground  leav- 
ing a  bright  leaf  ; 
protected     by    wire  GiMs-Cutting. 

gauze  it  may  be  turned  into  glass  gauze.  Ornamental 
letters  may  be  made  on  glass,  marble,  orgranite,  either 
bright  on  a  rough  ground,  orconvei-sely.  It  has  even 
been  used  to  etch  through  negative  tilms  of  Ijichro- 
mated  gelatine,  the  penetration  being  greater  in  pro- 
portion to  the  thickness  and  hardness  of  the  film. 

Glass  may  be  cut  by  a  jet  of  hot  air  or  gas,  <liiected 
upon  the  object  in  the  line  of  the  desiifd  I'racture. 
This  is  then  damped,  and  the  glass  contracts  and 
divides  on  the  line.  The  .same  may  be  done  by  a 
hot  poker  carried  along  the  line  to  lie  broken  :  com- 
mence with  a  file  cut  to  start  the  crack,  apply  the 
poker  and  the  crack  will  follow  the  iron. 

Glass  may  be  readily  drilled  by  a  hard  steel  drill 
kept  moist  by  turpentine.  Dilute  .suljihuric  acid  or 
carbolic  acid  are  good  lubricants.  It  is  saiil  that  at 
lierlin  glass  castings  for  pump  barrels  are  drilled, 
jdaned,  ami  bored  like  iron  ones,  and  in  the  same 
lathes  and  machines,  by  means  of  sulphuric  acid. 
See  also  Glaziek's  DlAil0>"D. 
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Glnss-Eit^raverx^  Lathe. 


Glass-eu-axa'el.  This  is  ajiplied  to  a  seini-lucij 
or  an  opaque  glass,  wliicli  owes  its  milkiiK'SS  to  the 
addition  of  binoxide  of  tin.  The  transparencies 
whieh  are  hung  in  winilows  or  fonii  sliades  for  kinips 
are  of  tlie  semi-lucid  character,  and  are  miscalled 
poro'hilii  traiispwrciicics.  Watch  -  dials  have  an 
opaque,  glass-enameled  face  on  a  metallic  backing. 
See  ExAMKL. 

Glass-en-grav'ing.     The    engraving    of    flint- 
gla.ss  is  substantially  the  same  as  the  ordinary  glass- 
cutting,  hut  is  of  a 
J I  more   delicate  char- 

acter. It  is  ef- 
fected by  the  use  of 
very  small  disks, 
generally  of  copper, 
and  moistened  at 
the  edges  with  em- 
ery and  oil. 

Bodier's  improve- 
ments (French)  in 
glass-engravin  g 
were  made  in  1799. 
The  engraver  sits  at 
a  small  lathe  with  a 
little  rack  before 
him,  containing 
about  a  score  of  the 
copper  tlisks,  varyiug  in  size  from  the  diameter  of  a 
ceut  down  to  one-hftieth  of  an  inch,  each  mounted 
on  a  spindle  and  sharpened  on  the  edge.  He  [laints 
a  rough  outline  of  the  design  on  the  surface  of  the 
glas.s,  and  selecting  a  disk  he  touches  the  edge  with 
emery  and  oil,  inserts  it  in  tlie  mandrel,  sets  it 
spinning,  and  holding  the  glass  against  it  from  .te- 
low,  the  little  wheel  eats  its  way  in  with  astonish- 
ing rapidity.  The  glass,  held  lightly  in  the  hands, 
is  shifted  about  continually,  till  all  the  greater  parts 
of  the  figure  are  worked  out ;  then,  for  the  lesser 
parts,  a  smaller  disk  is  used  ;  anil  at  last  the  finest 
touches,  such  as  blades  of  grass,  the  tips  of  antlers, 
eyebrows,  and  so  forth,  are  put  in  with  the  smallest. 
Every  minute  he  holils  the  glass  up  lietween  his  eye 
and  the  light,  watching  the  development  of  the  de- 
sign ;  now  making  a  broad  e.Kcavation,  now  chang- 
ing the  disk  every  ten  seconds,  and  giving  touches 
so  slight  and  rapid  that  the  unpractised  eye  can 
scai'cely  follow  them. 

The  illustration  shows  the  lathe-post  ■with  its 
band-puUey,  spindle,  and  disk  a  in  position,  b  is  a 
slip  of  wood  mounted  on  an  arm,  and  designed  to 
keep  the  wet  powder  from  being  thrown  against  the 
operator.  For  polishing,  a  leaden  disk  and  pumice- 
powder  are  used. 

Glass-fiir'nace.  There  are  several  furnaces  in  a 
hous-'  for  making  crown-ijJa'is :  — 

The  rcvcrbcratrry-fitniacc,  or  calcar,  for  fritting 
or  calcining  the  materials.  Also  known  as  the  frit-' 
tiiKj-furnate. 

The  glass-famice  containing  the  pots  in  which 
the  materials  are  melted. 

The  blowing-faniacc,  at  which  the  pears  of  glass 
are  enlarged  into  globes. 

The  bottomiiig-lwlc,  where  the  globe  is  flattened. 
The  ilashbuj-fiirnace,  where  it  is  expanded  into  a 
circular  plate. 

The  annealhig-arch  or  leer,  where  it  is  allowed  to 
cool  gradually. 

The  rcrcrbcratory-ovcn,  where  the  pots  are  heated 
and  seasoned. 

Fig.  2239,  A  is  a  plan  of  the  furnace  in  which  the 
frit  in  pots  is  converted  by  fusion  into  glass. 

a  a,  etc.,  are  the  flues  between  which  the  pots 
are  placed,  resting  on  the  intervening  spaces,  so 
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that      each     flue  Fig.  2239. 

heats  one  .side  of 
two  pots.  The 
working  holes  6  b, 
etc.,  are  opposite 
each  pot  and  be- 
tween the  flues. 
c  is  the  grate. 
Flame  and  smoke 
pass  through 
apertures  called  ' 
linnet-holes  at  the 
upper  part  of  the 
sides  of  the  fur- 
nace, which  has  a 
dome-shaped  top. 
The  furnace  B 
has  an  annular 
bed  with  projec- 
tions«  con  which 
the  crucibles  rest. 
It  is  piovided 
with  two  tire- 
places  b  h  cora- 
uuinicating  with 
a  central  flue  c, 
thiough  which 
the  caloric  cur- 
rent passes  to  an 
upper  chamber  d, 
whence  it  is  dis- 
tributed to  the 
crucibles  by  the 
oy)enings  e  eff. 

Fig.  2240,  A  is  a  longitudinal  section,  and  B  a 
plan  of  a  Bohemian 
furnace  emjjloyed  in 
making  window- 
glass.  Above  the 
vaulted  ash-pit  is 
the  fireplace,  having 
three  compartirients 
from  which  the  heat 
passes  thro\igh  a 
central  opening  to 
the  oven  containing 
theglass-pots,  which 
are  placed  closely 
together  for  econ- 
omy of  space.  The 
jiots  are  introduced 
through  a  fiont  o)ien- 
ing  which  ia  then 
bricked  u]i.  The 
working-holes  are 
between  the  pillars 
of  the  structure.  A 
flue  conducts  the 
heat  to  the  anneal- 
ing-stove, exterior  to  which  is  usually  a  diying-kiln, 
not  shown  in  the  figure,  and  there  are  adjoining  stoves 
called  arch's  for  drying  and  annealing  new  pots. 

G-lass-gaU.  Scum  on  the  glas.s,  in  the  pot. 
Snndircr. 

Glass  Grind'ing  and  Pol'ish-ing.  Plate-glass 
from  the  table  recpiires  grinding  and  polishing, 
which  is  peifoiTOed  by  machinery.  The  under  jilate 
is  imbedded  in  stucco  on  a  solid  table,  and  the 
upper  one  in  a  cast-iron  frame,  which  has  a  motion 
around  its  own  center  and  around  a  point  on  the 
lower  plate.  The  latter  is  on  a  movable  table,  and 
has  a  slow  njotion  in  the  direction  of  its  length  and 
its  breadth.  Jloistened  sand  is  applied  between  the 
two.    Afterwards  different  grades  of  emerv  are  used. 


Bohemian  Furnace. 
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Tile  polishing  is  elTected  l)y  rubliers  of  hat  felt  or 
IcatluT,  with  a  jiaste  of  colcothar  and  water. 
Finally,  a  imtty,  oxide  of  tin,  is  used. 

Fij;.  2'241  illustrates  a  machine  for  grinding  and 
.snioi;thiiig  tlu^  [ilates  to  a  true  and  even  surface 
]ire|iaratory  to  linally  polishing  them. 

Tlie  dotted  lines  indicate  the  framework  of  the 
machine  supporting  the  bed  a,  to  which  a  sheet  of 
glass  is  cemented.  Two  bevel  wheels  b  b  rotate  the 
axis  c,  which  carries  the  crank  d  attached  to  one 
side  of  the  movable  table  c,  imparting  to  it  a  circular 
motion  about  the  point  /,  where  the  radius-rod  g  is 
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pivoted  ;  the  beil  a  also  has  a  .slow  longitudinal  re- 
ciprocatijig  movement  imparled  from  a  bar  beneath. 
The  lower  part  of  the  table  c  is  faced  with  slate,  to 
which  a  sheet  of  glass  is  cemented.  Clean  sharp 
sand  and  c<iar.se  emery  are  used  for  giinding,  and 
finer  emeries  for  smoothing  ;  the  apparatus  being 
carefully  washed  at  each  change  from  coarser  to 
finer  material. 

By  tlie  combined  rotary  and  longitudinal  move- 
ment the  abradants  are  caused  to  operate  with  equal 
energy  on  every  (loint  of  the  plates.  Weights  arc 
placed  upon  the  back  of  the  table  e  to  insure  suffi- 
cient pi'essnre. 

The  final  polishing  is  completed  by  leather-covered 
Fig.  224a. 


Machine  for  Griml'ne  Glass  Plates. 


nibhers  attached  to  reciprocating  rods  ;  the  glass 
being  fixed  upon  a  talile  having  a  slow  transverse 
movement  so  as  to  present  every  part  of  the  surface 
of  the  glass  successively  to  the  rubbers. 

Old  plate-glass  is  usually  repolished  by  hand,  the 
rubber  being  attaclied  to  the  lower  end  of  a  )iole 
susjiended  from  a  horizontal  S]iring  overhead,  which 
gives  an  adequate  pressure  on  the  glass,  the  work- 
man having  merely  to  jiush  the  rubber  backwards 
and  forwards.  The  jiolisli  attained  in  this  way  is 
inferior  to  that  produced  by  machinery. 

Fig.  2242  shows  a  glass  grinding-nuichine  in 
which  the  plate  to  be  ground  is  held  ujion  a  recipro- 
cating table  uniler  the  rotary  grinders  k  k  k,  whose 
supporting  frame  is  capable  of  vei-tical  movement  in 
guide-ways,  an  automatic  downward  movement 
being  imparted  to  the  grinders  at  tlie  end  of  each 
movement  of  the  carriage  by  the  action  of  gearing 
ujion  the  screws  on  which  the  frame  is  hung. 

Grlass-house.     A  jdace  w  here  glass  is  made. 

Grlass'mg.  {Lcnt/nr.)  The  operation  of  dressing 
leather  on  tlie  grain  side  liy  a  tool  consisting  of  a 
glass  slip  .set  in  a  wooden  handle. 

Glass-lined  Pipe.  One  in  which  the  metal  of 
the  outer  lajje  is  protected  from  corrosion  by  any 
liquids,  excejit  strong  alkalies,  or  hydro-fiuo-silicic 
acid.  The  glass  lining  is  held  in  the  outer  metallic 
pipe,  which  is  usually  of  iion,  by  an  interniediate 
lining  of  cement,  or  ]ilaster  of  iiaris,  or  similar  sub- 
stance, which  lining  serves  to  hold  the  glass  in  place 
and  protect  it  against  injury  lioni  nneiinal  ex]ian.sion 
of  the  glass  and  metal,  besides  acting  as  a  non-con- 
ductor of  heat. 

Glass-mak'er's  Chair.  A  seat  having  two  arms 
upon  which  a  glass-blower  rolls  with  the  left  hand 

Fig.  2243. 


Glas.^-Maker^s  CTiair  and  Marver. 

his  pontil  or  blow-tnbe,  while  with  his  right  he 
fashions  the  bottle,  lamp-shade,  or  other  article  he 
is  making,  by  means  o{  thi-  puccJfa.i. 

Glass-mak'er's  Soap.  A  name  given  to  man- 
ganese, fnaii  its  cleansing  action  in  its  as.sociation 
with  glass-making  materials. 

It  is  nseil  to  rid  the  materials  of  color  arising  from 
carbonaceous  matters  and  protoxide  of  iron.  An  ex- 
cess of  it  gives  a  purple  tinge  to  the  glass  ;  much  ad- 
mired by  some,  and  supposed  —  bj'  some  —  to  have  a 
sjieritic  ell'ect  in  urging  \'egetation  in  conservatories. 

Glass-met'al.     Glass  in  fusion  in  the  pot. 

Glass-mold.  A  metallic  shap)ing-box  in  which 
glass  is  ]piessed  or  lilown  to  fomi.  In  the  case  of 
solid  articles,  the  glass  for  the  knob  or  ornament  is 
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placed  ia  a  plastic  couJltiou  in  the  mold,  ami  then 
a  plunger  drives  it  foicibly  into  all  the  reces-ses  of  the 
mold.  After  a  few  moments  of  "setting,"  the  mold 
is  opened,  and  the  object  is  taken  out  and  carried  to 
the  annealing-oven.  This  is  the  usual  mode  of  mak- 
ing glass  insulators  for  telegraph-wires,  paper- 
weights, drops  for  chandeliers,   and  the  solid  kind 

Fig.  2241. 


man  blows  it  still  farther,  rolls  the  pontil  on  the 
chair-arm  while  he  fashions  it  by  the  .shears,  wliich 
are  seen  lying  on  the  bench,  and  then  sli]»s  it  into 
the  open  mold  and  closes  the  latter  by  a  spring  while 
he  blows  it  to  its  final  expansion. 

In  some  cai.es  water  is  made  to  circulate  through 
the  molds,  to  abate  the  heat  and  allow  the  work  to 
proceed  more  speedily.  Molds  are  sometimes  made 
to  be  closed  by  a  treadle.     See  Plate  XX. 

Fig.  2246  shows  a  mold  for  nuiking  tumblers,  — 
foot,  stem,  and  Vjowl.  The  conijiliiatiou  of  form 
and  the  hollow  character  of  tlie  bowl  rei|uire  that 
a  number  of  parts  shall  be  employed,  so  that  the 
ware  may  be  taken  out  after  molding.  The  foot  is 
molded  in  cup  foi'm  by  the  ))luuger  C  and  njatrix  B, 
and  is  afterwards  expanded.  The  stem-mold  con- 
sists of  three  sections  G  G,  whiih  open  radially  over 


Fig.  2246. 


Gia.v-Mold. 

of  inkstands  where  the  gla.ss  is  so  much  in  excess  of 
the  ink-hole.  The  latter  is  made  by  a  plunger, 
which  is  driven  into  the  plastic  glass  in  the  mold. 
See  Glass-press. 

Hollow  ai-ticles,  such  as  fruit-jars,  may  be  made 
hy  blowing  (see  GL.iss-BLOWiNG),  the  bhtcimj-tabc, 
cr!uiii;  and  nuirrcr  being  the  principal  tools  em- 
ployed, the  jar  being  held  by  its  lip  end  while  be- 
ing blown,  and  then  by  transferring  the  pontil  to  the 
bottom  while  the  lip  is  linished  by  the  shears  or 
the  jmce/l'is,  or  the  jar  may  be  grasped  by  the  siiap- 
drm/OH,  if  preferred. 

The  modern  fruit-jar  has  usually  some  arrange- 
ment for  locking  down  the  liil  or  cover,  and  involves 
a  threaded  neck  or  one  with  lugs  or  projections. 
These  can  be  made  by  tongs,  which  clasji  tlie  neck 
of  the  bottle,  but  not  so  readily  as  by  clamping  the 
bulb  of  glass  in  a  mold  and  then  blowing  it  .so  as 
to  expand  fully  against  all  parts  of  the  interior  of 
the  latter.  The  moM  is  then  opened,  and  the  formeil 
article  removed  to  the  leer.  Fig.  2244  sliows  a  glass- 
mold  ojien,  the 
Fig  2245.  side  ]iarts  being 

hinged  together 
over  the  plate 
which  forms  the 
bottom.  In  this 
example,  the 
.shouliler ('really  | 
forms  the  lip  of 
the  ware,  and 
the  flaring  re- 
cess above  it  is 
the  liloW'Oixr, 
in  which  super- 
fluous glass  is 
received,  the 
shoulder  atlord- 
ing  a  thin  point 
wliere  the  por- 
tion readily 
breaks  off. 
Fig.  224.5 
shows  the  man  at  work.  He  has  taken  the  pontil 
from  the  boy,  who  had  dipped  the  proper  amount  of 
glass  out  of  the  pot  in  the  furnace,  and  hail  blown 
it  partially  and  rolled  it  on  the  inancr  ;  the  work- , 
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the  foot-mold.  The  body  matrix  L  is  held  down 
upon  the  stem  sections  by  a  clamp.  The  portions 
have  separate  handles.  For  buttles  which  contain 
the  names  of  the  contents  and  medicines,  the  inte- 
rior surface  of  tlie  mold  has  intaglio  engraving  with 
the  inscription,  medallion,  and  what  not. 

Glass  Mo-sa'ics.  Glass  mosaics  are  constructed 
as  follows  :  — 

In  the  first  place,  the  materials  of  glass  are  mixed 
with  variouscoloriugmaterials.  chiefly  metallic  oxides, 
so  as  to  form  opa<|Ue  colored  enamels  ;  these  enamels 
are  cast  into  slabs  or  flat  cakes,  and  tlie  slabs  are  cut 
into  very  small  cubes  or  i-ectangular  [lieces.  Xot 
only  is  every  color  imitated,  but  every  gradation  of 
tint  in  each  color,  insomuch  that  at  tlic  great  mosaic 
establishment  at  Kome,  maintained  by  tlie  Italian  gov- 
ernment, they  have  no  less  than  tliirti)  thoiisand  dif- 
ferent tints  of  colored  enamels,  all  classified  and  reg- 
istered. With  these  little  colored  cubes  a  picture 
is  built  up,  copving  some  celebrated  work  of  the 
Italian  or  other "masteis.  The  pieces  are  inserted, 
one  by  one,  in  a  bed  of  cement,  which  dries  to  ex- 
treme hardness  ;  each  piece  is  ground  at  a  kind  of 
lathe  to  the  exact  shape  re(|uired  by  the  particular 
tint  in  each  part  of  the  picture  :  and  when  tlie  pic- 
ture is  completeil  by  tliis  extremely  slow  process, 
the  surface  is  ground  down  and  iiolished. 

The  two  specimens  of  glass  mosaic  described  by 
■\Vinckelmaun  and  Count  Caylus,  in  the  last  ceutury, 
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seem  to  liMve  been  of  a  somewhat  Jitlerent  kind,  for 
they  presented  ii  com]ilete  picture  on  eaeh  siirfaee. 
They  consisted  of  colored  glass  fibers  titled  togetlier 
witli  the  utmost  exactness,  and  cemented  by.  fusion 
into  a  solid  mass. 

G-lass-ov'en.  A  heated  chamber  in  which  just- 
made  glass  in  sheets  or  ware  is  jilaced  to  cool  gradu- 
ally. A  (jhiss-aiuieaUnt) furnace ;  alter.  See  Ax- 
NE.\I.IN(;. 

Glass-paint'ing.  G/nns-painfinf/  is  thus  distin- 
guished from  ijhiss-slai;iimi :  the  fornu-r  has  a  <lesign 
painted  upon  it  with  colors  which  areburneil  in  ;  the 
latter  receives  it.s  color  in  the  process  of  manufacture, 
or  the  separate  pieces  are  colored  after  having  been 
cut  to  the  reipiired  shapes  out  of  white  ghxss. 

In  one  ca.se  it  is  a  painting  of  enanieh^d  colors  on 
sheets  of  glass. 

In  the  other,  it  is  a  painting  made  up  of  iiieces 
having  the  required  colors,  titled  together  and  held 
by  leaden  eniiirx.      See  (!L.\ss-sr.vIXING. 

Even  with  this  distinction  the  subjects  become 
somewhat  involved  as  the  processes  have  been  com- 
bined. 

The  growth  of  the  art  has  developed  four  modes  :  — 

1.  The  mosaic.  This  is  the  earliest,  and  was 
known  in  Hyzantium  at  an  early  date.  It  is  not 
known  that  colored-glass  windows  were  known 
in  Roun",  though  wliite-glass  windows  ai-e  found  at 
Herculanctnm  and  Pompeii.  The  art  is  supjiosed  to 
have  been  brought  I'nun  Byzantium  to  Venice  and 
jMai'seilles,  and  was  practiced  by  the  Saracens 
throughout  the  cities  of  the  East. 

Stained-glass  windows  weie  in  the  l);isilica  of  St. 
Sophia  and  otlier  churches  in  Constantinople,  in  the 
si.xth  century  ;  painted  glass  windows  not  till  two 
or  three  centuries  later,  notably  in  tlie  reign  of 
Charlemagne.  Some  windows  e.\ecuted  in  the  tenth 
to  the  twelftli  centuries  are  yet  in  existence  in 
Europe.  The  fifteenth  century  {cinque  ccuin),  under 
Albrecht  Diirerand  others,  produced  many  beautiful 
specimens,  some  of  which  still  remain  ;  for  instances, 
the  C'hnrch  of  St.  .Jacques  at  Liege,  and  windows 
ornamented  by  the  Crabeths  at  Gouda,  in  Holland. 

2.  The  lausaic  stain.  In  this  mode  the  window 
is  made  up  of  detached  pieces,  as  in  the  mnsriic; 
but  the  shades  are  given  by  a  stain  of  brown,  which 
.^eems  to  have  been  the  first  color  which  the  artists 
succeeded  in  firiiuj  on  to  the  pieces  of  glass. 

3.  The  enamel.  By  this  all  the  rec|nired  colors 
(see  GL.iss-coLoniXG)  are  painted  upon  the  same 
piece  of  glass  and  fired  in  the  kiln,  ])roilacing  the 
ert'ect  of  an  oil-painting.  William  of  Marseilles 
(1475  - 1537)  was  a  distinguished  enameler  on  glass. 

4.  The  mosaic  enamel.  In  this  mode  co/ojrrf  glass 
is  used  as  a  groundwork  to  paint  on,  instead  of 
white. 

Glass-pa'per.  The  fragments  of  broken  wine- 
hotlles,  etc.,  are  carefully  washed  to  remove  dirt, 
the  glass  is  crusheil  under  a  revolving  stone  and 
sifted  into  six  sizes,  as  in  manufacturing  emery.  It 
is  sifted  through  sieves  of  wire-clotli,  which  are 
generally  cylindrical,  like  the  bolts  of  flour-mills. 
The  cloths  have  from  sixteen  to  ninety  wires  to  the 
inch. 

A  surface  of  thin  glue  is  spread  on  the  paper,  and 
the  pulverized  glass  dnsteil  over  it  with  a  sieve. 

Sonnttimes  two  coats  i»f  glue  anil  glass  ai'e  upplieil. 
Under  Edwarils's  patent  (English),  cotton  cloth  is 
used  instea<l  of  paper. 

Emery,  sand,  and  powdered  flint  are  used  instead 
of  glass,  and  i-onsritnte  rmrri/,  flint,  sand  paper. 

Glass-pot.  Tlie  jiot  in  which  the  frit  is  fused 
into  glass.  They  are  made  of  pure  refractory  clay, 
mixed  with  about  one  fifth  its  weight  of  old  pots 


pulverized     by  Fig.  2247, 

grinding,       are  ** 

built  up  in- 
stead of  being 
formed  on  a 
mold,  a  n  d 
baked  by  being 
subjected  to  a 
white  heat. 
Different  forms 

are  used  for  different  kinds  of 
glass,  a,  flint-glass  pot.  The 
horseshoe  sha]ied  piece  is  for 
contracting  the  oijcning.  b, 
pots  for  colored  glass,  c,  pot 
lor  crown-glass,  with  ladles. 
The  pot  in  Fig.  2'24S  contains 
two  or  more  compartments,  A 
7j, which  connnunicate  through 
openings  at  bottom. 

Newman's  pot  has  two  side 
flues  D  I)  for  carrying  off  the 
heated  gases,  and  two  up]icr 
flues  H  H  for  supjilying  hot 
air  to  insui'c  more  speedy  liipiefaction 
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jf  the  charge. 


lig.  2248. 


Fig.  2249. 


Glass-press.       A 

device  to  apply  press-  Newman's  Glass-Pot. 

ure  to  glass  in  a  mold 

while  in  a  plastic  state.  In  the  press  shown,  the 
plunger  is  hung  on  a  sliding  head  moving  u|)on  guides 
and  operated  by  connection  with  a  rock-shaft.  The 
cover  of  the  mold  is  helil  down  by  followeis,  and  the 
mold  slipped  in  and  out  at  the  requisite  jieriods. 
Power  is  ajiplied  by  a  lever,  which  is  counterpoised 
by  a  weight. 

Glass-roU'ing.  About  1849,  Bessemer  obtained 
a  ])atent  iu  England  for  a  process  of  rolli)]g  gla.s.s,  to 
make  ]ilate-gla.ss  and  avoid  the  undulating  surface 
incident  to  blown  window-glass. 

Messrs.  Chance,  of  Binninghani,  expended  .£100,- 
000  in  trying  to  ]ierfect  the  machinery  therefor,  but 
failed  to  acconqilish  it,  and  abandoned  the  eiiter- 
jirise.  The  glass,  in  its  pasty  condition,  was  passed 
from  a  hopper  between  two  I'ollers  on  horizontal 
a.\es  and  was  I'cceiveil  on  a  flaltening-table. 

Glass-sil'ver-ing.  Glass  for  mirrors  or  orna- 
mentatiim  is  sih'ered  by  one  ol'  two  methods  ;  the 
first  is  merely  factitious  :  — 

1.  The  amalgam  method.  A  sheet  of  tin-foil  is 
spread  evenly  on  a  smooth  marble  table  ;  on  this 
mercury  is  evenly  spread  with  a  hare's  foot  until 
the  amalgam  is  ]U'oihiccd.  Mercury  is  then  ponied 
to  a  certain  depth.  —  the  English  rule  is,  "  as  deep 
as  the  thickness  of  a  crown-piece,"  —  ami  the  clear, 
ilry  sheet  of  glass  slijipeil  over  the  surface  of  the 
liciuid  metal,  excluding  all  bubbles  of  air,  or  dirt,  or 
Hoating  dro.ss.  Pressure  and  standing  in  a  slanting 
position  to  drip  conclude  the  ojieralion.  See  MlU- 
lioi!  ;  Sit.VEuiNG  ;  PL.vrixizixc;. 

For  convex  and  concave  suifaces,  a  mold  of  plas- 
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Fig.  2250- 


'Glass- Press. 


tsr  is  formed  to  fit  the  amalgamated  foil  to  the  sur- 
liice. 

Globes  and  hollow  vessels  are  silvered  by  applica- 
tion of  amalgam,  such  as  lead,  1  ;  tin,  1  ;  bismuth, 
1  ;  melt ;  cool  to  lowest  point  they  will  remain 
linuid,  and  add  mercury,  10.     Stir  with  an  iron  rod. 

Or,  lead,  1  ;  tin,  1  ;  bismuth,  2 ;  mercuiy,  4. 
Warm  the  vessel,  pour  in  the  amalgam,  turn  the 
vessel  round  and  round,  and,  at  a  certain  heat,  the 
amalgam  will  be  found  to  adhere  to  the  glass. 

2.  T/ic  humid  way.  A  mixture  of  nitrate  of  sil- 
ver, 1,  liquor  ammonia,  i,  water,  2,  is  settled  and 
filtered,  and  to  this  is  addeil  alcohol,  3,  and  a  few 
drops  of  oil  of  cassia.  This  is  floated  on  the  glass, 
being  restrained  by  a  wall  of  putty.  Pour  off,  and 
varnish  the  metallic  surface.  Hollow  vessels  are  sil- 
vered by  pouring  in  the  solution  and  turning  them 
round  and  round.  Other  oils  or  grape-sugar  are  also 
used. 

Void  has  a  solution  of  gnn-cotton  in  caustic,  po- 
tassa,  to  which  is  added  a  solution  of  nitrate  of 
silver,  fiillowed  by  sufficient  liquor  of  ammonia  to  re- 
dissolve  the  precipitate.  The  resulting  argentiferous 
liquid  is  applied  to  the  glass,  which  is  heated  over  a 
water-bath  until  effervescence  ensues,  when  the  silver 
is  deposited. 

Cooley  recommends  :  Mix  saccharic  acid  with  so- 
lution of  nitrate  of  silver,  decant,  apjily,  precipitate 
by  solution  of  ammonia,  and  heat  to  render  deposit 
brilliant. 


Glass-soap.  Peroxide  of  manganese  used  to  re- 
move from  glass  the  greeu  color  due  to  the  presence 
of  iron. 

Glass-sol'der-ing.  Guinand,  of  Brenetz  in  Neuf- 
chatel,  acq\iired  the  art  of  soldei'ing  together  pieces 
of  glass.  When  the  line  of  junction  was  marked  by 
globules  of  air  or  particles  of  sand,  he  ground  out 
the  latter  on  the  wheel,  then  replaced  the  mass  in 
the  furnace,  so  that  the  vitreous  matter  might  ex- 
pand and  fill  up  the  spaces.  He  thus  combined 
good  pieces  of  glass,  so  as  to  build  up  lenses  of  Hint- 
glass  of  fine  cpiality.  Guinand  joined  Frauenhofer 
in  JIunich  in  1805,  and  returned  to  his  native  can- 
ton in  1814,  where  he  died,  and  was  succeeded  in 
his  liusiness  by  his  sons. 

Glass-spin'ning.  Brunfaut  of  Vienna  works  a 
process  in  which  he  makes  curled  or  frizzled  yarn  of 
glass.  The  composition  is  a  secret.  One  workman 
with  a  wheel  having  a  diameter  of  5  Austrian  yards 
will  spin  3, .TOO  yards  per  minute.  It  is  used  for 
many  descriptions  of  fabric  and  for  many  purposes, 
cushions,  carpets,  table  linen,  shawls,  neckties,  etc. 

Bonnet's  European  patents  for  cloth  of  glass  are 
dated  in  1837.  The  warp  is  of  silk,  the  weft  of 
glass  spun  by  steam-engine  power,  about  sixty 
threads  to  the  inch. 

Glass-stain'ing.  Stained-glass  is  colored  in  the 
process  of  manufacture. 

Paink'd-cilass  is  a  colored  or  white  glass  on  which 
a  metallic  ))aiut  is  laid,  and  subsequently  fixed  by 
fusing,  — fired  in,  as  it  is  termed. 

Stained-glass  windows  are  exei'uted  in  pieces  of 
colored  glass,  which  are  cut  to  the  shape  of  the 
patches  of  color  in  the  original  design  and  are 
brought  together  in  the  manner  of  musaic.  These 
pieces  are  set  in  leaden  frames  called  cajtws.  This  is 
the  most  ancient  practice  and  is  still  in  use. 

The  design  is  first  sketched  on  paper,  the  colors 
and  the  exact  arrangenjent  of  the  jiieces  are  then 
determined,  so  that  it  may  be  known  just  how 
many  will  be  required,  and  their  jiroper  sliapes  and 
sizes.  Some  windows  are  comijosed  of  more  than 
10,000  pieces. 

The  material  used  is  crown-glass  made  in  large 
sheets  expressly  for  the  purpose.  The  greater  por- 
tion of  that  used  in  this  country  is  American,  but 
some  of  the  very  fine  colored  glass,  as  ruby,  blue, 
purple,  and  green,  is  imiiorted. 

The  sheets  are  cut  to  tlieir  proper  shape  and  size 
with  a  glazier's  diamond,  and  then  painted  by  lay- 
ing on  with  a  flat  brush  a  thin,  uniform  coat  of  the 
proper  color.  These  colois  are  all  mineral,  as  they 
have  to  be  long  subjected  to  an  intense  heat  in  order 
that  they  may  become  firmly  united  to  the  substance 
of  the  glass. 

Crown-glass  is  used  as  being  less  fusible  than  that 
containing  a  large  proportion  of  lead.  Being  com- 
paratively intractable,  it  does  not  fuse  when  the 
enamel  colors  melt  and  unite  with  it  through  the 
medium  of  the  Hux  with  which  they  are  incorporated. 

Reds  and  yellows  are  produced  from  silver  and 
antimony  ;  another  red,  from  oxide  of  iron  ;  \vhite, 
li-om  lilock-tin ;  black,  from  manganese  ;  green, 
from  copperas  ;  and  purple,  from  gold.     See  Glass 

CuI.OBINO. 

The  colors  are  pulverized  and  mixed  with  a  flux 
composed  of  red  lead,  ffint-glass,  and  borax,  which 
are  melted  together  in  crucibles.  This  com]Kisition 
made  into  a  paint  is  laid  on  as  previously  described, 
and  allowed  to  dry,  when  the  sheets  are  transfen-ed 
to  the  kiln,  an  oven  of  brick  about  5x4  feet  in 
dimensions,  and  provided  with  shelves  made  of 
iron  plate  on  which  the  pieces  of  glass  are  piled 
twelve  or  fifteen  deep,  when  the  doors  are  closed, 


GLASS-TOXGS. 


984 


GLAZE. 


and  a  heat  sutficient  to  heat  the  ghiss  veil  hot  is 
maiiitaini'cl  for  eight  lioiiis,  when  the  tires  are  drawn 
and  the  ghlss  is  allowed  to  slowly  eool  lor  I'orty- 
eight  hours  for  the  puriiose  of  annealing  it.  Hy  the 
fusion  of  the  llu.\  ami  partial  surface  fusion  of  the 
glass,  the  colored  coating  is  thus  inseparably  united 
to  the  latter. 

Glass-tongs.     Drippers  for  hot  bottles,  etc.,  in 

Fig.  22dL 


Glass-  Tongs 


course  of  manufacture,  or  for  handling  bottles  con- 
taining heated  or  freezing  nuxtures. 

Glave.  A  weapon  formerly  us''d,  consisting  of  a 
curved  blade  on  the  end  of  a  pole. 

Glaze.  .\  vitrifiable  composition  for  covering 
earthenware  or  porcelain.  Glaze  on  earthenware  has 
several  objects :  — 

1.  To  render  the  ware  impermeable  to  liquids. 

2.  To  impart  luster. 

3.  To  preserve  colors  and  patterns. 

It  must  adhere  tirndy  to  the  ware,  and  expand  and 
contract  in  the  same  proportions  therewith,  so  as  to 
avoid  crai'king  and  scaling. 

It  should  resist  acids,  so  as  not  to  be  dissolved  by 
vinegar  and  other  acid  substances. 

It  should  not  have  such  an  atfinity  for  the  ware 
as  to  sink  into  the  latter  when  in  a  biscuit  condition. 

Glazes  are  of  sevei-al  kinds  :  — 

Felsjiar  is  the  base  of  a  viti'eous  glaze  which  melts 
at  a  high  temperature.  It  is  found  in  nat\iral  com- 
bination \vth  ipiartz  ;  or  is  mixed  tlierewith,  some- 
times with  lime.  It  is  principally  used  on  porcelain 
or  china. 

A  second  cla.ss  of  glaz-s  includes  salt,  potash, 
boracic  acid,  phosphate  of  lime,  and  sulphate  of 
baryta  ;  nseil  on  stoneware. 

A  third  class  is  a  glass,  mainly  consisting  of  silica 
and  lead. 

The  fourth  cla.ss  includes  the  oxides  of  lead,  tin, 
manganese,  and  coppi-r. 

Glazes  are  further  subdivided  into  — 

Transparent. 

Opafpie. 

Colored. 

Trausjiarent  glaze  is  a  glass. 

Opaque  glaze  is  comjiounded  with  oxide  of  tin. 

Colored  glazes  derive  their  peculiar  tints  from 
metallic  oxides,  manganese,  copper,  iron,  cobalt, 
chromium,  etc.     See  Ex.a..mel. 

Glaze  is  ap|)lied  in  various  ways :  — 

Some  common  earthenwares  are  glazed  by  throwing 
salt  into  the  kiln  at  certain  stages  of  the  tiring  pro- 
cess. A  partial  vitrification  of  the  surface  takes 
place  at  the  ex|iensc^  of  the  silica  of  the  pastc\ 

The  salt  is  sublimed,  producing  a. saline  atmosphere 
throughout  the  kiln,  the  soda  enters  into  combina- 
tion with  the  silica  of  the  ware,  forming  for  the  alu- 
mina, etc.,  a  tlux  ;  and  prodncing  a  glassy  surface  on 
the  ware. 

Porcelain  and  fine  ware,  while  in  the  biscuit  con- 
dition, are  dipi>ed  into  a  thin  solution  of  the  glaze. 
The  ware  in  this  condition  is  very  absorbent,  and 
the  water  i)asses  into  the  biscuit  while  the  body 
of  the  glaze  adheres  to  the  surface. 


In  this  ca.se  the  glaze  consists  of  vitreous  matter 
fritted  in  a  furnace  and  reduced  to  powder.  The 
)iowder  is  stirred  up  in  water  and  held  suspended 
while  the  ware  is  dijiped. 

Articles  only  requiring  an  interior  glaze  receive  it 
by  pouring  a  cpiantity  into  them,  swashing  it  around 
and  pouring  out  the  suridus. 

Other  ware  is  glazed  by  means  of  a  bnish. 

Glazes  are  ground  in  water  to  a  thin  cream,  form- 
ing a  slip,  in  which  clay-ware  in  the  form  of  liscuil 
is  dipped.     The  heat  of  the  kiln  fuses  the  (jlir.r. 

(Uazes  are  white  or  colored,  they  dill'cr  only  in 
that  the  latter  have  coloring  ingredients. 

For  earthenware.  Lead  ylazc :  wiiite  lead,  53  ; 
(luartz,  or  ground  flints,  36  ;  felspar,  Iti ;  white  Hint- 
glass,  5. 

For  chemical  vessels.  Fine  sand,  48  ;  potassa, 
39  ;  lime,  9  ;  niter,  4.  Oxide  of  tin  or  cobalt  may 
be  added  to  correct  color. 

For  porcelain.  Felspar,  27  ;  borax,  IS  ;  fine  .sand, 
4  ;  niter,  soda,  and  kaolin,  3  ;  mix,  frit,  powder, 
and  add  calcined  borax,  3. 

For  painted  stoneware.  White  felspai',  26  ;  soda, 
6  ;  niter,  2  ;  borax,  1  ;  frit.  Of  the  pioduit  take 
13  ;  red  lead,  50  ;  white  lead,  40  ;  ground  flint,  12. 

M.  Kichard,  ceramic  manufacturer  at  Saiut-Chris- 
tophe,  near  Milan,  has  conjmunieated  to  the  Society 
of  Encouragenu'nt,  Taris,  his  process  for  varnishing 
pottery,  and  applied  by  him  to  dillerent  products 
exhibited  at  the  Champ  de  liars  (Group  111.  Class 
XVII.,  Italian  Section).  The  following  are  the  in- 
gredients and  their  proportion  to  be  fritted  :  Car- 
bonate of  soda,  l.OOU;  boracic  acid,  from  Tu.scany, 
O.SOO;  kaolin,  0.125;  carbonate  of  lime,  0.250; 
sulphate  of  lime,  0.250  ;  crystallized  felsjiar,  0.750; 
ci\iartz  from  the  Tessin,  0.280  ;  fluate  of  lime,  0.150. 
Manganese  of  Piedmont  is  added  to  obtain  the  de- 
sired tint.  The  whole  frit  is  ground  fine,  and  then 
mixed  with  110  parts  of  kaolin  and  52  parts  of  fel- 
sjiar  for  every  4tlO  parts  of  the  above  frit.  It  is  ap- 
jilied  as  usual  in  glazing,  but,  as  the  sjiccific  gravity 
is  less  than  the  leaden  coating,  the  same  weight  of 
the  new  glaze  will  cover  a  greater  ipiantity  of  }iieees. 

Vitreous  glazes  originated  with  the  Chinese,  and 
passed  from  them  to  India,  and  successively  to  Per- 
sia, Arabia,  S]>aiu,  Italy,  and  Holland. 

Previous  to  the  introduction  of  glazes,  the  Greeks 
and  Romans  covered  their  pottery  with  wax,  tallow, 
or  bitumen.  The  Peruvians  used  tallow  spread 
uiion  the  wai-e  while  hot  and  thereby  |iartially  car- 
bonized. The  Etruscan  ware  has  a  similar  appearance. 
In  Italy  and  Sjiain,  ancient  and  niodevn,  \vine-j;irsare 
rubbed  with  wax  to  rendertheniinipervioust'jliipiid.s. 

Among  the  early  instances  of  glazing  njay  be  men- 
tioned the  tomb  of  Sultan  Mohammed  Khoda-Picn- 
deh,  at  Sultanieh  in  Persia.  He  was  the  12ili  jirince 
of  the  house  of  Genghis  Khan,  and  died  in  1316. 
The  tomb  has  green  enameled  tiles  on  the  outside  and 
blue  on  the  inside. 

The  "painted  mo.s(iue  "  of  Gonr  in  India,  built  in 
1475,  derives  its  name  from  the  number  of  glazed 
tiles  with  which  it  is  ornamented. 

The  Caravanserai  of  Mayar,  near  Ispahan,  built  by 
the  mother  of  Shah  Abbas,  about  1550,  has  a  cov- 
ering of  green  glazed  tiles  on  the  front  of  the  prin- 
cijial  gateway. 

The  Alhambra,  a  Moorish  palace  and  fortn-ss  near 
Granaila,  was  founded  by  Mohammed  1.  of  Granaila 
about  1253.  Some  of  the  rooms  are  ornamented  by 
glazeil  tiles. 

Collins  of  green  glazed  pottery  are  found  at  AVarka 
in  Mesopotamia,  and  are  ascribed  by  liawlinson  to 
the  period  of  the  Parthian  occupation  of  that  coun- 
try.    This  is  a  startling  supposition.     The  style  of 
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ornamt^utation  aiul  the  figures  stauiped  upon  them 
forbid  tile  suppo.sitioii  that  they  were  imjiorted  from 
China,  and  yet  this  single  faet  of  glazed  pottery  in 
that  place  at  that  time  is  almost  irreconcilable  with 
the  observed  contemporary  progress  of  the  art  of 
making  i^ottcry  in  general.     Sec  Fig.  1377,  p.  587. 

Glazed  Board.  A  kind  of  mill-board  having  a 
hard,  smooth  surface,  to  give  a  smooth  face  to  the 
paper  or  fabric  presseil  between  such  boards. 

Glaze-kiln.  iPoU>;ri/.)  A  kiln  in  which  glazed 
biscui. -wwrt:  is  placed  for  tiring.  It  is  analogous  to 
the  qhtst-oixn. 

Glaz'er.  1.  A  cutler's  or  lapidary's  wheel  of  a 
gi-ade  between  the  grinding  and  the  polishing.  It 
is  made  of  disks  of  wood  so  arranged  as  to  present 
the  grain  outwardly,  that  is,  radially.  The  wooden 
surface  is  fed  with  emery-cake.  Mahogany,  oak, 
apple,  beech,  or  birch,  are  eniployeil. 

Other  (jla-.crs  have  a  covering  of  leather  or  a  cap 
of  lead  or  tin  alloy  to  carry  the  emery  for  grinding 
or  glazing  cutlery. 

Lapfiiiuj  is  done  on  metallic  wheels. 

Polishing  on  leather-covered  wheels. 

Biiffiiij  on  leather  with  rouge. 

2.   A  calendering  or  calico-.smoothiiig  wheel. 

Gla'zier's  Di'a-mond.  An  iiiiideinent  for  cut- 
ting glass  consisting,  as  now  nniversiiUy  niade,  of  a 
handle,  by  which  it  is  helil  lietween  the  fingers  and 
guided,  and  having  swiveled  at  its  lower  end  a 
holder  or  block,  in  which  a  small  diamond  with  one 
of  its  natural  angles  e.xposed  is  inserted.  By  this 
arrangement,  invented  by  Joshua  Shaw,  the  cutting 
edge  of  the  diamond  constantly  tends  to  maintain 
its  iiai-alleli.sm  with  the  straight  edge  or  pattern 
which  guides  it,  so  a.s  to  make  a  clean,  smooth  cut. 
The  knack  of  using  tliis  tool  properly,  ami  judging 
of  the  proper  vertical  angle  at  which  it  should  be 
held,  reipiires  some  practice.  The  soniid  indicates 
whether  or  no  a  clean  cut  is  being  made.  The  nor- 
mal crystalline  form  of  the  diamoml  is  octohedral, 
and  the  faces  are  usually  convex.  I'pon  this  latter 
peculiarity,  according  to  Dr.  Woliaston,  its  effi- 
ciency depends,  the  rounded  edge  slightly  indent- 
ing the  glass  and  then  slightly  separating  its 
particles,  forming  a  shallow  fissure  with  a  splitting 
rather  than  a  cutting  action,  none  of  the  material 
being  removed.  This  fissure  is  readily  e.xtendeil 
through  the  glass,  a  slight  degree  of  force  serving  to 

separate    the 
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the  diamond,  a  regular  octohedron. 

with   rounded   faces   forming  a   mon 

angle,     d,  an  improved  form  having  teeth  for  break 


two  parts.  He 
succeeded  in 
pro<lucing  the 
same  result 
with  several 
other  hard 
gems  by  giving 
them  the  same 
form,  but  the 
natural  edge  of 
the  diamond 
being  so  much 
harder  and 
more  ilurable, 
renders  it  much 
more  economi- 
cal than  any 
Wil'M'i  other  material 
for  the  purpose. 
a  shows  the 
primary  crys- 
talline form  of 
h  c,  diamonds 
'   or  less  acute 


ing  apart  the  two  pieces  after  making  the  cut.  e, 
au  implement  denominated  the  "universal  glazing- 
tool,"  for  cutting  and  setting  glass.  This  has  a 
small  thin  roller  pivoted  at  its  lower  e.vtremity, 
which  in  its  passage  over  the  glass  separates  the 
particles  in  a  manner  similar  to  the  diamond. 

The  spatula  at  the  other  end  is  used  for  puttying,  etc. 

The  diamond  is  crystallized  carbon.  Diamonds 
were  first  brought  to  Europe  from  the  mine  of  Sum- 
balpoor.  The  Uolconda  mineswere  discovered  in  1534. 
The  mines  of  Brazil  in  1728.  Those  in  the  Ural  in 
1S29.  The  great  Rus.sian  diamond  weighs  193  carats  ; 
cost,  £104,166  13s.  4  rf.  in  1772.  The  Pitt  diamond 
weighed  136  carats  ;  sold  to  the  king  of  France  for 
i'  125,000,  in  1720.  The  Koh-i-noor  was  found  in 
1550.  It  belonged  in  turn  to  Shah  Jehan,  Aurung- 
Zebe,  Xailir  Shah,  the  Afghans,  Runjeet-Singh,  and 
Queen  Victoria,  1S50.  It  originally  weigheil  800 
carats,  was  cut  down  to  289  carats  by  an  unskilful 
Italian,  and  then  to  102;J  carats  to  perfect  its  shape. 
See  Dl.\MuM>. 

Pliny  speaks  of  adamant  as  the  hardest  of  all  ma- 
terials, and  it  may  mean  the  uncut  diamond.  We 
do  not  know  that  diamond-cutting  was  practiced, 
and  it  is  not  certain  that  diamond-dust  was  emjiloyed 
in  gem  cutting  and  engraving,  although  there  are 
several  indications  of  its  use.  He  says  :  "  Diamonds 
are  eagerly  sought  by  lapidaries,  who  set  them  in 
iron  bundles,  for  they  have  the  power  of  ]ienetiating 
anything,  however  hard  it  may  be."  He  farther  cites 
that  all  gems  are  engiaved  by  the  diamond. 

A  German  authority  states  "they  used,  for  the 
purpose  of  cutting  sheet-glass,  emery,  sharp-iiointed 
instruments  of  the  hardest  steel,  and  a  red-hot  iron 
by  which  they  directed  the  rents  at  their  pleasure." 

An  early  notice  of  the  use  of  the  diamond  in  cut- 
ting, or  rather  scratching,  glass  is  associated  with  a 
love-quarrel,  in  which  Francis   I.  of  France,  1520, 

Fig.  2253. 
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wrote  withailiaimiiul  set  in  a  ring,  on  a  jiane  of  glass 
ill  the  la.slle  uf  Clianibord,  a  cou)ile  of  lines  to  Anne, 
Duchess  of  Kstanii>es.  It  seems  to  have  been  the 
Sllhje(,-t  of  a  ])atent  to  Gaspar  Lehniann  of  Piague 
early  in  the  seventeenth  centnry,  and  granted  by 
theEiiiiiriiir  Kndolpli  U. 

Gla'zier'8  Kuife.  A  knife  used  by  glaziers  in 
clearing  out  the  remains  of  old  jianes  from  the  tillis- 
tei'S  of  sash,  and  puttying  in  new  ones.  .Sueli  knives 
are  known  as  h'l-tlivj,  stoppiny,  mid  pult;/  knives. 

Gla'zier's  Point.  A  small,  triangular  jiieco  of 
tin  plate,  eniployeil  to  secure  a  pane  of  glass  in  the 
sash  previous  to  puttying.  They  are  made  in  a  ma- 
chine in  which  the  sheet  of  metal  is  fed  to  the  rotary 
cuttei's,  and  the  points  are  cut  otf  in  two  or  more 
rows  at  each  rotation.  The  face  of  the  cutter  is 
notched  like  a  saw-blade,  and  snips  from  the  edge 
of  tlic  |il,itc  a  rn,v  of  triangular  pieces. 

Gla'zier's  Vise.  (I'liiinbiiii/.)  An  apparatus  for 
forming  leailen  bars  for  the  reception  of  window- 
glass.  The  bar  is  called  a  came,  and  the  mode  of 
glazing  is  called  fret-work.  The  came  is  formed  by 
drawing  a  (ilain  bar  of  lead  between  two  rollers  a  a 
(Fig.  22j2),  of  thickness  e(|nal  to  that  of  the  glass,  and 
having  corrugated  edges  which  draw  the  barforwanl 
between  two  pieces  h  fi,  causing  it  to  assume  the  shape 
c.      The  whole  device  constitutes  the  glazier's  vise. 

Glaz'ing.     1.    Placing  jianes  of  gla.ss  in  sashes. 

2.  Giving  a  vitreous  coat  to  pottery. 

3.  Polisliing  metal  on  a  wheel  dusted  witli  polish- 
ing-powder. 

4.  .Sprciuling  a  senii-pellucid  cover  over  a  painting 
to  soften  asperities. 

5.  (Gunpoinlcr.)  All  good  powder  is  glazed  in 
order  to  enable  it  to  more  perfectly  resist  moisture 
and  bear  transportaticm.  For  this  purpose  the 
gi'ains  from  the  breaking  rollers,  after  having  been 
assorted  by  sieving,  and  while  still  containing  three 
or  four  ])cr  cent  of  water,  are  placed  to  the  amount 
of  several  hundred  pounds  in  a  glazing-barrel  ;  this 
is  jouiualed  at  the  ends,  and  is  caused  to  rotate  for 
some  ten  or  twelve  hours,  breaking  otf  tlie  angular 
projections  of  the  grains  and  causing  them  to  assume 
a  smooth  and  glossy  surface. 

Pulverized  pluinliago  is  sometimes  added  to  pro- 
duce a  deceptive  a|i|iearance  of  high  glazing. 

Glaz'ing-ma-chine'.  A  press  with  two  polished 
rollers  t"  call  iidcr  |iaper. 

Glazlng-Twlieel.  A  wooden  wheel  covered  with 
leather  charged  with  emery,  and  used  by  cutlers, 
especially  lor  grimliug  and  sharpening  knives,  tools, 
etc. 

It  is  also  used  instead  of  filing  for  leveling  and 
surfacing  many  metallic  articles  ;  for  removing  the 
scale  from  casting,  and  for  trimming  small  castings, 
such  as  builders'  hardware. 

A  wooden  wheel  without  any  leather  covering  is 
used  by  lapidaries  in  smoothing  soft  and  rounded 
stones.  These  wheels  are  fed  with  ilour,  emery,  and 
water. 

Glass-cutters  employ  similar  wheels  with  pumice- 
stone  and  water  for  smoothing,  or  putty -powder  and 
water  for  polishing. 

These  wheels,  commonly  called  glaze.rs,  are  made 
of  wooden  disks  or  ([uadrants,  so  arranged  as  to  pre- 
sent the  end  of  the  grain  outwardly.  Tliey  are  fed 
with  emery-cake  ;  and  liy  cutlers  the  wooden  surface 
is  frc.pii'ntly  iised  without  any  leather  covering. 

Globe.  A  splieic  on  which  is  represented  the 
heavenly  bodies  ;  a  celestial  globe.  A  round  modid 
of  th(^  world,  I'epresenting  the  land  and  sea,  and 
usually  the  i)olitieal  divisions.     A  terrestrial  globe. 

A  celestial  globe  was  taken  from  Egypt  to  Greece, 
368  B.  c. 


A  terrestrial  globe  is  said  to  have  been  made  in 
the  time  of  Anaximander  of  Miletus,  about  ooO  D.  c. 
This  is  highly  improbable.  The  determination  of  the 
latitude  and  longitude  of  places  was  of  a  later  date, 
and  is  a  necessary  incident  of  a  terrestrial  globe. 

The  celestial  globe  of  Billarus  was  taken  away 
from  Sinope  by  Lucullus  (Srii.vBo).  The  same 
writer  mentions  the  sphere  of  Crates  ;  Cicero  that 
of  Ai'chimedes.     Perhaps  this  was  a  jjlanetarium. 

The  planisphere  of  Dendera  in  Egypt  is  a  circular 
diagram  of  the  zodiacal  signs,  and  tlic  most  ancient 
and  interesting  of  all  representations  of  celestial 
scenery. 

Gerbert,  who  studied  astronomy  among  the 
Saracens  in  Spain,  and  was  afterwards  Pope  Sylvester 
11.,  A.  D.  1000,  used  in  his  school  at  Kheinis  a  ter- 
restrial globe  brought  from  Cordova. 

"While  Konie  was  asserting,  in  all  its  absurdity, 
the  flatness  of  the  earth,  the  Spanish  Jloors  were 
teaching  geography  in  their  common  schools  from 
globes.  In  Africa  there  was  preserved,  with  almost 
religious  reverence,  in  the  liljrary  at  Cairo,  oue  of 
brass,  reputed  to  have  belonged  to  the  great  as- 
tronomer Ptolemy  (about  A.  Ii.  130).  -\1  Iilrisi  made 
one  of  silver  for  lioger  II.  of  Sicily  (A.  n.  1131),  and 
tlerbert  used  one  he  hail  brought  from  Cordova  in 
the  school  he  established  at  Kheims"  (about  A.  D. 
975).  —  DiiAPEit. 

The  glolie  of  Gottorp  is  a  concave  sphere,  1 1  feet 
in  diameter,  with  seats  inside  lor  spectators.  Its 
concavity  represents  the  constellations  of  the 
heavens,  and  its  exterior  is  a  teirestiial  globe.  It 
was  constructed  after  the  designs  of  Tycho  15rahe, 
and  turned  on  its  axis.  Dr.  Long's  globe  was  18 
feet  in  diameter,  and  held  thii'ty  ]iersons,  who 
viewed  it  while  it  was  in  motion.  Jlr.  W'yhl  erected 
in  Leicester  S(juare  a  globe  tJO  feet  4  inches  in 
diameter.  Its  concavity  represents  the  terrestrial 
surface.  It  was  lighted  by  openings  during  the  day 
and  by  gas  at  niglit.  Its  interior  was  occupied  by 
ladders  and  jilatiorms,  from  which  its  painted  sur- 
Aice  was  viewed.     It  was  closed  in  1S61. 

Martin  Behaim  on  his  "  worhl  apple,"  the  cele- 
brated globe  which  he  finished  in  1402,  and  which 
is  still  kept  in  the  Behaim  house  in  Nuremberg, 
jilaces  the  coast  of  China  (by  estimate),  only  100'' 
West  of  the  Azores,  llarinus  of  Tyre  had  aih-auced 
the  Chinese  coast  to  the  longitude  of  the  Sandwich 
Islands,  being  ndsdirected  by  the  calculations  in  the 
Asiatic  itineraries,  and  thereby  giving  to  the  old  con- 
tinent a  breadth  of  225"  in.stead  of  129°.  Ptolemy's 
geograiihyestinuited  the  Chinese  coast  at  the  longitude 
of  tile  Carolinas.  So  Columbus  started  west  on  an 
uncertain  expedition,  and,  believing  liehaim,  with 
whom  he  had  been  a.ssociatcil  at  Lisbon,  14S0-S4, 
concluded  that  in  reaching  land  he  had  found 
Cathay.  He  caused  the  whole  crews  of  his  sipiadron 
(about  eighty  sailors)  to  swear  that  they  believed  he 
might  go  from  Antilia  (Cuba)  to  Spain  by  land,  keep- 
ing west.  Having  letters  from  the  Catholic  monarehs 
to  the  Great  Mogul  Khan  in  Cathay,  he  sent  ou 
shore  a  liajitized  ,Iew  who  was  aciiuaintcd  with  some 
of  the  Oriental  languages,  but  his  messenger  failed 
to  make  connection.  Columbus  ilied  bi'fore  the 
error  was  discovered  ;  he  named  the  natives  "In- 
dians," and  so  much  of  the  matter  remains  to  this 
day.  See  Map  ;  where  the  globes  of  Behaim  and 
Sciiiiner  ai'e  compared  with  the  previous  maps  of 
Ptolemy,  Strabn,  Hecatieus,  and  others. 

"Then  to  Moxon's,  and  bought  thei'e  a  payre  of 
globes  ;  co.st  me  £  3  10s."—  PeI'Y.s,  1663. 

In  the  history  of  globe-making,  the  name  of  Fer- 
guson, the  mathematician,  has  an  honorable  place. 
Modern  globes  are  made  of  paper  and  plaster,  are 
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perfectly  balanced  oil  their  axes,  and  are  proof  against 
changes  of  temperature. 

The  first  thing  is  a  wooden  niohi,  which  is  of  a 
spheiical  form,  and  has  two  axial  jiiiis  at  its  poles. 
This  is  placed  ill  a  frame,  and,  as  it  revolves,  is  cov- 
ered over  with  netted  strips  of  .strong  paper.  This 
is  covered  with  successive  thicknesses  of  pasted 
brown  and  white  paper,  laid  in  strips.  The  mold, 
with  its  paper  covering,  is  then  dried.  Being  dry, 
it  is  mounted  in  a  frame  on  the  axial  pins,  and  the 
papi-r  envelope  is  cut  in  two  eciuatorially.  The  hemi- 
spheres are  removed  from  the  mold  and  are  nailed 
to  the  ends  of  a  central  wooden  rod,  in  whose  ends 
are  pins  wliich  project  from  each  pole.  The  rod 
and  pins  form  the  axis.  The  hemispheres  are  joined 
at  their  edges  liy  glue. 

The  shell  is  then  placed  on  its  axis  in  a  frame  and 
revolved  as  a  compound  of  whiting,  glue,  and  oil  is 
pliistered  upon  it.  .\  semicircular  semper  removes 
the  redundancy  and  insures  the  .spherical  form.  This 
coating  is  repeated  four  or  five  times,  being  dried 
between  each  coat.  The  sphere  is  then  polished  ; 
then  balanced  by  letting  in  shot  in  certain  places  to 
remove  any  want  of  equipoise. 

The  parallels  and  meridians  are  now  draini  on  the 
globe  by  a  beam-compass,  to  serve  as  guides  for  placing 
the  engraved  strips.  These  are  fourteen  lUstinct 
pieces.  The  arctic  and  antarctic  circles  are  two 
circular  pieces,  and  the  other  twelve  are  for  the  other 
jiortions,  six  on  each  side  of  the  ecpiator.  The 
pieces  of  paper  are  thin,  tough,  and  wet,  and  are 
rubbed  down  upon  the  globe,  spreading  them  so  as 
to  make  their  edges  exactly  coiiK'iile  with  the  lines 
on  the  globe.  The  globe  is  then  colored  according 
to  geographical  divisions,  varnished  and  mounted. 

A  slate  globe  has  latelj'  been  invented,  having  the 
meridians  and  parallels  of  latitude  marked  upon  ; 
it,  to  be  tilled  in  by  pupils  as  a  geographical 
study.  It  is  a  powilered  slate  surface  placed  on  the  j 
paper  shell.  A  globe  has  been  made  iu  papier- 
mache,  divided  into  forty-eight  pieces,  to  be  taken 
apart  and  put  together  at  pleasure  ;  the  object  being 
to  facilitate  ])ackage  and  removal,  and  the  con- 
venient study  of  any  one  part.  Another  novelty  is 
a  globe  made  of  tissue-paper  and  intlated  with  air  ; 
such  a  globe  may  be  made  twelve  feet  in  diameter, 
and  is  useful  in  a  lecture  or  school  room.  A  very 
cheap  paper  globe  is  now  met  with,  in  which  the 
printed  gores  are  brought  together  edge  to  edge  by  a 
string,  not  exactly  to  a  spherical  form,  but  suffi-  i 
ciently  so  for  familiar  reference. 

Globes  are  also  made  by  Gooilyear,  of  inflated  in- 
dia-rubber, or  of  silk  coated  with  india-rubber  solu-  ' 
tion.      .-Vdams  has  made  them  of  gntta-pereha,  with 
surface  iu  relief,  and  in  detachable  zones  and  sections. 

Globes  of  paper  pulp  have  been  suggested,  molded 
inside  of  shells  whose  inner  surfaces  have  intaglio 
representations  of  the  inei|ualities  of  the  earth's  sur- 
face, so  that  the  glolie  shall  represent  the  mountains 
and  valleys.  It  would  be  necessary  to  exaggerate 
the  altitudes  to  make  them  visible.  A  model  earth 
twenty-one  feet  diameter  gives  us  only  one  thirty- 
second  of  an  inch  to  a  mile  ;  on  such  a  globe,  one- 
hundred-acre  farms  would  of  course  be  utterly  in- 
visible to  the  naked  eye,  and  the  loftiest  ranges  of 
mountains  might  be  represented  by  a  few  grains  of 
rilie  powiler ;  and  the  entire  human  family,  esti- 
mated at  one  thousand  millions,  might  be  gathered, 
without  uncomfortable  crowding,  upon  a  spot  less 
than  one  twelfth  of  a  supei-ticial  inch.  The  great- 
est depths  which  man  has  yet  been  able  to  reach, 
in  the  way  of  mining  or  otherwise,  would  not  ex-  ] 
ceed  the  thickness  of  thin  card-board,  and  the  en-  j 
tire  animal  portion  of  the  earth  now  linng  would  \ 


scarcely  till  a  child's  thimble.  The  extent  of  the 
sensible  atmosphere  would  not  exceed  one  inch  and 
a  iiuarter  ;  and  if  man  shall  ever  be  able  to  (leiietrate 
the  earth  to  the  depth  of  ten  miles,  it  would  be  but 
little  more  than  a  quarter  of  an  inch  on  this  21 -feet 

Fig.  2254. 
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model ;  hence  the  model  earth  must  lie  many  times 
21  feet  in  diameter  iu  order  to  show  to  the  naked  eye 
any  of  the  great  works  of  mankind  on  a  like  scale. 

Kigaud  used  the  ]iaper  surface  of  a  36-incli  globe 
to  estimate  the  relative  quantities  of  land  and  water. 
Carefully  cutting  tlie  land  and  water  apart  with 
scissors,  he  weighed  the  two  in  a  delicate  balance, 
and  found  it,  water  731,  land  266. 

Fig.  2254  represents  a  concentric  arrangement  of 
a  tenestrial  globe,  and  a  transparent  celestial  globe 
with  the  constellations  on  the  surface  of  two  hollow 
hemispheres,  which  have  also  the  line  of  the 
ecliptic  X,  and  the  solstitial  and  equinoctial  co- 
lures.  The  universal  horizon  H  is  suspended  from 
the  forked  arms  /  of  the  axis  D.  The  line  of  the 
junction  of  the  hemispheres  marks  tlie  celestial 
equator.  Ziebermayer's  globe  is  of  glass,  with  a 
glass  shell  marked  with  the  constellations. 

Globe-clock. 
A  globe  so  mount-  Fig.  2255. 

ed  .OS  to  revolve 
onc'C  in  twenty- 
four  or  twelve 
hours,  as  the  case 
may  be,  .so  as  to 
indicate  the  time 
on  any  meridian 
by  an  hour  circle, 
or  the  noon  at 
the  time  of  obser- 
vation by  means 
of  the  meridian 
circle.  In  the  ex- 
ample, the  work.s 
of  the  chronome- 
ter are  in  the  in- 
terior, and  are 
wound  up  by  the 
lower  arbor  F ; 
these  works  turn 
the  globe,  the  axis 
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of  till'  daily  wia-il  of  tlie  rhronoiiu'ti-r  lii-iiii;  (.'oiiiui- 
dcnt  with  tin-  a.\ib  F.  d  ami  h  are  hoiii-  ami  iiiiuute 
hanils,  whiili  move  aromul  over  the  dial  D. 

Globe-cock.  Fonueily  a  s|iheie  with  a  .stem  by 
wliieh  it  was  jiioved  towards  and  from  its  seat  ;  now 
a  circular  cli.sk  of  similar  use,  and  retaining  the 
name,  although  but  a  zonal  segment  of  a  sjthere  is 

used.       Sec  Cl.uBIi- VALVE. 

Globe-fii'ter.     A   Hlter  liaving  a  chamber  of 
spherical  form,  whose  hollow  interior  has  a  [lerfo- 
ratcd  diaphragm  or  a  body  of  filtering  material. 
Globe-valve.     1.   A  ball-valve  ;  one  of  a  spher- 
ical shape,  usually  operated  by 
Fig.  2238.  a  screw  stem.    The  valve  is  now 

^m Ik  but  seldom  spherical,   but  is  a 

disk  or  frustum  of  a  cone  fitting 
against  a  seat  of  corresponding 
shape,  as  in  the  figure. 

2.  A  valve  inclosed  in  a  glob- 
ulai-  chamber. 

Gloom;  Gloom-stove. 
(Oi(upoin/<  r  Miinitfacturc.)  The 
drying-nvcu. 

Glo'ry-hole.  {Glass-mak- 
in<i.)  An  opening  in  the  wall, 
e.xposing  the  brilliant  white  of 
tile  interior  of  a  glass-furnace. 

Gloss'iug.  k\\  o]ieration 
upon  silk  thread  by  which  it  is 
moistened  with  steam  and 
stretched  to  ilevelop  a  gloss. 

•Glos'so-co'mou.     A   form 
of  winch  with  gear-wheels  and 
pinions,  and  used  for  raising  heavy  weights. 

Glost-ov'en.  {Porcelain.)  An  oven  in  which 
glazed  ware  is  fired. 

Glove.  1.  A  covering  for  the  hand  (A.  S.  glof : 
Ger.  Iluiiihcliuh)  differing  from  the  mitten  in  having 
a  separate  compartment  for  each  finger. 

Gloves  are  made  from  a  great  variety  of  materials, 
as  textile  fabrics  of  cotton,  linen,  wool,  silk,  the 
pelts  of  the  thinner-skinned  animals,  india-rubber, 
etc. ;  and  in  former  ages  steel,  arranged  in  the  form  of 
plates  or  rings  to  alford  flexibility,  was  employed  for 
the  gloves  or  gauntlets  of  the  mailed  warrior. 

The  skins  principally  employed  for  the  finer  kinds 
of  gloves  ai'e  those  of  the  kid  and  goat,  Imt  otiier 
kinds  of  fine  and  flexible  blither  are  also  used.  It 
has  been  a.sserted  that  large  numbers  of  "kid" 
gjoves  were  made  from  the  skins  of  rats  caught  in 
the  cataciniibs  ami  sewers  of  Paris,  liut  this  asser- 
tion does  not  appear  to  be  warranted  by  fact. 

Great  nuantities  of  kid  gloves  are  now  made  in 
this  country,  the  process  of  mainifacture,  beginning 
with  ]ireparing  the  skins,  being  as  follows. 

ill  dressing  kid  or  goat  skins  for  gloves  they  arc 
first  soaked  in  water  and  "fleshed,"  ,aiid  are  then 
thrown  into  the  vats  of  lime-liipior,  where  they  re- 
main from  three  to  six  weeks,  being  occasionally 
moved  and  turned  until  the  hair  is  sutticieiitly 
loosened.  They  are  then  stretched  upon  the  hnim, 
and  the  hair  removed  with  the  blunt  drawing-knife, 
carefully  preserving  the  grain.  They  are  next  put 
into  a  drench  of  bran  and  water,  or,  more  properly, 
moistened  bran,  where  they  remain  for  a  considerable 
time.  This  softens  and  renilers  the  skin  very  pliable. 
On  being  removed  from  this,  the  tiiirlnij  process, 
which  is  a  snb.titute  lor  tanning  with  liark,  takes 
place.  The  skins  are  covered  by  a  mixture  of  salt 
and  alum,  wliii  h  makes  leather  of  them.  After  be- 
ing cleansed  and  ilried  they  are  ready  for  the  finish- 
ing processes.  They  are  suspended  and  sUiked,  that 
is,  evened  by  a  blunt  knife  drawn  over  the  surface. 
Afterwards  they  are  spread  out  upon  a  flat  surface 


and  rubbed  with  a  sponge  dipped  in  the  beaten  yolk 
of  eggs.  This  preparation  is  absorbed  by  the  leather 
anil  serves  to  make  it  eUistic. 

The  ne.xt  and  last  process  is  coloring.  Lii|uid 
dyes  are  used  for  this  purpose,  and  they  are  aiijilied 
to  the  surface  or  grain  of  the  leather  with  a  biiish. 
After  all  the  processes  of  trimming,  finishing,  and  dye- 
ing are  completed,  the  skin  is  stretched  upon  a  mar- 
ble table  and  rubbed  with  a  blunt  knife.  It  is  then 
cut  through  the  middle,  and  a  strip  for  the  palm 
and  back  of  a  glove  cut,  just  wide  enough  for  the 
jiurpose,  from  one  end  of  each  piece.  Being  cut  in 
this  way  the  pairs  are  alike,  of  similar  finish,  thick- 
ness, and  tint.  In  some  factories  gloves  are  cut  in 
part  by  punches  of  steel,  whicdi  have  teeth  that 
]iiick  the  holes  for  the  stitches.  The  .seams  are 
then  sewed  by  laying  the  edges  evenly  together  and 
jilacing  them  in  a  vise  provided  with  teeth  one 
twelfth  of  an  inch  apart,  between  which  teeth  the 
needle  passes  in  sewing.  After  the  seams  are  sewed 
the  embroidery  is  put  upon  the  back,  the  wrist 
bound  or  otherwise  finished,  and  the  fastenings  sewed 
on.  The  glove  is  next  stietched,  pilaced  in  a  linen 
cloth  slightly  dampened,  and  beaten  to  make  il  more 
flexible.  It  is  then  pressed,  and  is  ready  for  the 
market. 

By  a  slightly  ditt'erent  mode  of  operation,  after 
being  assorted  as  to  i[Uality  and  size  the  skins  are 
transferred  to  the  cutter,  who  cuts  them  into  oblong 
pieces  of  the  reiinired  size.  whi(di  are  turned  over  to 
the  puniher,  who  takes  two  or  three,  pairs  at  a  time 
and  subjects  them  to  the  action  of  a  juess  carrying 
a  punch  corresponding  to  the  size  of  glove  to  be 
made,  which  forms  the  hand  with  all  the  necessary 
slits,  openings,  button-holes,  gussets,  etc.  The 
thumbs  and  foiirchcltes,  or  pieces  between  the  fingers, 
are  punched  separately.  Any  roughness  of  the 
edges  is  removed  by  the  scissors.  After  undergoing 
final  inspection  to  detect  ilefective  jiieces  they  ai'e 
sent  out  to  the  sewers,  and  on  their  return  are 
"topped,"  the  buttons  sewed  on,  and  button-holes 
completed. 

They  are  then  "dressed"  or  straightened,  stamped 
with  the  maker's  name,  and  packed. 

In  Europe  the  skins  of  the  young  kid,  roughly 
dried  in  the  open  air,  are  collected  by  ju'ddlers  wlio, 
setting  out  from  Italy  in  the  early  spring,  extend 
their  peregiinations  to  the  northern  confines  of  the 
continent  as  the  season  advances  and  the  young  kids 
attain  a  sufficient  degree  of  maturity.  By  the  ped- 
dlers the  skins  are  sold  to  traders  in  the  larger 
towns,  whence  they  find  their  way  to  the  great  marts 
for  such  articles,  as  Naples  and  Leipsi.c. 

The  method  of  treating  the  skins  is  es.sentially  the 
same  as  that  adopted  in  this  country.  Some  of  the 
rrcnch  manufacturers  tan  and  dye  the  skins  them- 
selves, so  as  to  insure  uniformity  in  color  and  ipiality, 
\v  bile  others  are  content  to  buy  them  ready  pre]iared. 

The  dye  is  applied  to  the  outer  surface  of  the 
leather  only  by  means  of  the  hands  and  the  as.sist- 
ance  of  a  brush,  and  does  not  penetrate  beyond  the 
exterior.  The  best  skins  are  coloreil  black  and 
other  dark  tints,  holes  or  other  imjierfections  show- 
ing more  plainly  in  these  than  in  lighter  colors,  so 
that  the  jmorer  kinds  are  used  for  white  and  other 
light  shades.  The  variety  of  tints  is  about  two 
hundred. 

There  are  ten  dilferent  sizes,  from  5J  to  8,  for 
ladies' gloves  ;  thirteen,  from  7i  to  11,  for  geiitle- 
nu'ii  ;  and  seven,  from  5  to  6|,  for  misses.  Each  of 
these  sizes  has  a  corresponding  plate  whicli  serves  as 
a  guide  to  the  cutter. 

Buckskin  or  deerskin  gloves  also  form  an  impor- 
tant article  of  manufacture.     The  skins  are  derived 


GLOVE. 


989 


GLUE-BOILER. 


f.oiu  varioii-s  parts  of  the  North  AnieHi-an  continent, 
from  South  Anieriu.i,  and  a  few  from  Europe  and 
Asia.  After  being  limed,  fleshed,  and  unhaired, 
they  are  treated  with  oil  in  a  stamping  or  pounding 
niill  ;  the  oil  is  removed  liy  means  of  soda-asli,  witli 
which  it  forms  a  soap  tliat  is  washed  out.  Tlie  skins 
are  then  stretched  and  suppled  by  rubbing  witli  a 
stretcher  iron  or  stake,  colored  with  a  wash  of  oclier, 
and  their  surfaces  smoothed  by  grinding  on  a  wlieel 
covered  with  emery  and  pumice. 

The  gloves  are  cut  out  with  steel  dies,  and  stitclied 
by  a  macliiue.  When  finished,  they  are  dampened, 
stretched  upon  a  hand-shaped  board,  dried  and  packed 
for  transportation. 

Fur  gloves  are  made  with  the  inner  portion  or 
palm  of  kill  or  dog  skin,  and  the  back  of  far.  They 
are  lined  with  flannel  or  an  inferior  nuality  of  fur, 
usually  the  white  scfiirrel  or  coney  or  lamb-skin 
with  the  wool  on,  and  are  used  in  winter  traveling, 
driving,  etc. 

India-rubber  gloves  are  intende.l  for  the  use  of 
manufacturing  chemists,  druggists,  and  photogra- 
phers, or  all  who  work  among  acids,  alkalies,  Ani. 
other  caustic  materials.  They  are  also  ailapted  to 
the  use  of  firemen,  hatters,  tanners,  and  dyers. 

In  the  manufacture  of  india-rubber  gloves,  the 
first  process  is  to  heat  slightly  a  mass  of  the  gum, 
which  is  rolled  into  a  flat  sheet  between  revolving 
cylinders.  From  this  sheet  the  gloves  and  mittens 
are  cut  by  gouges  similar  to  those  employed  in  the 
cutting  of  leather  gloves.  They  are  then  joined  liy 
plai-ing  the  edges  in  contact,  and  covering  them  with 
strips  of  heateil  ruljlpcr. 

A  lighter  style  is  made  thus :  A  piece  of  cotton  cloth 
or  stockinet  is  passed  through  the  cylinders  at  the 
same  time  with  the  giun,  which  by  this  process  coin- 
jiletely  coats  it.  From  this  the  gloves  are  cut,  an  I 
joined  by  covering  the  edges  with  strips  of  heated 
rubber.  Tliese  gloves  are  made  of  a  variety  of  colors, 
are  very  soft  and  pliable,  and  have  a  very  neat 
iinish.  Gloves  are  made  with  corrugated  rubber 
palms  for  use  in  washing. 

Pliny  recommends  the  use  of  gloves  and  boots  to 
those  engaged  in  pulling  spartium,  —  a  variety  of 
the  broom,  and  used,  when  soaked  and  broken  like 
hemp,  to  make  coai'se  cord:vg'  and  the  commonest 
descriiition  of  garments.  He  alsi  recoiunieu  Jed  them 
to  his  .secretary,  thit  he  might  not  be  impeded  by 
chilly  fingers  in  noting  down  memoranda. 

Xenojiliou  ridicules  the  etfeminac}'  of  the  glove- 
wearing  Persians.  (Ct/ro/>.  VIII.  8,  17.)  They  do 
not  appear  to  have  been  worn  by  the  ancient  Egy|i- 
tians,  but  were  regarded  as  a  part  of  the  indicative 
dress  of  Xorthern  barbarians. 

Some  dirty-handed  cynics  calling  themselves  phi- 
losophers railed  at  the  Roman  gentry  for  wearing 
gloves. 

The  father  of  Ulysses  wore  gloves  while  working 
ill  his  garden.     .So  said  Homer. 

The  use  of  gloves  in  common  life  is  a  habit  of  late 
introduction. 

During  the  Middle  Ages  the  glove  was  worn  as  a 
badge  of  distinction,  and  also  in  the  helmet  as  a  token 
of  a  lailvs  favor.  See  Hall's  "Chronicle,"  time  of 
Henry  IV. 

Charlemagne  recognizes  in  a  grant  the  use  of  leather 
in  making  gloves  and  book-covers.  Ethelred  II.  had 
a  present  of  two  paii-s  from  a  merchant  company. 
Henry  II.,  when  he  lay  in  state,  was  habited  in 
gloves.  Elizabeth  wore  embroidered  gloves,  and  is 
thus  painted  ;  — 

"Painted  leather  gloves,  veiy  pretty  and  all  the 
mode."  —  Pepys,  1663. 

2.  {Hat-Mttkiiig.)     A  smooth  piece  of  wood  for 


rubbing  a  sheet  of  felt,  and  causing  the  naj)  to  ad- 
here to  the  body  when  working  at  the  bntti'rij.  The 
ylovc  is  held  in  the  palm  of  the  hand  and  lied  on  by 
a  string. 

G-love-mak'iug  Ma-chine'.  The  apparatus 
upon  which  gloves  are  stitcheil  consists  essentially 
of  a  pair  of  jaws  opened  and  closed  by  means  of  "a 
treadle,  and  having  at  their  holding  edges  teeth  be- 
tween which  the  neeille  is  passed  back  and  forth  iu 
sewing,  thus  regulating  the  length  of  stitch.  The 
cutting  apparatus  has  a  reciprocating  heail  provided 
with  movable  dies  of  various  sizes. 

Glue.  Glue  is  made  ol  the  clippings  of  hides, 
horn.s,  and  hoofs  ;  washed  in  lime-water,  boiled, 
skimmed,  strained,  evaporated,  cooled  in  molds,  cut 
into  slices,  and  dried  upon  nets. 

It  is  princi])ally  prepared  from  the  parings  and 
waste  pieces  of  skins,  the  refuse  of  tanneries,  and 
the  tendons  ami  other  ort'al  of  slaugliter-bou.ses. 
These  are  steeped  in  milk  of  lime  for  about  two 
weeks  and  afterward  diied.  In  this  state  they  may 
be  preserved  for  an  indefinite  length  of  time.  Pre- 
vious to  itoiling  they  are  again  steeped  in  weak  milk 
of  lime  for  from  twenty-four  to  thirty  hours,  and 
then  placed  in  a  boiler  having  a  perforated  false 
bottom  to  prevent  burning.  (.See  Gh'k-boilek.) 
Here  the  .scraps  are  gently  Ijoiled  until  a  firm 
gelatiuo\is  licjuid  is  produced,  the  clear  portion  of 
whii  h  is  run  ofl'  into  another  vessel,  and  a  small 
i|nantit\'  of  dissolved  alum  added  thereto.  Here  it 
is  kept  hot  by  means  of  a  water-bath,  and  allowed 
to  remain  for  several  houi-s  in  order  to  deposit  its 
imimrities,  after  which  it  is  run  into  the  congealing 
bo.ves  and  placed  in  a  cool  situation. 

On  the  ne.xt  day  the  sheets  thus  formed  are  turned 
out  upon  wetted  boards  and  cut  into  cakes,  by 
means  of  a  stretched  bra.ss  wire,  whidi  cakes  are 
farther  subdiviileil  by  a  moistened  flat  knife,  and 
p'aced  on  nettings  to  dry. 

They  are,  after  drying,  dipped  into  hot  water  and 
slightly  rublied  with  a  brusli  wetted  with  boiling 
water  to  give  them  a  gloss,  and  stove-dried.  Tliis 
furnishes  the  palest  and  best  glue. 

The  residuum  left  in  the  boiler  is  treated  with 
fresh  water,  producing  an  inferior  article  of  glue,  and 
this  operation  is  repeated  again  and  again,  .so  long 
as  any  gelatinous  matter  can  be  extracted  from  the 
scraps. 

Glue  was  used  by  the  cabinet-makers  of  ancient 
Egypt. 

The  Greeks  used  various  sticky  mattei's,  such  as 
glue,  bird-lime,  and  cobblers'  wa.\. 

"Wood  is  joined  together  with  glue,  prepared 
from  certain  parts  of  o.xen,  and  with  such  strength 
that  the  veins  of  boards  will  open  in  a  crack,  sooner 
than  the  .seams  of  o.x-ghie  will  rela.x  their  fasten- 
ings."—  LrcRF.Tius,  Book  VI. 

Isinglass  glue  ;  soak  isingla.ss  in  cold  water ;  when 
swelled,  put  in  spirits  of  wine  ;  heat  it  in  a  bottle 
plunged  in  a  bath  ;  add  ])owdered  chalk. 

Gelatine  glue ;  swell  in  cold  water  ;  immerse  in 
linseed-oil  and  heat  in  a  bath  ;  add  red  lead. 

IVater-proof  glue  ;  boil  two  ounces  of  isinglass  in 
a  [lint  of  skim-milk,  until  the  required  consi.stence 
is  obtained. 

Marine  glue  ;  shellac  and  caoutchouc,  equal  parts, 
dissolved  in  separate  portions  of  naphtha,  and  then 
mixed. 

Or,  india-rnbber,  1  pound  ;  coal  naphtha,  4  gal- 
Ions  ;  shellac,  2  ounces. 

JVhite  fi^h-ghie,  or  diamond  cement,  is  made  of 
isinglass  dissolved  in  alcohol. 

apiildiiK/'s  liquid  glue ;  glue  and  acetic  acid. 

Glue-boil'er.    A  convenient  apparatus  for  boil- 
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ing  skins  into  glue  has  three  coppers,  at  dilier- 
ent  liiglits  ;  the  upper,  acted  on  by  the  waste  lieat 
from  tlie  chimney,  warms  the  water,  wliicli  is  tlieii 
drawn  nil'  into  the  central  one  (a)  in  wliicli  the  sciaps 
are  placed,  and  wliich  has  a  jierforated  false  bottom, 
and  the  third  {b)  receives  the  gelatinous,  solution 


Fig.  2257. 


Glue-Boiler. 


obtained  by  boiling.  Tlie  last  vessel  is  double,  with 
water  between  tlie  inner  and  outer  shells,  and  dis- 
charges its  contents  into  buckets,  by  wdiich  the  solu- 
tion is  transferred  to  the  evaporating- boxes. 

Aliove  is  shown  a  carpenter's  glue-pot. 

Glue-can.  A  kind  of  glue-pot  in  which  the 
prepared  glue  is  kept  in  the  inner  can,  and  it  is  sur- 
rounded by  an  outer  tin  vessel  containing  water  for 
heating  the  glue. 

61ue-ce-ment'.  To  resist  moisture.  Glue,  4  parts; 
black  rosin,  i  ]«rts  ;  red  ochre,  1  part.  Or,  glue,  4 
parts  ;  boiled  oil,  1  ]iart ;  o.xide  of  iron,  1  part. 

Glue-dry'er.    A  nuichiue  or  closet  for  drying 


Fig.  2258. 
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Glue-  Can. 

sheets  of  glue. 
In  the  ex- 
ample, the 
endless  web  .4 
B  has  sections 
ofplateswhich 
dip  at  their 
lowest  posi- 
Glue-Dnjer.  tion    into   the 

depression  D, 
which  contains  liquid  glue.  As  the  octagonal  roller 
C  C-  rotates,  tlie  glue-covered  plates  ascend,  be- 
ing accompanied  by  a  blast  of  heated  and  dry  air 
from  the  blower  below.  An  additional  or  inter- 
mediate pulley  or  drum  C'^  is  arranged  between  the 
two  sup|iorting  pulleys,  to  deflect  the  endless  chain 
and  its  plates  against  rotating  disks  carrying  brushes 
R,  whieh  latter  remove  the  glue  from  the  plates. 


During  tlieir  descending  motion,  tlie  plates  are  ex- 
pust'ii  tn  air  clR-iiiically  ilried  in  tlie  furnace  p. 

Glue'ing-ma-ohine'.  One  for  smearing  upon  an 
applied  surface  a  thin  and  even  coating  of  liquid 
glue.     In  the  example,   i  is  a  tank  of  glue  kept 

Fig.  2260. 
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Glueing- Machine. 

heated  by  a  steam-jacket,  d  is  a  roller,  whose  lower 
portion  revolves  in  tlie  tank  ;  a  sera[ier  c  removes 
the  redundancy,  and  its  upper  surface  is  coated  with 
a  thin  pellicle,  suitable  for  application  to  a  leather 
strip  which  is  to  be  joined  to  its  fellow,  or  a  veneer 
wliicli  is  to  be  attached  to  an  object. 

Glue'iag-press.    One  to  hold  Hrmly  together  a 
number     of  (^--x  j,.    2262. 

parts  wliich  V._ 
have     been 
attached  by 
glue  or  ce- 
ment. 

Fig.  2261. 
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Glue-pot.     A  can  or 

pot  with  a  tray  to  liold 

the  glue,  wliiiii  is  inelt- ; 

ed    bv   the   heat    of   tlie  i 

watei"  in  tlie  outer  vessel.  °'"""S-  '^"'■ 

Glut.  1.  A  wooden  wedge  used  as  a  quoin,  a 
chock  in  splitting  timber,  or  as  a  fulcrum  to  a  lever. 

2.  (Kautical.)  a.  A  patcli  at  the  center  of  the 
head  of  a  sail,  having  an  eyelet  for  the  becket-rope. 

b.  A  choking,  as  by  throwing  the  faU  of  a  rope 
across  the  sheaves. 

3.  (Bricklaying.)  A  small  brick  or  block  intro- 
duced into  a  course  to  complete  it. 

Glyc'er-ine.  A  viscid,  colorless  liquid,  having 
a  sweetish  taste  hut  no  odor,  which  may  be  derived 
from  nearly  all  oily  or  fatty  substances.  It  was  dis- 
covered by  Scheele  in  1779.  Its  chemical  combina- 
tion is  1 6  Rg  On.  It  unites  readily  with  water,  and 
the  combination  thus  fonned,  as  well  as  pure  glycer- 
ine, is  capable  of  solving  a  gi-eat  variety  of  substan- 
ces. Upon  this  circumstance,  its  non-liability  to 
freeze  at  low  temperatui'es,  its  slight  volatility  at 
temperatures  below  '20(1°  F.,  and  its  efficacy  as  a 
preservative  agent,  its  value  in  the  arts  chiefly  de- 
pends. Glycerine  is  obtained  by  various  processes, 
the  object  being  to  detach  it  from  its  combination 
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with  the  acids,  oleic,  margarie,  and  stearic,  to  which 
it  is  united  as  a  base.  Tlie  refuse  from  soaii-makiiig 
contains  a  large  proportion  of  it,  which  h.is  been 
usually  thrown  away. 

It  may  be  obtained  by  treating  olive-oU  with  o.xide 
of  lead,  leaving  a  residuum  of  impure  glycerine, 
which  may  be  purified  by  sulphuretted  liydrogen, 
and  concentrated  by  evaporation  over  a  water-bath. 

The  preferable  process  is  by  passing  steam,  heated 
to  between  500  -  600°  Fah.,  through  a  fatty  substance 
in  a  still.  The  glycerine  and  fatty  acids  distill  over, 
are  separately  condensed,  and  may  be  concentrateil 
by  evaporation.  The  purity  depends  upon  tliat  of 
the  substance  employed. 

Glycerine  is  employed  in  medicine  as  a  vehicle  for 
liniments,  carbolic  acid,  etc. ,  and  may  be  used  for  form- 
ing extracts  and  tinctures.  It  is  also  employed  in 
saipsandcosmeticsof  various  kinds,  impartingasense 
of  moisture  and  coolness  to  the  surfaces  where  ap- 
plied ;  and  for  preserving  animal  and  vegetable  prep- 
arations, not  shrinking  them  ixs  alcohol  does.  Its  non- 
evaporability  makes  it  useful  as  an  ingredient  in 
copyiug-ink,  and  by  treatment  with  nitric  acid  it 
forms  the  well-known  explosive  nitro-glycerine. 

Glyph.  {Architecture.)  Perpendicular  Huting, 
used  in  the  Doric  frieze. 

G-lyph'o-grapti.  A  name  given  by  Mr.  Palmer 
to  his  system  of  relief  line-engraving. 

A  thiu  ground  of  wax  is  spread  upon  the  plate ;  this 
13  etched  or  cut  away  so  as  to  give  the  design  in  in- 
taglio. The  ground  is  now  covered  with  a  film  of 
graphite,  after  which  metal  is  precipitated  upon  the 
metal  in  an  electro-bath,  giving  a  metallic  plate 
with  the  design  in  relief.  The  copper  shell  is 
backed  with  lead  and  used  as  an  ordinary  printing 
surface.  By  a  similar  process  the  engrarings  whicli 
illustrate  this  book  have  been  made.  See  Relief 
Lin-e-ex<;ravin'(;. 

Glyp'to-graph.  An  engraving  on  a  gem  or  a 
semi-prei-ious  stone. 

Gno'mon.  1.  a.  The  style,  or  pin,  which,  by 
its  shadow  on  the  dial-plate,  shows  the  hour  of  the 
day.     See  Dixh. 

b.  A  rod  or  piUar,  from  whose  shadow  the  alti- 
tude of  the  sun  may  be  determined.  Such  were  in 
use  in  ancient  Egypt,  in  China,  and  such  were  found 
at  Quito  by  the  invading  Spaniards. 

The  astronomer  Uleg  B.-^g  erected  a  gnomon  at 
Samarcand  in  1437,  tlie  higlit  of  whicli  w;is  176.89 
feet.  The  gnomon  of  the  sun-dial  of  Delhi  takes 
the  form  of  an  elevated  staircase.     See  Dt.\l. 

The  ijiMinon  or  stijJc  of  a  horizontal  dial  has  an 
edge  parallel  to  the  axis  of  the  eartli,  and  makes 
with  the  horizontal  plane  of  the  dial-plate  an  angle 
equal  to  the  latitude  of  the  place. 

The  gnomon  was  anciently  used  in  China  for 
astronomical  purposes,  but  this  people  did  not  excel 
in  dialing.  A  measurement  of  the  length  of  the 
solstitial  shadow,  made  by  Tschen-Kung,  at  Loy- 
ang,  on  the  Yellow  River,  1200  B.  c,  was  found  by 
Laplace  (quoted  by  Humboldt  in  "Cosmos,"  Yol. 
II.  p.  115)  to  accord  perfectly  with  the  present  ac- 
cepted theory  of  the  change  in  the  obliquity  of  the 
ecliptic. 

"The  sun-dial  and  the  gnomon,  with  the  division 
of  the  day  into  twelve  parts,  were  received  by  the 
Greeks  from  the  Babvlouians."  —  Heuodotvs,  II. 
109. 

Eubulus,  the  comic  poet,  quoted  by  Athenaeus, 
who  wrote  about  .v.  D.  220,  says  :  — 

"  "We  have  invited  two  unequalled  men, 
Philo-crates  and  eke  Philocrates, — 
For  that  one  man  I  always  count  as  two, 
1  dou't  know  that  I  migiit  not  e'ea  say  three. 


They  s;iy  that  once  when  he  was  a.^ked  to  dinner, 
To  come  when  first  the  dial  gave  a  shade 
Of  twenty  feet,  he  with  the  lark  uprose. 
Measuring;  the  shallow  of  the  morning  sun, 
Which  gave  a  .'ihode  of  twenty  feet  and  two. 
Off  to  his  host  he  went,  and  pardon  hegged 
For  having  been  detained  by  business  ; 
A  man  who  came  at  daybreak  to  his  dinner !  " 

The  gnomons  of  Pent  disgusted  the  invading 
Spanish,  who,  of  course,  hail  never  bowed  to  images. 
One  obelisk  at  Quito  was  in  the  center  of  a  cii-cle, 
on  which  was  marked  an  east  and  west  line  indicat- 
ing the  equinox.  The  nithless  comiuerors  thought 
it  was  an  idol,  and  did  not  comprehend  that  they 
were  on  the  equator.  The  men  who  were  expelled 
from  Cordova  about  290  years  previous  could  have 
explained  the  use  of  the  pillar.      See  Dl.VL. 

2.  An  instrument,  more  employed  fornn'ily  than 
now,  for  measuring  altitudes  and  declinations  of  the 
sun  and  stars.  It  was  usually  a  colmnn  erected 
upon  level  ground  or  pavement.  An  observation 
made  at  Marseilles  by  Pytheas  in  the  time  of  Ale.x- 
ander  the  Great  showed  that  the  gnomon  at  that 
jdace  was  as  the  meridian  shadow  at  the  summer 
solstice,  as  21 3i  to  600. 

Cassini's  celebrated  gnomon  in  the  Church  of  St. 
Petronius  at  Bologna  was  eighty-tliree  French  feet 
in  bight. 

Groaf.  (Mining.)  An  excavated  space  from  wliich 
the  ore  has  been  removed.  It  is  sometimes  nnule 
the  receptacle  for  the  deads  and  altle  of  the  mine  to 
avoid  sending  them  up  to  tlie  surface,  and  to  .sup- 
port the  roofs  of  the  workings. 

Sob  ;  Gobb.  (Mining.)  a.  A  ^oo/ or  abandoned 
working  in  a  mine  from  which  the  ore  or  coal  lias 
been  taken,  and  is  now  used  to  contain  refuse. 
b.  At>h\  waste,  rubbish  of  working.  Gulbing. 
Gob'e-liaa.  {Fabric.)  A  superioi-  kind  of  French 
tapestry,  deriving  its  name  from  the  brotliers  Gobe- 
lin, the  first  manufacturers. 

Go-cart.  A  small  frame,  without  a  bottom  and 
running  on  casters,  for  teaibing  infants  to  walk. 

Gof  fer-ing-ma-chine'.    A  machine  for  making 
plaits  or  ruffles.     See  G.wfferixo-.maciiine. 
Gog'gles.     1.  Eye-blinds  for  horses. 
2.   Tubes  or  glazed  eases  in  front  of  the  eyes  for 
protection  from  dust  or  intense  light. 

A  similar  arrangement  for  weak  eyes  was  u.sed  by 
Pepys,  and   described  by  him   in   his   "  Diary "  of 
April  25, 1669,  under  the 
name  of  a  vizard  "  with  Fig.  2263 

tubes  and  glasses  got  to 
])ut  in  and  out.  I  paid 
him  15  s." 

Wooden  goggles  (6)  are 
worn  by  the  Yukon  In- 
dians of  Alaska.  They 
are  used  to  diminish  the 
light  and  prevent  the 
glare  from  producing 
blinilness.  This  mode 
of  contracting  the  dia- 
phragm resembles,  except 
in  not  being  automatic, 
the  device  in  the  eye  of 
a  cat,  the  iris  of  this  an- 
imal diminishing  by  lat- 
eral contraction  instead 
of  orbital.     See  Ikis-di-^phraom. 

Go'ing-bar'rel.  (Horology.)  a.  A  barrel  con- 
taining a  mainspring  and  hanng  a  cog-wheel  on  its 
perijiliery  which  drives  the  train.  It  supersedes  the 
aiTangement  of  chain  and  fusee. 

b.  A  ratchet-wheel  with  jiawl  and  spring  on  thfi 
shaft  of  the  great  wheel,  by  which  the  works  are 
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Harrison's  Goinq-Barrd  {BrawiCs 
Merhanicat  MoL-ements). 


kept  yoiiig  wliile  tlie  clock  is  being  wound  up.  In- 
vented by  the  celebrated  English  watchnjaker,  Har- 
rison. 

In  this,  tlic   lnrf,'er   ratchet-wheel,   to  which  the 

click   I    is    at- 
Fig  2264. 


tached,  is  con- 
nected to  the 
great  wlieel  (/ 
i  by  a  spring  s. 
While  the  clock 
is  going,  the 
weight  acts  up- 
on the  gl'eat 
\vheel(/throiigh 
the  spring;  but 
as  soon  as  the 
weight  is  taken 
ott'  by  winding, 
the  click  /,  whose  pivot  is  set  in  the  I'rame,  prevents 
the  laiger  ratchet  from  falling  back,  and  so  the 
spring  s  still  drives  the  clock-wheel  during  the  time 
the  chick  takes  to  wind. 

A  niodilicution  of  the  ilevice  was  adapted  by  the 
same  inventor  to  suit  watches. 

Go'iiig-vrheel.  -\n  arrangement  invented  by 
Huygliens  to  keep  a  clock  in  motion  while  winding. 
In  Fig.  '2204,  a  is  the  going  and  b  the  striking  wheel, 
carrying  on  their  a.xes  the  pulleys  c  d,  wlii<'h,  by 
means  of  an  endless  cord  or  chain,  sustain  tlie  pul- 
leys carrying  tlie  weights  e/,  the  latter  sen'ing  merely 
to  keep  the  chain  taut  ;  each  of  the  pulleys  c  d  sup- 
ports half  tlie  larger  weight,  so  that  on  turning  the, 
pulley  (/,  in  the  act  of  winding,  the  weiglit  c  while 
being  raised  still  continues  to  act  with  half  its  force 
on  the  pulley  c,  the  pulley  d  turning  so  as  to  lift  the 
weight  c,  and  being  prevented  from  going  back  by 
the  engagement  of  the  pawl  g  with  its  toothed  exte- 
rior. 

Gold.  Eiiuivalent,  98.7  ;  symbol,  Au.  (Aurum)  ; 
specilic  gravity,  l'J.2  ;  point  of  fusion,  2282°  F. 
Found  in  the  native  state,  mechanically  associated 
with  earths  and  sometimes  alloyed  with  nietahs.  It 
is  a  heavy,  yellow,  lustrous,  malleable,  ductile,  non- 
oxiilizalile,  soft  metal.  Its  uses  are  for  coin,  plate, 
ornaments,  and  articles  of  luxury. 

Its  piincipal  sources  are  California,  Australia,  the 
western  coast  of  Africa,  and  the  Ural.  It  is  a  very 
widely  dis.seniinated  metal,  but  is  only  found  in 
paying  ipiantities  in  a  few  countries.  Wicklow,  in 
Ireland,  parts  of  Nova  Scotia  and  of  Virginia  and 
North  Carolina,  yield  this  metal. 
The  principalsujipliesof  gold  in  the  land  of  Egypt 


were  derived  from  the  gold  niiin'S  in  the  de.sert  of 
the  Upper  Country.  Their  jiosition,  according  to 
Wilkin.son,  is  .still  known  to  the  .\rab.s,  and  is  about 
southeast  from  liahiyreli,  a  village  op)ioj.ite  the 
town  of  Edfou,  at  a  distance  of  ten  ilays'  journey. 
The  gold  lies  in  veins  of  cpiartz  in  the  rocks  border- 
ing an  inhiispitable  valley  and  its  adjacent  ravines, 
and  yields  a  small  quantity  in  ]iro]iortion  to  the  labor 
reipiired.  Water  is  scarce,  the  locality  is  remote 
from  food  and  the  materials  necessary  for  the  prose- 
cution of  the  work,  and  do  not  seem  to  otfcr  any 
prospect  of  reward  lor  reopening. 

They  were  run  by  .slave  jiower  at  a  time  when  the 
.sacrifice  of  human  life  by  hardship  was  a  matter  of 
little  concern  ;  as  was  evinced  in  other  regal  under- 
takings, —  the  building  of  the  I'yramiils,  the  ([uar- 
rying,  moving,  and  erection  of  the  monolith.s,  and 
the  digging  of  the  canal  from  the  Nile  to  the  Ked  Sea. 

Agatharcides  .states  that  the  toil  of  extracting  the 
gold  of  these  nunes  was  immense.  The  rock  was 
pounded  fine,  and  the  gold  was  separated  by  freijuent 
washings,  and  the  account  is  confirmed  by  paintings 
on  the  tombs  executed  in  the  reigu  of  Osirtasen, 
about  1740  B.  0. 

Mehemet  Ali  announced  his  intention  to  reopen 
the.se  mines,  but  desisted.  He  was  tyrant  enough 
for  the  pui-pose,  but  had  a  method  in  his  madness, 
and  was  doubtless  deterred  by  mechanical  and 
climatic  difficulties.  The  skeletons  of  the  victims 
of  his  rapacity  in  Egypt  would  have  paved  the  road 
across  the  desert  to  the  desolate  hills  devoted  to  the 
aicri  sacra  fames. 

These  mines  are  said  to  have  yielded  $35,000,000 
per  annum  in  the  times  of  Ranieses  II.,  fourtienth 
century  B.  c,  and  were  still  worked  under  the 
Ptolemies. 

The  "molten  calf"  and  the  fact  that  Aaron 
"  fashioned  it  with  a  graving  tool"  show  that  cast- 
ing and  engraving  metals  were  known  1490  B.  C, 
and  the  character  of  the  articles  found  in  the  tomb.s, 
as  well  as  the  paintings  and  sculptures,  point  in  the 
same  direction.  A  curious  series  of  pictures  at  Beni- 
Hassan  point  out  with  some  clearness  the  process  of 
collecting  and  working  gold.      (Fig.  2265.) 

Reference  has  just  been  made  to  the  account  of 
Agatharcides,  where  he  describes  the  haid.ships  of 
the  gold-miners.  A  fuller  descrijitiou  is  given  of  it 
by  Diodorus,  entering  into  a  detailed  statement  of 
the  cruel  treatment  of  the  unfortunate  convicts  who 
were  sent  by  thousands  to  the  spot  and  worked  un- 
der the  In.sh  without  any  alleviation,  care  during 
sickness,  or  any  ho|ie  except  in  death.     The  account 
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is  too  long  to  insert,  but  stanils  along  with  the  his- 
tory of  Spanish  operations  in  the  gold  mines  of  His- 
paniola  as  an  example  of  what  can  be  done  by  men 
who  "  neither  fear  God  nor  regard  man." 

The  illustration  is  taken  from  a  tomb  at  Beni- 
Hassan,  and  includes  the  operations  from  the 
washing  of  tl»e  pounded  ore  to  the  uiaking  of  jew- 
elry. 

The  words  of  Diodorns,  10  B.  C,  throw  much 
light  on  the  process  employed  in  liis  time.  He 
states  that  the  "marble  shining  rock"  (ijuartz)  is 
excavated  by  main  force  by  iron  picks  and  chisels, 
and  cirried  by  boys  from  the  bottom  of  the  shafts  to 
the  open  air.  It  is  then  pounded  by  iron  pestles  in 
stone  mortars  till  the  pieces  are  reduced  to  the  size 
of  a  lentil.  It  is  then  ground  in  the  ordinary  hand 
mill  to  a  fine  powder.  He  then  ]iroceeds  to  say  :  "  At 
length  the  misters  take  the  stone  thus  giound  to 
powder  and  c.irry  it  away  to  undergo  the  linal  jirocess. 
They  spread  it  upon  a  broad  tabic  a  little  inclined, 
and,  pouring  water  upon  it,  rub  the  pulverized  stone 
until  all  the  earthy  matter  is  sejiarated,  wliich,  flow- 
ing away  with  the  water,  leaves  the  heavier  particles 
behind  on  the  board.  This  operation  is  often  repeated, 
the  stone  being  rubbed  lightly  with  the  hand  ;  they 
then  draw  up  the  useless  and  earthy  substances  with 
fine  sponges,  gently  applied,  until  the  gold  comes  out 
quite  pure.  Other  workmen  then  take  it  away  by 
weight  and  measvire,  and  iintting  it  with  a  fixed  pro- 
portion of  lead,  salt,  a  little  tin,  and  barley  bran,  into 
earth.^n  crucibles  well  closed  with  clay,  leave  it  in  a 
furna  e  for  five  successive  days  and  nights,  when  it  is 
suH'ered  to  cool.  The  crucibles  are  then  opened,  and 
nothing  is  found  in  them  but  tlie  i)ure  gold,  a  little 
diminished  in  quantity.  Such  is  the  method  of  ex- 
tracting gold  on  the  confines  of  Egypt,  the  result  of 
so  many  and  such  great  toils.  Nature  indeed,  I 
think,  teaches  that  as  gold  is  obtained  with  immense 
labor,  so  it  is  kept  with  diffieulty,  creating  great 
anxiety,  and  attended  in  its  use  both  with  pleasure 
and  grief." 

The  series  of  operations  shown  in  the  cut  evi- 
dently refer  to  something  similar  to  the  process 
described  by  Dioilorus.  A  man  is  spreading  the 
auriferous  mud  on  a  board  ;  then  a]ipears  a  man 
with  a  shovel,  and  another  with  an  inclined  chute. 
A  fourth  is  working  with  a  pan,  into  which  water  is 
poured  by  a  fifth  person.  The  latter  also  tlirows 
water  into  a  rilfle,  which  is  a  series  of  steps.  Othei-s 
are  washing  and  stirring  the  material  in  pans.  Next 
we  see  the  scribe  and  the  scales.  Then  tlie  crucible, 
presided  over  by  a  man  with  a  blow-pipe  ;  and  as  a 
seriuence  are  jewelers  making  up  the  gold  into  an 
ornamental  form,  for  some  purpose  not  apparent  to 
the  writer,  though  no  doubt  clear  enough  to  the 
artist  of  thirty-five  centuries  ago. 

Gold  was  first  coined  in  England  in  .\.  n.  1257. 
The  amount  of  gold  that  pa.ssed  tlirough  the  English 
mint  from  1553  (accession  of  Queen  Elizabeth)  to 
January  1,  1840,  is  3,553,561  pounds'  weight,  troy. 
The  value  of  gold  coined  in  the  reign  of  George  III. 
was  £74,501.586. 

An  ounce  of  gold  will  cover  a  silver  wire  1300  miles 
in  length,  and  a  grain  of  gold  may  be  extended  into 
a  leaf  of  56  square  inches.  Gold-leaf  may  be  re- 
duce.l  to  the  290,000th  part  of  an  inch.     See  Am.\l- 

G.A.M.VrOR  ;    GoLn-LRAF. 

Gold-al-loys'.  Those  in  which  other  metals  are 
added  to  gold  to  confer  hardness,  as  in  coin,  or  to 
cheapen  the  product,  as  in  some  jewelers'  alloys  and 
sohlers.      See  .\lloys,  pp.  62,  63. 

Gold-beat'er's  Ham'mer.  A  hammer  with  two 
somewhat  rounded  faces,  used  in  beating  the  pack  of 
alternate  gold  ribbon  and  vellum  or  gold-leaf  and 
63 


skin.  As  the  work  progiesses  smaller  hammers  are 
used. 

The  forging-kammer  is  used  in  reducing  the  ingot 
of  gold  to  one  sixth  of  an  inch  thickness.  The  anvil 
is  a  steel  block  i\d  inches  on  the  face. 

The  hammer  for  the  first  course  of  beating  is  short 
handled  and  weighs  15  or  16  pounds.  The  hammer 
for  the  next  beating  weighs  10  pounds. 

The  French  series  of  hammers  is  :  — 

The  _/?((<  or  enlarging  hammer.  Its  head  is  slightly 
convex,  and  has  a  diameter  of  5  inches.  Its  .shape 
is  a  truncated  hexagonal  pyramid,  the  face  being 
the  base.     It  weighs  14  or  15  pounds. 

The  commenciny-ltamincr  is  more  convex  than  the 
flat,  has  a  face  of  4  inches,  and  weighs  6  or  7  jionnds. 

The  sprcading-hammcr  (martccni  d  dinsser)  is  still 
more  convex,  has  a  head  2  inches  in  diameter,  and 
weighs  4  or  5  pounds. 

The  finish! iig-hamincr  is  still  more  convex,  has  a 
face  4  inches  in  diameter,  and  weighs  12  or  13  pounds. 

Gold  was  beaten  into  thin  sheets  by  the  ancient 
Egyptians,  and  used  in  ornamenting  furniture,  coffins, 
and  nuineroi'.s  other  articles. 

Gold-beat'er's  Skin.  Prejiared  from  the  peri- 
toneal membrane  of  the  Ciecuni  of  the  ox.  U.sed  to 
separate  the  leaves  of  gold  while  under  the  hammer. 

Gold-beat'ing.     See  Gold-leaf. 

Gold-block'ing.  Pressure  of  an  engraved  or 
composed  block  upon  gold-leaf  spread  upon  a  book- 
cover.     Without  the  leaf  it  is  called  bliud-bloclcing. 

Gold,  Chlo'ri-na'tion  of.    See  Chlorinatiox. 

Gold-fur'naoe.  This  resembles  a  brass-furnace 
(see  Bi:a.ss-fuu.\ace),  but  is  usually  built  above  the 
floor,  occupying  one  side  or  more  of  the  shop,  an<l 
appearing  like  a  stunted  wall.  The  aperture  for  the 
fuel  and  crucible  in  each  furnace  is  9  to  16  inches 
square,  and  11  to  20  inches  deep.  The  front  edge 
of  the  wall  is  horizontal  and  stands  about  thirty 
indies  from  the  floor,  but  the  top  inclines  back- 
ward at  an  angle  of  about  30°,  and  a  ledge  holds  the 
tiles  which  close  the  tojis  of  the  furnaces. 

The  crucibles  are  usually  of  black-lead. 

The  auriferous  copper  ore  of  Colorado  is  thus  re- 
duced. The  pyrites  are  roasted  in  kilns,  wood  be- 
ing the  fuel,  expelling  about  half  the  sulphur.  The 
black  mass,  protosulidiide  of  iron,  is  calcined  in 
Ijrick  ovens,  being  stirred  with  iron  rods.  The  re- 
.'.ulting  black  or  brown  powder  is  placed  on  the 
hearth  of  a  reverberatory  smeltiug-fnrnace,  with  such 
]nixture  of  auriferous,  argentiferous,  and  cu|irilerous 
ores  as  shall  produce  the  reactions  which  will  .sepa- 
late  the  materials  into  a  floating  dross  and  a  pool 
of  metal.  The  ferruginous  slag  is  drawn  oH'  at  an 
up]ier  hole,  and  a  mixture  of  gold,  silver,  copper, 
and  iron  at  a  lower  hole,  forming  a  nuitt  which  is 
shipp  d  to  Swansea,  Wales,  for  complete  separation. 

Gold,  Im-i-ta'tion.  Mock-gold.  See  J  eweleji's 
Alliiys,  p.  63. 

Gold-leaf.  Gold-leaf  was  made  in  Egypt  1706 
B.  C.  Homer  refers  to  it.  The  temple  of  Solomon 
was  profusely  gilt.  Pliny  states  that  in  liis  time  a 
single  ounce  admitted  of  being  beaten  out  into  750 
leaves,  four  fingers  in  le^igth  by  the  same  in  breadth. 
This  tenuity  is  very  far  exceeded  at  the  present  day. 
In  the  practice  of  the  art  in  Europe,  thi'  skin  of  an 
unborn  calf  was  first  used  ;  afterwards  a  fine  pellicle 
from  the  entrails  of  cattle.  This  continues  to  Ije 
u.sed  (see  supra).  "About  1621,"  says  Beck- 
mann,  "Merunne  excited  general  astonishment, 
when  he  showed  that  the  Parisian  gold-beaters 
could  lieat  an  ounce  of  gold  into  1,600  leaves, 
which  together  covered  a  surface  of  105  square 
feet.  But  in  1711,  when  the  pellicles  discovered 
by  the  Germans  came  to  be  used  in  Paris,  Keumer 
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foiiiiil  that  an  ounce  of  gold,  in  the  form  of  a  cube, 
5i  lines  at  most  in  length,  breadth,  and  thick- 
ness, and  vvliich  covered  a  surface  of  about  twenty- 
seven  siiuare  lines,  could  be  so  extended  by  the 
gold-beaters  as  to  cover  a  surface  of  more  than  14li6i 
snuare  f(!et." 

The  Egyptian  mummy-cases  were  sometimes  pro- 
fusely gilded,  and  in  some  instances  the  body  itself. 

A  siiiall  (icrcentage  of  silver  and  copper  is  added 
to  gold  for  beating,  perhaps  about  IJ  per  cent  of 
alloy.  The  ingot  is  rolled  into  a  ribbun  by  repeated 
passage  between  rollers,  and  this  ribbon  has  a 
thickness  of  y,',iT,  a  surface  of  500  sijuare  inches  to 
an  ounce  of  gold. 

The  gold-heater  takes  800  pieces  of  the  "skin," 
which  is  a  tough,  thin  membrane  from  the  intes- 
tines of  an  o.x,  and  thus  proceeds:  A  hundred  and 
fifty  bits  of  ribbon  golil  an  inch  si|uare  are  inter- 
leaved with  as  many  vellum  leaves  four  inches 
.square,  forming  a  catch  ;  this  pack  is  beaten  for  a 
long  time  with  a  ponderous  hannner  on  a  smooth 
marljle  slab  until  the  golil  lias  thinned  and  expamled 
to  the  size  of  the  vellum.  How  the  workman  I 
manages  so  as  to  beat  all  the  pieces  equally,  and  yet 
beat  none  into  holes,  he  alone  can  answer  ;  it  is  one 
of  the  mysteries  of  his  craft.  The  gold  is  liberated 
from  its  \'ellum  prison,  and  each  piece  cut  into  four  ; 
the  hundred  and  lifty  Inive  thus  become  six  hundred, 
and  these  are  interleaved  with  six  hundred  pieces  of 
gold-beater's  skin,  forming  a  pack  called  a  slimier. 

Another  beating  then  takes  place,  more  careful, 
more  delicate,  more  precise  than  the  former,  until 
the  goUl,  expanded  as  far  as  its  envelope  will  admit, 
requires  to  bo  again  released.  The  leaves  are  again 
divided  into  four,  by  which  the  six  hundred  become 
twenty-four  humlred  ;  these  are  divided  into  three 
parcels  of  eight  hundred  each,  and  known  as  molds ; 
each  parcel  is  subjected  to  a  third  beating.  Heavy 
as  the  liammcrs  are,  there  are  yet  degrees  of  In^avi- 
ness ;  first,  a  16-pounder  for  the  cakhcs,  then  one 
from  nine  to  twelve  pounds  for  the  shodtirs,  and 
lastly  a  liammer  of  from  six  to  seven  pounds  is  em- 
ployed. 

Gold-miii'ing.  The  dillerent  modes  of  collect- 
ing gold  in  the  placers  of  California  —  and  the  same 
is  true  of  sone  other  places,  Australia,  for  instance 
—  are  familiarly  known  as  paniiiiig,  winnuwbui, 
cradle-rocking,  washin .;  with  the  lomj-lom  or  the  quick- 
siivcr-mMckinc,  jaii.aiiij  ur  turning  the  course  of  a 
river,  bicrrowiiig  or  taiDiclaig,  grouiirl-slaicing,  slu  ice- 
boxes in  connection  with  the  hydraulic  process,  or 
water-jet.     See  list  under  llKr.VLLUUfiY  ;  Mining. 

In  panning,  the  operator  takes  his  station  by  the 
edge  of  the  water,  dips  his  pan,  which  he  holds  by 
the  rim,  and  then  imparts  to  it  a  rotary  and  oscil- 
latory motion,  occasionally  stirring  up  the  earth  and 
mashing  the  clods.  The  large  stones  are  thrown  out 
anil  the  water  caused  to  circulate  around  the  inside 
circumference  of  the  pan,  the  heavier  portions,  in- 
cluding the  gold,  collecting  in  the  center,  and  the 
lighter  matters  being  discharged  over  the  edge.  The 
rcsiilue,  consisting  of  line  gold  and  black  sand,  is 
sepai'ated  after  being  dried. 

The  winnoiring  operation  is  practiced  where  water 
is  not  available,  and  consists  of  tossing  in  a  blanket 
the  finely  powdered  and  dry  earth,  depending  upon 
the  wind  to  blow  away  the  lighter  particles. 

The  cradle  is  a  box  about  3i  feet  long,  20  inches 
wide,  and  18  inches  deep.  The  top  and  one  end  are 
open.  Upon  the  I'car  half  of  the  top  is  fitted  a  box 
with  a  perforated  sheet-iron  bottom.  This  box  re- 
ceives the  earth,  which  is  disintegrated  therein,  and 
passes  through  the  holes  as  the  cradle  is  rocked  to 
and  fro.     Water  is  bailed  by  hand  from  the  sti-eam, 


and  the  gold  is  arrested  in  its  passage  by  wooden 
cleats  placed  on  the  inclined  bottom  of  the  cradle, 
while  the  lighter  matters  are  carried  out  at  the  end 
by  the  stream  of  water.      See  Cl!.\DLE. 

The  long-tuin  consists  of  a  shallow,  inclined 
trough,  from  10  to  20  feet  long  and  ]ierha]is  16 
inches  wide.  At  the  lower  end  is  an  upwardly  in- 
clined perforated  plate  to  arrest  the  gold  which  falls 
through  the  holes  into  a  box  below,  whih^  the  tail- 
ings pass  over  the  end  by  the  force  of  the  stream  of 
water  which  is  introduced  into  the  upper  end  of  the 
trough.  The  gold  is  collected  by  rfffUs  in  the  box, 
and  ijuicksilver  is  added  to  amalgamate  the  finer 
])articles,  if  necessary. 

Tlie  qaicksilrer-macMnc  is  somewhat  similar  to 
that  last  mentioned,  but  is  intended  to  bring  all  the 
gold  in  contact  with  mercury,  the  amalgam  lieing 
afterwards  treated  for  the  removal  of  the  mercury. 
See  Amalgam.\tok. 

In  javimiug,  the  water  of  a  river  is  turned  into  a 
temporary  channel  while  the  bed  is  explored  for 
gold. 

Burroicing  or  tunneling  are  adojited  as  a  more 
economical  means  of  reaching  the  lower  strata  or 
more  valuable  deposit  upon  the  hard  pan,  or  ancient 
river  bottom,  instead  of  digging  away  or  working 
over  the  whole  mass  of  superincumbent  earth. 

Uroiind-sluicing  consists  in  turning  a  stream  upon 
a  bank  of  earth  to  remove  it  and  uncover  the  more 
valuable  strata  below,  the  auriferous  diqiosit  in  the 
upjier  portion  being  detained  by  its  gravity  to  be 
washed  with  the  lower  denuded  layer  of  pay  dirt. 

Hydruulic-mining  by  jet  and  sluice-boxes  has 
given  rise  to  some  of  the  greatest  engineering  works 
of  California.  A  series  of  boxes  about  14  inches  in 
length  and  3  feet  wide,  called  si uice-bo.rcs,  are  fitted 
together  at  the  en<ls  so  as  to  form  a  contiuiujus 
trough,  as  long  as  maybe  desired,  sometimes  extend- 
ing several  thousand  feet.  The  earth  and  .stones 
are  washe<l  through  this  sluice  by  the  force  of  a 
strong  current  of  water,  often  brought  from  a  great 
distance.  The  sluice  has  a  flooring  of  wooden  blocks 
which  offer  some  imjiediment  to  the  ]t:issage  of  the 
earth,  and  afford  crannies  for  collecting  the  gold, 
and  for  holding  the  (piicksilver  by  whieli  the  finer 
jiarticles  of  gold  are  arrested  and  amalgamated.  The 
bank  of  auriferous  earth  is  washed  into  the  sluice, 
thus  prepared,  by  means  of  a  powerful  stream  con- 
ducted through  and  directed  by  a  pipe  in  the  man- 
ner of  a  fire-engine.  The  ■water  is  brought  to  the 
scene  of  opei'ations  from  immense  distances,  in  some 
cases  over  one  hundred  miles,  and  the  flumes  and 
canals  which  form  a  network  over  tile  country  are 
among  the  most  remarkable  local  features  (see 
Fh'.me).  To  quote  from  the  descrii)tion  of  "A  Miner 
of  1849,"  Harper's  Magazine,  April,  1860  :  — 

"  To  shovel  a  mass  of  several  millions  of  tons  of 
earth  into  this  sluice  for  Avashing  would  be  too  ex- 
pensive. By  means  of  water  directed  through  hose 
and  ]iipe  the  labor  of  many  men  is  cheaply  per- 
formeil,  and  the  hill  .torn  down  to  its  base.  The 
water  is  led  through  india-rubber  or  double  canvas 
hose,  and  generally  from  a  gi-eat  higlit  above  the 
scene  of  operations.  It  is  consequently  throw  n  with 
such  force  as  to  eat  into  the  hillside  as  if  the  latter 
were  sugar  or  salt.  Several  of  these  streams  directed 
nixin  a  hillside  bring  down  nioie  earth  than  could  be 
thrown  liy  one  hnndred  men  with  picks  and  shovels. 
But  the  art  of  the  miner  does  not  rest  here.  He 
uvidermines  as  well  as  breaks  down,  woi-king  in  a 
single  cavern  in  the  hillside  with  his  water  bat- 
teries until  the  earth  topples  over  like  an  ava- 
lanche."    See  Hydkaulic-nozzlk. 

By  a  combination  of  shovels  and  the  current  of 
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water  tlie  earth  is  then  carried  into  tlie  shiice  in 
wliich  it  is  disintegrated  and  vvaslied  down  with 
great  rapidity,  the  gold  catcliing,  as  has  been  ob- 
served, in  tlie  interstices  between  the  blocks  which 
form  the  floor  of  the  sluice.     See  Amalgamator. 

Gold-pen.  A  iien  with  a  gold  nib  pointed  with 
rhodium  or  iriilium. 

In  1S23,  Hawkins  and  Mordan  (English)  made 
tortoise-sliell  and  horn  nibs  with  diamond  aiid  ruby 
points.  These  were  followed  by  plates  of  gold  at- 
taclied  to  the  tortoise-shell  nibs. 

Doughty's  pens  were  of  gold  with  ruby  points. 

Wollaston's  pens  were  of  two  flat  strips  of  gold 
tipped  with  rhodium. 

In  1851,  the  Birmingham  E.xhibition  in  London 
showed  golil,  palladium,  and  silver  pens  tipped  with 
iridium  and  osmium. 

Gold  pens  are  now  usually  tipped  with  iridium, 
making  what  are  commonly  known  as  diamond 
points.  The  iridium  for  this  purpose  is  found  in 
small  grains  in  platinum,  slightly  alloyed  with  this 
latter  metal.  The  gold  for  pens  is  alloyed  with  sil- 
ver to  about  si.xteen  carats  fineness,  rolled  into  thin 
strips,  from  which  the  blanks  are  struck.  The  un- 
der side  of  the  point  is  notched  by  a  small  circular 
saw  to  receive  the  iridium  point,  wliich  is  selected 
with  the  aid  of  a  microscope.  A  flux  of  borax  and 
a  blow-pipe  secure  it  to  its  place.  The  point  is  then 
ground  on  a  copper  wheel  with  emery.  The  pen- 
blank  is  next  rolled  to  the  requisite  thinness  by 
means  of  rollers  especiallj'  adajited  to  the  purpose, 
and  tempei-ed  by  blows  from  a  hammer.  It  is  tlien 
trimmed  around  the  edges,  stampcil,  and  Ibruied  in 
a  press.  The  slit  is  next  cut  through  the  solid  irid- 
ium point  by  means  of  a  thin  copper  wlieel  fed  with 
fine  emery,  and  a  saw  extends  the  aperture  along 
the  pen  itself.  The  inside  edges  of  the  slit  are 
smoothed  and  polished  by  the  emery-wheel ;  burnish- 
ing, and  hammering  produce  the  proper  degree  of 
elasticity. 

Gold-print'ing.  "Work  printed  with  gold- 
size  and  the  lett  U's  then  covered  with  gold-leaf, 
or  Dutch-metal. 

Gold-rain.  (Pyrotechnics.)  Small  cubes 
J  inch  square,  used  instead  of  stars  for  rockets, 
etc. 

Their  composition  is  niter,  16  ;  sulphur,  10  ; 
mealed  powder,  4  ;  lamp-black,  3  ;  flowers  of  zinc, 
1  ;  gum  arable,  1  ;  treated  in  the  same  manner  as 
for  stars. 

Gold-shell.  Powdered  gold  or  gold-leaf  ground 
up  with  gum-water  and  spread  on  shells.  Used  by 
artists. 

Gold-size.  A  size  u.sed  as  a  surface  on  which  to 
apply  gold-leaf. 

The  oil  gold-size  is  a  mixture  of  linseed-oil  or  fat- 
oil  and  ocher  ground  by  the  muller  and  used  in  oil 
gilding. 

The  gold-six  used  in  burnish-gildiiuj  is  a  peculiar 
composition,  consisting  of  pipe-clay,  red  chalk, 
black-lead,  suet,  and  bullocks'  blood,  compounded 
and  thinned  with  a  solution  of  gelatine. 

Gold-sol'der.  Gold,  12;  silver,  2;  copper,  4. 
See  .SoLiiicr.s,  ]i.  63. 

Gold-thread.  Otherwise  spun-gold.  A  flatted, 
silver-gilt  wiie,\vrap]ied  or  laid  on  a  thread  of  yellow 
silk  by  twisting  with  a  wheel  or  bobbins. 

Gold-tis'sue.  Cloth  interwoven  with  gold- 
thread. 

The  Persians  in  the  time  of  Darius  were  prodigal 
in  vestments  of  gold  embroidery  and  silk.  The 
nuptial  robes  of  Maria,  wife  of  Honorius,  discovered 
inher  coflin  in  Konie  in  1544,  on  being  burned  yielded 
thirty-four  pounds  of  pure  gold. 


Gold-tool'ing.  Ornaments  impressed  by  the 
hot-tool  ujiim  gold-leaf  laid  on  book-covers,  caus- 
ing the  metal  to  adhere.  In  contradistinction  to 
blind-tooling,  which  is  the  tool-mark  without  tlie 
leaf.  The  gold  is  fixed  to  tlie  surface  of  the  leather 
by  gold-size,  and  the  surplus  is  wiped  ofi'  after  the 
tool  has  been  a|iiilied. 

Gold-var'nish.  {Mctallui-gij.)  A  yellow,  trans- 
parent \arnish  s]uead  over  silver-leaf  to  give  it  the 
appearance  of  gtdd.  The  invention  seems  to  have 
originated  about  16S0  with  Antonino  Cento,  an  artist 
of  Palermo.  It  was  introduced  into  England  by 
Evelyn,  1(JS0.  The  varnish  is  made  of  gum  lac  di- 
gested iu  spirits  of  wine. 

Gold-wash'ers.  Pliny  speaks  of  the  method 
of  gathering  gold  by  means  of  an  artiticial  river  and 
sluices,  the  water  being  brought  from  a  distance  by 
canals,  and  juvcipitated  upon  the  auriferous  earth", 
which  is  can  led  down  the  trenches,  the  ]iarticles  of 
gold  being  arrested  by  the  leaves  of  a  prickly  shrub 
planted  therein.  He  says  that  the  water  is  some- 
times brought  as  much  as  one  liundred  miles, thechan- 
iiel  being  hollowed  out  of  the  faces  of  the  precipices 
and  carried  by  aqueducts  across  valleys.  The  prickly 
plant,  the  ula;  is  then  dried  and  bumed,  and^the 
ashes  washed  to  obtain  the  gold. 

"In  the  country  of  the  Saones  [in  the  Caucasus] 
the  winter  torrents  are  said  to  bring  down  even 
gold,  which  the  barbarians  collect  in  troughs 
pierced  with  holes  and  lined  with  sheep  fleeces ; 
hence  the  fable  of  the  "golden  fleece"  (.Strado). 
Colchis  may  be  considered  the  California  of  old  times. 

Gold-washers  are  of  various  kinds,  a  number  of 
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which  are  cited  under  Gold-mining,  the  machines 
and  devices  being  also  enumerated  in  the  specific 
index  Metallurgy  (which  see).  The  pan,  the 
rocking-cradle,  the  shaking-table  (Fig.  2266),  the 
inclined  chute,  the  series  of  settling-vats,  the  trough 
with  slats  or  lifHes,  the  vertically  reciprocated  sieve, 
are  types  of  machines  which  have  many  varieties 
and  nimes.  The  nomenclature  of  mining  is  very 
full,  but  a  large  number  of  its  terms  are  local.  In 
England  the  miners  of  Derbyshire  and  Cornwall 
have,  to  some  extent,  their  own  sets  of  terms,  and 
these  differ  in  many  respects  from  those  which  ob- 
tain in  the  coal  regions.  See  specific  list  under 
Mining. 

Edrisi,  the  Arab  geographer  (about  1150),tlie  friend 
of  Roger  II.  of  Sicily,  sjieaks  of  the  employment  of 
quicksilver  in  the  gold-washings  made  by  the  negroes 
of  Sofala  as  a  long-known  jiractice,  and  the  use  of 
this  metal  in  gathering  gold  has  increased  with  the 
lapse  of  time.     See  Amalgamator. 

Gold-wire.  Gold-wire,  so  called,  has  usually  a 
core  of  silver,  and  is  made  by  preparing  a  round  bar 
of  silver,  plating  it  thickly  with  gold,  and  then 
drawing  it  tl^iough  a  series  of  holes  of  gradually  de- 
creasing diameter.  The  gold  may  be  -rJ-jj  of  the 
thickness  of  the  silver  at  first  and  shares  all  its  mu- 
tations iu  the  drawing,  retaining  the  same  relative 
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tliickiK'Ss.  Dr.  WoUaston,  a  man  of  extiaorJinarj' 
tact  in  dfUciitii  experiments,  made  the  finest  wire  on 
reconl.  He  Imred  out  a  rod  of  silver,  put  in  it  a 
core  of  gold-wire,  then  drew  the  rod  down  to  wire, 
di.ssolveii  away  the  silver  in  nitric  acid. 

Gold-wire  flattened  by  being  passed  between  highly 
polished  steel  rollers  forms  a  ribbon  which  is  twisted 
around  a  core  of  silk  to  form  gold-lace.  The  com- 
pound thread  is  then  twisted  or  woven  into  a  lace 
or  hraid. 

Gol'path-en.     {Fabric.)     An  Indian  striped  silk. 

Gome;  Gorm.  Grease  for  cart-wheels  (Eng- 
lis'i). 

Gan'do-la.     1.  A  Venetian  pleasure-boat. 

*'  Dld-'t  ever  see  a  Gondolx?    For  fear 

You  should  not,  I  HI  describe  it  you  exactly  : 

'T  is  a  loug  covered  boat  that  ^a  common  here. 
Carved  at  the  pro'.v,  built  lightly  but  compactly; 

Rowed  by  two  rowers,  eich  calle  I  '  Gondolier,' 
It  (elides  along  the  water  looking  blackly, 

Jvi'i  like  a  coflin  clapt  in  a  canoe, 

Where  none  can  make  out  what  you  say  or  do. 

'  And  up  and  down  the  long  canals  they  go, 

And  under  the  Rialto  shoot  along, 

By  night  and  day,  all  paces,  swift  or  slow, 

•     And  round  the  theaters,  a  sable  throng. 

They  wait  in  their  dusk  livery  of  woe,  — • 

But  not  to  them  do  woful  things  belong, 
For  sometimes  they  contain  a  deal  of  fun. 
Like  mourning  coaches  when  the  funer.il  's  done." 

Loao  ByrO-X  (Beppo). 

A  gond-da  of  middle  size  is  30  feet  long,  4  feet 
be.ini,  and  is  rowed  by  one  man  standing  at  the 
stern  ami  using  one  oar.  It  has  a  well-furnished 
cabin  amidship,  and  is  painted  black.  The  stem 
and  stern  rise  in  pointed  elevations,  the  former 
being  surmounted  by  tXwferro,  abriglit  iron  cleaver. 

"Two  Gundaloes  were  imported  into  England  by 
the  'meny  monarch'  in  1661." — .  Pepys's  Diary. 

2.  A  flat-bottomed  boat  (United  States). 

3.  A  railroad  platform  car. 

Gong.  A  Malayan  word.  A  tambourine-shaped 
resonant  bell  of  the  Eist.  A  disk  of  thin  bronze 
with  an  upturned  flange  forming  a  rim.  It  con- 
sists, according  to  Klaproth,  of  seventy-eight  parts 
copper,  twenty-two  pirts  tin,  and  is  a  noisy  affair 
reijuiring  skill  in  tlie  mvn  ifactur.>,  both  in  the  ham- 
mering and  annealing.  Tlie  tempsring  is  the  inverse 
of  that  adoptcil  for  iron.  The  bronze  is  of  such  pro- 
portions as  to  be  naturally  brittle  when  ca.st.  It  is 
heated  to  a  cli'-rry  red  and  plunged  into  water,  being 
clamped  between  iron  disks  till  cool.  It  will  then 
bear  the  ha'umer. 

2.  A  stationary  bell  whose  tongue  is  moved  by  a 
wire  or  string.  Commonly  used  as  an  alarm  or  call- 
beU. 

Gon-i-om'eter.  An  instrument  for  measuring 
angles,  more  particularly  tliose  of  crystals. 

One  form  of  goniometer  for  measuring  the  angles 
of  crystals  observed  through  the  microscope  is  at- 
tached to  the  eye-piece,  and  has  a  pointer  and 
graduated  circle.  It  was  invented  by  Roma  de 
Lisle,  about  1783. 

Schmidt's  goniometer  consists  of  a  positive  eye- 
piece with  a  single  cobweb  filament  stretched  (lia- 
metrically  across  it  in  a  circular  frame  capable  of 
rotation  ;  tlie  edges  of  the  frame  are  graduated  in 
degrees.  By  rotation  of  the  frame  the  filament  is 
placed  successively  in  line  with  the  directions  of  the 
two  sides  of  the  crystal,  and  the  ditfereuee  in  the 
degrees  is  observed. 

NVoUaston's  reflecting  goniometer  aonsists  of  a 
graduated  circle  provided  with  a  vernier  reading  to 
minutes.  The  axis  of  the  circle  is  a  hollow  tube 
vrithin  which  is  a  smaller  axis,  each  of  which  has  a 


milled  lieail  ii  Ij,  allowing  the  smaller  axis  to  he 
turned  indepenilently  of  the  circle. 

The  crystal  to   be  examined  is  inserted    in   the 
holder  c  and  fixed  by  wax,  so 
that   its   edge  may  be    parallel  Fig-  2267. 

to  the  axis  of  motion  ;  this  ad- 
justment is  detennined  by 
causing  a  horizontal  line  seen 
by  reflection  from  each  face  of  i 
the  crystal  to  coincide  with 
another  horizontal  line  viewed 
by  direct  vision.  The  instra- 
iiieiit  is  then  turned  until  the 
horizontal  object  is  seen  re- 
flected in  one  of  the  faces.  The 
smaller  axis  is  then  held  fast, 
and  the  other  turned  until  the 
index  of  the  vernier  is  brought  Goniometer. 

to  the  zero  of  the  graduated 
limb.  The  circle  with  the  smaller  axis  is  then 
turned  around  till  the  same  object  is  seen  by  reflec- 
tion in  the  other  face  of  the  crystal.  The  arc  passed 
through  liy  tlie  circle  measures  the  su])idenient  of 
the  angle  formed  by  the  two  faces  of  the  crystal, 
and  for  convenience  the  siipplenier.ts  ai'e  laid  down 
on  the  circle  so  that  the  angle  is  read  directly, 
avoiding  the  trouble  of  calculation. 

Gon'or-rhoe'a-syr'inge.  (SurgicnJ.)  An  instru- 
ment for  injecting  the  urethra.  The  illustration 
shows  an  instrument  a  a'  which  has  a  nozzle  and 
three  distending  fingers.  It  is  introduced  in  the 
form  shown  at  a,  and  then  distended  so  as  to  ex- 
Fig.  2268. 
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]iand  the  urethral  wall  and  expose  it  more  fully  to 
the  action  of  the  liquid  which  is  ejected  at  the  noz- 
zle, b  is  a  form  of  urethral  irrigator  having  rows 
of  holes  throughout  a  sutticient  portion  of  its  length. 

Goods--v<rag'on.  The  English  term  for  a  rail- 
way fieight-car. 

Goose.     A  tailor's  smoothing  and  pressing  iron. 

Goose-neck.  1.  (Xcnitiail.)  «.  An  iron  fitted 
at  thi;  end  of  a  yard  or  boom  for  various  purposes. 

b.  A  davit. 

2.  (Hiidraulics.)  A  nozzle  having  a  nniversal- 
joiut  connection  to  the  stand-pipe  on  a  fire-engine. 

Goose-'wing.  (NmiticaL)  Another  name  for 
studding-sail. 

Go-out.  (Hydraulic  Engineering.)  A  sluice  in 
an  embankment  for  allowing  water  to  escape  from 
tidal  lands  when  the  tide  is  out. 

Gore.  1.  An  angular  piece  of  cloth  at  the  nar- 
rowing part  of  a  sail. 

2.  An  angular  piece  of  planking  used  In  fitting 
the  skin  of  a  vessel  to  the  frames. 

3.  An  angular  piece  inserted  into  a  garment  to 
enlarge  or  stri'ngthen  it.     A  gusset. 

Gore-strake.  {ShipbuHding.)  A  strake  which 
terminates  Ijefore  reaching  the  stem  or  stern-post. 
Such  strakes  are  at  or  near  the  center  of  the  ship  to 
lessen  the  spifinr/  of  the  plank. 

Gorge.  1.  (Fortification.)  A  line  joining  the 
inner  extremities  of  a  work  ;  as,  — 
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A  line  drawn  between  the  rear  ends  of  the  faces 
of  a  redan. 

A  line  across  the  narrow  portion  of  a  bastion,  from 
the  points  of  junction  of  \Xi  flanks  with  the  curtains. 

2.  {Masonry. )  A  small  groove  at  the  under  side 
of  a  coping,  to  keep  the  drip  from  reaching  the  wall. 
A  throat. 

3.  (XnuticaJ.)     The  groove  or  score  of  a  pulley. 
Gorge-hook.     Two  fish-hooks  separated  by  a 

piece  of  lead. 

Gor'get.  {Surgical.)  a.  A  lithotomic  cutting- 
instrument. 

b.  A  canulated  or  concave  conductor  ;  called  also 
a  blunt  fiiiriirt. 

Gor'gou-elle'.    (Fabric.)     A  Dutch  cloth. 

Gor'gon  Steani-en'gine.  A  form  of  direct- 
action  steam-engine,  invented  by  Seaward  (Britain), 
as  a  means  of  obviating  the  use  of  the  beam  in  ina- 
rinc-enyiiu-s.  It  is  called  the  "  Gorcjon"  engine,  from 
having  been  first  employed  In  an  English  govern- 
ment steamer  of  that  name. 

a  is  the  steam-cyliuder  and  b  the  piston-rod,  which 
is  connected  to  the  crank  c  by  the  rod  d.  The  head 
of  the  piston-rod  i§  guided  vertically  by  the  parallel 
motion,  as  follows  :  c  is  a  rocking  standard,  carrying 
at  its  upjier  end  the  fulcrum  upon  which  the  beam 
turns.     The  beam  is  jointed  at  (j  to  the  cross-head 

Fig.  2269. 


SeawarcTs  Direct-Action  Engine. 

of  the  piston-rod,  and  also  to  the  radius  bar  i,  which 
tui-ns  upon  k  as  a  center.  The  outer  end  ni  of  the 
beam  serves  to  work  the  air-jnimp  n.  o  is  tlie  steam- 
pipe  by  which  steam  is  conducted  to  the  valve-cham- 
ber /'.  q  is  the  valve-chamber  of  the  eiluction-valvc, 
which  is  connected  to  the  condenser  r,  the  upper 
portion  of  which  forms  the  hot-well. 

Gos'sa-mer.     (Fabric.)     A  very  thin  gauze. 

Gouge.  1.  (n'ood-u'orking.)  A  chisel  with  a 
carved  blade  adapted  to  make  a  rounded  groove  in 
cutting  or  turning  wood. 

They  are  known  asi  flat,  middle,  and  quick  ;  their 
curves  being  respectively  obtuse,  medium,  and  acute. 

The  gouge  existed  in  early  ages  in  stone,  bone, 
and  bronze. 

2.  {Bookbinding.)  A  finisher's  hand-tool  for  blind- 
tooling  or  gilding,  having  a  face  which  forms  a 
curve. 

3.  A  shaped  incising-tool  used  for  cutting  out 
forms  or  blanks  for  gloves,  envelopes,  or  other  ob- 
jects cut  to  a  shape  from  fabric,  leather,  or  pajier. 

Gouge-bit    A  wood-boring  tool  used  in  a  brace. 


It  has  a  rounded  end,  and  a  groove  which  contains 
the  chijis.     See  Bit. 

Gouge— slip.  Oil-stone  or  hone  slip,  for  sharpen- 
ing (in  the  concave  side  of  the  edge  of  the  gouge. 

Gov'ern-or.  1.  {Steam-engine.)  A  device  which 
regulates  the  admission  of  steam  to  the  engine  accord- 
ing to  the  rate  of  motion.  Tlie  intention  is  to  main- 
tain unifoi-m  velocity,  and  any  acceleration  of  speed 
above  a  given  i-ate  causes  a  valve  to  he  partially 
closed,  dinnnishing  the  area  of  steam  passage  ;  con- 
trariwise in  ease  of  Hagging  in  the  speed  of  motion 
of  the  engine.  The  favorite  form  of  governor  has  a 
pair  of  balls  suspended  from  a  vertical  shaft,  so  as 
to  swing  outward  when  the  shaft  is  rotated.  The 
greater  the  speed  the  greater  the  centrifugal  force, 
and  consequently  the  farther  the  balls  depart  from 
the  axis  of  rotation  ;  the  inclination  of  the  ball  anns 
is  made  effective  in  working  the  valve. 

This  use  of  the  device  of  the  two  suspended  revolv- 
ing balls,  whose  circle  of  revolution  widens  as  the 
speed  of  the  engine  increases,  is  due  to  James  Watt, 
who  adapted  it  from  an  ancient  device  in  windmills. 

The  full-page  engraving  opposite  to  page  998  shows 
filteeu  variations  in  form  and  structure  of  the  ball- 
governor,  two  fomis  in  which  a  propeller-wheel  acts 
in  a  liipiid,  and  one  form  in  which  the  pressure  of 
steam  is  directly  upon  the  valve. 

In  a  the  balls  receive  their  rotation  from  the 
bevel  gearing  above,  increment  of  sjieed  causing  the 
balls  to  fly  outward  and  raise  the  sliding  sleeve  on 
the  s]>indle.  To  this  sleeve  is  connected  the  end  of 
a  lever  ann  whose  vertical  oscillations  are  communi- 
cated to  the  butterfly  or  throttle  valve,  as  in  B'igs. 
k  or  /. 

In  b,  the  balls  receive  rotation  by  the  bevel 
wheels,  next  below  the  sliding  collar.  To  the  collar 
is  attached  a  sleeve  on  which  the  lower  bevel-gears 
remain  at  rest  as  long  as  the  pin  on  the  said  sleeve 
is  not  in  contact  witli  either  of  the  studs  projecting 
from  the  ujiper  and  lower  .surfaces  of  tlie  respective 
bevel-wheels.  This  is  the  position  shown  in  the 
cut,  and  is  that  assumed  when  the  engine  is  running 
at  the  reipiired  speed.  Should  the  speed  be  ac- 
celerated, the  raising  of  the  balls  would  raise  the 
sleeve  and  its  pin,  and  therebj'  rotate  the  upper 
lievel-wheel,  turning  in  one  direction  the  miter- 
wheel  with  which  it  engages.  If  the  speed  fall 
below  the  medium,  the  pin  on  the  sleeve  falls  and 
turns  the  other  bevel-wheel,  moving  the  miter-wheel 
in  the  other  direction.  The  horizontal  shaft  of  the 
miter-wheel  operates  the  throttle  valve  or  gate  of  the 
pen-stock. 

c  acts  by  substantially  the  same  means  through  a 
system  of  levers  upon  a  belt-shifter.  In  the  mcciium 
position  the  belt  nins  on  a  loose  pulley  ;  but  when 
the  halls  rise  by  acceleration  of  speed  or  fall  by  re- 
tardation, the  belt  is  shifted  on  to  the  upjier  or  the 
lower  pulley,  which  pulleys  act  upon  the  valve  or 
gate  requiring  adju.stmcnt. 

In  (/,  instead  of  the  arms  being  connected  with  a 
slide  working  on  a  spindle,  they  cross  each  other 
and  are  elongated  upwardly,  where  they  connect 
with  the  valve-rod  by  two  short  links. 

Pickering's  governor  e  has  balls  on  springs,  the 
upper  ends  of  which  are  attached  to  a  collar  fixed 
on  tile  spindle,  and  the  lower  end  to  a  collar  on  the 
sliding  sleeve.  The  springs  bend  outward  propor- 
tionally to  the  centrifugal  force  of  the  Tialls,  and 
thereby  rai.se  the  sleeve,  acting  upon  a  rod  which 
dinunishes  the  area  of  indui'tion  .steam  opening. 
A  diminution  nf  .speed  has  the  contrary  effect. 

In  /  the  balls  a.scend  the  jiarabolic  arms  as  they 
fly  outward  when  the  motion  of  the  engine  is  ac- 
celerated, and  convei-sely.  Anti-friction  wheels  assist 
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the  halls  in  tlie  ascent.  Rods  fiom  tlie  axes  of  the 
rollers  coiiiiprt  to  a  collar  whose  motions  are  com- 
municated to  a  lever  which  acts  upon  the  butterfly- 
valve. 

In  (J  the  upper  ends  of  the  ball-arms  have  cogged 
sectoi's  which  act  upon  the  racks  on  the  axial-rod  to 
depress  or  raise  it. 

In  It  the  oscillating  weighted  arm  assumes  a  more 
liorizontal  position  with  increase  of  speed.  Its  nor- 
mal or  stationary  position  is  shown  in  the  illustra- 
tion, its  arms  lieiug  out  of  jioise. 

i  lias  balls  upon  toggle-arms,  and  resembles  figure 
e,  in  which  they  are  on  springs. 

In  j  the  elbows  of  the  ai'uis  are  connected  by  a 
spring  whose  niidleugth  is  attached  to  a  sleeve 
which  slips  on  the  spindle  as  the  balls  rise  or  fall. 

k  shows  the  connection  of  a  governor  similar  to  a, 
with  the  biittei'tly-valve  of  a  steam-pipe  ;  and  I  is 
an  illustration  of  a  governor  similar  to  d,  but  driven 
by  a  band-wheel  below. 

Tyson's  governor  m  m',  1861,  lias  its  arms  sus- 
pended from  a  horizontal  axis  wluch  rotates  with 
thi!  vertical  spindle.  He  states  that  his  object  is  to 
avoid  "  the  friction  which  resists  the  free  movement 
of  the  weight  mI  arms  in  ordinary  governors  and  at- 
tain the  desirable  SL'nsitiveness."  m  is  an  elevation, 
and  m'  a  plan  view  looking  upon  the  balls  in  mo- 
tion, showing  them  swinging  tangentially  to  a  circle 
whose  radius  is  eijual  to  the  length  of  the  axis  of 
suspension.  When  the  engine  starts,  their  inertia 
first  comes  into  play,  and  increment  of  speed  causes 
them  to  rise  in  the  prescribed  planes,  the  balls 
themselves  descriliing  an  orbit  of  increasing  radius. 
It  is  supposed  to  be  more  sensitive  than  the  form  in 
which  tlie  balls  swing  radially  outward,  but,  like 
them,  has  the  disadvantage  of  lateral  pressure  in  its 
bearings,  as  the  balls  are  compelled  to  rise  in  lines 
which  are  not  the  natural  result  of  the  forces  which 
actuate  them.  In  Tyson's  the  line  of  rise  and  fall 
is  tangential  to  a  circle  of  given  radius  ;  in  the  ordi- 
nary governor  it  is  directly  radial. 

In  Shive's  governor,  n  n',  the  balls  swing  at  an 
angle  which  is,  as  seen  at  n',  a  compromise  between 
the  two  last  described.  The  axes  of  the  mandrels  on 
which  tlie  ball  arms  vibrate  are  tangential  to  the 
spimlle,  at  a  point  distant  about  the  semi-diameter 
of  the  bill  from  the  axis  of  revolution  of  the  vertical 
spindle.  Tln^  balls  thus  swing  outwardly  and  back- 
wardly,  so  that  the  inertia  as  well  as  centrifugal 
action  of  the  balls,  is  brought  into  play.  They  are, 
however,  compelled  to  rise  in  the  prescribeil  direc- 
tion, a  compromise  between  the  radial  and  the  tan- 
gential. 

Degener's  governor,  1856,  was  designed  to  give  to 
the  penilulum  balls  "a  motion  independent  of  the 
motion  of  the  spindle  asidi3  from  their  vibratory 
motion,  by  m.'ans  of  the  diverging  spiral  inclines 
....  for  the  purpose  of  obtaining  a  more  sensitive 
action  of  the  iiemlulums."  The  collar  from  which 
the  peudulunis  are  swung  is  allowed  to  turn  upon 
the  spindle.  The  spirals  are  intended  to  "  act  nn- 
der  the  pendnUinis  and  assist  in  throwing  them 
upward  "  when  the  rate  is  increasing,  or  downward 
when  the  speed  is  cheeked.  The  diverging  spiral 
inclines  are  of  a  shape  approximating  the  line  of 
ascent  and  descent  of  the  ball  arms  under  increment 
and  decremi'nt  of  speed,  and  can  only  permit 
freedom  of  motion  at  one  ratio  of  increase  or  de- 
crease of  spi'cil.  Freedom  of  motion  is,  however, 
not  intended,  liut  the  inclines  are  intended  to  com- 
pel (luick  response. 

In  Knight's  governor.  Figs,  o,  o',  o",  o'",  the  hinging 
axis  of  each  ball  arm  has  a  capacity  for  adjust- 
ment in  a  plane  at  right  angles  to  the  axis  of  revo- 


lution, so  that  as  the  hinging  axis  permits  the 
vertical  motion  of  the  ball,  the  adjustment  in  a 
horizontal  plane  of  the  bearing  of  the  said  hinging 
axis  shall  permit  the  outward  swing  of  the  ball,  the 
two,  in  fact,  forming  a  universal  joint  permitting 
the  ball  to  follow  the  line  of  motion  dne  to  the 
speed  and  the  proportions  of  the  parts.  In  cases 
where  the  balls  are  coni]ielled  to  rise  in  a  certain 
jilane,  they  can  only  do  so  with  perfect  freedom 
when  running  at  one  definite  speed,  and  their  mo- 
tion on  their  hinging  axes  can  never  be  perfectly 
free  wdien  running  aliove'or  below  the  said  definite 
rate  ;  this  fact  is  recognized  by  the  introduction  of 
the  usual  guides,  as  at  a  b  c  d  k  I,  wliich  prescribe 
the  path  of  motion,  and  which  would  be  unneces- 
sary well-  the  actions  of  the  balls  nnconstiaiiied. 
Any  guide  or  immovable  axis  which  tends  to  warp 
the  balls  from  their  true  line  of  motion  affects  the 
freedom  of  their  movements,  entails  additional  fric- 
tion, and  intercepts  or  prevents  their  delicate  and 
instant  i'es]ionse  to  an  acceleration  or  retardation  of 
spei'cl.  If,  upon  an  increase  of  spei'd,  the  arms  or 
hinging  joints  of  the  balls  have  a  tendency  by  a  lat- 
eral strain  or  pressure  to  bind  or  rub,  it  is  manifest 
that  the  balls  cannot  instantly  respond,  but  that  a 
cumulative  force  and  speed  will  be  required  to  obtain 
such  a  res])onse  as  would  more  quickly  result  were 
the  lialls  perfectly  free  to  respond  in  their  own  way  ; 
and,  in  fact,  the  motion  dne  to  the  inertia  of  the  balls 
di-vcdoped  upon  an  accession  of  speed  and  manifested 
liy  their  tendency  to  lag  behind  is  much  more  im- 
mediately responsive  and  acti^'e  than  the  tendency 
to  assume  a  more  railial  relative  position  which 
]n-esently  results.  In  this  governor  the  balls  are 
IVee  to  swing  in  such  direction  as  may  be  induced  by 
their  sjieed  and  proportions,  ascending  or  descending 
under  changes  of  speed  in  such  curves  as  may  result 
from  the  c(unbiiied  forces  of  gravity  and  centrifugal 
iiiipulse,  under  the  condition  of  free  pivotal  attach- 
ment to  Ijcarings  which  are  permitted  to  rotate  in  a 
horizontal  plane. 

Fig.  0  is  ail  elevation  of  one  mode  of  appliiation 
of  this  principle,  the  balls  swinging  upward. 

o'  is  a  top  view  of  the  same. 

o"  .shows  the  balls  at  rest  ;  o'"  is  anothei-  form  in 
wdiich  a  spur  or  finger  from  above  the  hinging  joint 
of  tlie  governor  arm  projects  upward,  and  is  jointed 
to  a  link  pivoteil  above  to  a  spindle  in  the  ]date  ; 
the  finger  and  link  together  form  a  toggle,  which 
brings  the  upper  plate  nearer  to  the  lower  one,  the 
two  ends  of  the  toggle  being  hinged  in  bearings 
which  are  capable  of  liorizontal  rotation  in  the  re- 
spective plates.  The  downward  motion  of  the  balls 
restores  the  normal  position.  The  parts  may  be  so 
arranged  as  to  straighten  the  toggle  by  the  raising 
of  the  ball,  if  so  desired. 

Modifications  are  showm  in  the  patents  whereby 
either  the  tangential  or  radial  motions  of  the  ball 
may  be  utilized,  or  an  efi'ect  obtained  from  the  sum 
of  the  two  motions. 

Some  other  forms  than  the  pendulous  ball  may  be 
referreil  to. 

2>  is  a  governor  in  which  the  valve  is  operated  by 
the  direct  pressure  of  steam  upon  a  piston  on  its  stem. 
The  piston  operates  in  a  smaller  cylinder,  talcing 
steam  from  tlie  main  cylinder. 

q  q'  is  lluntoon's  hydraulic  governor,  in  which  a 
propeller-wheid  works  in  a  liquid  whose  resistance 
causes  the  ]M'oiieller-shaft  to  rise  in  a  dcgi-ce  iiro])or- 
tioned  to  the  rate  of  speed.  The  sectoral  frame  with 
its  draw-pawls  has  a  constant,  reciprocating,  rotary 
motion,  and  when  either  of  the  pawls  comes  in  contact 
with  the  ratchet,  it  causes  the  ratchet -shaft  to  rotate 
to  actuate  the  steam-valve.  The  rocker-l'raine  is  actu- 
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ated  by  the  governor,  and  its  cams  bring  one  or 
other  of  tlie  pawls  in  contact  with  the  ratchet,  ac- 
cording to  the  variation  of  the  speed  Ibove  or  below 
the  desire<l  point. 

r  is  a  somewhat  similar  contrivance,  in  which  the 
longitndinal  position  of  the  propeller  in  the  water- 
cylinder,  due  to  its  rate  of  speed,  determines  by  the 
connecting  rack  and  segment  the  position  of  tlie  valve 
in  the  steam-pipe. 

Silver's  momentum-wheel  governor  has  a  heavy 
revolving  wheel,  whose  momen,tum  acts  upon  the 
throttle-valve  when  any  change  occurs  in  the  rate  of 
motion  of  the  engine.  See  also  Marine-goverxor. 
The  hi/draulic  governor  or  cataract  is  the  inven- 
tion of  Smeaton.  A  quantity  of  water  is  pumped  at 
each  stroke,  and  forced  by  counter  weights  through 
an  orifice  of  a  certain  size.     See  Cataract. 

Davis's  governor  (English)  consists  of  a  single 
hollow  ball  with  a  zone  round  it,  having  an  opening 
through  the  bottom  to  admit  of  an  upright  spindle, 
attached  to  the  ball  by  a  joint  in  its  center.  One 
side  of  the  ball  and  zone  is  made  much  heavier  than 
the  other,  and  consequently,  when  at  rest  or  moving 
slowly,  it  hangs  down  ;  but  when  driven  fast,  the 
centrifugal  force  of  the  heavy  side  overcomes  its 
gravity,  and  the  zone  assumes  a  nearly  horizontal 
position.  When  this  is  the  case,  a  small  link  inside 
the  ball,  jointed  on  one  side  of  the  axis,  lowers  the 
usual  brass  collar  on  the  spindle,  and  shuts  off  part 
of  the  steam,  till  the  diminishing  speed  allows  the 
gravity  of  the  zone  to  overcome  the  centrifugal  force, 
and,  tlie  link  being  raised,  the  throttle-valve  is 
opened  under  to  admit  more  steam. 

In  llosmau's  chrnnoraetric  governor,  one  of  two 
shafts  has  rotation  directly  from  the  engine,  its  speed 
being  relative  to  that  of  the  engine.  The  other  shaft 
has  motion  from  the  engine,  but  its  speed  is  regu- 
lated by  a  pendulum  or  balance-wheel.  A  variation 
in  speed  causes  a  longitudinal  movement  in  the  shaft 
which  is  connected  to  the  governor  valve. 

2.  (Gas.)  A  device  which  regulates  the  passage  of 
gas  from  the  holder  to  the  mains,  admitting  it  thereto 
in  quantities  determined  by  the  rate  at  which  it  is 
used.  The  pressure  in  the  mains  determines  the 
area  of  the  opening  through  which  the  gas  enters. 
See  Gas-uovernciu. 

Gov'ern-or  Cut-off.  An  automatic  arrangement 
*  in  whicli  the  acceleration  or  re- 

tardation of  the  motion  of  the 
governor,    due   to  changes  of 
speed  of  the  engine,  is  made  to 
cut  off  the  steam  at  an  earlier 
or  later  period  of  the  stroke  of 
the  piston,  so  thatwith  the  in- 
creased    boiler-pressure     or 
lighter     work 
the  steam  shall 
be  cut  off  ear- 
I  lier      in     the 


stroke,  andwhen  great- 
er work  is  imposed  on 
theengineorthesteam- 
pressure  Hags,  the 
steam-cylinder  shall 
3  receive  steam 
from  the  boiler 
luring  a  larger 
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valve-gear  was  first  published  in  the  "Repertory  of 
Patent  Inventions"  for  1S26,  as  the  invention  of 
James  Whitelaw. 

There  are  many  forms  of  this  device,  ajid  the  ap- 
plications  are  made  to  slide  and  to  puppet  valves. 
In  the  ilhustratiou  it  is  shown  as  applied  to  a  cylin- 
drical valve.  The  variable  cam  C  on  the  stem  which 
is  raised  or  depressed  by  the  vertical  motions  of  the 
governor-balls  makes  two  revolutions  to  each  stroke 
of  the  engine.  The  two  distinct  Helds  of  the  cam 
have  different  radii,  and  act  upon  the  short  arm  of 
a  bell-crank  lever  IJ  connected  at  its  otiier  end  to  the 
stem  of  a  balanced  cylinder-valve  E,  which  governs 
the  admission  of  steam  to  the  cj'linder. 

Gov'ern-or-valve.  1.  A  valve  in  a  steam -pipe 
operated  liy  the  gov- 
ernor to  vary  the  area  rig-  2271. 
of  steam,  opening  ac- 
cording to  the  rate  of 
moving,  and  conse- 
quently the  require- 
ment of  the  engine  ; 
the  object  being  to 
maintain  a,  uniform 
rate. 

2.  A  governor  cut- 
off is  an  induction- 
valve  in  a  steam-chest, 
so  connected  to  the 
governor  as  to  be  in- 
fluenced in  its  throw- 
by  the  speed  of  the 
latter.  When  the 
governor  runs  at  ac- 
celerated S])eed,  the  Goienwr-Valve. 
period  of  induction  of 

steam  is  at  the  shortest,  and  the  steam  is  used  ex- 
pansively. When  the  rate  is  depressed,  the  steam 
induction-port  is  kept  open  for  a  longer  time.  This 
variation  in  the  action  of  the  valve  is  automatic, 
and  derived  from  the  governor.  See  Governor. 
Gov'ern-or-valve  Gear.  An  arrangement  of 
parts  whereb}'  the  position 
of  the  governor-balls,  re- 
sulting from  their  rate  of 
motion,  is  made  to  act  upon 
the  induction-valve  of  an 
engine.  In  the  example, 
the  two  eccentrics  are  con- 
nected to  a  link-motion, 
which  is  adjusted  by  con- 
nection to  the  governor- 
stem. 

Grab.  1.  An  implement 
for  clutching  objects  for  the 
purpose  of    raising  them. 
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^^ 


Governor  Cut-off  Valve. 


proportion  of  the  stroke  of  the  piston. 

The  combination  of  the  governor  with  a  cut-oH' 


Governor  Valve-  Gear. 


The  term  is  specially  applied  to  devices  for  with- 
drawing pipes,  drills,  reamers,  etc.,  from  artesian, 
oil,  and  other  wells  whicli  are  drilled,  bored,  or 
driven. 

Two  forms  are  shown  :  one  has  a  pair  of  serrated 
jaws,  which  embrace  the  pipe  or  rod  and  bite  upon 
it  when  the  grab  is  lifted, 

In  the  other  form,  the  serrated  jaws  of  the  hollow 
cvlinder  are  driven  down  upon  the  tool  to  be  ex- 
tracted, and  by  their  inclined  rear  faces  and  locking 
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collar  gi-asp  the  same  when  the  grab  is  lifti^cl.     To 
detach  the  givib,  the  collar  is  lifted  by  the  hook. 


Fig.  2273. 


Fig  2274. 


Grabs. 

2.  A  large  East  Indian  coaster,  two  masted,  with 
a  prow  stern,  and  of  from  150  to  300  tons'  burden. 

Grade.  The  inclination  from  the  horizontal  of  a 
portion  of  a  road  or  railroad.  It  is  expressed  in  de- 
grees, in  feet  per  mile,  or  as  a  foot  in  such  a  distance  ; 
as, — 

A  grade  of  3". 

A  grade  of  35  feet  per  mile. 

A  grade  of  1  foot  in  240.     See  Inclined  Plane. 

Gra'di-ent.  {Civil  Engineering.)  The  inclination 
of  a  sl.i|ii-. 

Gra'di-ent-post.  1.  {Railroad  JEnginecring.) 
One  placed  liy  the  side  of  the  track,  at  a  change  of 
grade,  carrying  a  board  slanted  to  the  slope  and  in- 
dicating in  figures  the  grade  iu  feet  per  100,  or  other- 
wise. 

2.  A  stake  set  in  the  ground  and  marked  to  indi- 
cate the  proper  hight  of  an  embankment  or  of  road 
metal  at  that  point. 

Gra-dine'.  A  toothed  chisel  used  by  sculptors. 
See  Maiitklinf. 

Grad'ing-in'stru-ment.  A  level  with  an  ali- 
dade, a  transit  or  otlicr  sighting  instrument,  by 
which  the  angle  of  inclination  of  a  slope  may  be 
measured,  or  a  row  of  stakes  driven  to  mark  a  given 
gradient. 

Grad'ing-plo^w.  One  used  for  breaking  up  soil 
or  plowing  down  banks,  in  order  to  fit  the  earth  for 
being  scooped  up  by  the  earth -scraper,  and  thereby 
deported. 

Grad'ing-scrap'er.  A  large  two-handled  .shovel 
drawn  liy  a  jiair  of  horses  and  used  as  an  earth-scoop 
for  raising  and  removing  loosened  earth.  It  is  used 
in  road-making,  scooping  out  beds  of  canals  in  cer- 
tain situations,  and  otherwhere  when  the  soil  is 
suitable  and  the  distance  where  it  is  to  be  deposited 
is  not  too  givat.      .See  E.vnTlI-srn.vPEH. 

Grad'u-at-ing-in'stru-ment.  The  work  of 
gi-aduating  or  dividing  in.stniments  of  ]irecision, 
though  now  very  generally  perforaied  automatically, 
was  Ibrmerly  effected  entirely  by  hand,  by  stepping 
otr  the  successive  divisions  of  the  scale  or  circle,  or 
by  successive  bisections  of  a  line  or  chord.  This 
latter  naturally  suggests  itself  with  reganl  to  a  line, 
but  with  a  circular  arc  the  case  is  ditlerent ;  there, 
if  it  is  ilesired,  as  is  universally  the  case,  to  jireserve 
the  division  into  degrees,  after  the  radius  has  been 
applied  si.v  times  to  the  circumference,  giving  arcs 
of  60',  the  farther  subdirision  reipiires  trisections 
and  even  divisions  into  fifths,  operations  which  are 


very  difficult  to  perform  in  practice  without  the  aid 
of  very  accurately  constructed  mechanism. 

Uoemer,  in  constructing  a  circle,  decided  rather 
to  rely  on  stepping-oH'arcs  of  about  10  ,  and  apjdying 
a  subseiiuent  coirection  for  any  discrepancy  which 
should  c.\ist  lietween  the  number  actually  laid  down 
and  that  which  should  be  contained  in  a  ijuadrant 
of  the  circle.  Dr.  Hooke  ]iropo.sed  the  employment 
of  an  endless  screw  for  dividing  the  edge  of  his 
i|uadrant,  and  this  was  actually  used  by  Tonijiion  in 
graduating  Flamsteed's  sector,  probably  under  the 
supervision  of  Hooke. 

tJrahani,  whcj  attained  gi'eat  reputation  as  an  in- 
strument-maker as  well  as  clock-maker,  adopted  the 
principle  of  continuous  bisections  by  means  of  a  beara- 
conipass.  In  the  instruments  constructed  by  him 
for  Halley  and  Kradley,  the  arc  of  60°  was  divided 
into  64  [larts,  making  S6°  in.stead  of  90' to  the  quad- 
rant. It  was  deemed  preferable  to  make  the  propor- 
tionate correction  on  each  angle,  rather  than  to  trust 
to  the  uncertainty  of  a  division  to  thirds  or  fifths. 

liird,  1750,  subseijuently  improved  the  system  by 
constructing  scales  of  equal  jiarts,  enabling  him  to 
preserve  the  division  of  yO'  by  successive  bisections. 
His  manual  skill  and  care  procured  him  merited  rep- 
utation as  a  maker  of  accuiate  instruments. 

Ram.sden  followed  with  his  dividing-engine,  1766, 
the  general  piinciples  of  wliicli,  variously  modified 
and  imiiroved  by  Troughton  and  otheis,  are  still  em- 
ployed in  the  construction  of  like  instruments. 

In  this,  a  horizontal  wheel,  turning  on  a  vertical 
axis,  has  a  toothed  edge,  which  is  advanced  a  certain 
amount,  .say  10'  of  arc  by  each  revolution  of  an  end- 
less .screw  wdth  which  it  gears.  The  screw  is  turned 
by  a  treadle,  the  connecting  mechanism  being  such 
that  it  may  be  adjusted  to  turn  a  whole  revolution 
or  any  desired  jiart  of  a  revolution  b)'  a  movement 
of  the  treaiUe. 

For  this  invention  he  received  a  reward  of  £  600 
from  the  liritish  government,  on  condition  of  execut- 
ing the  divisions  on  the  instruments  of  other  nuikers 
■at  a  fixed  price  for  each  instrument.  -An  instrument 
of  this  kiiul,  by  Troughton  &  Sims,  is  in  the  Coast 
.Survey  Building,  C'a])itol  Hill,  Washington. 

Hindley,  1740,  had  invented  a  dividing-engine, 
upon  which  this  of  Troughton  is  said  to  have  been 
lased.  It  also  ser\ed  for  cutting  the  teeth  for  clock- 
wheels.      See  also  DlviPlNG-ENGINE. 

In  addition  to  original  graduation  by  the  beam 
compass  and  engine,  the  dividing  of  a  scale  or  a 
circle  is  perfonned  (and  this  is  the  most  connnon 
practice  with  regard  to  ordinary  instruments!  by 
means  of  a  ilivi(ling-/ihife,  which  is  itself  originally 
graduated  with  great  care.  This  consists  of  a  circle 
carrying  a  pivoted  straight-edge,  and  is  fixed  to  and 
concentric  with  the  circle  to  be  divided.  The 
sti'aight-edge  is  moved,  step  by  step,  a  distance,  10' 
or  15',  indicated  on  the  dividing-jilate,  and  at  each 
move  a  clean  straight  cut  is  made  in  the  limb  of  the 
instrument  being  graduated.  The  knife  has  one  flat 
side  and  somewhat  resembles  a  graver,  but  is  drawn 
toward  instead  of  being  pushed  from  the  artist.  At 
each  degree  the  marks  made  are  longer,  their  length, 
and  that  of  the  smaller  divisions,  being  bounded 
liy  concentric  circles  previously  described  on  the 
Innb. 

Froment  invented  a  machine,  driven  by  rotary 
electro-magnets,  in  which  the  object  to  be  graduated 
was  slowly  and  intennittingly  pushed  forward  l>y  a 
screw,  while  a  fine  steel  or  diamond  point  was  auto- 
matically caused  to  make  a  cut  at  each  cessation  of 
the  feeding  motion.  He  thus  succeeded  in  crowding 
2,'i,000  lines,  with  distinct  and  equal  intervals  be- 
,  tweeu  them,  within  the  space  of  an  inch.     Xobert 
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succeeded   in  ruling  more  than  eight  times  as  fine. 
See  NoBEin's  Test-plates. 

Whitworth  has  gi'aduated  micrometers  by  which 
the  almost  inappreciable  quantity  of  one  millionth 
of  an  inch  can  be  measured.    See  Dividixg-enuixe  ; 

ME.\SrRIXG-MACH[XE.  • 

Grad'u-a  ted-bot'tle.  One  having  horizontal 
marks  blown,  pressed,  or  cut  on  its  side  to  indicate 
quantity  of  contents  at  given  levels.  Sometimes  the 
stopper  is  hollow,  forms  a  cup,  and  has  graduations 
for  doses  of  certain  amounts. 

Grad'u-a  ted-cup.  A  medicine-cup,  on  whose 
sides  are  marks  to  indicate  quantities  at  given  levels. 
If  of  glass,  they  are  usually  impressed  in  the  mold  ; 
if  of  porcelain,  they  are  painted  on  the  ware  before 
burning. 

Grad'u-ated-glass.  A  tube  with  a  foot,  and 
with  horizontal  marks  at  varying  hights  to  indicate 
quantity  of  contents.     A  mca^uring-glass. 

Grad'u-a'tor.  An  apparatus  in  which  a  solution 
is  allowed  to  trickle  over  a  large  extent  of  surface, 
during  which  it  is  exposed  to  a  current  of  air. 

This  is  adojJted  in  the  salt-works  of  Montiers,  in 
the  Tarantaise,  Switzerland,  where 
Fig.  2275.  brine  having  1.83  per  cent  of  saline 
matter  is  condensed  to  such  a  degree 
of  saturation  as  to  be  profitably  evap- 
orated by  boiling.  It  is  trickled  over 
fagots  of  thorns  placed  in  frames,  and 
acquires  a  density  of  22  })er  cent. 

Another  plan  is  to  let  it  trickle  over 
suspended  ropes  upon  which  it  crj'S- 
tallizes  and  is  broken  otf.  The  ropes 
last  twenty-live  years  ;  the  fagots, 
seven  years. 

Vinegar  is  manufactured  by  expos- 
ing a  large  surface  to  oxidation  in  a 
Gmduaior.       similar  manner,  the  cider  or  alcoholic 
solution    being    suffered    to    trickle 
through  a  vat  filled  with  beech  .shavings,  through 
which  a  current  of  air  is  simultaneously  passed. 

Wort  is  cooled  by  trickling  it  over  pipes  through 
which  a  stream  of  cold  water  is  continuously  passed. 
(See  Beer-cooler.)  In  De  Grand's  condenser  the 
saccharine  juice  is  |)assed  over  a  succession  of  steam- 
heated  pipes,  in  order  to  condense  it  before  reaching 
the  vacuum-pan.     See  Coxdexser. 

Graft'ing.  1.  (CarpcHlnj.)  A  scarfing  oi-  end- 
wise attachment  of  one  timber  to  another,  as  in  at- 
taching an  extra  length  or  false  pile  to  one  already 
driven. 

2.  {Nautical.)  The  tapering  of  the  end  of  a  rope  ; 
visually  covered  by  weaving  yarns  around  it. 

3.  {Hu.'ibaiulry.)  The  placing  of  a  scion  of  a  )>ar- 
ticular  variety  of  tree  or  shrub  in  a  stock  of  its  own 
or  a  closely  allied  species. 

4.  {Surgical.)  The  ti-ansplanting  of  a  portion  of 
skin  to  a  denuded  surface. 

Graft'ing-chis'el.  {Husbandry.)  One  for  split- 
ting a  stork  for  the  insertion  of  a  scion. 

Crraft'ing-knife.  A  knife  having  a  blade  for 
splitting  a  limb  and 
a  wedge  for  opening 
the  cleft  for  the  in- 
sertion of  the  scion. 

It  is  used  in  con- 
nection with  a  mal- 
Grafting-Enife.  let. 

Graft'jng-sa'wr.  A 
tenon-saw  for  cutting  off  stocks  for  grafting.  A 
pruning-anu:. 

Graft'ing-tool.  A  very  strong  spade ;  much 
curved,  used  in  digging  c.inals. 

Graft'ing-wax.    Rosin,  6  ;  beeswax,  1 ;  tallow. 


1  ;  melted  together,  to  be  used  waim  when  grafting 
indoors.  Rosin,  4  or  5  ;  lieeswax,  li  to  2  ;  linseed- 
oil,  1  to  IJ,  for  outdoor  work  the  proportions  vary- 
ing with  the  season  and  temperature.  French 
recipe :  Black  pitch,  2S ;  Burgundy  pitch,  28 ; 
beeswax,  16  ;  grease,  14  ;  yellow  ocher,  14. 

Jlelt  4  parts  beeswax ;  1  part  Canada  balsam 
(balsam  of  fir)  ;  pour  while  hot  on  thin  paper,  so  as 
to  cut  in  strips  for  convenient  use  ;  a  little  vermil- 
ion added  keeps  insects  from  the  scion. 

Another  grafting  composition  used  by  nurseiymen 
is  clay  tempered  with  water,  to  which  a  little  lui- 
seed-oil  is  sometimes  added. 

Graille.  A  single-cut  file,  or  float,  having  one 
curved  face  and  a  straight  one,  used  by  comb- 
makei-s.     See  Comb. 

Grain.  1.  ( Weight.)  The  unit  of  weight  in  the 
English  system.  7,000  grains  make  one  pound 
avoirdupois,  and  5,760  grains  one  pound  troy,  or 
apothecary's  weight.     See  Povxp  ;  UxiT. 

2.  (Painting.)  A  style  of  painting  in  imitation 
of  the  natural  grain  of  wood. 

3.  The  hair  side  of  skin  ;  in  contradistinction  to 
the  flesh  side. 

4.  (^Dyeing.)  Formerly,  a  red  dye  prepared  from 
the  cocctis  insect,  or  kermes.  Now  applied  to  a  firm 
dye  as  one  applied  thoroughly  ;  in  the  irool,  not  in 
the  u-eh. 

5.  The  direction  of  the  fibers  in  wood,  etc.,  and 
of  the  strata  or  cleavage  in  stone,  slate,  etc. 

Grain-bin.  A  box  or  a  coraiiartment  in  a  granaiy 
or  elevator  in  which  gi'ain  is  stored.  In  the  large 
buildings  for  trans-shipping  and  storing  grain,  and 
known  as  clemtors,  the  apartment  at  the  top  of  the 
building  into  which  the  grain-cups  discharge  has 
distributing-pipes  to  the  various  bins,  and  these 
have  funnel-.shaped  bottoms  and  valves  for  discharg- 
ing their  contents.     See  ELEV.A.TOR. 

Grain-bind'er.  An  attachment  to  a  harvester 
for  binding  a  gavel  into  a  sheaf.     See  Reaper. 

Grain-bruis'er.  The  grain-bruiser  is  for  mash- 
ing grain  for  feed,  to  render  it  more  digestible.  It 
does  not  amount  to  grinding,  but  cru.shes  the  kernel, 
com,  or  oats,  and  puts  it  in  a  better  condition  for 
feed,  for  obvious  reasons  which  need  not  be  explained 
here.  It  is  a  verj'  common  practice  in  England,  and 
will  be  here  when  economy  is  much  studied.  A 
bruising-mill.     See  Gjiindixg-mill. 

The  machine  has  two  iron  rollers  of  differing  di- 
ameters, which  are  turned  by  connecting  cog-wheela 
of  the  same  size,  so  that  a  rubbing  is  added  to  the 
crashing  action.  A  Huted  roller  below  the  hopper 
receives  the  gi-ain  from  the  hopper  and  feeds  it  to 
the  rolls.     See  OiL-CAKE  Breaker. 

Grain-clean'er.  1.  A  machine  in  which  wheat, 
oats,  rye,  and  barley  are  separated  from  their  chaff, 

Fig  2277. 
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dust,  and  pieces  of  straw,  —  the  result  of  the  thi-ash- 
ing  opiratiou.  A  Fansino-mill  ;  a  Winsowixg- 
MAt'lIINK  (which  see). 

2.  Tlie  shoe  or  eleatiing  portion  of  a  thrashing- 
machine  which  acts  after  tlie  thrasher  and  the  straw- 
carrier.      See  TllKASUlXG-MACHIXE  ;   SF.PAII.VTOII. 

3.  A  machine  in  wliicli  grain  is  rid  of  cockh-, 
garlic,  etc.,  wliich  are  so  nearly  the  size  and  weight 
of  tlie  grain  tliat  tlie  size  of  mesh  and  strength  of 
blast  of  the  fanning-niill  are  inell'ective.  Fig.  2277 
shows  one  fonu,  in  wliich  the  cylinder  has  a  hard 
periphery  which  is  hehl  in  contact  with  the  smaller 
rollers  liy  springs ;  the  latter  have  .soft  surfaces, 
which  ca'tch  the  cockle,  garlic,  etc.,  and  carry  it 
away  to  be  removed  by  brushes  and  separately  dis- 
chargeil,  wliile  the  dust  is  blown  away  by  a  fan. 

4.  A  machine  in  which  grain  is  rubbed,  brushed, 
and  blown  to  remove  smut  and  dust.  See  S.MUT- 
MACIIINIC. 

Graia-con-vey'or.  A  series  of  cups  on  an  end- 
less band,  an  iUchiniedean  screw,  or  a  blast  of  air  to 
carry  grain  in  a  conductor  from  one  place  to  another, 
in  a"  thrasher,  gmiii-dcancr,  smut-mill,  mill,  toare- 
hoiiSf\  or  ••/'■rnt.ir. 

Graia-cra'dle.  A  light,  four-fingered  frame 
attaebcd  tu  the  snath  of  a  grain-scythe  so  as  to  catch 
the  cut  grain  and  allow  it  to  be  laid  evenly  in  a 
swath. 

Our  four-fingered  grain-cradle,  whose  post  is 
braced  by  rods,  and  wliose  swath  has  a  single  nib 
for  tlie  right  hand,  seems  to  have  originated  in 
France  ;  Loudon  (1844)  speaks  of  it  as  an  ordinary 
tool  ill  Xoiniandy. 

Grain-damp'er.  A  device  for  applying  .steam 
to  grain  to  siuild  the  bran  and  lacilitate  the  jirocess 
of  decortication.  A  jet  of  steam  entering  a  tube 
where  the  grain  descends  a  sei'ies  of  inclines  is  a 
usual  mr'tliod. 

Grain-drill.  A  grain-drill  may  sow  one  or 
more  rows  of  seed,  but  a  drillinej-machine,  by  com- 
mon consent  apparently,  is  adapted  for  "  sowing 
seed  in  equidistant  rows,  on  a  flat  surface  ;  on  the 
top  of  a  narrow  ridge  ;  in  the  interval  between  two 
ridges  ;  or  in  the  bottom  of  a  common  furrow. 
Small  grain,  wlien  drilled,  is  usually  sown  in  the 
first  of  these  ways,  tundips  in  the  second,  and  peas 
and  beans  in  the  third  and  fourth."  —  LiirDOX. 

Tlie  first  notice  we  find  of  a  grain-drill  is  in  that 
repository  of  the  wonderful,  —  China.  The  Chinese 
machine  is  a  wheelbarrow  with  a  hop- 
per for  the  seed,  and  three  spouts, 
twenty-eight  inches  long,  by  which 
the  grain  reaches  the  ground  ;  it  thus 
drills  tliree  rows  at  once. 

It  appears  from  a  communication  to 
the  British  Hoard  of  Agriculture,  that 
a  rude  sort  of  grain-drill  has  been  in 
use  in  India  from  time  immemorial. 
It  is  a  drilling  hopper  attached  to  a 
plow  so  as  to  deposit  the  seed  in  the 
furrow. 

The  first  notice  of  a  European  grain- 
drill  is  one  invented  by  a  German,  and 
presented  to  the  court  of  Spain  in  1647. 
The  .same  drill  attracted  tlie  attention 
of  tlie  Earl  of  Sandwich,  who  sent  one 
to  England.  Evelyn,  who  died  in  1706, 
speaks  of  it  as  a  macliine  of  great 
merit,  and  the  invention  of  a  Spaniard, 
Don  Joseph  de  Lescatello.  Worlidge, 
in  his  "  Husbandry,"  published  1669, 
also  recommends  it.  It  was  fastened 
to  the  tail  of  a  plow,  and  dropped  the 
seed  ill  the  furrow. 


It  witK  regarded  as  a  curiosity  merely,  until  a  man 
appeared  who  was  able  to  appreciate  it. 

Tlie  system  of  drill  husbandry  of  Britain  is  the 
invention  of  Jetliro  Tull,  a  farmer  of  Berkshire,  Eng- 
land, who  was  an  original  thinker  and  innovator. 
He  introduced  liiS  system  in  1701,  and  published 
his  "  Hoi'se-hoeing  Husbandry"  in  1731.  His  spe- 
cial object  in  drilling  was  to  put  the  plants  in  rows, 
which  would  allow  them  to  be  hoed  by  niachineiy. 
He  brought  brains  and  money  to  the  scheme,  and 
impoverished  himscdf,  being  rather  too  far  ahead  of 
his  time.  As  Loudon  observes,  he  "  had  very  few 
followers  in  England  for  more  than  thirty  years." 
He  died  soon  after  the  jiublii-ation  of  his  book,  and 
his  son  dii-d  in  a  debtors'  prison,  wdieu  such  things 
were.     Not  so  very  long  ago. 

Jetliro  Tull's  first  invention  was  a  kind  of  plow, 
with  drill  attached,  for  sowing  wheat  aiul  turnips  in 
three  rows  at  a  time  ;  it  consisted  of  two  seed-bo.\es 
with  a  colter  attached  to  each,  and  following  each 
other  ;  behind  them  followed  a  harrow  to  cover  in 
the  .seed.  His  object  in  having  two  se|iarate  de- 
posits of  seed,  and  at  dirt'erent  dejpths,  was  that 
they  might  not  sjirout  at  the  same  time,  and  so  per- 
haps escape  the  ravages  of  the  fly  ;  he  also  invented 
a  turnip-drill. 

About  1790,  Baldwin  and  Wells  of  Norfolk,  Eng- 
land, contrived  several  ingenious  improvements  to 
the  machine,  the  first  of  which  was  in  making  a 
sliding  axletree,  by  which  the  carriage-wheL-l  could 
be  extended  when  necessary  to  the  width  of  the 
stitches  (land.s),  and  so  enable  another  bo.x  with  cups 
and  more  colters  to  be  used.  A  drill  containing 
fourteen  colters  could  be  thus  enlarged  to  contain 
eighteen,  or  even  twenty. 

They  also  constructed  self-regulating  levers,  to 
which  the  colters  were  attached  ;  by  hanging  each 
colter  on  a  se]iarate  lever,  each  lever  swinging  by 
an  ordinary  hinge-joint,  and  having  a  iiiovaljle 
weight  at  the  outer  end  to  press  the  colter  into  the 
soil  to  the  reipiired  de]itli. 

After  Tull,  the  machine  was  much  improved  by 
James  Cooke,  a  clergyman,  of  Lancashire,  England  ; 
his  improvements  have  been  adopted  in  almost  all 
of  the  subse(juent  machines  used  in  English  hus- 
bandry. 

Mr.  Ran  some  states  :  — 

"The  seed-bo.x  is  of  a  peculiar  .sh.ape,  the  hinder 
part  extending  lower  than  the  forepart.     It  is  di- 

Fig.  2278. 
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Tided  by  partitions,  and  sujiported  by  adjustable 
bearings  so  as  to  preserve  a  regular  delivery  of  the 
seed,  while  the  machine  is  passing  over  uneven 
ground.  The  feeding  cylinder  is  made  to  revolve 
by  a  toothed  wheel,  which  is  fixed  on  each  end  of 
the  main  axle,  and  gears  with  other  toothed  wheels 
on  each  end  of  the  cylinder  ;  the  surface  of  the  cyl- 
inder is  furnished  with  a  series  of  cups,  whicli  re- 
volve with  it,  and  are  of  various  sizes,  according 
to  the  different  seeds  intended  to  be  sown.  These 
deposit  the  seed  regularly  in  funnels,  the  lower  ends 
of    which    lead    immediately   behind   the    coltei-s, 

Fig.  2279. 


ploughed  fiat  or  in  ridges.  The  corn  and  manure 
are  sometimes  sown  through  the  same  delivery- 
tubes,  but  it  is  better  when  double  tubes  and 
colters  are  adopted,  as  the  seed  is  then  buried  two 
or  three  inches  deeper  than  the  manure  (as  before  de- 
scribed), and  a  portion  of  mold  placed  between  the 
two.  The  boxes  are  suspended  on  a  center  in  the 
middle  of  the  machine,  and  may  be  elevated  or  de- 
pressed, at  either  end,  by  means  of  a  lever,  so  as  to 
keep  them  at  all  times  in  a  horizontal  position,  and 
to  insure  a  regular  delivery  of  both  on  hilly  as  well 
as  on  flat  lauds.  This  arrangement  admits  of  the  bar- 
rels, which  deliver  the  manure  and  seed.s,  being 
driven  by  gear  at  the  ends  of  the  boxes  in  the  usual 
way,  thus  avoiding  all  unnecessaiy  comjilication. 

Hornsby,  of  England,  was  the  first  to  apply  india- 
rubber  tubes  as  grain-spouts  in  place  of  the  cumber- 
some tin  cups. 

Cooke's  drill  and  horse-lioe  ii  b  (English)  is  a  con- 
vertible machine,  the  seed-hoppers,  shares,  and 
grain-conductoi-s  being  attached  wlien  re(piired. 
When  the  crop  is  to  be  tended,  any  kind  of  share  or 
colter  is  substituted  for  the  seeding  apparatus,  as, 
for  instance,  the  lioes  of  the  illustration.  These  are 
attached  to  the  beam  previously  occupied  by  the 
furrow-openers,  and  may  be  made  to  follow  with 
exactness  the  intervals  between  the  rows  of  growing 
plants.  The  beam  is  attached  by  a  parallel  ar- 
rangement to  the  carriage,  and  has  a  pair  of  handles 
by  which  it  is  swerved  laterally  to  maintain  the 
straight  line  if  the  horse  deviate.  The  beam  may 
be  raised,  and  hooked  up  .so  as  to  keep  the  shares 
out  of  the  grounil  during  transportation  or  in  turning. 

The  English  bean-drill  c  draws  a  funow  in  the 
prepared  soil  and  sows  a  row  at  the  same  time.  The 
wheel  regulates  the  depth  of  the  furrow,  and  a 
lever  throws  the  drill  out  of  gear  when  turning  at 
the  end  of  the  land. 

Fig.  22S0  is  a  form  of  liand-drill,  mounted  upon 
a  stock  resembling  a  single-shovel  plow,  and  resting 
upon  a  wheel  ;  forward  is  the  hollow  tube  shod  with 
a  share  k,  and  leading  the  grain  from  the  box  £.     A 


Combined  Drill  and  Horse-Hoe.     Bean-VrilU 

which  ai-e  connected  by  a  beam  so  as  to  be  kept  in 
an  even  line,  and  are  capable  of  being  held  out  of 
working,  when  desired,  by  a  hook  anil  link  in  the 
center.  The  seed,  as  it  is  deposited,  is  covered  in 
by  a  harrow  fixed  on  behind.  The  caniage  wheels 
are  larger  than  usual,  by  which  means  the  machine 
is  more  easily  drawn  over  uneven  ground,  and  the 
labor  of  working  is  reduced." 

Garrett's  grain-drill  (English)  is  adapted  for  per- 
forming all  the  various  o|ierations  of  seeding  and 
manuring  the  land.  All  kinds  of  grain  and  seeds 
may  be  deposited  at  any  reipiired  distances  apart, 
ami  at  any  depth,  either  with  or  without  compost 
or  artificial  manures. 

They  are  constructed  of  various  widths,  and  made 
to  deposit  the  seed  in  rows  from  six  to  fifteen  iu 
number,  and  to  suit  all  descriptions  of  laud,  whether 


Single-Row  Drill. 

share  Jc,  following,  turns  a  furrow  upon  the  sown 
grain,  and  the  wheel  £,  following,  compacts  the  soil 
upon  the  seed. 

Fio-.  2281  is  a  vertical  transverse  section  of  the 
usual  American  gi-ain-drill,  which  is  drawn  by  a 
pair  of  horses,  and  has  a  gang  of  shares  in  one  or  two 
banks  ;  some  varieties  of  this  lirill  have  a  capacity 
for  changing  to  a  single  or  double  bank  drill. 

In  the  example,  the  feed-wheel  at  the  bottom  of 
the  gi-aiii-box  E  is  driven  by  gearing  from  the  ground- 
wheel  0,  and  discharges  into  india-rubber  spouts 
which  lead  the  seed  into  and  through  the  hollow 
share  H. 
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Fig.22Sl. 


Fig.  2283. 


Grain-Drill. 

Grain-dry'er.  An  apparatus  or  machine  in 
whic'li  ilaiii|i  grain  is  diied,  or  giain  in  ordinary  con- 
dition is  kilu-drifd  to  lit  it  for  ocean  shipment. 

There  are  many  forms  of  the  device,  wliicli  gener- 
ally agree  in  tliat  they  afford  means  for  exposing  a 
shower  of  grain  to  a  current  of  liighly  dried  and 
heated  air.  The  following  kinds  may  be  cited,  and 
it  must  be  understood  that  there  are  many  varieties 
and  modifications  of  each. 

1.  Tlie  conveyor  system,  in  which  the  grain  from 
spout  c  passes  consecutively  through  the  cylinders  B 
S,  in  each  of  whicli  is  a  rotating  screw  conveyor 
driven   by  cog-wheels  and  having  for  axes  hollow 

Fig.  2282. 
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Grain-Dryer  ( Conveyor  System). 

perforated  tubes,  through  which  the  damp  air  jiasses 
from  the  grain,  being  drawn  by  the  exhaust  fan  G. 
The  cylinders  connect  by  the  spout  /,  and  the  lower 
one  discharges  by  the  spout  J.  The  heated  air  from 
furnace  K  rises  into  the  chamber  above  and  sur- 
rounds the  cyliiulers. 

2.  The  revolving-cup  system.  In  the  example 
the  grain  enters  upon  a  heated  cone  /,  and  thence 
passes  to  a  revolving  flanged  di.sk  which  distributes 
it  to  be  again  collected  liy  the  hopper  C,  fed  to  an- 
other disk,  and  so  on  down  through,  in  descending 
series,  to  the  diseharge-spout.  A  current  of  heated 
air  ascends  through  the  chamber  and  envelops  the 
grain  at  all  times. 

3.  The  zigaig-incHne  system,  shown  at  A  (Fig. 
2284).     The  grain  descends  from  a  hopper  and  is 


Grain-Dryer  (Roiary-Ciip  System). 


shifted  over  from  side  to  side  by  the  alternate  in- 
clines, which  are  perforated  plates  in  a  Hue  occupied 
by  an  upward  cuirent  of  heated  air.     • 

4.  The  anniihir  drtcm  system  B  (Fig.  2284)  con- 
sists of  a  vertical  double  cylindrical  clianiber  with 
conical  ends.  The  space  between  the  inner  and 
outer  casing  is  the  one  traversed  by  the  grain,  which 
enters  at  the  apex  of  the  upper  cone  and  de]iarts  at 
the  ape.\  of  the  lower  one.  Tlie  iniiei'  and  outer 
casings  are  all  perforated  with  holes,  about  2,300  to 
the  square  foot,  and  the  punching  being  from  with- 
out, inward,  the  slight  roughness  has  a  tendency  to 
turn  the  grain  which  rubs  against  the  protuberances, 
giving  a  sort  of  Stirling  action  to  the  grain,  and  aid- 
ing the  exposure  of  its  whole  surface  to  the  stream 
of  heated  air.  The  heat  is  generated  by  a  stove  in 
the  interior  of  the  chamber,  and  the  heated  air 
passes  through  both  casings  and  through  the  body 
of  grain  contained  between  them.  The  apparatus 
stands  upon  legs  so  as  to  elevate  the  discharge  open- 
ing that  the  falling  grain  may  be  received  into  sacks 
or  gi'ain-baiTOWs  for  ship)iing  or  binning. 

A  damper  or  valve  at  the  discharge  opening  regu- 
lates the  area  of  the  exit  orifice,  and  thus  governs 
the  speed  of  the  passage,  determining  thereby  the 
time  which  the  grain  shall  occiipy  in  its  transit,  ac- 
cording to  its  condition  and  the  necessities  of  the  case. 

5.  The  spirril-fl-uc  system  C,  which  consists  of  a 
long  spiral  tiibe  traversed  by  a  flue  from  a  stove. 
The  sides  of  the  tube  are  full  of  fine  perforations, 
and  the  draft  is  ripwai'd  between  the  two  surfaces 
and  outward  thiough  the  perforations,  carrying  the 
moisture  from  the  grain,  which  descends  in  a  shower 
between  the  flue-pipe  and  the  perfoiated  casing. 

6.  The  travalinrj-heU  system  D  consists  of  a  fur- 
nace air-box  and  traveling-belt  which  recei%'es  its 
grain  from  a  hopper.  Grain  from  hopper  a  falls  on 
to  belt  h,  which  travels  over  the  grated  to])  of  the 
box  c,  which  is  heated  by  air  from  fan  d  and  tubes 
e  which  foiin  the  box  and  basket  grate  of  the  fur- 
nace. After  passing  the  length  of  the  box  the  grain 
is  caught  between  the  belts  b  and  f  and  retui'ned  to 
the  hopper  for  a  re]>etition  of  the  operation,  or  as  it 
descends  is  intercepted  by  a  spout. 
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7.  The  rotary-drum  system,  in  wliicU  an  inclined 
cylinder  of  wire  contains  the  grain  wliich  tumbles 
over  and  over,  and  eventually  is  discharged  at  the 
lower  end  of  the  cylinder,  which  rotates  iu  a  cham- 
ber heated  by  a  furnace. 

8.  The  tloor-and-scraper  system,  in  which  gi-ain 
jiasses  from  floor  to  floor,  scrapers  distributing  and 
discharging  it  on  and  from  the  respective  floors  in 
the  series. 

E  F  (Fig.  2284)  show  two  forms  of  this.  In  E 
the  upright  cylindrical  chamber  has  a  series  of  cir- 


Fig.  22^. 


2.  An  infusion  of  pigeon's  dung  for  giring  flexi- 
bility to  skins  in  the  process  of  tanning.  Also  called 
bate. 

3.  A  knife  used  by  tanners. 

Grain-fork.  A  light  fork  with  long  and  curved 
tines,  used  for  pitching  gavels  of  cut  grain  on  to  a 

Fig.  2286. 


Grain-Fork. 


wagon  when  the  straw  is  too  .short  for  convenient 
binding.     A  barley-iork. 

Grain-gage.  A  device  for  weighing  gi-ain.  It 
has  a  measure  of  given  capacity,  and  a  scale  beam 
which  is  graduated  to  give  the  weight  in  pounds  and 
fractions  of  a  measured  bushel. 

Grain  -  har'vest-er.  A  machine  for  cutting 
standing  grain.  There  are  many  varieties,  and  the 
idea  is  as  old  as  the  time  of  Pliny,  A.  D.  79.  In  his 
time  the  plains  of  Gaul  were  reaped  by  a  machine 
driven  by  one  ox  harnessed  between  shafts.  The 
head  of  the  grain  was  cut  from  the  .straw  and  fell 
into  a  large  box  which  formed  a  part  of  the  machine. 
See  Reaper  ;  Clover-seed  Harvester. 

Grain-hull'er.  A  machine  for  taking  the  cortex 
or  skin  from  grain,  making  hulled  wheat,  pearl  bar- 
ley, hominy,  as  the  case  may  be.  Known  also  as  a 
decorticatar,  dcbrannimj-machiiie,  liomini/-machine, 
etc. 

Wheat  is  slightly  scalded  with  steam  and  then  fed 
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cular  perforated  floors,  with  alternate  central  and 
marginal  discharge  apertures.     Eotai-y  conveyors, 
alternately  centrifugal  and  centripetal,  convey  to  the 
apertures  the  grain  which  falls  from  floor  to  floor. 

In  the  other  example  F  the  grain  is  moved  alter- 
nately to  the  right  and  left,  over  finely  perforated 
plates,  by  the  slats  or  endless 'chains  which  pass 
over  the  plates.  Hot  air  from  a  blast  or  other 
means  (lasses  upward  through  the  plates  and  grain. 
The  grain  drops  from  the  end  of  each  plate  to  the 
one  immediately  beneath. 

Grain'er.     1.  The  brush  used  in  graininy  or 
imitating  woods. 
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between  roughened  surfaces  in  mofion,  or  it  is  rubbed 
betwetMi  stones  or  disks  whicli  are  set  at  sucli  a  dis- 
tauee  ajiart  as  not  to  grind  it.  In  the  e.xaniiile,  in- 
clined serrated  jtbites  are  attached  to  the  case  ot  the 
machine  and  intervene  between  similar  plates  at- 
tached to  the  vertical  revolving  shaft.  The  grain 
is  alternately  ejected  from  the  latter  and  returned 
by  the  former,  anil  is  thus  subjected  to  the  .succes- 
sion of  nisping  devices,  and  is  eventually  dischai'ged 
at  the  bottom  of  the  case  and  cleaned  by  a  blast  of 
air.  See  CorroN-sEED  Hitller;  Ho.mi.ny-.mill, 
etc. 

Graia'iug.  1.  {Leather  Manufacture.)  a.  The 
jin)ress  iif  rulibing  leather  with  a  board  to  raise  the 
ijraiii.  Tlie  leather  having  been  shaved  to  a  thick- 
ness at  the  beam,  and  daubed,  is  hung  up  to  drj', 
an<l  is  then  folded,  grain  side  in,  and  rubbed  on  the 
flesh  siile  with  a  poittiiiel  or  cripplcr  to  give  the 
leather  a  granular  appearance  and  render  it  supple. 
See  Ciiii'PLKit. 

The  liide  is  then  e.xtended  and  rubbed  on  the 
grain  siile.     This  is  termed  hruisiiuj. 

b.  A  process  for  giving  markings  to  a  surface  of 
leather  to  indtate  the  wrinkled  appearance  of  mo- 
rocco, hog-skin,  and  some  other  leathers. 

2.  (Puinlinri.)  The  injitation  of  the  natural 
grain  of  wood  by  means  of  tools.  Combs,  brushes, 
and  the  corner  of  a  folded  rag,  are  used  in  making 
tlie  various  patterns. 

3.  (Litlujijrajihii.)  A  mode  of  giving  a  certain 
te.xture  to  the  face  of  a  stone.  One  stone  is  laid 
upon  another  with  a  (juantity  of  sifted  sand  of  a 
given  fineness,  and,  by  a  peculiar  oscillation  and 
gratlual  progression,  tlie  surface  is  cut  into  a  set  of 
tine  prominences  more  or  less  deep  and  ilistant,  ac- 
cording to  the  character  of  the  work  to  be  placed 
upon  the  stone. 

Grain'ing-board.  (Leather  Manufacture.)  a. 
A  board  on  which  leather  is  spread  while  being 
grained  by  the  cripplcr. 

b.  A  board  with  a  surface  impressed  or  engraved 
with  a  pattern,  in  imitation  of  the  natural  grain  of 
some  kind  of  leather,  and  used  to  confer  the  same 
a]»pearauee  upon  otliei-  leather  by  pressure. 

Grain'ing-nia-chine.  1.  A  roller  with  a  pat- 
tern surface  representing  the  grain  of  wood,  and  used 
to  transfer  the  pattern  in  paint  to  wood.  In  the 
example  (Fig.  2287),  the  roller  is  an  elastic  air-bag, 
which  receives  its  paint  from  an  endless  graining- 
belt. 

In  the  graining-machine  for  buckets  the  pail  is 
placed  on  a  bloi;k  rotated  by  a  winch,  and  the  pat- 
tern roller  is  brought  alternately  in  contact  with  the 
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pail  and  inking-roUer  by  the  action  of  a  treadle  and 
widghted  cord.  The  surface  of  the  pattern  ndler  is 
made  in  removable  segments,  so  that  the  |)attern 
nniy  be  varied  in  imitation  of  staves  of  dili'erent 
woods. 

2.  {Leather  Manufuclurc.)  A  machine  having 
rollers  with  raised,  parallel,  straiglit,  or  diagonal 
threads,  which  indent  the  goat  or  .sheeji  skins  and 
confer  the  wrinkled  appearance  to  morocco  leather. 

In  the  example,  the  liorizontal  table  vibrates  lie- 
ueatli  the  swinging  sectoi',   whose   surface  has  the 
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grained  pattern  which  is  to  be  impressed  upon  the 
leather  which  is  between  the  sector  and  the  table. 
The  graining  is  sometimes  given  by  hand,  by  boards 
or  rollers  pressed  upon  the  grain  side  of  the  leather. 

G-rain'ing-tool.  Hand-tools  resembling  condjs 
(Fig.  22S7),  for  imitating  in  painting  the  lines  which 
represent  the  growths  of  timber.  A  light-colored 
coat  of  paint  is  allowed  to  dry  and  a  darker  coat  laid 
over  it.  While  this  is  yet  damp,  it  is  marked  by  the 
graining- tool,  which  removes  some  of  the  darker 
jiaint  and  leaves  white  stripes  behind  it.  Tlie  grain- 
ing-tools  are  of  steel,  horn,  wooil,  or  leathei-,  are  of 
different  grades  of  fineness,  and  have  varying  num- 
bera  of  teeth. 

Grain-leath'er.     1.  Dressed  horse-hides. 

2.  Guat,  seal,  and  other  skins  blacked  on  the 
grain  siile  for  women's  shoes,  etc. 

Graia-me'ter.    A  means  for  measuring  grain, 

Fig.  22S9. 
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sometimes  by  bulk,  but  more  usually  in  the  great 
grain  markets  of  the  United  States  by  weight,  as 
the  bushel  of  grain  of  a  given  grade  of  quality  has  a 
legal  weight.  In  the  example,  a  measure  is  placed 
under  each  brancli  of  the  chute,  and  as  the  gate  is 
moved  to  direct  the  grain  into  either  braneh  the  act 
is  denoted  by  the  register,  which  simply  kee]is  count 
of  the  number  of  motions  of  the  handle.  This  may 
be  used  on  thrashing-machines  and  in  filling  meas- 
ures from  granaries,  but  is  not  so  well  adapted  for 
the  larger  needs  of  the  warehouse  and  elevator.  (See 
Elevator.)    In  these,  a  hopper  is  poised  at  the  end 

of    a    graduated 
Fig.  2290.  beam,   weighted 

for  a  given  num- 
ber of*  busliels, 
say  fifty.  As  the 
beam  rises,  the 
valve  at  the  bot- 
tom of  the  hop- 
per is  pulled,  the 
grain  dischargeil, 
and  the  process 
repeated.  Auto- 
matic registering 
devices  may  be 
used. 

In  another 
form  (Fig.  2290) 
the  space  be- 
tween the  disks 
is  partitioned  by 
Grain-Meter.  radial    ilivisious 

into  receptacles 
for  gi-ain  as  it  falls  from  the  hopper  ;  the  spaces  are 
successively  presented  for  filling  and  discharging  by 
the  revolution  of  the  shaft.  The  rotations  of  the 
wheel  are  registered  by  a  system  of  wheels,  like  the 
gas-m"ter. 

Grain-moist'en-er.    A  device  for  damping  the 

cuticle     of 
Fig.  2291.  ^---'^^^  g'"'''iii,  in  or- 

der to  enable 
the  bran  to  be  more 
readily  removed. 
Tlie  steam  is  forced 
through  a  perforat- 
ed plate  or  shield, 
and  is  thrown  in 
jets  into  wheat  as 
it  falls  from  a 
chute.  A  drip- 
pipe  is  placed  just 
beneath  the  per- 
forated shield  and 
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Graxn-Moisttner. 

canies  off  the  condensed  steam. 

Grain-rake.  1 .  A  rake  used  in  raking  grain  in 
the  swath  into  gavels  for  binding. 

2.  A  rake  used  by  one  who  rides  on  the  reaper 
in  raking  gavels  from  the  platform  of  the  mat  hine. 

Grains.  1.  A  residuum  of  fiber  and  iusidulile 
matters  after  infusion  or  decoction  ;  as  the  ijmias 
of  malt  after  the  wort  is  decanted. 

2.  A  harpoon  with  several  barbs.  A  five-pronged 
fish-spear. 

3.  Prongs,  as  of  a  fish-spear  or  fork. 

4.  A  batiiUj  solution  of  birds'  dung,  used  in  de- 
stroying the  effect  of  Ume,  and  in  improving  the 
fle.^cibility  of  leather. 

5.  Pieces  of  sheet-metal,  cast-iron,  or  tinned  iron 
inserted  into  a  mold  for  the  purpose  of  supporting 
an  accessory  portion,  such  as  a  core,  in  position. 

Grain-sack'er.  A  device  for  sacking  grain.  In 
the  example,  the  grain  is  raised  by  an  endless  apron 


Grain- Saclcer. 

and  buckets,  and  is  discharged  through  an  adjust- 
able tube,  to  wliich  bag  hooks  are  attached.  See 
Bag-holdkr. 

Grain-scour'er.  A  machine  for  cleaning  grain. 
A  «H»^mill.  A  nuichine  in  which  grain  is  rubbed 
and  chafed,  and  eventually  sorted  into  qualities  by 
gravity  ami  blast. 

Grain-screen.  A  shaking  sieve,  or  a  rotating 
cylindrical  reel  of  wire-cloth  in  which  grain  is  sorted 
by  quality,  according  to  its  aljility  to  pass  through 
the  meshes  of  the  sieve.     The  grain-screen  is  a  part 
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Grain- Screen. 


of  every  fanniug-mOl :  it  is  also  used  in  the  separa- 
tor, which  is  a  thrasher  and  cleaner.  It  is  also  used 
as  a  means  of  cleaning  gi'aiu  from  cockle,  cheat, 
grass-seeds,  and  dust ;  especially  wheat  for  seed. 

Fig.  229i  shows  a  recijirocating  form  of  the  de- 
vice ;  the  riddle  and  screen  are  suspended  upon  ad- 
justable straps  and  have  a  very  rapid  motion  com- 
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Grain- Screen. 

municated  by  means  of  a  cam-wheel  and  lever.  The 
riddle  is  agitated  in  the  opposite  direction  to  the 
screen. 
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Grains-dry'er.  An  apparatus  for  drying  the 
spent  ni.ilt,  Knmvn  as  brewer's  grains,  or  other 
similarly  sodden  material.  The  illustration  shows  a 
regular  plant  lor  this  purpose,  consisting  of  a  series 
of  si.\  cylindrieal  casings,  with  rotating  paddle-shafts 
driven  by  bevel-gearing  from  a  single  shaft  rotated 


Grains-Dryer, 


by  power  from  the  engine.  The  casings  are  heated 
by  steam-pipes,  and  the  grains  pass  into  one  end  of 
the  cylinder  and  out  at  the  other,  being  then  ele- 
vated to  the  upjier  Hoor,  where  they  are  sacked. 
Grains  are  dried  for  feed,  .spent  hops  for  manure, 
sprouted  grains  for  malt.     A  fan  drives  furnace- 


heated  air  through  the  grains,  the  hot  vapor  passing 
out  at  the  upper  part  of  the  cylinder. 

Graia-sep'a-ra'tor.        A      thrashing-machine. 
See    Skfak.uuu  ;    Thrasuixg-machine  ;    Gkain- 

.SCIIKKN  ;    FaNXIXG-MILL. 

Grain-shov'el.     One  for  handling  grain  in  bag- 
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Grain- Sitovd. 

ging,  on  the  floor  of  a  kiln,  granary, 
or  warehouse,  or  in  the  holil  of  a 
vessid  wliere  it  is  in  bulk.  In  the 
e.vaniple,  the  .swinging  handles  are 
attached  in  positions  to  bring  tlu' 
weight  of  grain  evenly  on  both 
hands  to  facilitate  the  shoveling  of 
the  same. 

In  the  more  usual  form  it  is  a 
scoop-shaped  shovel. 

Grain-test' er.  A  means  for 
weighing  small  (|uautities,  as  sam- 
ples of  grain.  The  cup  has  a  known 
capacity,  as  a  certain  aliquot  part 
of  a  bushel,  and  the  divisions  on  the 
scale  indicate  the  ]ionnds  which  a 
bnslud  of  thegrnin  tested  would  weigh. 

Grain-thrash'er.  A  machine  for  opc^rating  on 
grain  in  the  sheaf  to  remove  it  I'rom  the  straw.  See 
Thiiashixo-machine. 

Grain-tin.  Crystalline  tin  ore.  Metallic  tin 
smelted  with  charcoal.  Tin  reduced  from  the  loose 
grains  of  tin  stone. 

Grain-wheel.     {Husbandry.)    The  wheel  M  oi 


Grain-Tester. 
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Grain-Harvester,  showing  Grain-Wheel. 


a  harvesting-machine  which  supports  the  outer  end 
of  the  finger-bar. 

Graip.     A  manure  or  potato  fork. 

Gran'a-ry.  A  bin  or  house  for  storing  thrashed 
grain. 

_  In  the  cradle  of  civilization,  Egypt,  the  grana- 
ries were  on  a  costly  and  unsurpassed  scale.  They 
consisted  of  buildings  in  which  the  bins  were  ar- 
ranged in  a  double  row  of  brick  structures,  like 
ovens. 

These  were  probably  of  adobe,  and  had  two  doors  ; 
an  upper  one  through  which  they  were  filled,  and  a 
lower  one  through  which  the  grain  was  removed. 
They  were  ascended  by  steps,  as  shown  in  the  illus- 
tration,  which  is  from  a  painting   in   the  tomb  of 


Rotei  at  Beni  Hassan.  The  grain  is  measured  and 
noted  by  attendant  clerks,  as  shown  in  another 
painting. 

Demosthenes  tells  us  that,  of  the  wljole  foreign 
importation  of  grain  into  Attica,  one  half  came  from 
the  Scythians  of  the  Euxine,  and  estimates  its 
amount  in  ordinarv  years  at  400,000  medimni  = 
600,000  bushels.  The  fertility  of  the  .soil  and  the 
habits  of  the  iieo]de  remain  nearly  the  same,  and  the 
trade  of  England  with  Odessa,  at  the  piesent  time, 
is  a  counterpart  of  that  which  twenty-three  centuries 
ago  was  carried  on  between  Athens  and  the  Scyths 
of  the  Pontns. 

"The  Grcek.s  in  former  times  [Strabo,  a.  D.  16] 
imported  from  the  Chersonesus  corn  and  the  cured 
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fish  of  Palus  Majotus.  Leuoon  is  said  to  have  sent 
to  the  Athenians  2,100,000  medimni  of  grain  from 
Theodosia  (a  town)."  A  niedimnus  was  about  li 
bushels,  English. 

A   Sicilian    bushel  of  wheat  in  the  time  of   Po- 
ly bius   (150  B.   c.)  was  worth,  iu   Cisalpine    Gaul, 


|v 

Fig.  2299. 
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Lomhardy,  and  Piedmont,  4  oboli  per  bushel,  barley 
2  oholi.     The  obolus  was  about  3  cents. 

The  tavern  price  there  for  a  good  meal  was  J  obolus. 

Tlie  granaries  of  the  Romans  were  of  several  kinds, 
and  were  enumerated  at  327.  One  kind  wa-s  a  build- 
ing with  heavy  brick  walls,  and  a  hole  in  the  rt^iof 
through  which  it  was  filled.  Another  was  a  struc- 
ture i-aised  on  wooden  columns. 

In  Thrace,  Cappadocia,  Spain,  and  Africa,  gi'ain 
was  laid  up  in  pits  lined  with  chatf.  Caverns  ami 
cisterns  were  used  in  Palestine.  A  similar  practice 
yet  prevails  in  Tuscany. 

Grand-ao'tioii.  A  piano-forte  action,  in  which 
three  features  are  combined  :  1,  a  hammer  to  strike 
the  string  ;  2,  a  hopper  to  elevate  the  hammer,  and 
then  escaping  therefrom  leave  the  latter  instantly 
to  fall  away  from  the  string,  independently  of  the 
position  of  the  key  ;  and  3,  a  check  to  catch  the 
hammer  and  prevent  rebounding. 

G-rande.  iSur/ar  Manufaeturc.)  The  largest 
evaporating-pan  of  a  battery. 

Grand-pi-a'no.  A  harp-shaped  piano,  whose 
form  is  suggested  by  the  varying  lengths  of  the 
strings,  the  mechanism  heing  introduced  in  the  most 
effective  manner  regardless  of  the  dimensions  of  the 
instrument,  as  in  the  square  or  cottage,  where  the 
motions  are  incommoded  to  bring  the  instrument 
within  certain  limits  or  proportions.     See  Piano- 

FOUTE. 

Certain  piano-forte  movements  are  invented  for 
and  known  as  grand-actions. 
,  The  grand-piano  has  three  strings  to  each  )iote. 

The  bi-chord  or  semi-grand  has  but  two  strings  to 
a  note,  but  has  the  grand  movement.  The  wtlaric  or 
boudoir  grand  has  shorter  strings,  and  is  less  bulky. 

The  grand  square  has  the  movement  of  the  grand 
in  a  square  case. 

The  upright  grand  was  .set  on  end,  and,  heing  un- 
wieldy, was  superseded  by  the  cabinet,  in  which  the 
frame  came  down  to  the  floor,  long  vertical  rods 
transmitting  the  movement  of  the  keys  to  the  upjier 
ends  of  the  wires. 

Gran'ite.  A  hard  and  durable  silicious  stone 
composed  of  quartz,  feldspar,  and  mica  conglom- 
erated. 

Gneiss  has  similar  components,  but  is  stratified. 

Gran'ite-aze.  (Quarrying.)  A  stone  a.\e  for 
spalliug  granite. 

Gran'ny's  Knot,  (yautical.)  A  knot  in  which 
the  second  tie  Ls  across,  differing  from  a  reef-knot, 
in  which  the  end  and  outer  part  are  iu  line.  See 
Knot. 

Gran'u-la'ted-steel.   (3fc/n!lurgi/.)  Jlelted  pig- 
iron  is  scattered  by  a  wheel  into  a  ci.stein  of  water, 
and   thus   reduced    to   fragments,     These   aiv   ini- 
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bedded  in  powdered  heniatite  or  si)arry  iron  ore,  and 
subjected  to  furnace  heat.  The  exterior  of  the  frag- 
ments become  decarbonized,  and  thus  reduced  to 
the  condition  of  malleable  iron.  The  metal  is  made 
homogeneous  by  melting,  and  steel  is  produced. 

Grape-shot.  Spherical  iron  shot  rather  less  than 
half  the  diameter  of  the  hore  of  the  piece  for  which 
they  are   intended,    and   put   up  in 
stands  consisting   of    three   tiers   of        ^V-  2300. 
three  shot  each  ;  the  stand  has  a  cir- 
cular cast-iron  plate  at  top  and  bot- 
tom  connected   by  a    bolt  and  nut  ; 
two  rings  bind  the  tires  togetlier  and  ' 
keep  them  iu  place.     Grape-shot  are 
now  little  used,  except  with  guns  of  i 
the  laiger  calibers,  from  24-pouuders 
upwards. 

Quilted  grape  are  formed  by  sewing 
the  shot  u])  in  a  sort  of  canvas  bag, 
which  is  afterwards  wrapped  around  ' 
with  twine  or  cord,   so  as  to  form      Grape-Shoi. 
jneshes  ;    musket  bullets  put  up  iu 
this  way  were  formerly  employed  for  blunderbusses, 
wall-pieces,  and  small  artillei y. 

Grape-trel'lis.  A  structure  on  which  grape- 
vines are  trained.      See  Trellis. 

Previous  to  1.547  (time  of  Edward  VI.)  grapes 
were  brought  from  Flanders  to  England.  The  vine 
was  introduced  into  England  in  1552.  The  state- 
ments of  the  gi-owth  of  the  vine  in  Britain  (time  of 
Julius  Csesar)  seem  to  lack  conlinnation.  One  of 
(he  largest  vines  in  Europe  is  that  of  Hampton 
Court  Palace,  near  London,  the  famous  palace  built 
by  Cardinal  Wolsey  an<l  given  to  Henry  VUl.  It 
is  stated  to  have  been  planted  in  1769,  and  to  have 
]M'oduced  2,272  bunches  of  grapes  in  a  season, 
weighing  over  2,000  pounds  ;  its  stem  being  thirteen 
inches  in  girth. 

Graph.  Names  ending  in  "grajih"  are  as  fol- 
lows. The  list  is  given  for  the  convenience  of  those 
in  search  of  a  word  :  — 


Actinograph. 

Anaglyptograph. 

Anemograph. 

Arcograph. 

Auto-chronograph. 

Auto-typograph. 

Barograph. 

Barometrograph. 

Catagraph. 

Cecograph. 

Cerograph. 

Clialcogra])h. 

Chorograph. 

Chromo-lithograph. 

Clironograph. 

Crytograph. 

Curvogi-aph. 

Cyclogi'aph. 

Ectotypograph. 

Eidograph. 

Electro-chronograph. 

EUipsograjih. 

Embossed  typograph. 

Galvanograph. 

Glyphograph. 

Glyptograph. 

Helicograph. 

Heliograph. 

Hyaliigiaph. 

Hydro-metrograph. 

Hyetogra]ih. 

Hygnigra]ib. 


Ichnograph. 

Kinograph. 

Lithograph. 

JIagnetograph. 

5Iarigra]ih. 

Mechanogiaph. 

Metallograph. 

Metrograph. 

Microgi-aiih. 

Noctograph. 

Odontograph. 

Omnigraph. 

Optigraph. 

Orthograph. 

Paneicouogiaph. 

Pautelegra[)h. 

Pantograph. 

Perspectograph. 

Phonautograph. 

Photogalvanograph. 

Photograph. 

Photo-lithograph. 

Photo-metallograph. 

Photo-zincogiaph. 

Pianograph. 

Polygrajih. 

Scenograph. 

Sciograph. 

Scotograph. 

Seismograph. 

Solograph. 

Sphereograph. 
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Sphy^'iiiograiih. 

Stereogiupli. 

Teleiocoiiograph. 

Thermetrogiaph. 

Tlierriiogia|ih. 

Vitreogia|ih. 


Xylogiapli. 
Xylopyiograph. 
Ziiicograpli. 
See  also  Meter  ; 
Type. 


Scope 


Graph'ic-mi'cro-scope.  A  microscope  pro- 
viili'il  witli  a  ifllei'tor,  which  casts  down  the  image 
upon  a  sheet  of  paper.  The  instruiiieiit  has  two  re- 
flectors, the  second  one  of  whicli  is  a  prism,  across 
the  edge  of  which  the  eye  observes  the  image,  which 
may  be  traced  by  a  pencil. 

Graph'ite.  A  form  of  carbon  occurring  in  no- 
liulcs  or  foliated  si.\-siiled  prisms,  and  used  for 
(lencils,  for  blacking  stoves,  for  ci-ucibles,  and  for 
lubricating.  (iraphite  was  supposed  by  the  early 
chemists  to  be  a  carburet  of  iron,  but  it  is  now  uni- 
versally acknowledged  that  iron  is  only  mechani- 
cally mixed  with  it,  thcne  being  no  chemical  combi- 
nation between  them.  It  may  have  a  trace  of  iron, 
but  this  is  iu)t  essential.  Its  name,  graphite,  is 
derived  from  its  use  in  writing  and  drawing.  It  is 
well  known  in  the  nn/chanic  arts  as  plumb  igo  and 
as  hUick-Iead,  but  the  names  have  no  relevance,  as 
plumbum,  lead,  is  not  found  in  it. 

It  is  a  uniipie  mineral,  useful  for  many  and  widely 
dift'erent  purposes  in  the  mechanic  arts.  It  was 
utilized  as  a  lubricator  in  the  immediate  neighbor- 
hood of  its  natural  deposits  two  hundred  years  ago, 
but  was  not  widely  used  till  within  the  past  few  years. 
It  can  hardly  be  exceeded  as  a  lubricator,  when  finely 
pulverized,  perfectly  pure,  and  free  from  grit,  —  condi- 
tions which  are  absolutely  necessary  for  this  use.  It 
has  been  mixed  with  clay  for  crucibles  since  the 
tenth  century,  but  was  not  generally  adopted  till 
the  foliated  variety  was  utilized,  in  1827,  by  an 
American,  —  the  late  Mr.  .loseph  Dixon  of  Jersey 
City.  It  was  early  adopted  for  crayons,  and  was 
found  in  use  by  the  Aztecs  when  Cortez  landed  in 
Mexico.  It  is  indispensable  in  the  graphic  arts,  in 
the  form  of  what  are  commonly  called  Icitd- 
pencils,  the  finest  of  which  were  formerly  made  in 
England  from  the  granulated,  pure  gra])hite,  taken 
from  the  celebrated  Itorrowdale  Mine  in  Cumber- 
land ;  but  after  that  mine  became  exhausted  tlie 
world  was  supplieil  w'ith  [jencils  made  from  the  irji- 
pure  graphite  found  in  Bavaria  and  Bohemia,  puri- 
fied for  the  purpose.  Bavaria  is  well  represented  by 
the  Messrs.  Faber,  who-iie  pencils  of  all  qualities  are 
so  well  known.  But  recently  the  fine  graphite 
found  at  Ticonderoga,  in  tlie  State  of  New  York, 
has  been  utilized  for  this  i)urpo.se  by  the  Dixon 
Crucible  Company  of  Jersey  City,  and  a  tine  quality 
of  pencils  produced, — the  comi);iny  having  been 
awarded  the  Medal  of  Progress  for  them  Ipy  the  Vi- 
enna Universal  Expo.sition,  1S73. 

Graphite  is  polymorphous,  has  a  bright  metallic 
luster,  of  a  steel-gray  color,  .something  like  that  of 
molyhdena,  but  darker,  and  the  two  are  sometimes 
confounded  by  inexpert  piM'sons,  both  being  some- 
times formed  in  flexible  huniniE  ;  but  the  molybdena 
has  none  of  the  physical  characteristics  even  of 
foliated  graphite,  excei't  the  similarity  of  color  and 
form. 

Molybdena  has  a  sp.  gr.  of  about  4,  which  is 
about  double  tlutt  of  graphite.  Nitric  acid  attacks 
molybdena,  reducing  it  to  a  yellow  powder,  but  does 
not  affect  graphite.  Molybdena  gives  a  yellowish 
green  flame  with  the  blow-pipe  ;  graphite  does  not. 
Graphite  in  the  blow-pipe  flame  burns  away  to  car- 
bonic acid,  leaving  but  little  ash,  and,  if  pure, 
develops  no  odor.  Molylxh'iia  deflagrates  with  niter 
miudi  more  violently  than  grai>hite.      Tlie  formation 


of  graphite  most  connnon  in  the  pure  state  is  that  of 
laminated  crystals,  elongated  at  light  angles  with 
the  sides  of  the  vein,  if  not  more  than  from  four  to 
six  inches  wide  ;  but  when  the  vein  widens,  the 
crystallization  often  radiates  from  numerous  centers, 
and  the  whole  formation  is  very  beautiful ;  the 
foliated  variety  is  equally  valuable  and  more  bril- 
liant, but  rare  in  any  quantity  ;  the  acicular  forai 
of  crystal  is  not  apt  to  be  as  pure  in  the  lump,  but 
is  useful  for  most  purposes  ;  the  granulated  vaiiety, 
the  purest  of  all,  is  of  little  use  for  crucibles,  but, 
with  suitable  manipulation,  jnoduces  the  finest 
grades  for  electrotyping  and  fine  lead-j)eneils,  and  is 
unequaled  for  lulnicating.  Pure  graphite  is  abso- 
lutely free  from  grit,  when  pulverized  and  rubbed 
between  the  fingers,  and  the  polish  |iroducc(l  in  the 
same  way  is  instantaneous  and  very  bright,  being 
like  a  darker  shade  of  polished  sih'er.  It  is  also 
found  mixed  with  iron,  rhombspar,  and  other  forms 
of  lime,  the  rock  and  earth  in  which  the  vein  is  car- 
ried, and  many  other  foreign  substances  injurious 
for  all  the  purposes  for  which  pure  grajihite  is 
needed.  Lime,  for  instance,  is  fatal  to  graphite  for 
crucible  making. 

It  is  very  refractory  in  closed  vessels,  but  combus- 
tible in  air  or  oxygen  at  a  high  heat.  It  is  infu- 
sible. The  laminated  and  foliated  varieties  are  dif- 
ficult to  pulverize,  redming  to  scales  instead  of 
grains,  and  if  it  is  wanted  very  finely  divided  must 
be  ground  in  water. 

It  is  found  in  these  varieties  mainly  in  Ceylon, 
■where  it  occurs  in  veins,  carried  in  rock  and  kaolin  ; 
the  lumps  are  removed  and  sent  to  market  as  they 
are,  not  being  entirely  pure,  but  suificieiitly  so  for 
most  purposes.  It  is  found  in  many  of  our  own 
States  and  in  Canada,  in  veins  and  disseminated  in 
(piartz  and  other  rock,  from  which  it  is  separated  by 
stamping  in  Abater  ani.1  floating  ofl'  the  scales  ;  but 
while  this  process,  with  care  in  the  manipulation, 
jiroduces  the  purest  graphite  for  use  in  the  arts,  it 
has  not  so  far  been  successful  except  at  Ticonderoga, 
by  the  American  Graphite  Coniimny.  A  large  de- 
jiosit  of  the  granulated  grajihite  was  supposed  to 
have  lieen  found  in  California,  and  a  favorable  report 
was  made  upon  it  by  one  of  the  European  savants, 
but  there  is  no  real  graphite  in  the  mixture  ;  it  is  a 
sort  of  carboniferous  clay,  deceptive  in  its  phys- 
ical characteristics.  A  good,  conipaet,  granulated 
graphite  is  found  in  Sonora,  Mexico,  and  a  speci- 
men brought  to  us  from  Jajian  is  of  the  same  char- 
acter ;  but  the  granulated  gra|iliite  best  and  longest 
known  to  commerce  is  found  in  vast  quantities  in 
Bohemia  and  Bavaria.  It  is  ilivided  in  water  and 
flouted,  to  se]iarate  it  into  grades,  not  being  pure 
enough  as  it  conies  from  the  mines.  It  is  cheap  in 
]irice,  tint  poor  in  quality  for  use  in  the  arts,  except 
for  pencils  after  extensive  purification.  It  is  not 
vei'y  refractory,  and  is  of  but  little  use  for  crucibles, 
although  long  emifloyed  for  want  of  better.  It  is 
useless  for  polishing,  or  for  preservatii'e  paint,  or  for 
lubricating,  an<l,  having  a  very  low  conducting 
power,  cannot  be  used  to  advantage  for  galvano- 
plastics.  It  resembles  a  weak,  black  clay  in  appear- 
ance, and  has  but  two  of  the  physical  characteristics 
of  true,  natural  gra}ihite,  these  being  the  marking 
and  the  greasy  feel  when  highly  purified.  There  are 
huge  deposits  of  compact  granulated  grajihite  in  Si- 
beria, but  they  are  so  far  from  any  means  of  trans- 
portation tliat  only  the  deposit  discovered  by  Mr. 
Alberti  has  as  yet  been  made  use  of,  and  that  is  un- 
der contract  to  the  Messrs.  Faber  of  Stein,  Bavaria, 
for  ]iencils. 

Natural  graphite  has  a  sp.  gr.  of  2.089-2.24.'). 
Artificial  graphite  forms  on  the  inside  of  furnaces 
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and  retorts  where  coal  is  used  for  making  gas  ;  but 
it  is  so  hard  and  harsli  that  it  is  not  adapted  to 
many  uses,  and  has  been  utilized  only  for  carbons 
for  galvanic  batteries  by  sawing  it  into  the  reiiuiied 
shape.  Graphite  occurs  in  the  primitive  and  fre- 
quently in  the  transition  rocks,  in  granite,  gneiss, 
quartz,  feldspar,  kaolin,  mica-slate,  schist,  crystal- 
line limestone,  and  occasionally  in  the  coal  forma- 
tions. It  is  generally  in  veins,  but  in  the  (juartz  it 
is  often  in  disseminated  scales.  In  Ceylon  it  is  in 
well-delined  veins.  In  the  United  States  and  Can- 
ada it  occurs  in  irregular  veins  and  in  nests,  patches, 
and  pockets,  the  only  reliable  veins  known  being 
those  of  the  .American  Graphite  Company  at  Ticon- 
deroga,  New  York. 

Graphite  is  the  purest  carbon  next  to  the  dia- 
mond, but  requiring  a  higher  heat  to  burn  it,  and 
leaving  a  redilish  ash  if  the  specimen  contains  a 
trace  of  iron,  as  most  of  it  does.  It  is  not  atlected 
by  acids  or  alkalies.  If  the  well-known  process  of 
washing  is  not  sufficient  to  purify  the  giaphite  to 
the  required  degree,  then  either  of  the  following 
methods  may  be  adopted. 

Method  of  Professor  Kerl  of  the  Royal  School  of 
Mines,  Berlin.  Heating  to  a  red  heat  in  a  retort 
will  change  the  iron  o-xide  into  metallic  iron,  and 
sulphate  salts  into  sulphides  of  metals,  for  the  e.\- 
traction  of  which  employ  hydrochloric  acid. 

Professoi-  Loewe  heats  the  graphite  to  a  red  heat, 
with  double  the  quantity  of  carbonate  of  Jiotash, 
soda,  or  hydrate  of  potash  ;  he  extracts  the  formed 
potash  salts,  especially  the  silicate  of  jiotash,  with 
boiling  water,  heats  the  residue  gently  with  dilute 
nitric  or  strong  hydrochloric  acid,  hlters,  and 
washes  out  with  water  and  dries.  Repeating  this 
process  three  times  yielded  an  entirely  pure 
graphite. 

Professor  Brodie  obtains  a  graphite  almost  pure, 
99.96  carbon,  by  boiling  graphite  with  acid,  anil 
heating  with  hydrate  of  potash.  If  the  graph- 
ite is  pulverized,  mix  it  with  J  of  its  weight  of 
chlorate  of  potash,  and  double  the  weight  of  the 
graphite  of  concentrated  sulphuric  acid  ;  heat  the 
mixture  in  a  water-bath  ;  a  little  fluoride  of  sodium 
is  ailded  to  remove  silica,  and  the  whole  carefully 
washed,  dried,  ami  heated  to  a  red  heat. 

Graphite  may  also  be  purified  sufficiently  for  most 
uses  by  treating  it  with  i  parts  sulphuric  and  1  part 
nitric  acid,  washing  and  drying.  See  CiiuciBLE  ; 
Pencil. 

These  points  are  taken  from  the  manuscript  of  a 
work  on  graphite,  now  in  course  of  preparation,  by 
Orestes  Cleveland,  President  of  the  Dixon  Cracible 
Company,  of  Jersey  City. 

Graph-om'e-ter.  A  surveying  instrument  for 
taking  angles.     A  demicircle. 

Graph'o-type.  A  process  invented  by  Hitch- 
cock, in  which  a  zinc  plate  is  covere<l  with  a  thick 
coating  of  o.xide  of  zinc,  placed  under  an  hydraulic 
press  to  made  a  perfectly  plain  and  hard  surface, 
the  design  di-awn  upon  tlie  oxide  with  an  ink  con- 
sisting of  a  chloride  of  zinc  and  a  menstruum.  Tliis 
produces  as  to  the  parts  where  the  ink  touches  a 
very  hard  material,  the  oxychloride  of  zinc.  The 
remaining  surface  is  rubbed  away  by  brushes,  velvet, 
and  the  lingers,  leaving  the  lines  in  relief  to  be 
printed  from. 

The  process  is  more  used  in  England  than  in  this 
country,  though  it  is  an  American  invention.  The 
English  illustrated  paper,  the  "Graphic,"  is  under- 
stood to  be  largely  illustrated  by  this  means. 

In  one  form  of  the  process  the  adhering  material 
is  solidified  by  immersing  it  in  a  solution  of  silicate 
of  soda. 


^"-  '^M^M.-^ 


Grap'nalls.  A  heavy  tongs  used  for  dragging 
logs,  chunks,  stones,  etc.     See  Gl'.APPLE. 

Grap'nel.  1.  A  small  anchor  having  five  or  six 
hooks  ariauged  in  a 
circular  manner  on 
the  end  of  the  shank, 
which  terminates  in 
a  ring  to  which  the  . 
cable  is  attached.      It 

is  used  by  small  ves-    "^ 

sels   and   boats,   and     ~^:^i 
sometimes  as  a  kedge  -./"""" 
in   warping  or  haul- 
ing. 

2.  An  implement 
for  recovering  tools, 
eU:.,  dropped  into  a  Grapnel. 

bored    shaft  f   or  lor 

breaking  and  raising  the  axial  stem  left  liy  the  an- 
nular borer.     See.Gl!AB;  Gi;.\p1'LE. 

Grap'ple.  1.  A  hook  for  securing  one  vessel  to 
another  or  one  object  to  another.  Used  in  holding 
vessels  in  engagement  while  boarding,  or  in  a  more 
peaceable  way  to  hold  them  associated  while  load- 
ing, unloading,  or  transferring  cargo.  A  grappling- 
iron. 

2.  A  grasping  tongs,  used  in  various  shapes  and 
for  many  purposes. 

o  is  a  form  used  to  gra.sp  on  each  side  of  a  rafter 
or  beam  to  form  a  means  of  suspending  hay -hoisting 

Fig.  2302. 
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tackle.  The  claws  form  a  toggle  which  is  clasped 
against  the  wood  by  the  weight  suspended  from  the 
slieave. 

b  is  somewhat  similar,  the  claws  being  moved  in 
by  the  weight  suspended  from  the  bight  of  the  cord. 

c  is  for  ice-tongs  or  clutching  other  objects  to  be 
lifted. 

d  has  a  pair  of  toggle-bars  jointed  to  the  claws. 

g  is  a  toggle-elutcli. 

/has  claw-ended  levers  for  reaching  tools  dropped 
into  or  broken  in  bored  wells. 

g  is  a  grab  for  recovering  well-tubes  from  bored 
wells  or  shafts. 
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Grass-cloth.  A  light  fabric  lesembliiif;  linen, 
e.xpcirtc'il  IVdiii  tlic  Malay  Islands.  It  is  nia'le  IVoni 
the  liber  of  the  "  poa,"  a  species  of  nettle. 

A  similar  cloth  is  made  from  the  Chinese  ma,  a 
species  of  aiimabis  (hemii).  It  is  perennial,  and 
sends  uj)  numerous  stems  of  from  7  to  10  feet  in 
hight. 

The  plant  yields  three  crops  every  year.  The  iirst 
cutting  takes  jilace  in  June.  On  being  cut,  the 
leaves  are  carefully  taken  off  with  a  bamboo  knife 
by  women  and  children,  generally  on  the  spot.  It 
is  then  taken  to  the  house  and  soaked  in  water  for 
an  hour.  In  cold  weather  the  water  should  be  tep- 
id. .Vftev  this  the  plant  is  broken  in  the  middle, 
by  which  tlie  lihrous  [lortion  is  loosened  and  raised 
from  the  stalk  ;  into  the  interstice  thus  made,  the 
operator,  generally  a  woman  or  child,  thrusts  the 
finger-nails  and  separates  the  fibers  from  the  center 
to  one  extremity  and  then  to  the  other.  A  partial 
bleaching  is  effected  on  the  fibers  before  they  under- 
go farther  division,  sometimes  by  boiling  and  at 
other  tiiiies  by  pounding  on  a  plank  with  a  mallet. 
After  being  dried  in  the  sun,  a  tedious  process  of 
splitting  the  fibers  by  the  finger-nail  ensues,  then 
hatcheling,  followed  by  rolling  in  balls,  soaking, 
washing,  and  steeping  in  lye.  The  fibers  are  then 
spliced  for  the  weaver. 

Grass-edg'ing  Shears.  A  form  of  large  scis- 
sors with  a  bent  shank,  and  u.sed  for  cutting  the 
straggling  leavi's  of  glass  at  the  edges  of  grass-plots 
and  i>f  grass-bord'Tcd  beds. 

Grass-har'vest-er.     See  Mower. 
Grass'hop-per-beam.     One  form  of  working- 
beam  used  in  steam-engines. 
Kg.  2303.  Instead  of  oscillating  in  fixed 

bearings,  one  end  is  attached 
to  a  rocking  pillar  «,  and 
the  point  of  attachment  of 
the  \iitnian  to  the  beam  bears 
such  relation  to  that  of  the 
piston-rod  as  will  correspond 
to  the  relation  between  the 
stroke  of  the  piston  and  the 
throw  of  the  crank,  b  is 
Grasshopper-Beam.  the  radius-bar  of  the  parallel 
motion  which  secures  verti- 
cality  to  the  piston-rod. 

Grass'ing.  The  exposure  of  steeped  flax-straw  on 
the  grass,  where  it  is  spiead  evenly  and  frequently 
turned  to  wash  out  the  mucilage  and  loosen  the 
shirrs  anil  hoon.     Then  follows  breabiiig. 

Grass-seed  Sep'a-ra'tor.  A  form  of  sifter  by 
which  grass-seed  is  I'id  oi' larger  and  smaller  matters, 
either  grains  or  weed  seeds,  as  the  case  may  be.  It 
may  have  several  sieves,  with  wire-cloth  of  varying 
fineness,  the  more  open  to  allow  the  grass-seed  to 
pass  and  remove  larger  matters,  and  sieves  with 
closer  meshes  to  hold  the  grass-seed  and  allow  cer- 
tain small  weed-seeds  and  dust  to  pass. 

Grate.  1.  A  grated  box  or  basket,  or  a  box  with 
a  series  of  bars  for  a  floor,  in  which  fuel  is  burned. 

The  oldest  form  of  grate  may  have  been  a  row  of 
bars  laid  u]ion  bearers  or  stones  so  as  to  admit  air 
beneath  the  fuel  in  the  intervals  of  the  bars.  A 
cresset  ov  fire-aujc  is  also  an  old  form  of  grate.  See 
Crksset. 

In  an  inventory,  dated  1606,  of  the  goods  of  Sir 
Thomas  Kytson,  at  Hengrave  Hall,  Suflblk,  Eng- 
land, mention  is  made  of  "a  cradell  of  iron  for  the 
chimnye  to  burn  .sea-coal  with,"  and  also  "j  fier 
sholve  made  like  a  grate  to  seft  the  sea-coal  with." 
The  "cradell "  was  probably  a  standing  basket-grate. 
This  is  an  early  mention  of  the  use  of  sea-coal,  but 
the  basket  form  was  common  in  cressets. 


James  Watt,  in  1785,  patenteil  an  arrangement 
for  consunuug  the  smoke  in  fuinaces,  by  supplying 
the  tire  from  above  downward  by  means  of  a  reser- 
voir of  fuel  in  contact  with  the  ignited  mass,  the 
fuel  descending  by  its  own  weight  to  supply  the 
consumption. 

Combustion  was  supported  by  a  strong  lateral  cur- 
rent of  air  passing  through  the  fire  to  a  Hue  on  the 
other  side,  near  the  entrance  of  which  was  a  su|iple- 
mentary  fire  which  consumed  the  smoke  of  the 
first. 

Cutler  patented  a  smoke-consuming  contrivance 
for  open  fires  iu  1S1(>,  and  in  1817  Ueakin  attached 
.1  metallic  bo.x,  holding  fuel  for  one  day's  consump- 
tion, to  the  back  of  the  fireplace  ;  the  fuel  was 
rawn  forward  horizontally  by  a  screw,  as  reiiuired, 
and  in  this  way  the  smoke  was  nearly  all  con- 
sumed. 

In  the  same  year  Hawkins  patented  a  shovel  for' 
supplying  coal  to  the  fire  at  bottom.     The  shovel 

Fig.  2304. 


had  a  cover,  and  the  contained  coal  was  pushed  for- 
ward into  the  fire  by  a  piston. 

The  revolving  grate  was  introduced  by  Steel  and 
Brunton,  English  patents,  about  1819. 

Grate-bars  of  hollow  tubes,  i-on  Meeting  water- 
boxes  at  front  and  rear,  were  introduced  by  Chap- 
man in  1824.     See  Smokk-oonsumino  fitrnace. 

In  1825,  Atkins  att.ached  a  fuel-chamber  to  the 
back  grates,  the  bottom  of  the  chamber  being  made 
to  slope  at  a  considerable  angle. 

Jeakes,  in  1854,  formed  a  movable  grate,  which 
was  lowered  into  the  fuel-box,  gradually  consuming 
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the  fuel  and  adujitting  a  supply  of  air  from  above  to 
support  the  combustion. 

Kowe,  in  1854,  introduced  coal  into  the  bottom 
of  the  grate  by  a  pipe  leading  from  a  side  reservoir 
of  fuel. 

In  1854,  Bachhoffner  consumed  the  smoke  of  one 
fire  by  passing  it  through  an  upper  fire. 

Lei'ghton,  in  1856,  suiTounded  the  sides  and  back 
of  a  tire-grate  with  a  fuel-cliamber,  the  fuel  being 
brought  forward  by  a  poker,  as  required.  The  outer 
coal  is  thus  coked.     See  also  Fikf.place. 

Gi-ates  are  known  by  many  names  indicative  of 
position,  as  low-down ;  purpose,  as  slcam-funiace 
grate ;  construction,  as  rcvolcinri,  sliaking,  etc. 
Fig.  2304  shows  some  forms,  in  whieh  — 

a  is  the  ordinary  basket-grate  of  the  parlor  fire- 
place. 

b  is  the  low-down  grate  as  viewed  from  aliove,  the 
wall  in  section. 

c  is  a  stove-gi'ate,  in  which  the  central  oscillating 
portion  has  alternately  long  and  short  bars,  which 
act  in  conjnnction  with  others  projecting  inward 
from  the  ring,  the  ends  of  each  being  deeper  as  more 
exposed  to  wear. 

rf  is  a  cone-shaped  or  pyramidal  grate  opened  at 
its  bottom,  intended  to  be  placed  in  the  center  of  a 
fire-])ot  in  a  stove.  The  bars  of  these  giates  are  in- 
clined downwards  from  the  center  to  the  outside,  so 
as  to  ]ireveut  the  fire-coal,  sawdust,  tan,  etc.,  which 
it  is  intended  to  burn,  from  choking  up  the  aper- 
tures in  the  grate. 

e  is  Eaton's  locomotive  furnace-grate.  The  con- 
geries of  grate-bars  are  in  steiis,  and  afl'ord  more 
uniform  access  of  air  to  the  fuel.  The  ash-pan  has 
back  and  front  dampers,  and  a  perforated  guard- 
plate  in  front  to  govern  the  draft. 

/  is  composed  of  three  or  more  tiers,  in  combina- 
tion with  a  fire-box  and  trap-grate.  When  in  use, 
a  continuous  inclined  plane  of  incandescent  coals  is 
formed  from  the  upper  tier  to  the  lowest  grate. 

3  is  a  steam-boiler  furnace.  The  gi'ates  are  tubu- 
lar, and  have  longitudinal  horizontal  diaphragms 
extending  nearly  throughout  their  length,  fonning 
an  extension  of  the  boiler-surface  in  which  the  water 
circulates. 

In  It  the  tubes  are  combined  into  a  continuous  pas- 
sage for  the  water,  the  alternate  ends  being  connected 
by  caps  which  admit  of  expansion. 

The  commission  appointed  by  the  House  of  Com- 
mons in  1856  to  examine  into  the  best  mode  of 
heating  buildings  reported  a  fire-grate  for  heating 
barracks,  hospitals,  etc.,  Avhich  embodies  many  of 
the  best  features  of  previously  existing  inventions. 

Fig.  2305  illustrates  a  grate  of  this  kind  set  in  an 
ordinary  fireplace.  The  grate  is  placed  as  uiueh  for- 
ward in  the  room  as  ]iossible  ;  the  part  in  which  the 
fire  is  contained  is  of  fire-brick  ;  the  bottom,  being 
partly  solid,  checks  the  consumption  of  fuel.  A  sup- 
ply of  air  is  admitted  from  liehiml  the  gi'ate,  and  is 
thrown  on  the  top  of  the  fire  to  a.ssist  in  consuming 
tlie  smoke  ;  the  sides  are  splayed  so  as  to  throw  the 
heat  by  radiation  as  mucli  as  possible  into  the  room  ; 
the  opening  into  the  cliimney  has  no  register  ;  there 
is  a  chamber  behind  the  grate  into  wliich  air  is 
brought  from  the  outside  and  warmed  by  the  large 
heating  surface  of  the  back  of  the  grate,  increa-sed 
by  flanges,  and  after  being  heated  to  from  56°  to  70° 
F. ,  the  air  passes  into  the  room  by  a  shaft  cut  out 
of  the  wall  which  terminates  in  a  lonvered  opening 
placed  out  of  reach,  or  a  shaft  of  sheet-iron  may  be 
fixed  to  the  wall  to  serve  the  same  purpose.  In  the 
accompanying  plan  and  section,  the  fire-brick  lining 
of  the  grate  is  shown  by  the  shaded  ])ortion  ;  the 
back  lining  has  grooves  in  it  terminating  in  holes 


just  at  the  bottom  of  the  splay,  which  form  air- 
channels  for  admitting  air  at  the  back  over  the  fire. 
The  hearth  is  made  of  a  plate  of  cast-iron. 

The  contrivance  for  admitting  air  into  the  air- 
chamber  depends  on  circumstances.  If  the  fire- 
place be  built  in  an  external  wall,  the  ojienings  for 
fresh  air  may  be  made  in  the  back  ;  but  if  in  an  in- 

Fig.  2305. 


¥\ 

^ 

<  1 

ln- 

ternal  wall,  the  channel  from  the  outside  may  be 
either  between  the  flooring  of  the  room  and  the 
ceiling  joists  of  the  room  below,  or  in  the  spaces 
between  the  joists,  or  by  a  tube  or  hollow  beam  car- 
ried below  the  ceiling  of  the  room  below. 

The   subject   may    be    pursued   under   a   variety 
of  heads,   where  ■ 

allusion  may  be  fig.  2306. 

found  to  heating 
and  ventilating 
devices.  See 
FURNACK  ;  Ven- 

TILATOR,      etc. 

Also  specific  in- 
dexes under  Aiu- 
appliances  ; 
Stoves  and 
Heating  -  ap- 
PLIAhXES,  etc. 

2.  (Mining.) 
A  metallic  perfo- 
rated plate  on 
1  which  ores  are 
stamped. 
I  Grate-bar. 
The  iron  bar  in 
a  furnace  which 
supports  thefuel. 
A  part  of  a  grid 
in  a  funiace. 

Among  the  nu- 
merous forms 
may  be  cited  :  — 

a  a,  the  par- 
agon-har,  which 
has  passages  for 
air  formed  bj' 
notches  in  the 
upper  surface 
expantlcd  down- 
wardly, so  as  not 
to  fill  with  ashes. 

b  b'  are  two 
views  of  a  grate- 
bar.  The  upper 
view  is  a  top 
view  of  two  bars; 
the     lower    one 
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shows  a  iiide  ami  bottom  vit-w,  with  a  strengthening 
belly  tlaiif^i'. 

c  IS  an  incliiipil  shaking  grate  composed  of  a  num- 
ber of  bars,  witii  lozenge-shaped  openings,  east  in 
one  [liece,  and  so  ai'ianged  as  to  be  operated  in  pairs 
or  all  at  onee,  by  levers.  Tlie  bars  are  placed  at 
right  angles  with  the  length  of  the  grate  ;  the  air 
SU|iplied  to  them  from  beneath  Hows  throngh  their 
perforated  tops,  whirh  rise  above  the  surface  of  the 
grate,  and  among  the  burning  coals. 

In  d  each  alternate  bar  is  supported  by  the  im- 
position of  its  inelined  edge  upon  the  oblique  sur- 
face of  the  cross-bars  at  eitlier  end.  When  the  rock 
bars  are  moved,  they  strike  against  the  notches  and 
cau.se  one  end  of  the  grate-bar  to  climb  U|ion  the 
supporting  bar,  wliile  the  other  end  slides  down  the 
incline  of  the  supporting  bar  at  that  end. 

c  has  sjiaces  between  the  fuel  points  which  adnjit 
air  to  tlie  im',andescent  fuel,  and  afiord  an  escape  for 
du.st  and  ashes  from  the  tire-bed.  Provision  is  made 
for  economically  renewing  the  fuel  points,  and  the 
constru<'tion  is  such  as  to  aH'ord  a  proper  grate  sur- 
face, with  a  copious  supjily  of  air. 

/has  a  steam-]iipe  passing  longitudinally  through 
the  grate-bar  and  throwing  jets  of  steam  from  its 
upper  surface. 

These  are  but  a  few  of  the  numerous  kinds. 

The  grate  surfaces  sliould  be  equal  to  one  square 
foot  lor  each  horse-power. 

Grat'er.  1.  A  plate  roughened  by  punching 
holes  which  raise  protuberances  forming  a  I'asping 
surface.  Used  for  grating  ginger,  nutmeg,  horse- 
radish, lemons,  crackers,  etc. 

2.  (Bookliinding .)  An  iron  instrument  used  by 
the  forwarder  in  rubbing  the  backs  of  sewed  books 
after  jiasting. 

Grate-sur'face.  (Slenm-engim.)  The  area  of 
sui'face  of  grate  by  which  air  has  access  to  the  fuel. 

In  an  average  boiler  this  is  1  square  foot  per 
horse-power,  and  is  e.x[iected  to  evaporate  1  cubic 
foot  of  water  per  hour. 

With  the  Cornish  boiler  double  this  amount  of 
grate-suiface  is  allowed.  M'ith  the  locomotive,  1 
square  foot  evaporates  8  cubic  feet  of  water. 

Grat'ing.  {Nautical.)  An  open  wood-work  of 
cross  slats  to  cover  hatchways  and  yet  admit  light 
and  air. 

Grav'el-car.     A  railway  ballast-wagon. 

Grav'er.  Gravers  are  used  for  engraving  or 
chasing  metals  or  other  materials,  such  as  fine  hard 
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woods,  in  certain  descriptions  of  ornamental  work. 
They  are  made  of  tine  steel,  wliiih,  for  cutting  steel, 
is  tenqiered  to  a  "  pale  straw"  color,  the  first  color 
that  appears  in  "drawing  the  tenqier." 

Gravel's  are  made  of  vliHei-ent  shapes.  Those  for 
"line"  engraving  are  square  or  rhomboidal  in  their 
cross  section,  and  the  end  is  shai'pened  by  giinding 
it  off  oblii|uely,  as  seen  in  the  figures  a  b  c.  The 
lower  edge  of  the  graver  is  termed  the  belly,  and  is 
angular  for  line-engraving.  For  engraving  lettering 
it  is  frequently  rounded  or  Hat,  and  for  heavy  work 
is  destitute  of  a  handle,  and  is  driven  by  a  ham- 
mer. 

d  shows  the  shape  of  the  graver  used  in  stipple  or 
chal/c  engraving,  so  called  from  its  consisting  of  dots 
which  resemble  the  appearance  of  chalk-drawing 
upon  rough  paper.     See  Stipi'I/e-knguavino. 

c  is  a  section  of  a  square  graver. 

/  is  a  lozenge  graver. 

g  h  i  are  tint  tools,  used  principally  by  wood  en- 
gravers. 

j  shows  the  work  of  a  tint  tool. 

k  shows  a  set  of  tint  tools. 

/  i.s  an  adjustable  double  graver. 

Grave'stoiie.  A  monumental  stone  for  erection 
or  erected  at  a  grave.  The  advertisement  by  the 
Quartermaster-General,  U.S.  A.,  forbids  for  furnish- 
ing 300,000  gravestones  for  soldiers' graves  at  dif- 
ferent national  cemeteries  throughout  the  country, 
brought  forward  specimens  of  all  niateiials,  —  white 
and  black  marble,  polished  and  plain,  .sandstone  of 
various  colors,  white  and  red  clay,  vitrified  and  un- 
vitrified,  porcelain,  cryolite  porcelain,  beton-coignet, 
and  all  sorts  of  composite  stone ;  jiainted  iron, 
malleable  iron,  compositions  of  tin  and  sjielter, 
co|qier  and  spelter,  brass,  bronze,  and  wood. 

One  stone  from  Philadelphia  has  letters  cut  by  a 
saiid-b/ii.sl  system  in  seven  minutes. 

Grav-ini'e-ter.  An  instrument  for  determining 
the  specific  gravities  of  bodies.  Nicholson's  instru- 
ment consists  of  a  hollow  ball  of  brass  or  copper, 
having  a  stem  rising  from  its  top  wliich  supports  a 
cup  or  di.sh.  Another  dish  is  suspendeil  from  the 
lower  part  of  the  ball  by  means  of  a  stirrup  ;  this 
dish  is  made  heavy  enough  to  keep  the  instrument 
vertical  when  placed  in  a  liquid  ;  and  the  weight  of 
the  instrument  is  .such  that  1,000  grains  placed  in 
the  upper  dish  sinks  it  in  distilled  water,  so  that  a 
mark  about  the  middle  of  the  stem  is  on  a  level 
with  the  .surface  of  the  liiiuid.      See  AliKOMI'.TEK. 

Grav'ing.  (Nautical .)  (.'leaning  a  ship's  bottom 
by  burning  off  the  sea-weed  and  then  iiaying  the 
]danks  with  pitch.  ,  Ships  were  foiinerly  beached 
for  this  purpose,  and  the  work  was  done  during  the 
recess  of  the  tide.  It  is  also  called  beaming.  See 
Gn.wiNO-ijocK. 

Grav'ing-dock.  A  dock  into  which  vessels  are 
floated  to  have  their  bottoms  examined  and  cleaned. 
A  dry-dock. 

Fig.  2308. 
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The  vessel  is  iloated  in  and  the  gates  at  the  en- 
trance closed  when  tlie  tiile  is  at  ebb.  The  remain- 
ing water  is  then  pumped  out. 

The  graving-ilock  of  the  Navy  Yard  at  Brooklyn 
measures  350  I'eet  in  length  within  the  caisson-groove, 
and  the  main  eliainber  is  98  feet  in  breailth  at  the 
top.  The  width  of  entrance  is  68  feet,  and  the  depth 
of  water  26  feet.  It  was  eommeneed  in  1841,  and 
completed  in  1851.  Great  ditliculty  was  experienced 
in  its  execution,  occasioned  mainly  liy  the  softness 
of  the  foundations  ;  upwards  of  8,000  piles,  varying 
from  25  to  40  feet  in  length,  having  been  employecl 
in  the  work,  which  is  .stated  to  have  cost  S  2,000,000. 
It  is  built  of  granite,  ami  is  furnished  with  iron  gates 
and  an  iron  caisson  or  floating  gate. 

Other  larger  ones  are  now  constructed  at  South 
Brooklyn. 

Many  of  the  Liverpool  docks  have  graving-docks, 
and  some  of  the  dock -entrances  are  arranged  to  be 
u.sed  as  graving-docks.  Two  of  the  latter  have  the 
following  dimensions  :  — 

Depth  of  Water 
length.       Width,    at  Sill.     Feet. 

Canada  dock -lock  .  500         100  26 

Huskisson  dock-lock  396  80  24.75 

Birkenhead  dock-lock  500  85  30.25 

16  graving-docks  of 

Liverpool     .         .   300-700  40-70  18-21 
3  Birkenhead  grav- 
ing-docks   .         .             750  50-70  25.75 
10  private  graving- 
docks,  Birkenhead  380-440  80-87     19.25-24 

Grav'i-ty-bat'ter-y.  Invented  by  Callaud  or  by 
C.  F.  Varley,  Louilon  ;  English  patent,  December  5, 
1854,  no.  2555.  A  form  of  double-fluid  battery, 
in  which  the  fluids  range  themselves  at  ditterent 
hights  in  a  single  jar  by  virtue  of  their  dilferent  spe- 
cific gravities.  The  copper  or  -  element  is  in  the 
bottom,  and  the  zinc  or  +  in  the  upper  part  of  the 
cell.     See  C.\LL.\un  B.\ttery. 

In  the  ordinary  forms  of  "gravity  "  or  "  C'allaud  " 
battery,  if  the  sulphate  of  copper  dissolves  faster  than 
its  solution  is  useil  up,  the  copper  solution  rises,  final- 
ly touching  the  zinc,  rendering  the  battery  useless. 

R.  M.  Lockwood,  ]iatent  April  8,  1873,  shows  an 
arrangement  for  avoiding  this.  The  copper  element 
or  a  portion  thereof  is 
placed  at  the  point  where 
it  is  desii-i'd  to  maintain 
the  separation  of  the 
liquids  ;  so  long  as  the  cir- 
cuit is  closed  the  copper 
solution  will  not  rise  above 
such  elrment. 

Grease-box.  (Rnil- 
road  Eiriiiii'. )  The  recep- 
tacle over  an  axle  arm, 
which  contains  the  lubri- 
cating material. 

Grease-cock.  (.l/(r- 
chineni.)  A  faucet  by  which 
oil  is  admitted  to  a  journal- 
box,  or  other  part  requir- 
ing lubrication.  It  is  u.sed 
on  the  cylinder  cover  for 
lubricating  the  piston  with- 
out permitting  the  escape 
of  steam  w  the  entrance  of 
air. 

Grease-cup.   (Machin- 

enj.)     A  cup  attached   to 

a  part  rei  [ui  ring  lubrication, 

Grfose-Cup.  and  fi'oui  which  it  is  sup- 


plied with  oil.  In  the  example,  the  two  valves  are 
on  the  same  stem  a  little  more  distant  ajiart  than 
are  their  .seats  ;  the  revolution  of  the  stem  by  bring- 
ing one  or  the  other  of  the  valves  to  its  .seat  estab- 
lishes communication  between  the  supply  cup  a  and 
the  globe  b,  or  between  the  latter  and  the  valve- 
chest.     Sec  Oii.-cuK 

Grease-pot.  An  iron  pot,  the  third  in  the  series 
in  which  iron  plates  are  tinned.  It  contains  clear 
melted  tallow  or  lard,  and  is  situated  between  the 
wash-pot  and  the  pan.  The  series  is  :  tin-pot,  wash- 
pot,  rprnse-pol,  pan,  and  list-pot.     See  TiN-PLATE. 

Great-or'gan.  (Music.)  One  (and  the  most 
iiniwrtant)  nl  tlie  three  organs  which  are  associated 
in  large  condiined  organs.  They  are  the  3re«(-organ, 
the  choir-orgnn,  and  the  sivc/i ;  to  which  may  be 
added  the /)erf«/-organ  or  fuot-knjs  for  acting  on  the 
larger  pipes.  The  key-board  of  "the  f/rc«^organ  con- 
tains the  principal  keys,  and  ha.s  the  middle  posi- 
tion, the  b'V-dl  having  the  highest  bank  and  the 
dioir  the  lowest.      See  OiicAX. 

Great  Prim'er.  (Printing.)  A  type  four  sizes 
larger  than  Lumj  Primer. 

Long  Primer,  89  ems  to  a  foot. 
Small  Pica,  83  ems  to  a  foot. 
Pica,  71  ems  to  a  foot. 
English,  64  ems  to  a  foot. 

Great  Primer,   51    ems 

to  a  foot. 

Greek-fire.  An  incendiary  composition  used  in 
early  times  by  the  Tartars,  and  afterwards  by  the 
Greeks. 

The  invention  is  ascribed  to  Collinicus,  an  archi- 
tect of  Heliopolis,  the  "city  <if  the  sun,"  after- 
wards called  Baalbec.  He  is  reported  to  have  de- 
serted the  service  of  tlje  Cali]ih  and  entered  that 
of  the  Emperor  Constantine  Pogonatu.s,  a.  d.  673. 
The  Emperor  Leo  described  its  use,  911  ;  the  Prin- 
cess Anna  Comnena  described  its  properties,  1106  ; 
so  did  Joinville,  1249. 

In  two  sieges,  writes  Gibbon,  the  deliverance  of 
Constantinojile  may  be  chiefly  ascribeil  to  the  nov- 
elty, the  terrors,  and  the  real  etticacy  of  the  Greek- 
fire.  It  was  poured  from  lai'ge  boilers  on  the  ram- 
parts, or  launched  in  hollow  balls  of  metal,  or 
darted  with  anows  and  javelins,  twisted  J'ound  with 
flax  and  tow  which  had  imbibed  the  inflammable 
oil.  In  naval  battles,  fire-ships  filled  with  these 
conibu.stililes  were  carried  by  the  wind,  that  fanned 
their  flames  against  the  sides  of  the  enemy's  vessels. 
It  was  usually  blown  through  long  cop]icr  tubes, 
jilanted  in  the  prow  of  a  galley,  and  fancifully 
shaped  into  the  mouths  of  savage  monsters  that 
seemed  to  vomit  a  stream  of  liipiid  fire.  The  art  of 
compounding  it  was  preserved  at  Constantinople  as 
the  palladium  of  the  state.  Its  galleys  and  artillery 
might  occasionally  be  lent  to  the  allies  of  Rome,  but 
the  secret  of  the  Greek-fire  was  concealed  with  the 
most  jealous  scruple  for  above  four  hundred  years. 
The  Princess  Anna  Comnena,  in  mentioning  resin, 
sulphur,  and  oil  as  its  components,  only  intended, 
it  is  probable,  to  baffle  curiosity  by  telling  just  so 
niuclr  as  everybody  knew  already. 

In  1098,  the  fleet  of  Alexis  Comnenusused  Greek- 
fire  against  the  Pisans.  His  .shi|is  had  "siphos" 
fore  and  aft,  in  form  of  .syringes,  which  squirted  the 
inflamed  matters. 

It  is  believed  that  the  ancient  Byzantium  waa 
marked  by  the  present  walls  of  the  Seraglio.     Con- 
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etaiitine  enlarged  it  A.  li.  a28,  gave  it  its  naiin',  and 
made  it  tlic  rival  of  Rome.  It  was  talceii  I'loni  the 
Greeks,  in  1204,  liy  tlie  Venetians  under  Dandnlu  ; 
retaken  by  the  Greeks,  in  12(il,  under  the  iMiiiJeior 
Mieliael  I'alffiologns  ;  eajitured  liy  the  Turks  in  1453. 
An  old  recipe  tor  Greek-tire  is  thus  given  :  — 

"  Aspaltum,  neptJi,  dragantum,  pix  quoque  Grteca, 
Sulphur,  vernii'is,  de  perolio  quoque  vitro. 
Mercurii,  sal  genmite  Gra'ci  dicitur  ignis." 

Another  reads  as  follows  :  "  Take  of  pulverized 
resin,  sulphur,  and  pitch  eipial  parts  ;  one  fourth  of 
op]iopana.v  and  of  pigeons'  dung  well  diied,  dis- 
solved in  turpentine  water  or  oil  of  sulphur  ;  these 
put  into  a  .strong,  elose,  gla.ss  vessel  and  heat  for  1.5 
day.s  in  an  oven  ;  after  which  distill  the  wliole  in 
the  manner  of  spirits  of  wine  and  keep  for  use. " 

The  contact  of  water  would  increase  the  violence 
of  this  villainous  compound. 

The  savans  of  the  Mieldle  Ages  were  well  acquainted 
with  a  number  of  explosive  mixtures,  some  of  which 
were  especially  effective  by  the  liberation  of  poison- 
ous gases  which  asphy.xiated  the  enemy.  In  effect 
like  our  modern  stink-VialLs,  but  not  thrown,  like 
the  latter,  from  a  gun  or  mortar,  but  projected  by 
S(iuirts  or  in  bottles,  after  the  manner  of  a  hand- 
grenade.  Prester  John,  who  seems 'to  have  com- 
bined regal  and  sacerdotal  powers  .somewhere  in 
Tartary  about  the  eleventh  century  (some  say  the 
thirteenth),  is  cited  as  particularly  skilful  in  blow- 
ing up  his  enemies.  He  stuft'ed  —  so  says  the 
legend  —  copper  figures  with  explosive  and  com- 
bustible materials  which  were  emittol  at  the  mouths 
and  nostrils  of  the  effigies,  nuiking  great  havoc. 

The  Danish  historian,  Saxo  Grammaticus,  a.  d. 
1200,  gives  an  account  of  a  similar  contiivance,  used 
by  a  Gothic  king.  The  devices  of  Archimedes,  who 
defended  Syracuse  from  the  Romans,  212  b.  c,  were 
mechanical  or  optical,  and  do  not  seem  to  have  in- 
volved chemical  compounds. 

Green-house.  1.  (Potfir;/.)  A  hou.se moderately 
warmed,  where  some  kinds  oi  ijrecii-irare  are  placed 
to  become  partially  dried  before  taking  to  the  Iwt- 
house,  where  the  drying  is  completed  by  strong 
heat. 

The  ware  is  then  arranged  in  seggars  unA  fired  in 
the  kiln. 

2.  (Hortiadtare.)  A  plant-house,  with  glass  roof 
and  sides,  with  facilities  for  maintaining  an  artihcial 
temperature  and  the  necessary  ventilation. 

Gre'go-ri-an  Tel'e-scope.  The  first  and  most 
ordinary  form  of  reHectiug  telescope,  invented  by 
Professor  James  Gregory  of  Scotland,  and  described 
by  him  1663. 

Its  object  mirror  or  speculum  is  jjerf'orated  in  its 
axis,  and  reflects  the  image  to  a  smaller  concave 
speculum  placed  in  the  axis  of  the  tube  at  a  distance 
from  the  larger  speculum.  The  image  is  viewed 
througli  an  eye-piece  in  the  aperture  of  the  object- 
speculum.     See  Tklivscope. 

Gre-nade'.  (Italian  grcuido.)  A  small  shell 
weighing  about  two  pounds,  and  thrown  by  hand. 
It  is  said  to  have  been  first  used  at  the  siege  of 
Wacklindonck,  near  Gueldrcs.  The  right  company 
of  each  battalion  was  formerly  composed  of  the  taller 
men  armed  with  hanil-grenades.  Hence  the  term 
grenadiers.  Various  forms  of  grenades  have  been 
invented,  .some  containing  combustibles,  missiles  of 
various  sorts,  Greek-fire,  or  other  incendiary  com- 
pounds. 6-pounders,  and  even  larger  shells,  have 
been  used  as  rampart  grenades,  bejng  rolled  over 
parapets  against  a.ssailants. 

The  Orsini  greuadi's,  with  which  an  attempt  was 
made  to  assassinate  Louis  Napoleon,  were  spherical 
shells  containing  powder  and  missiles,  and  having  a 


large  number  of  cones  or  nip)iles,  each  capped  with 
a  gun-cap.      They  were  made  in  London. 

Greu'a-dine.  {Fabric.)  A  gauzy  dress  goods, 
silk  or  wool,  plain,  colored,  or  embroidered. 

Grid.     1.   A  gridiron. 

2.  A  grating  of  parallel  bars,  for  a  furnace,  stove, 
window,  vault-cover,  or  sewer  opening. 

3.  A  grating.  Used  as  a  concave,  ]iartially  enclos- 
ing the  toothed  cylinder  of  a  thra.sliing-macliine,  or 
the  scutching  beater  of  a  cotton-batting  machine. 
OricU  have  other  uses  ;  their  essential  feature  of  con- 
struction consists  in  having  alternating  bars  and 
spaces,  the  latter  afford  space  for  the  escape  of  mat- 
ter or  the  passage  of  air. 

Grid'dle.  1.  A  miner's  sieve  for  separating  the 
oi'e  from  the  haJvans. 

2.  A  flat  plate  of  iron  long  known  as  the  gurdel, 
and   used  from   remote   anticjuity  for  cooking  flat 

Fig.  2310. 
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Reversible  Griddle. 

cakes  of  dough  upon  a  fire  on  the  hearth.  AVe  find 
mention  of  the  use  of  this  implement  in  all  his- 
tmies,  in  the  Bible,  and  among  the  classic  writers, 
and  in  the  Egyptian  paintings.  A  bag  of  oatmeal 
and  a  ijurdcl  was  the  ordinary  furnishing  of  a  Scot- 
tish soldier  in  the  thne  of  Edward  III.  The  equiji- 
nu'nt  of  the  Goths  was  substantially  the  same. 

In  the  example,  two  dish-shaped  cast-iron  plates 
have  projecting  ears,  and  when  jilaced  together  foi'm 
a  hollow  dish  to  contain  nests  for  cakes,  etc.  The 
griddle  is  suppcnted  by  its  projecting  ears,  which 
form  journals  whereby  it  is  turned  over  upon  a  lim 
placed  u|icin  the  pot-hole  of  a  stove  or  range. 

Grid'i-ron.  1.  (Hi/drmilic  Engineering.)  A  gtditei 
frame   on  which 

ships  are  hauled  Fig.  2311. 

out  of  the  water 
for  examination, 
cleaning,  and  re- 
pairs. Ora  fram- 
ing of  ci'oss-tim- 
bers  which  re- 
ceives a  ship 
with  the  falling 
tide. 

2.  (Dmneslic.) 
A  grated  iron 
utensil  on  which 
fish,  Hesli,  and 
fowl  are  exposed 
forbroiling.  The 
i  1 1  ust  rations 
show  a  gridiron 
with  a  wire  grat- 
ing and  a  sheet- 
metal  rim  and 
cover  ;  one  with 
leg.s,  and  another  griddle-.shaped.     See  also  Broiler. 

Grid'i-rou-peud'u-lum.  A  ctunpensation  pen- 
dulum invented  by  Harrison.  The  l>.)li  is  supported 
by  parallel  liars  of  two  metals  which  are  uncipially 
expaniled  by  heat.  These  are  so  disposed  that,  while 
one  tends  to  lengthen  it,  the  other  tends  to  shorten 
it.  The  ratio  of  lengths  is  determined  by  the  rela- 
tive exiian.sibility.     See  Pkndulum. 

Grid'i-ron-V£ilve.  (Steam-engine.)  A  valve 
whose  o]iening  is  divided  into  a  number  of  narrow 
parts  by  which  the  travel  may  be  abridged. 
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Griff.  ( IFeaving.)  A  series  of  liorizontal  parallel- 
edged  l)ars,  also  known  as  knivea  or  blades^  arranged 
in  a  reciprocating  frame  to  raise  and  lower  the  ver- 
tical hooked  rods  connected  to  the  shcddintj  mechan- 
ism, when  the  hooked  ends  of  said  rods  are  bronght 
by  a  pattern  device  within  the  path  of  said  knives. 

Gril'lage.  (Hydraulic  JSiu/hiceriiu/.)  A  structure 
of  sleepers  and  cross-beams  forming  a  foundation  iu 
marshy  soil  for  a  pier  or  wharf. 

Grind'iug  and  Pol'ish-ing.  See  under  the 
following  heads  :  — 


Ayr-stone. 

Bob. 

Border. 

Bowldering-stone. 

Brayer. 

Bristol-brick. 

Binsh-wheel. 

Buffing-machine. 

Burt'-stick. 

Burnisher. 

Burnishing-machine. 

Cadrans. 

Cane-polishing  machine. 

Card-grinding  macliine. 

Charcoal, 

Clearing-stone. 

Cotl'ee-polishing  machine. 

Colcothar. 

Corundum. 

Crocus. 

Cylinder  grinding,  etc. 

Dial. 

Diamond-cutting,  etc. 

Dop. 

Drill-grinding  machine. 

Dry-grinding. 

Dutch  rush. 

Emery. 

Emery-paper. 

Emery  vulcanite-wheel. 

Emeiy-wheel. 

File-grinding  machine. 

Fish-skin. 

French-polish. 

Gem-cutting,  etc. 

Glass-cutting. 

Glass-paper. 

Glass- polishing. 

Glazer. 

Glazing-wheel. 

Gouge-,slip. 

Grinding   and   polishing 

materials. 
Grinding-machine. 
Grinding-clamp. 
Grinding-mill. 
Grinding-slip. 
Griniling-wheel. 
Grindstone. 

Grindstone.     Artificial 
Grindstone-dresser. 
Holystone. 
Hone. 
Lap. 

Lapidary's  mill. 
Lead-mill. 

Lens.     Grinding,  etc. 
Liner. 
Lustering. 
Marble-i  lolishing. 
Martin. 
Mill  (varieties,  see  Mill) 


Mortar. 

Muller. 

Oil-stone. 

Palette. 

Paper-polishing  machine. 

Plate-powder. 

Polisliing  materials. 

Polishing-mill. 

Polishing-needles. 

Polishing- powder. 

Polishing-slate. 

Polishing-snake. 

Polishing-tin. 

Porphyrization. 

Porte-polish. 

Pumice-stone. 

Putty-powder. 

Rabat. 

Rabot. 

Ragging. 

Razor-strop. 

Reaper-bar  grinder. 

Reaper-knife  sharpener. 

Red-stutf. 

Ritle. 

Rouge. 

Rottenstone. 

Roughing-mill. 

Rubber. 

Rub-stone. 

Rumble. 

Sand-blast. 

Sand-jet. 

Sand -paper. 

Sand- papering  machine. 

Saw-grinding. 

Saw-sharpening  machine. 

Scorching. 

Scratch-brush. 

Scythe-stone. 

Shaking-machine. 

Shave-grass. 

Sheet-metal  polisher. 

Skate-grinder. 

Skive. 

Slate-making  machine. 

Slicer. 

Slitting-mill. 

Smoothing-mill. 

Sjjade. 

Spring-polisher. 

Steel, 

Stone-grinding  machine. 

Stone-]iolishing  machine. 

Straggling, 

Strickle. 

Tanite. 

Tape-carrier. 

Tool-holder  for  grinding. 

Tripoli. 

Tumbler. 

Varnish. 


Whetstone. 
Whetter, 


Whiting. 
Wocid-polishing  machine. 


Grind'ing     and     Pol'ish-ing    Ma-te'ri-als. 

Abrasive  substances  used  in  the  solid  form  :  — 


Grindstone. 

Charcoal. 

Hone. 

Emery-cake. 

Oil-stone. 

Fish-skin. 

Abrasive 

substances 

used  in  powder :  materials 

stated  in  about  the  order  of  their  hardness  :  — 

Diamond. 

Turkey-stone  dust. 

Sapphire. 

Rottenstone. 

Ruby. 

Slate. 

Corundum, 

Pumice. 

Emery. 

Chalk. 

Sand. 

Oxide  of  iron,  colcothar. 

Flint. 

Crocus  or  rouge. 

Glass. 

Oxide  of  tin  or  putty-pow- 

Tripoli. 

der. 

The  abrasive  powders  are  applied  by  thin  circular 
disks,  which  cause  them  to  act  as  saws. 

On  the  periphery  of  wheels  which  act  as  grind- 
stones, glazcrs,  or  buffs,  according  to  the  quality  of 
the  material  and  the  terms  of  the  trades. 

On  plane  surface  of  disks  which  form  laps. 

On  the  ends  of  rods  which  act  as  drills. 

On  slips  of  wood  which  act  asjilcs. 

Spread  upon  cloth,  paper,  or  leather,  forming  a 
grinding  or  polishing  paper  or  pad,  as  the  case  may 
be.     See  Emei'.y-papkr  ;  Sand-paper  ;  etc. 

Grind'ing-clamp.  A  grinding-clamp  for  cylin- 
drical work  has  two  semi-cylindrical  leaden  blocks 
enclosed  between  the  two  halves  of  the  clamp,  which 

Fig,  2312, 


Grindin^-Clamp  and  linu. 

are  adjusted  by  binding-screws.  The  halves  of  the 
clamp  are  adjusted  to  the  desired  distance,  slips  of 
wood  being  placed  in  the  jaws  while  the  melted  lead 
is  run  in  to  fomi  the  clieeks. 

For  internal  work  the  grinder  consists  of  two 
semi-cylindrical  rods  of  iron,  htted  to  each  other  by 
dowel-pins  and  set  screw,s,  so  as  to  be  expanded  to 
the  required  distance.  The  leaden  cheeks  are  cast 
upon  the  rods,  which  are  placed  in  a  mold  for  that 
purjiose, 

Grind'ing-frame.  An  English  term  for  a  cot- 
ton-spinning machine. 

Grind'ing-ma-chine'.  I'ig.  2314  shows  a  ma- 
chine in  which  the  article  to  be  ground  is  moved 
past  the  face  of  the  grindstone,  which  is  stocked  in  a 
swinging  frame  for  the  purpose  of  giving  to  the  bezel 
of  the  tool  or  implement  a  concave  form,  having  a 
greater  radius  than  that  of  the  stone. 

Fig.  2314  shows  Whitelaw's  machine  for  grinding 
pulleys,  a  is  the  grindstone,  which  is  caused  to 
revolve  at  about  180  turns  a  minute  in  one  direc- 
tion, while  the  pulley  b  rotates  at  about  130  revolu- 
tions per  minute  in  the  other. 

The  pulley  is  caused  to  traverse  back  and  foith 
across  the  face  of  the  stone  by  bevel-gearing  con- 
nected with  the  crank-shaft  c,  and  is  kept  uji  to  the 
stone  by  similar  gearing  from  the  shaft  c,  operating 
the  screws  d  d  d,  through  the  hand-wheel  /. 
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Fig.  2313. 


Grindhg-Machine. 

Grind'ing-mill.  1.  The  original  grindiiig-mill 
was  a  mortar  ;  a  liolloweii  stone  in  whose  depression 
the  parched  grain  was  pounded  hy  a  bowlder.    Such 

Fig.  2314. 


bread),  artolagonus  (lake-hivad),  and  many  otliers. 
(See  BiiK.AD.)  A  passage  in  I'liny  sugge.^ts  that  in 
course  of  time  tlie  mortar  was  ridged  and  the  pestle 
notched,  forming  a  machine  whic-h  had  a  grating 
action  upon  the  grain.      See  MoKTAK. 

Wlicn  the  upper  stone  or  runner  was  enlarged  and 
fiirnislied  wiili  a  handle,  by  which  it  was  rotated 
upon  the  nether  or  bed-stone,  the  device  may  be 
sai<l  to  have  crossed  the  line  between  the  mortar  and 
the  Mill.  The  grain  was  fed  in  at  an  eye  in  the  axis 
of  the  runner,  and  the  meal  escaped  at  the  sjiace  lie- 
tween  the  .stones  at  the  outer  margin  of  their  eli'cc- 
tive  faces,  as  shown  at  Fig.  2315.  Such  a  mill  was 
the  quern,  common  in  Italy  and  Britain  in  Konian 
times  and  since. 

The  ancient  Egyptian  mills,  says  Wilkin.son,  were 
of  simple  and  I'ude  construction.  They  consisted 
of  two  circular,  horizontal  stones,  nearly  Hat ;  the 
lower  one  fixed,  while  the  upper  one,  called  the 
rekkab,  or  rider,  in  Arabic  and  Hebrew,  turned  on  a 
pivot  or  shaft  rising  from  the  center  of  the  lower 
one.  It  was  turned  by  two  women,  seated,  each 
holding  the  periiendicular  handle,  and  ojierating  by 
a  concerted  push  and  pull  motion.  The  ino(lern 
Egyptian  hand-mill  is  substantially  similar.  Their 
larger  mills  were  turned  hy  oxen  or  asses,  like  those 
of  the  Komans.  The  millstones  were  of  lianl  grit 
or  granite,  and  are  occasionally  met  with  in  the 
ruins. 

The  grinding  of  grain  for  a  family  was  performed 
by  women  or  slaves,  and,  the  grist  being  usually  suf- 
ficient for  a  single  meal  only,  the  work  was  a  daily 

Fig.  2315. 


GTinfiins^-Machine. 

stones  are  found  amongst  most  nations  possessing  food 
requiring  such  treatment.  The  North  American  In- 
dians, who  had  maize,  pounded  it  in  this  manner  to 
make  a  coar.se  meal  or  hominy  ;  large  stones  in  their 
villages  formed  permanent  mortars.  Their  pestles 
were  sometimes  fortuitous  bowlders  of  convenient 
shape,  sometiujes  they  were  fashioneil  into  a  shape 
like  a  painter's  muller,  or  even  approximating  the 
form  of  dumb-hells.  Collections  of  curiosities  abound 
with  specimens  of  this  rudimentary  grinding-mill. 
The  Smithsonian  Institution  has  many  such  from 
North  America  and  the  South  Seas. 

The  mortarium,  or  mo're  trusatilis,  was  a  modifi- 
cation of  this  form,  and  Pliny  states  the  bread  made 
of  the  broken  grain  to  be  snpeiior,  in  the  estimation 
of  some,  to  that  more  closely  ground  in  the  mills  of 
more  perfect  construction,  and  leaves  us  to  infer  that 
throughout  the  greater  part  of  Italy  the  grain  for 
bread  is  pounded  in  a  mortar  by  an  iron-shod  pestle. 
The  Romans  had  great  variety  of  bread,  the  best  and 
most  fashionable  the  nlica;  also  ostrearius  (oyster- 


Oriental  Mill. 

occnrrinc  one,  Samson  ground  in  the  prison-house. 
Job  spoke  of  his  wife  giinding  for  a  stranger.  The 
Master  spoke  of  the  days  of  tribulation  surpris- 
ing two  women  gi-inding  at  the  mill.  Moses  forbade 
the  taking  of  the  millstone  to  pledge,  as  it  was  a 
man's  life, —a  daily  necessity,  a  grist  for  a  meal 
being  ground  at  a  time.  The  last  of  the  Egyjitian 
plagues  wa-s  the  death  of  the  first-boin,  from  that 
"of  Pharoah  that  sitteth  upon  his  throne,  even  unto 
the  first-horn  of  the  maid-servant  that  is  behind  the 
mill."  The  citation  seems  to  include  the  extremes 
of  the  social  scale. 

When  the  labor  of  cattle  was  substituted  for  that 
of  mankind,  the  upper  millstone  was  called  jn£ta 
and  the  lower  catillus,  such  mills  being  known  as 
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molce  jutnenUiria:.  The  sweep  to  wliich  the  cattle 
were  yoked  was  fastened  to  the  ruimei-  which  ro- 
tated upon  the  bed-stone.  Since  a  time  that  the 
memory  of  man  runuetli  not  to  the  conti'ary,  the 
Phnenicians  have  had  mills  for  bruisinj;  olives,  con- 
structed on  tlie  plan  of  tlie  Cliilian  mill,  one  stone 
rolling  on  its  edge  in  a  circular  track  around  a  post 
planted  vertically  in  the  center  of  the  track.  (See 
Oil-Mill.)  Such  was  probably  a  common  form  of 
the  .Syrian  cattle-driven  grain-mill. 

The  cattle-d riven  grain-mills  in  Rome,  abont  the 
time  of  Constantine,  numbered  three  hundred. 

Strabo  informs  ns  that  mills  were  driven  by  water 
in  the  period  of  Jlithridates  of  Pontus,  the  contem- 
porary of  C'ajsar  and  Cicero.  Such  mills  were  driven 
by  the  current  of  the  Tiber  a  little  before  the  time 
of  .\ugustns.  It  is  not  certain  that  these  were 
grain-mills. 

Windmills  were  introduced  fi-om  Greece  by  one 
Paulo,  and  were  used  for  grinding  grain,  if  we  may 
credit  Pomponius  Sabinus. 

Autipater,  time  of  Cicero,  refers  distinctly  to  the 
use  of  water-mills  in  an  epigram  :  — 

"Cease  now  your  work,  ye  maids,  ye  who  laliored 
in  the  mill  ;  sleep  now,  and  let  the  birds  .sing  to  the 
ruddy  morning,  for  Ceres  has  commanded  tlie  water- 
nymphs  to  perforin  your  ta,sk  ;  these,  obeilient  to 
her  call,  throw  them.selves  on  the  wheel,  force 
round  the  axle-tree,  and  by  these  means  the  heavy 
mill." 

Palladius  advises  the  erection  of  water-mills  on 
estates  where  streams  atl'ord  the  opportunity  of  sav- 
ing manual  lalior  in  grinding  grain. 

Public  mills  were  established  in  Rome  A.  D.  398, 
and  were  driven  by  the  surplus  of  water  brought  to 
Rome  by  her  splendid  ai|ueducts.  Tliey  were  prin- 
cipally at  the  foot  of  Mount  Janii-uluin. 

In  the  sixth  century  (A.  D.  536),  when  Vitiges, 
king  of  the  Gotlis,  harassed  Rome,  and  stopped  the 
water  of  the  fourteen  ac{ueduets  whiidi  enteied  the 
city,  tlie  mills  were  stopped  thereby,  and  great  dis- 
tress Wiis  the  eonsenuence.  The  grand  old  soldier 
Belisarius  moored  boats  in  the  current,  anil  i)rovide<l 
them  with  ]iaildle-wheels,  by  which  the  mills  were 
driven  and  the  peo[)le  supplied  with  meal.  The 
Goths  tried  to  ilestroy  them  by  throwing  logs  into 
the  stream,  but  the  Romans  interceiited  these  by 
booms. 

Water-mills  soon  became  common  in  Gaul  and 
Germany,  anil  we  read  of  some  on  a  tributary  of  the 
Moselle  A.  D.  379,  and  a  mention  of  them  by  For- 
tunatus  in  the  next  century. 

It  is  needless  to  particularize  farther,  as  the  notices 
of  water-mills  in  France,  Bulgaria,  Italy,  and  else- 
where, are  numerous  in  the  writers  from  the  fifth 
century  down. 

The  moving  stone,  known  as  the  rumier,  is  usually 
the  upper  stone,  as  shown  at  Fig.  G  in  the  plate  on 
the  page  opposite.  Variations  from  this  ]iractice 
are  shown  at  A'',  where  the  raiiners  are  beneath,  and 
at  F,  where  both  stones  are  ilriven,  but  in  contrary 
di  relations. 

The  following  terms  apply  to  grinding-mills  and 
to  parts  many  of  which  are  represented  in  figuras 
O  H  of  the  plate.  L  is  an  enlarged  view  of  the 
parts  around  the  spindle  and  eye. 

Bcd-sUmc  (a)  ;  a  stationary  millstone,  usually  the 
lower  one. 

Runner  (i) ;  a  revolving  millstone,  usually  the 
Tipper  one. 

RiDi  of  stones ;  a  pair  of  millstones  in  working  or- 
der. 

Spindle  {d) ;  a  shaft  which  supports  and  drives 
the  runner. 


Step  or  ink  (c)  ;  the  socket  which  holds  the  toe  of 
a  vertical  shaft  or  s(iindle. 

Bndye-lrce  (/)  ;  the  beam  which  supports  the  ink.- 
Buah  (g) ;  wooden  diocks  called/o/Zoicers surround- 
ing  the   sjiindle   within  the   eye  of  the  bed-stone. 
The  upper  beaiing  of  a  millstone-spindle. 

Keijs  (h) ;  wedges  by  means  of  which  tlie  bush  is 
fastened  in  the  bed-stone. 

Driver  (i) :  a  cross-bar  by  which  the  motion  of  the 
spindle  is  conveyed  to  the  runner. 

Coffins ;  sockets  in  the  eye  of  the  runner  for  the 
ends  of  the  driver. 

Balancc-ri/nd  (j) ;  an  iron  bar  stretching  across 
the  eye  of  the  runner,  and  by  which  it  is  poised  on 
the  spindle. 

Coc/c-ei/c  (i-)  ;  a   cavity  on  the  under  side  of  the 
balanc<'-rynd  to  receive  the  point  of  the  spindle. 
Coek-liead  ;  the  upper  point  of  a  millstone-spindle. 
I{firn.i :  the  points  of  the  driver. 
Eije  ()i) ;  the  cential  aperture  of  a  millstone. 
Hoop  (o)  \  the  enclosing  case  of  a  run  of  stones. 
Hopper  (p)  ;    a  conveying  trough  or  funnel  for 
feeding  a  mill. 

S/we  (q)  ;  a  conducting  spout  or  trough  from  the 
hopper  to  the  eye  of  the  stone. 

Spout,  (r) ;  the  issuing  nozzle  for  tlie  ground  meal. 
A  ]>rojecting  ventage. 

Bamsct  («)  ;  a  projection  on  a  millstone-spindle 
for  shaking  the  .shoe. 

iJress ;  a  system  of  land  and  furrows.  A  mode  of 
jireparing  the  grinding-sui  face. 

Face  ;  the  grinding-surface  of  a  millstone. 
Rynd :  the  bar  by  which  the  runner  is  poised  on 
the  cock-head. 

Skirt;  the  outer  margin  or  edge  of  a  millstone. 
Farrows ;  grooves  in  the  face  of  a  millstone  to  ex- 
pedite the  grinding  action. 

Zand  (x) ;  level  surface  between  millstone  furrows. 
Leader  (t)  ;  a  furrow  extending  ii'om  the  eye  to 
the  skirt  of  a  millstone. 

Seeond  furrow  {u)  ;  the  branch-furrow  nearest  the 
eye  of  a  millstone. 

Skirt-furrow  (v) ;  the  branch-fuiTow  nearest  the 
skirt  of  a  millstone. 

Oouije-furrow ;  one  concave  at  bottom. 
Track-edge  ;  the  abrupt  edge  of  a  millstone  fur- 
row. 

Fcatlier-edge  (w) ;  the  shallow  edge  of  a  millstone 
furrow. 

Quarter  (y)  ;  a  section  of  millstone  dress  consist- 
ing of  a  leader  and  its  branches. 

Bosom  (z) ;  a  sunk  area  in  the  face  of  a  millstone 
around  the  eye. 

Tram-slajf;  an  instrument  to  test  the  squareness 
of  the  spiniUe  with  the  fa(^e  of  the  bed-stone. 

Red-staff;  a  straight-edge  emjiloyed  to  detect  ir- 
regularities in  the  face  of  a  millstone. 

Proof-staff ;  a  metallic  straight-edge  by  which  the 
red-.stafl'  is  corrected. 

Wing  (1)  ;  a  strip  (commonly  of  leather)  attached 
to  the  skirt  of  the  runner  to  sweep  the  ground  meal 
into  the  .s]]Out. 

Lighier-serew  (2)  ;  a  screw  for  adjusting  the  rela- 
tive distance  of  the  grind ing-surfaces. 

Husk  (3) ;  the  supporting  frame  of  a  run  of  mill- 
stones. 

Grit ;  a  kind  of  sandstone. 
Grits ;  hulled  and  coarsely  ground  grain. 
Food;  the  substance  being  ground. 
Catlins:  half-ground  fragments  of  grain. 
Dressing ;  preparing  the   face  of  a  millstone  for 
gi'inding. 

Face-era4:king :  roughening  the  land-face  of  a  stone 
by  means  of  numerous, ^lows  with  a.picjc-hammer. 
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Trammiiiq ;  mijustiiif;  the  sjiindle  so  as  to  be  I'X- 
actly  at  right  angles  with  tlie  bed-stone  face. 

Itaking :  an  aetion  in  wliieh,  the  runner  being  out 
of  balance,  one  edge  rakes  or  presses  unduly. 

Chuekir  ;  the  runner  i.s  said  to  chuckle  when  it 
rocks  upon  its  center  while  rotating. 

Faciny  ;  preparing  the  working-surface  or  face  of 
a  millstone. 

WrrMhr  ;  the  food  is  said  to  wreathe  when  its 
particles  hug  the  eye  so  closely  as  to  retard  or  pre- 
vent tlu'ir  descent. 

Slimj :  to  swing  from  side  to  side  (applied  to  a 
millstone). 

In  tram ;  the  spindle  being  perpendicular  with 
the  face  of  the  bed-stone. 

Out  of  tram  ,■  the  spindle  being  oblique  with  the 
face  of  the  beil-stone. 

Gummed ;  having  an  indurated  coating  of  vege- 
table matter. 

Killed :  meal  over-heated  in  the  act  of  grinding. 

Round;  not  unduly  pulverized  ;  meal  rather  gran- 
ulated than  powdered. 

Bush  loose ;  loose  in  its  upper  bearings  (applied  to 
the  spindle). 

Draft :  the  degree  of  deflection  of  millstone  fur- 
rows from  a  radial  direction  ;  thus,  in  a  seven-inch 
draft,  the  track-edges  are  tangential  to  a  seven-inch 
circle. 

Fourteen  quarter  dress ;  a  system  of  fourteen  sets 
of  furrows. 

Grit ;  degree  of  hardness  or  texture,  —  as  hard  grit, 
soft  grit,  coarse  grit. 

The  term  hopper,  although  now  usually  a])plied  to 
a  stationary  conductor  or  funnel,  was  tbrmerly  ap- 
plied to  a  shaking  one,  and  hence  the  name. 

The  kiUini/  of  the  meal  usually  takes  place  be- 
tween grinding  surfaces,  vvhich,  having  been  worn 
smooth  and  somewhat  glazed,  are  set  too  closely 
together,  and  the  Hour,  sliding  between  instead  of 
rolling  over  the  surfaces,  becomes  parched,  so  as  to 
impair  its  vitality  and  capacity  for  panaiy  fermenta- 
tion. A  perfect  dress  will  slide  the  bran  and  roll 
the  Hour. 

A  of  the  plate  is  a  form  of  portable  mill,  adapted 
to  be  worked  by  manual  labor,  or,  by  substitution 
of  a  band  wheel  for  the  crank,  by  horse-power. 
The  shaft  has  a  bevel-wheel  gearing  into  a  pinion 
on  the  spindle  of  the  runner. 

B  is  an  English  form  of  hand-mill  made  for  the 
colonies  and  foreign  market.  It  has  a  Hy-whecl, 
bevel-wheel,  and  piiaon,  which  drive  the  upper 
stone,  lioth  stones  are  of  huhr.  The  grain  is  fed 
from  the  liopper  in  the  usual  manner,  and  conducted 
by  the  shoe  to  the  eye  of  the  runner,  a  damsel  ou 
the  millstone-spindle  shaking  the  shoe. 

In  .some  mills  and  in  many  forms  of  corn-crackers 
metallic  plates  have  been  substituted  for  stones. 
Among  the  lirst  of  these  w.is  the  French  military 
mill,  the  invention  of  Francis  Hevreux,  to  whom  a 
patent  was  granted  for  it  in  1.S24.  The  principle 
is  that  of  metallic  groove  plates  turning  in  a  verti- 
cal plane  ;  the  grooves  cut  radiating  from  the  center 
of  the  plate.  One  of  the  plates  is  fixed  to  the  end 
of  the  frame  of  the  mill  ;  the  otlnir  revolves  upon  an 
axis  fixed  in  the  center  of  the  fixed  plate  at  one  end, 
and  in  the  side  of  the  frame  in  the  other.  The  grain 
is  fed  through  an  aperture  in  the  fixed  plate.  See 
millstone-plate. 

F  is  an  i-migrant  mill,  attached  to  the  tongue  of  a 
wagon,  and  designed  to  be  worked  by  two  cranks. 

The  Siiakers  of  New  York  reduce  their  roots  to 
powder  by  means  of  a  crusliing-miU  C,  succeeded  by 
a  powderiug-mill  D.  The  first  is  on  the  principle 
of  the  Chilian  mill,  and  reduces  the  dried  roots  to 


the  size  of  samp  or  fine  hominy.  The  stones  are  of 
Esopus  granite,  4  feet  diameter,  1  foot  thick,  and 
weight  2,000  pounds  each.  They  turn  on  their  axle, 
which  is  at  right  angles  to  tlii'  veitical  axis  by  who.se 
rotation  they  are  caused  to  revolve  around  a  common 
center,  and  also  rotate  on  their  own  axes.  Tlie  prin- 
ciple of  the  Chilian  mill  is  well  understood,  and  its 
ettect  is  very  powerful.  As  the  outer  periphery  or 
fai.'e  of  the  stone  descrilies  a  larger  circle  than  the 
inner,  the  face  of  the  stone  has  a  constant  rubbing 
action  on  the  bed-plate,  and  the  material  subjected 
to  the  action  of  the  stones  is  much  more  forcibly 
grated  than  it  would  be  by  the  mere  crushing  weight 
of  a  traversing  stone. 

The  roots,  crackeil  and  reduced  to  a  certain  fine- 
ness in  the  crushing-mill,  are  next  jilaced  in  the 
powderiug-mill  IJ,  which  has  a  rouiuled  bed-.stone 
of  granite  and  two  runners  in  the  shape  of  truncated 
cones,  which  have  a  rotation  on  their  own  axes,  and 
also  a  revolution  arouiul  the  vertical  axle  by  which 
the  power  is  transmitted.  This  mill  is  very  efl'ec- 
tive.  In  this  form  of  grinding-mill  is  illustrated 
the  crushing  action  just  referred  to.  The  outer  por- 
tion of  the  face  of  the  upper  stones  —  or  that  portion 
of  each  which  for  the  time  being  is  nearest  to  the 
rim  of  the  bed-.stoue  —  is  subjected  to  the  greatest 
amount  of  attrition,  being  farthest  from  the  com- 
mon, vertical  axis  of  revolution  ;  it  Ihus  causes  the 
other  portion  of  the  face,  or  that  nearest  the  center 
of  the  bed-stone,  to  advance  in  the  general  direction 
of  motion,  the  outer  portion  being  detained  by  the 
greater  friction,  and  the  result  being  a  rotation  re- 
sulting from  the  revolution.  Kotary  harrows  are 
constructed  on  the  same  principle,  a  rotation  being 
imjiarted  to  the  individual  harrows  by  power  exerted 
in  the  direct  line  of  draft. 

Jn  one  form  of  the  English  farm-mill  J^the  upper 
and  lower  plates  rotate  in  the  same  direction  and  at 
nearly  equal  velocities,  but  not  ou  the  same  center. 
Their  eccentric  setting  gives  their  grooved  surfaces  a 
shearing  cut  upon  each  other. 

Carr's  disintegrating  flour-mill  (English)  is  shown 
by  a  general  view  at  /  and  by  a  jiartial  sectional 
view  at  /. 

a  and  b  are  circular  metallic  disks,  which  rotate 
in  contrary  directions  upon  the  shafts  c  and  d,  which 
are  situated  in  the  .same  line.  On  the  inner  surfaces 
of  these  disks  are  concentric  rings  of  jirojections, 
called  beaters,  the  rings  on  one  disk  intervening  al- 
ternately witli  those  on  the  ojiposite  disk,  and  mov- 
ing in  a  contrary  direction.  Several  concentric  rings 
of  beaters  may  be  thus  made  to  operate  conjointly. 

The  revolving  beaters  are  incdosed  in  a  casing  c. 
The  grain  is  delivered  down  the  fixed  shoot/  through 
the  orifice  in  the  outer  casing,  into  the  innermost 
cage,  from  which  it  is  instantly  projected  by  cen- 
trifugal action  through  the  machine  ami  delivered, 
in  a  shower  radiating  from  every  portion  of  the  cir- 
cumference, into  the  outer  casing,  in  the  form  of  a 
meal  similar  to  that  thrown  out  by  the  ordinary 
millstones  ;  to  this  state  the  grain  is  reduced  by 
being  dashed  to  the  right  and  left  altermitely  by  the 
bars  of  each  of  the  successive  cages  revolving  in  op- 
posite directions  at  a  very  high  rate  of  speed.  As 
it  falls  to  the  bottom  of  the  casing,  the  meal  is  con- 
tinually removed  by  the  screw  g  ;  it  is  then  iiassed 
through  the  usual  bolting-machines  to  separate  the 
bran,  and  subsequently  through  silk  dressing-nia- 
chiues  to  separate  the  fine  flour. 

The  machine  is  driven  at  a  speed  of  about  400 
revolutions  per  minute  ;  and  the  outermost  ring 
being  6  feet  10  inches  diameter,  the  last  beaters  have 
a  velocity  of  140  feet  per  second,  or  about  100  miles 
per  hour. 
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See  page  1020. 


GRINDING-MILL. 


1021 


GRINDING-MILL. 


K  represents  Westrup's  conical  bnhr-stoue  Hour- 
mill.  In,  this  tlie  upper  stone  is  fixed  wliile  the 
lower  revolves,  and  weighs  but  about  li  cwt.  in- 
stead of  14  cwt.,  as  the  ordinary  stones  do.  a  is 
the  upper,  b  the  lower  lixed  stone  ;  c  the  upper  and 
d  the  lower  runner,  both  lixed  on  the  same  spindle. 

Fig.  2316. 


Horizontal- Shaft  Grinding-MitL 

This  arrangement  diminishes  the  power  required, 
and  is  said  to  deliver  a  much  larger  quantity  of 
flour  in  the  same  time. 

Fig.  2318  is  a  form  of  mill  in  which  the  runner 
rot.Ttes  with  a  hoiizontal  shaft  passing  throui,'h 
bi)xe.s  in  the  adjustable  standards,  by  whose  move- 
ment the    other   stones   are    adjusted.     The   grain 


Fig.  2317 


Fig.  2318. 


Rolling-Balls  Gnniling-Mill. 

passes  from  the  hopper  through  two  spouts,  and 
pas.ses  through  ways  in  the  standards  and  the  side 
stones. 

In  Fig.  2317  the  material  is  fed  into  the  cylinder 
through  one  of  the 
tubularjoumals.and 
is  subjected  to  the 
action  of  metallic 
balls  running  loose- 
ly in  the  rotating 
cylinder.  Abla.sten- 
tcrs  through  the  in- 
wardly flaring  aper- 
ture of  the  journal 
at  the  feed  end  and 
carries  the  powdered 
particles  tlj  rough  the 
other  journal  to  the 
receiving  chamber. 
In  Fig.  23 IS  the 
Concnve-Bfd  MiU.  bed-stone  is  a   cou-, 


cave,  which  may  yield  to  any  hard  substance  and 
pr&serve  it  from  injury. 

Many  of  the  new  processes  for  putting  wheat  into 
a  convenient  shape  for  cooking  are  but  revivals  of 
old  modes.  We  have  spoken  in  this  article,  and 
under  Bke.\d,  of  the  Roman  [ireference  for  decorti- 
cated grain,  rasped  in  a  mortar  and  then  simply 
broken.  The  Hungarian  jilan,  which  may  have 
been  in  use  for  centuries,  is  to  decorticate  the  gi'ain 
and  remove  the  bran,  and  then  rasp  the  hulled  kernels 
between  a  complicated  series  of  differently  speeded 
fluted  rolls.  Other  devices  for  this  puipose  are  referred 
to  under  DECdETiCATor, ;  and  allied  machines  are 
referred  to  under  Hulleu.  Pearl  barley,  hominy, 
and  grits  are  hulled  giains. 

The  ventilating  of  millstones,  by  a  bl.ast  of  air  in 
at  the  eye  and  out  at  the  skirt,  is  old  as  Gendebein 
and  Houyet's  patent,  January  5,  1S47.    They 
proposed  to  use  plenum  or  vacuum. 

Oliver  Evans's  linppir-boy  patent,  a  means 
of  feeding  grain  to  the  nrillstone,  was  pro- 
nounced by  Thomas  Jefferson  so  imiiortant 
that  the  inventor  ought  not  to  be  allowed  a 
patent  on  it,  it  being  an  absolute  necessity  to  a 
miller  when  once  discovered. 

The  regrinding  of  roughly  giound  or  coarse 
meal  was  practiced  by  the  Romans,  and  has 
been  revived  in  latter  times  by  the  Germans 
and  French  ;  by  the  latter  under  the  name  moulure 
iconomitjuc.  The  grain  is  coarsely  ground,  bolted; 
the  coarse  portions  and  bran  reground  again  and 
again.  The  various  grades  and  kinds  of  flour  or 
meal  thus  obtained  were  called  by  Pliny  similago, 
sii/n/a,  Jlo.i,  pollen,  cibariitm. 

Two  other  plans  may  be  noticed  ;  one  which  pro- 
duces what  is  called  entire  vhcat  flour, 
the  bran  being  ground  to  an  impalpable 
powder  aiul  mixed  with  the  flo\ir.  Also 
a  French  plan,  in  which  grinding  is  dis- 
pensed with  ;  the  wheat  being  decorti- 
cated, macerated,  and  crushed  by  rollers 
into  a  dough  Ht  for  baking. 

The  first  steam  flonring-mill  in  Eng- 
land, perhaps  in  the  world,  was  the 
"Albion,"  erected  at  the  Southwark 
end  of  Blackfriars'  Bridge,  London,  in 
1783. 

The  best-appointed  grinding-mill  in 
England  is  said  to  be  the  City  Flour- 
Mill  of  London.  Its  capacity  and  ar- 
I  rangement  are  tlius  described  by  Mr. 
Tomlinson  :  — 
"The  mill,  whichis  lire-proof,  is 260  feet 
in  length  and  60  in  width.  There  are  thiity-two  pairs 
of  stones  all  furnished  with  the  blowing-aiiparatus, 
the  runner  of  each  pair  being  worked  by  a  strap. 
X  long  horizontal  trink  placed  above  the  millstones 
is  sui)plied  with  condensed  air  by  means  of  a  power- 
ful fan.  From  this  trunk  proceeds  a  smaller  trunk 
obliquely  into  the  casing  of  each  pair  of  millstones, 
and  when  the  blast  has  served  its  purpose  it  escapes 
up  another  oblique  trunk,  into  a  second  long  hori- 
zontal shaft,  in  which  the  air  is  rarefied  by  means 
of  a  fan.  This  fan  conveys  the  air  hito  a  chamber 
lined  with  woolen  cloth  w'hich  arrests  the  flour  car- 
ried off  by  the  blast. 

"  The  wheat  is  hoisted  to  the  top  floor,  where, 
after  undergoing  certain  cleansing  operations,  it  is 
let  down  to  the  .stones.  The  meal  is  conveyed  along 
horizontal  trunks,  by  means  of  archiniedean  screws 
working  in  them,  to  a  series  of  bucket-elevatoi-s  at- 
tached to  an  endless  band  working  in  a  vertical 
plane  over  and  under  roUei-s  at  the  top  and  bottom. 
These  elevators  distribute  the  meal  among  sixteen 
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silk  (Iressing-mac'iiines,  each  of  which  is  36  tVet  long, 
3^  tVt't  in  liianieter,  anil  inclosed  within  a  woollen 
easing.  The  silk-iuachine  consists  of  an  octagonal 
wooden  framework  attacdicd  by  railial  itai'S  to  a  cen- 
tral axis.  The  frame  is  covered  with  a  fine  silk 
cloth,  hard  in  te.xture  and  tightly  stretched.  The 
axis  is  inclined  j  inch  to  each  foot  of  its  length  ;  the 
two  ends  are  open,  and  tlie  meal,  being  jionred  in  at 
the  nppcr  end,  is  sifted  tlirough  the  bolting-cloth 
whiidi  covers  the  eight  sides,  as  the  frame  levolves. 

"  .\s  a  means  of  jarring  the  frame  to  |irevent  the 
clogging  of  the  meshes  of  the  bolting-cloth,  the  ra- 
dial rods  of  the  frame  have  wooden  balls  threaded 
loosely  npon  them,  so  that  as  tlie  frame  revolves 
they  fall  from  the  a.xis  upon  the  cirenmferential 
bars,  and  then  back  again  upon  the  axisas  the  position 
of  the  radial  bars  changes.  The  fine  llonr  which 
passes  through  the  cloth  is  conducted  to  a  bin  ;  the 
pollard  and  branare conducted  to  adressing-maidiine. 

"The  avei'age  ipiantity  of  wheat  grountl  per  \^'eek 
is  20,000  busliels.  Wheat  can  be  ground  and  dressed 
in  Hfteen  minutes,  during  which  time  it  passes  three 
tiin  's  from  the  top  to  the  bottoTu  of  the  mill  by 
means  of  screws  and  elevators.  Hut  few  hands  are 
employed,  the  work  of  the  mill  being  mostly  per- 
formed by  steam-driven  machinery.  The  steam-en- 
gine in  this  establishment  is  on  the  marine:  principle, 
and  was  formerly  one  of  the  stationary  engines  of 
the  lilackwall  Riilway,  when  the  carriages  on  that 
line  were  moved  by  means  of  a  rope. 

"The  nominal  power  of  tile  engine  is  220-horse- 
power.  There  are  si^ven  boilers  for  generating  steam, 
and  they  are  made  to  consume  the  smoke  by  cau.sing 
one  fire  as  soon  as  it  is  supplied  with  coals  to  dis- 
charge its  smoke  into  the  adjoining  furnace." 

2.  A  lapidary's  wheel  of  lead,  the  disk  surface  of 
wliiith  is  touched  with  emery  and  water.  It  follows 
the  sjitliiui  or  rowjhinrj  mill,  and  like  them  is 
mounted  to  rotate  on  a  vertical  axis.  See  Lapi- 
1).\i!Y's  Mill. 

See  under  the  following  heads  for  mills  and  parts 
of  mills  :  — 


Bag-clasp. 

Bag-holder. 

Balance-rynd. 

Barley-mill. 

Bed-stone. 

Bolt. 

Bolt-feeder. 

Bolting-mill. 

Bosom. 

Bran-duster. 

Bridge-tree. 

Bruiser. 

Bruising-mill. 

Brush-wheel. 

Buckwheat-lmller. 

Buhr. 

Clack. 

Cider-mill. 

Clay-mill. 

Cock-eye. 

Cock-head. 

Corn-mill. 

Cotton-seed  mill. 

Damsel. 

Debranning-machine. 

Decorticator. 

Dress. 

Feed-regulator. 

I''lax-seed  mill. 

Flour-bolt. 

Flour-c:ooler. 


Flour-dressing  machine. 

Flour-packer. 

Foot-stalk. 

Furrow. 

Furrowing-hanimer. 

Grain-conveyor. 

Grain-dryer. 

Grain-elevator. 

Grain -gage. 

Grain-huller. 

Hand-mill. 

Hominy-machine. 

Hoop. 

Hopper. 

Hopper-boy. 

Huller. 

HuUing-machine. 

Hu.sk. 

Kern. 

Kibbling-niill. 

Lighter-screw. 

Mill  (varieties,  see  Mill). 

Mill-hopper. 

Mill-pick. 

Millstone. 

Millstone-lialance. 

Millstone-bridge. 

Millstone-dress. 

Millstone-dresser. 

Millstone- feed. 

Millstone-furrower. 


Millstone-hammer. 

Millstone-pick. 

Millstone-regulator. 

M  il  Istone-ventilator. 

I'une. 

I'roof-staff. 

Ked-stati'. 


Runner. 

Rynd. 

Shoe. 

Sitting-machine. 

Smut-machine. 

Trani-staH'. 

Veiitilating-millstones. 
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Grinding- 
SpheTts. 


Grind'ing-slip.  A  thin  slab  of  oil-stone  or  hone 
to  reach  edges  of  tools  which  cannot  be  conveniently 
apjilied  to  the  usual  stone. 

Grind'ing-spheres.     Fig.  2319  illustrates  Guy's 
device     for      griniliijg 
balls  to  a  true  surface.  Fig.  2319 

The  ball,  pieviously 
turiu'd  as  nearly  spher- 
ical as  may  be,  is  placed 
in  the  conical  aperture 
of  tlie  holder  tr,  and 
two  rings  b  set  from 
each  oilier  a  distance 
eijual  to  the  chanieter 
of  the  ball  and  ])ress- 
ing  tightly  against  it, 
are  made  to  rotate  at 
right  angles  to  each 
other,  carrying  the 
ball  with  them  and 
bringing  its  protuber- 
ant portions  in  contact  with  the  edges  of 
the  aperture,  thus  reducing  it  to  a  true 
spherical  surface. 

Grind 'ing-vat.  (Porcelain.)  A  cy- 
liiiiliiial  tank  in  which  calcined  and 
stampi-d  Hints  are  ground  into  a  fine 
]iasti:  with  water,  'file  vat  is  from  12 
to  14  feet  in  diameter,  and  4  feet  dee|i, 
paved  with  chert-stone.  It  acts  on  the 
jiriiiciple  of  the  AliK.i.sTr.A  (which  .see), 
large  blocks  of  chert  being  attached  liy  chains  to 
revolving  arms  and  dragged  upon  the  jiavement  of 
till'  vat.  Chert-stone  is  used  because  of  its  chendcal 
affinity  to  the  liipiid,  in  order  that  no  deleterious 
ingredients  may  be  introduced  by  the  mutual  attri- 
tion of  the  mulh'r  and  pavement  in  this  operation, 
H  Inch  is  equivalent  to  ]iorpliyrization. 

Grind'ing-wheel.  Fig.  2320  is  a  small  grinding 
and  polishing  machine,  adapted  for  receiving  various 
interchangeable  spindles  carrying  grindstones,  emery- 
wheels,  or  a  circular  brush.  It  is  o]ierated  by  a  treadle, 
has  a  stand  tor  a  water-can,  and  slots  at  the  sides  in 
which  the  spare  wheels  with  their  spindles  may  be 
placed. 

The  lower  machine  in  the  .same  figure  is  adapted 
for  grinding  large  flat  .surfaces.  It  consists  of  an  inner 
and  an  outer  circle  a  h,  between  the  radial  divisions 
of  which  segmental  jiieces  of  grindstone  are  in.serted 
and  fixed  by  set  screws  c  c.  'The  work  is  placed  on 
the  carrier  d,  which  traverses  on  the  table  e. 

a  b  c  (Fig.  2321)  repre.sent  guides  for  giving  a  uni- 
form bevel  to  the  cutting-edges  of  tools.  In  a  this 
is  effected  by  blocks  of  wood  having  the  proper 
slope,  to  which  the  tool  is  fastened  and  the  block 
champed  to  the  table,  b  is  provideil  with  a  quadrant 
which  .allows  of  a  vertical  adjustment.  The  grind- 
ing-wheels  d  c  are  horizontal,  c  is  adapted  for 
attixing  to  a  block,  vvliich  is  applied  alongside  of  a 
vertical  wheel.  The  tool  is  clamped  to  a  holder, 
which  has  horizontal  and  vertical  graduated  arcs, 
admitting  of  adjustinent  to  any  required  angle,  so 
as  to  fnrin  a  double  bevel. 

Grind'stone.  Grindstones  are  made  from  the 
more  compact  sanilstones,  varying  in  texture  and 
compactness  according  to  the  work  required.    Those 
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Fig.  2320. 


Fig.  2321 


Grinding-  Wheels. 

of  England  are  highly  esteemed.  Different  loctilitie.'! 
of  that  country  afford  such  as  are  reijuired  for  almost 
every  purpose.  Among  these  the  "Newcastle" 
stones,  from  the  coal  measures  of  Northumberland 
and  the  adjacent  counties,  have  a  pre-eminence  in 
England  for  general  purposes  ;  others  are  used  for 
grinding,  while  many  varieties  are  employed  as 
plane  surfaces  for  whetstones.  Other  qualities  are 
used  for  hones.  A  German  variety  is  famous  for 
this  purpose.  The  very  tinest  qualities,  conipo.sed 
of  an  almost  impalpable  agglutinated  jvowder,  are 
iised  as  oil-stones.  Such  are  the  "  Water  of  Ayr,  ' 
and  "Blue"  stones,  and  the  "Turkey"  oil-stone. 
The  old  "  Royal  Exchange  "  of  Lomlou  was  paved 
with  this  stone,  and  when  it  was  bunied,  about  1S34, 
the  pavement  yielded  a  handsome  amount  towards 
the  re-erection. 

The  Nova  Scotia  and  Berea,  Ohio,  grindstones  are 
largely  employed  in  this  country  ;  these  may  be  ob- 
tained of  vei7  large  size  and  uniform  quality.  The 
Washita,  Arkansa-s,  stone  is  of  the  very  finest  quality, 
being  sharp  and  clean,  and  is  made  into  a  great  variety 
of  forms  ;  grindst  ines,  whetstones,  hones,  and  slips 
of  various  sizes  and  forms. 

In  dre.ssing  rough  grindstones,  the  proce-ss  of 
hacking  is  employed.  Huckmg  consists  in  notching 
the  projecting  parts  with  a  short-handled  hammer 
resembling  an  adze.  Loji^  used  in  polishing  stones, 
etc.,  ^Te,  jamd  by  holding  an  old  knife  against  their 
edges,  so  as  to  vibrate  or  chatter,  making  a  slight  iu- 


Tool-  Grinder. 


dentation  at  each  jump  ;  these  serve  to  retain  the 
finely  powdered  emery  or  rottenstone  mi.xed  with 
adhesive  material  with  which  the  lap  is  covered. 

For  clearing  the  surfaces  of  stones,  in  which  par- 
ticles of  iron  or  steel  have  become  imbedded,  a 
square  bar  of  i  to  \  inch  iron  is  held  and  wabbled 
against  the  edge  while  in  motion.  Tliis  Ls  called 
strnqcjUng  or  ragyimj. 

fuming  or  roi-ing  is  effected  bj'  reversing  the 
motion  of  the  .stone  and  holding  a  hooked  flat  tool 
against  its  edge,  which  is  aftenyards  farther 
smoothed  by  the  roving  plate. 

The  series  of  operations  in  making  grindstones  is 
about  as  follows. 

The  layer  or  ledge  of  rock  being  uncovered,  chan- 
nels are  cut  at  each  end  of  the  slab  to  be  removed, 
and  then  a  row  of  holes  is  drilled  on  tile  line  where 
the  fracture  is  to  be  made.  Steel  wedges  are  driven 
into  these  holes,  driving  them  consecutively  a  little 
at  a  time,  keeping  all  on  a  strain,  until  the  ma.ss 
cleaves  from  the  ledge  foraiing  a  large  parallelopiped. 
This  block  is  similarly  divided  into  scpiares,  and 
these,  if  too  thick,  are  split  or  cleft  in  the  plane  of 
the  stratum  to  thickness  required. 

The  square  stone  is  now  chipped  into  an  octagonal 
shape,  when  it  is  ready  to  have  the  eye  made.  This 
is  done  bv  a  jrick -hammer. 

It  is  then  mounted  on  a  mandrel  driven  at  the 
7-ate  of  125  rotations  a  minute.  The  turning-tools 
are  live  feet  long,  one  and  a  half  inches  wide,  and 
five  eighths  of  an  inch  thick,  tapered  to  a  point 
by  the  blacksmitli  and  afterward  hammered  to  a 
hooked  point  by  the  workmen,  who  turn  from  100 
to  200  per  day,  according  to  size.  An  exhaust-fan 
withdraws  the  .stone-dust,  and  a  conductor  leads  it 
to  the  outside  of  the  building. 

The  stones  are  placed  in  a  row,  an  iron  rod  and 
wooden  axis  through  them,  a  wooden  head  at  each 
end  being  jammed  against  the  stones  by  nuts. 
Slats  naileil  to  tl)e  wooclen  heads  and  hoops  over  the 
slats  complete  the  package.  The  works  at  Berea. 
Ohio,  are  the  largest  in  the  United  States. 
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The  largi'  jjiiudstonos  piiiployeil  in  gi-iniliiif;  gun- 
banvls  are  5  I'ei-t  in  iliainctcr,  and  arc  usi-d  until  they 
are  reduced  to  a  diameter  of  about  2  feet,  when  tlii'V 
are  rejected.  They  are  (lUieed  iu  a  case  witli  lioles 
for  the  introduction  of  tlie  barrel,  wluch  is  tenijiora- 
rilv  slipped  upon  a  rod,  a  cnink  at  one  enil  of  the 
latter  enahliiif{  the  lianel  to  be  turned  while  the 
stone  is  rajiidly  revolved.  The  case  keeps  the 
water  from  splashing  upon  the  vvoikman,  and  may 
all'ord  some  Jirotection  against  pieces  when  the  .stone 
bursts,  as  it  sometimes  will,  owing  to  the  ra|iid  rate 
at  which  it  is  driven.  The  danger  of  frai-ture  can- 
not be  entiridy  obviated,  but  may  be  much  les.sened 
by  clauiiiing  the  stone  on  its  a.\is  by  disks  in.stead 
of  wedges  in.serted  between  the  sides  of  the  eye  and 
the  s(iuar(?  arbor  on  which  it  it  suspended.  It 
would  seem  possible  to  avoid  the  eye  altogether,  and 
depend  upon  cheek-pieces  with  studs  or  projections 
which  penetrate  into  depressions  in  the  sides  of  the 
storje.  The  stones  are  so  very  heavy  that  their 
fracture  when  in  rapid  motion  is  apt  to  do  great 
damage  to  life,  limlj,  and  |iroperty. 

ArtiKcial  stones  are  largcdy  employed,  especially 
in  dry-grinding  and  polishing. 

The  corundum  stone  used  by  the  Hindoos  and 
Chinese  is  composed  of  corundum  powdered,  2 
parts  ;  lac-rcsin,  1  part.  The  two  an^  intimately 
mixed  in  an  earthen  vessel,  kneaded,  flattened, 
shaped,  and  polished.  A  hole  for  the  axis  is  made 
by  a  heated  copper  rod. 

The  grain  is  more  or  less  fine,  according  to  the 
grade  of  the  powdered  corundum.     The  wheel   is 
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monnted  horizontally,  ami  revolved  by  a  bow  in  the 

right  hand  of  the  workman,  while  the  left  applies 

the  work  to  the  stone. 

The  following  recipe  may  also  be  employed  :  — 
Sand  of  the  recpiired  (ineness,  .3  or  4  part.s  ;  shellac, 

1   part ;   melted,   incorporated,   and   molded   under 

pressure. 

Ransome's  artificial  stone,  sand  agglomerated  by 


silicate  of  lime,  has  been  used  for  grindstones  with 
excellent  ett'ect. 

In  a  test  tiial  between  Ransome's  (English)  arti- 
ficial grindstones  and  some  Newcastle  grit  to  a.scer- 
tain  which  had  the  greatest  abrasive  efl'ect,  it  was 
found  that  the  Ransonie  stone  ground  away  \  ounce 
from  a  steel  bar  J  inch  diameter  in  sixteen  minutes, 
while  a  Newcastle  stone  (natural  giit)  driven  at 
twenty  per  cent  greater  speed  required  eleven  hours 
to  effect  the  same  work.     (London  "  Engineer.") 

a.  Fig.  2322,  illustrates  an  arrangement  i'oi-  hanging 
grindstones  in  which  the  stone  is  held  between  ad- 
justable disks  and  journaled  between  anti-friction 
rollers. 

b.  Fig.  2322,  is  an  improved  form  of  giindstone 
stand,  having  a  pulley  for  turning,  a  luluicating 
oil-cup,  and  side-disks  for  holding  the  stone. 

Stones  for  grinding  cutlery  vary  in  dianjeter  from 
4  inches  to  2  feet.  The  iaees  of  sonie,  as  of  those 
for  griniling  razors,  are  conve.\.  Those  for  dry 
grinding,  an  operation  very  injuiious  to  lu'alth,  have 
a  flue  above  through  which  the  small  particles  of 
stone  and  metal  are  driven  by  an  air-blast. 

Magnets  have  ahso  been  placed  near  that  portion 
of  the  peri]ihery  of  the  whi'el  wheie  the  work  is  ap- 
plied, in  order  to  attract  tlie  filings,  which  would 
otherwi.se  be  iidi:ileil  by  tlie  workmen. 

The  angles  formed  by  the  faces  of  cutting-tools 
increase  iu  proportion  to  the  hardness  of  the  mate- 
rial to  be  operated  upon.  Thus,  the  razor  has  an 
angle  of  from  17°  to  20°,  wood-cutting  tools  25°  to 
45°,  and  tools  for  iron  and  steel  tiO°  to  70°.  For 
reamlng-tools  the  angles  are  greater  ;  for  the  hex- 
agonal broach,  120°;  octagonal,  135°. 

Great  care  should  be  taken,  where  tools  reipiiring 
an  accurate  edge  are  to  be  ground,  to  keep  the  face 
of  the  stone  true.  This  may  be  etfi'cted  by  hanging 
a  pair  of  grindstones  so  that  their  faces  .shall  touch. 
Their  rotation  thus  causes  each  to  wear  away  the 
inequalities  of  the  other. 

The  teeth  of  circular  saws  may  be  sharpened  by  a 
small  grindstone  having  on  the  edge  a  ridge  suited 
to  the  form  of  the  teeth,  and  a  slide  fitted  with  an 
adjustable  sto)i  to  regulate  the  abrasion. 

Gripe.  1.  (NuiUkal.)  a.  The  fore- foot  of  a 
ship,  on  to  W'hich  the  stem  is  planted.  The  forward 
end  of  the  krel.  It  is  scarfed  to  the  stem-piece  and 
false-keel,  and  is  secured  by  a  horseshoe  or  ring  to 
the  stem.     See  Stf!M. 

h.  A  broad  plait  of  rope  or  bars  of  iron  with  lan- 
yaicl  lings  and  claws,  passing  over  a  large  boat  and 
by  which  it  is  secured  to  the  ring-bolts  of  the  deck. 

c.  One  of  a  pair  of  bands  passing  round  a  boat 
near  the  stem  and  stein  when  sus]ieiided  from  the 
davits  to  prevent  the  boat  from  swinging  about. 

2.  A  brake  applied  to  the  wheel  of  a  crane  or 
derrick.  It  generally  consists  of  an  iron  hoa]i  under 
the  control  of  a  lever,  and  is  drawn  closely  around 
the  wheel  to  check  its  motion. 

3.  {Weapons.)  Of  a  sword-hilt.  The  part  which 
is  grasped  by  the  hand. 

Grip'pers.  (Printing.)  The  lingers  on  an  im- 
pre.ssion  cylinder  which  seize  the  pajier  by  one  edge 
and  carry  it  to,  and  sometimes  through,  the  press. 
In  some  cases  tapes  conduct  it  after  it  has  been  fed 
in  by  the  grippers. 

Grist.     1.   (Rojye-mah'ng.)    A  given  size  of  rope. 

Common  grist  is  a  rope  3  inches  in  circumference, 
with  twenty  yarns  in  each  of  the  three  strands. 

2.  (Millinrj.)  A  batch  of  grain  to  be  ground  iu 
a  custom  mill,  or  the  result  of  the  grinding  less  the 
toll. 

Grist-mill.    A  grain-grinding  niill.    See  Grind- 
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Grit.  A  sandstone  used  for  grinding.  Tlie  term 
■millstone-ijrit  shows  tliat  it  was  tlie  material  used  in 
grinding-mills,  but  its  use  now  is  principally  lor 
griiuhtotu-s  and  u-hdstones,  btihr  being  used  for  mill- 
stones.    Buhl-  is  a  foraminous  quartz. 

Gro'gram.  {Fabric.)  A  coarse  stuff*  of  silk,  or 
silk  anil  mohair.  The  name  is  French  (gros-c/raiu, 
coarse  texture). 

Admiral  Vernon,  1750,  introduced  rum  and  water 
as  a  ration  on  board  ship,  aiul  wore  a  grogram  coat. 
The  soubriquet  Old  Grog  referred  to  the  coat,  but 
was  afterwards  applied  to  the  beverage. 

Groin;   Groyne.     1.  A  timber  structure  on  a 

beach    to    accu- 
Fig.  2323.  niulate     shingle 

and  sand,  so  as 
to  form  an  ad- 
vance protection 
from  tlie  energy 
of  the  waves  to 
the  lanil  situate 
in  its  rear.  It 
is  formed  of  piles 
^^  driven  into  tlie 
beach  and  pro- 
jecting above  it, 
to  which  are  fas- 
tened land  ties 
and  planking. 
The  illustration 
shows  an  open 
framing  of  tim- 
ber placed  parallel  to  the  shore  on  the  line  of  low 
water,  and  common  in  Holland.  To  avoid  the 
washing  out  of  the  sand  by  the  reflux  of  the  wave, 
an  apron  of  stone  is  placed  at  the  foot. 

On  the  Sussex  coast,  south  of  England,  the  groins 
are  from  150  to  250  feet  long.  The  piles  4  fe(?t 
apart,  12  to  25  feet  in  length.  Planking  2^  inches 
thick  ;  land  ties  25  feet  in  length.  Every  16  feet 
in  length  contains  4  piles,  1  lanil  tie,  tail  jiiles  and 
keys,  tie  bar,  blocks,  and  bolts,  ISO  superficial  feet 
of  planking,  140  6-ineli  spikes,  and  costs  §150.    See 

Sf,A-W.A.LI,  ;    BUEAKWA TEK. 

2.  {An-hi/ecturc.)  The  line  of  junction  of  two  in- 
tersecting arches.  A  Welsh  groin  is  one  crossing 
transversely,  but  having  a  lesser  pitch  or  hight. 

Groined  Arch.  {Architecture.)  An  arch  inter- 
sected by  another  cutting  across  it  transversely. 
The  line  of  junction  is  the  groin. 

Groin-rib.  {.Architecture.)  A  rib  or  projecting 
memlier  following  the  line  of  junction  of  the  two 
arches  forming  a  groin. 

Grom'met.     1.   (Xnutical.)     A   ring   formed   of 

a  strand  of  rope  laid  round  and  spliced.      Used  as  a 

h'liik,  a  lliimblc,  or  with  large  oars, 

in   connection   with  a   pin,   as   a 

sulistitute   for  a   row-lock.     Me- 

'  tallic  gronimets,  forming  eyelets, 

I  are    sometimes    substituted.     In 

the  exanijile,  an  iron  flange  is  cast 

Grommet.  to    the    wrought-metal    thimble; 

after  insertion  tlie  edge   is  spun 

over  upon  the  other  cast-metal  ring. 

2.  (Ordiuinec.)  A  wad  made  of  rope,  rammed 
down  between  the  ball  and  the  charge.  JIade  of 
oakum  and  bound  with  spun-yain,  it  is  called  a 
junk-icad. 

Groove.  1.  (Joinery.)  A  channel  in  the  edge 
of  a  board.  In  inatclied  boards  it  receives  the 
tongue. 

2.  (Guns.)  A  spiral  channel  between  the  lands 
in  rifling. 

Grooved  Bit     A  wood-boiiug  tool  adapted  to 
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be  used  in  a  brace,  and  having  a  cylindrical  stem 
with  a  spiral  groove.      See  Bit. 

Grooved  'Wheel.     1.   One   having  circumfer- 
ential indentations,  as  a  mode  of  increas- 
ing the  traction  or  ert'ective  frictional  sur-    F'g-  2325. 
face  contact.     The  edges  of  correspond- 
ingwheels  have  counterpart  channels  ami 
ridges,  so  as  to  increase  tlie  area  of  the 
contacting  surface  and  allow  them  when 
driven  against  each  other  to  attain  a  mu- ; 
tual  6i«rf  or  (/ci/).    A  friction-ivlieel.    The 
two  constitute  a  frielion-gearing. 

2.  A  band-wheel  or  pulley  having  pe- 
ripheral depressions  for  a  round  band,  as 
in  some  lathes. 

Groove-ram.  {Nccdle-mnking.)  A. 
stamp  for  making  the  groove  in  w'hich 
the  eyes  of  needles  are  formed.  „,„„„,. 

Groov'ing-planes.     Carpenters'  and    "whtds. 
joiners'  planes  which  are  adapted  for  cut- 
ting grooves,  such  as  the  jilou-,  fillister,  router-plane, 
banding-plnne,  etc.  (which  see).    Planes  are  made  in 
sizes  to  suit,  in  pairs  known  as  hollows  and  rounds. 

Gros.    {Fabric.)    A  heavy  silk  with  a  dull  finish. 

Gros-de-Na'ples.  {Fabric.)  A  plain,  heavy, 
woven  fabric,  made  of  organzine  silk. 

Ground.     1.   {Karigation.)     To  touch  bottom. 

2.  (Fabric.)     The  prevailing  color. 

3.  Sediment. 

4.  {Plastering.)  Flush  strips  in  pla.stering  for 
the  attachment  of  moldings  and  other  finishing. 

5.  The  surface  of  the  ground,  level  or  otherwise, 
or  a  representation  thereof;  as,  — 

Ground  plan.  Ground  plane. 

6.  The  parts  of  a  foundation  or  of  a  structure 
near  the  base  ;  as,  — 

Ground-joist.  Ground-sill. 

Grouud-plate.  Ground-work. 

Ground-plot. 

7.  (Painting.)     The  color  first  laid  on. 

8.  {Japanning.)  The  pigment  nii.ved  with  hard 
Tarnish  which  forms  the  basis  for  the  japan  or 
polished  varnish  surface. 

9.  (Engraving.)  An  acid-resisting  composition 
of,  asphaltum,  4  ;  Burgundy  pitch,  2  ;  white  wax,  1. 

This  is  melted  and  mixed,  and  then  tied  up  in  a 
silk  rag. 

In  using,  the  plate  is  heated  over  an  alcohol  lamp 
or  brazier,  and  the  composition  smeared  on.  It  is 
then  spread  by  a  silk  dabber,  and  blacked  by  the 
smoke  of  a  candle  or  an  oil-lamp.  When  cool  it  is 
ready  for  the  etching-point.     See  Etching. 

AVhere  the  point  removes  the  gi-ound,  the  plate  is 
exposed  to  the  subsequent  action  of  the  acid,  and  a 
line  or  a  dot,  as  the  ease  may  be,  is  made  in  the  plate. 

Soft-ground  is  made  by  adding  1  part  of  lard  to  3 
parts  of  common  etching  ground.  It  is  used  for  a 
certain  kind  of  etching  called  etching  on  soft  ground. 
See  Etchino. 

In  mezzotint  en.graving,  the  ground  is  said  to  be 
laid  when  the  whole  face  of  the  jdate  to  be  occu- 
pied by  engraving  is  raised  by  the  cradle  so  as  to 
have  a  burr  which  would  print  a  uniform  black. 
This  is  scraped  away  for  the  lights.  See  Mezzoti.nt 
Engu.wixg. 

10.  {Telegraphy.)  a.  Accidental  connection  be- 
tween the  line  wire  and  the  earth. 

b.  The  earth  in  its  capacity  as  the  return -circuit 
carrying  body.  The  wire  is  carried  to  earth  and 
connected  to  a  ground-plate,  or  in  cities  to  a  water 
or  gas  main,  which  forms  an  admirable  and  exten- 
sive conductor. 
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Ground-au'ger.  An  eartli-boriug  aiiger.  See 
Ari;r.i;.      Fi,-s.  441-443. 

Ground-glass.  (!l:iss  whose  surface  is  ground, 
so  as  to  break  ii[)  tlie  iieiieils  of  light  passing  tlirough 
it,  iireveiiting  the  passage  of  a  distinct  image.  Lamp 
ghibes  ai-e  groiiiul  in  onlei-  to  mellow  and  disper.se 
the  light  ]iassing  thi-oiigh  them.  The  process  is  ilone 
mechanically  or  chemically  ;  the  wheel,  .sand-lilast, 
by  rotating  witli  pebbles  inside,  or  by  Hnoiic  acid. 

Ground'ing-in.  The  apjilication  of  the  sec- 
omlary  andsiil>se:ivient  colors  to  a  cotton  cloth,  after 
it  has  rei-eived  the  color  of  the  first  block.  It  is  a 
term  used  in  the  hand-block  pimting,  and  the 
groatiding-in  or  re-entcriiuf  may  be  of  a  mordant,  a 
iopiml-color,  or  a  rcsiM.  The  correspondence  of  po- 
sition of  the  color  in  the  pattern  is  secured  by  points 
on  the  bloik  ;  ei|uivalent  to  the  register-point  of  the 
chromatic  ]irncess  of  type-printing  or  lithography. 

Ground'ing-tool."  {Kiigraviiuj.)  The  rocker  by 
which  the  mezzotint  steel  plate  is  roughened. 

Ground-joint.  A  joint  made  by  grinding  to- 
gether two  pieces  of  metal  witli  emery  and  oil  ;  or 
pieces  of  glass  with  fine  sand  and  water :  the  glass 
sto)iper  is  a  specimen  of  the  latter. 

Ground-joist.  (Citrpentry .)  A  joist  of  the 
basement  or  ground  Hoor.     Often  termed  a  sleeper. 

Ground-lay'ing.  {Porcelain.)  A  coating  of 
boiled  oil  to  the  surface  of  porcelain,  in  course  of 
manufartiin-,  to  rec.-ive  the  color.     Bosxing. 

Ground-mark'er.  An  implement  for  laying  otf 
corn-rows.  It  is  fi'eriueutly  attached  to  a  corn- 
planter  to  make  a  mark  for  planting  on  the  ne.\t 
bout.  In  the  example,  it  is  a  frame  with  three 
sharp-rimmed  wheels  set  at  the  desired  distainie 
apart,  say  3  feet  8  inclies  to  4  feet,  according  to  the 
size  of  corn  and  the  practice  of  the  country.  The 
"King  Philip"  corn  of  New  England  may  do  with 


the 


luctor  and  the  earth.  Connection  to  the 
pipi's  of  a  gas  iir  water  main  is  n.sual  in  cities. 

Ground-plot.  A  rcprcsc'ntation  on  a  horizontal 
plane  of  the  ground  to  be  occupied  by  a  structure  or 
other  engineering  works. 

Grounds.  (tJurpcnlry.)  a.  I'ieces  of  wood  nailed 
on  as  gniilcs  for  the  plastering  which  comes  Hush 
with  the  face  of  the  grouiuls.  To  them  tlie  molding 
and  other  finishings  are  nailed. 

h.  Framing  or  pieces  forming  a  basis  for  other 
structure,  a-s  gromid-sills. 

e.  Sheathing  upon  quarters  or  studding  to  form 
a  liasis  for  cornice  woi'k  or  moldings. 

Ground-seat.  (Saddler g.)  A  ply  of  canras  or 
liiisey  drawn  over  the  straining  which  supports  the 
pailding  and  seat  of  a  saddle. 

Ground-sill.  (Car/irntr;/.)  X  sleeper  ;  or  a.  \o\veT 
timl)er,  which  snjtports  the  remainder  of  the  fiame. 

Ground-table.  {Building.)  The  foundation 
course  of  stones. 

Grouud-tack'le.  (Nautical.)  The  ropes  and 
tai'klc  connected  with  the  anchors  and  mooring  ap- 
Jiaratus. 

Ground-tim'bers.  (Shipbuilding.)  Those  which 
lie  on  the  keel  and  are  bolted  to  the  keelson.  Floor- 
tiinhers. 

Ground-Tvays.  {Shipbuilding.)  The  large 
bloiks  and  |ilanks  wliich  support  the  cradle  on 
A\  hi'-h  a  sliip  is  launched. 

Ground-vrheel.  That  wheel  of  a  harvester 
which,  resting  on  the  ground,  is  revolved  by  con- 
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36  inclies,  but  the  larger  kSouthern  varieties  need  48 
inches  apart  in  the  rows  and  between  the  rows. 

Ground-mold.  (Civil  Engineering.)  A  templet 
or  frame  by  which  the  surface  of  the  ground  is 
brought  to  the  required  form,  as  in  terracing  or  em- 
banking. 

Ground-plan.  A  representation  on  a  horizontal 
plane  of  the  foundation,  or  of  the  arrangement  of 
the  lower  tier  of  rooms  of  a  building. 

Ground-plate.  1.  (Building.)  The  lower  hori- 
zontal timber  of  a  bnihling  on  which  the  frame  is 
erected.      \  sill. 

2.  (Riiilimy  Engineering.)  Abed-plate  forsleepers 
or  ties  in  some  kinds  of  ground. 

3.  (Telegrapliif.)  A  metallic  plate  buried  in  the 
earth  to  conduct  the  electric  current  thereto.  It 
should  bear  a  certain  proportion  to  the  size  of  the 
conductor  which  is  attached  to  it ;  it  should  have  a 
surface  as  many  times  larger  than  the  surface  of  the 
conductor  as  the  difference  in  the   conductivity  of 


tact  therewith  when  the  machine  is  at  work,  and 
which  drives  the  cutter. 

Similar  wheels  in  other  agricultuial  wlieeled  imple- 
ments actuate  subsidiary  parts,  such  as  the  feed- 
wheels  of  drills,  the  thrashing  cylinders  and  .shoes  of 
traveling  harvesters,  the  rakes  of  hay-loaders,  the 
reels  of  tedders  and  reapers,  etc. 

Grouud-work.  1.  (Cicil  Engineering.)  «.  The 
preparation  of  ground  for  the  foundation  of  a  struc- 
ture, or  giving  it  the  required  contour  for  any  other 
purpose. 

b.  The  basis  or  stnictural  foundation  of  an  erec- 
tion. 

2.  (Painting.)  The  base  color  on  wliich  the  paint- 
ing is  ]ierformed. 

Grout,  re.  A  thin  coarse  mortar  used  to  run 
into  crevices  between  the  stones  or  bricks  of  a  struc- 
ture. "The  Norman  walls  wei'c  of  great  thickness, 
and  were  filled  nj)  with  snndl  stones,  amongst  which 
mortal'  was  ponied  in  hot.  Tliis  was  called  giout- 
ing  :  and  in  time  the  whole  mass  so  hardened  to- 
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getlier  as  to  acquiie  the  cousisteuce  and  strength  of 
a  sjUii  rock."  —  Weale. 

b.  A  tiiiishiiig  or  setting  coat  of  fine  stuff  for 
ceilings. 

Grove  Bat'ter-y.    A  form  of  dou-    ^~n 
ble-tluid  galvanic  battery,  invented  in  \     D   □[ 

183D  by  William  Robert  Orove,  F.  R.  S.  ^^^ 

It  has  a  glass  jar  or  cell  in  wliicli  is  placed  a  plate 
of  zinc  bent  into  cylindrical  form,  and  thorouglily 
amalgamated.  Within  the  zinc  is  a  porous  cup,  in 
which  is  placed  a  strip  of  platinum. 

In  the  outer  cup  is  dilute  sulphuric  acid  (1  of  acid 
to  20  of  water  by  measure),  and  in  the  inner  or  porous 
cup  is  strong  nitric  acid.    See  G.iLVANic  Batteky. 

Grow'ing-slide.  A  cell  formed  between  two 
glasses,  adapted  as  a  slide  for  a  microsco[ie,  and  su]i- 
plied  with  water  by  the  caiiillary  action  of  a  few 
tilaments  of  cotton  extending  thence  to  a  little  reser- 
voir of  water.  It  is  designed  for  preserving  algie  or 
infiism-ia  in  a  growing  condition. 

Groyne,  {ffifdraalic  Eii'j  inn  ring.)  A  project- 
ing defence  extending  out  from  the  sea-shore  or  bank 
of  a  river,  to  prevent  the  laud  from  being  washed 
away.     A  shingle-trap.     See  Groin'. 

Groz'ing-i-ron.  1.  An  instrument  with  an  an- 
gular steel  projection,  used  for  cutting  glass  before 
the  general  appUcatiou  of  the  dianioml  to  that  object. 

2.  (Piaiiihing.)  A  tool  used  in  smoothing  the 
sohh-r  joints  of  lead  pipe. 

Grub'ber.  (Agriculture.)  a.  An  agricultural 
implement  used  in  Scotland  for  .stirring  and  loosen- 
ing the  soil  to  plow  depth.  It  is  a  lii'avy  cultiva- 
tor drawn  by  four  horses,  and  supported  on  wheels. 
One  form  has  an  iuuer  frame  attached  to  the  wheel- 
frame,  and  has  two  ranks  of  teeth,  5  in  the  front 
ind  6  in  the  rear,  cutting  the  balks  between  the 
preceding  and  outside  of  them.  The  teeth  consist 
of  colters  armed  with  shares. 

The  form  represented  in  Fig.  232S  is  a  heavy  imple- 
ment, not  designed  for  tending  crops,  but  to  bring 


Fig.  2328. 


fig  2329. 


KirkicoofTs  Grubber  ( Scotch). 

the  land  to  a  state  of  fine  tilth,  acting  as  substitute 
for  the  plow  in  some  cases.  It  is  moie  the  prac- 
tice in  Britain  than  in  the  United  States  to  give 
several  successive  plowings  to  ground  in  the  course 
of  one  season,  before  sowing  the  seed.  The  gruliber 
and  some  others  of  the  lieavier  forms  of  cultivators 
are  thus  nsed.  We  apply  the  tool  to  the  eroji  |]rin- 
cipally  ;  thej'  to  that  purpose,  and  also  to  the  land, 
stirring  it  to  bring  it  into  good  order  and  tilth  be- 
fore sowing. 

The  grubber  represented  has  a  frame  of  a  general 
triangular  shape,  having  teeth  set  in  divergent  rows. 
It  has  a  caster-wheel  in  front  and  two  wheels  be- 
hind. The  machine  is  adjusted  vertically,  by  means 
of  depressing  the  handles,  which  oscillate  upon  the 
hind  a.'cle  and  raise  the  share  frame,  being  attached 
to  a  transverse  bar  across  the  frame  near  the  rear  and 
to  the  lever  in  front,  which  forms  the  carriage  of  the 
caster-wheel.    This  is  a  higldy  respectable  implement. 

The  tei-m  "grubber"  is  somewhat  local,  and  other 
implements  of  similar  construction  and  purposes  are 
described  under  Cultivatot.  ^wMch  see). 


Grvbbing-Machine. 

b.  A  machine  or  tool  to  jiull  grubs ;  that  is, 
stumps  and  roots  of  bushes,  sa)dings,  and  small 
trees.  Some  heavj'  plows  aie  made  to  tear  through 
ground  occupiwl  by  the  stubs  and  roots  of  bushes 
and  brush.  Tire  English  tuni- 
wrcfl  jilme  is -adapted  foi'  tear-  Fig.  2330. 

ing  through  and  routing  up  the 
roots  of  bushes.  The  grubber 
shown  at  Fig.  2329  has  a  lever 
suppoited  upon  an  a.\le  and 
wheels.  When  in  vertical  posi- 
tion it  is  attaclied  liy  a  grab  hook 
and  biting  tooth  to  the  .stump, 
the  lever  is  then  pulled  over  by 
a  rope  or  tackle,  as  seen  in  the 
smaller  figure  (Fig.  2230),  where 
a  fHjst,  roller,  and  chain  consti- 
tute the  apparatus.  The  pole 
is  attached   by  the   hounds    to  (Jnibber. 

tile  axis  of  the  rollers  when  be- 
ing transjioited,  but  presses  directly  on  the  periph- 
ery of  the  roller  when  in  action. 

Grub'bing-axe.  An  implement  having  a  curved 
bit  presented  at  right  angles  to  the  helve,  like  an 
adze  ;  and  another  bit  presented  in  the  line  of  the 
lielve,  like  an  axe.     A  mattock. 

Grub'biiig-hoe.  A  heavy  hoe  for  digging  around 
stunijis  or  stones.      A  mattock. 

Grub-saw.  A  hand-saw  used  for  sawing  up 
marble  slabs  into  strips,  such  as  shelves,  mantel-, 
pieces,  etc.     The  kerf  is  started  b}'  a  narrow  chisel 

Fig.  2331. 


while  lying  upon  the  nibbing-bed.  It  has  an  iron 
blade  notclied  at  the  edge,  and  stiffened  by  a  back- 
ing of  wood  like  the  metallic  back  of  a  tenon-saw. 

Grunt'er.  (Brass-fuunding.)  An  iron  rod.  with 
a  hook  at  the  end,  by  which  an  assistant  aids  in 
sujiiiorting  the  crucible,  liy  catching  hold  of  the 
shoulder  of  the  crucible-tongs. 

Gua'no-sow'er.  Guano  is  the  excrement  of 
sea-birds  collected  in  thick  beds  on  some  islands  on 
the  coast  of  Peiu,  and  in  some  other  places.  Its 
u.se  is  no  new  thing.  The  Peruvians  before  the  con- 
quest used  guano  in  the  cultivation  of  the  potato, 
tobacco,  corn,  and  other  ]>lants  for  which  Eurojie  is 
indebted  to  this  side  of  the  Atlantic.  An  Engli.sh 
crui.ser  in  1720  mentions  having  captured  a  small 
vessel  laden  with  it. 

The  guano-sower  is  sometimes  an  attachment  to  a 
wheat-drill,  and  does  not  differ  very  materially  from 
a  seed-sower,  except  in  devices  to  kee]i  the  stuff 
stirred  up  and  prevent  its  becoming  aggregated  in 
lumps. 
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Guard.     1.  An  upright  piece  of  wood  in  a  nar-  | 
row  passage  to  prevent  tile  look  of  a  canal  or  the 
corner   of  a   street   from   being  injured  by  passing 
boats  or  vehieles.      A  fender,  (jmird-pilc,  or  post,  as  j 
the  c;ise  may  be. 

2.  (yariijation.)  An  extension  laterally  of  the 
deck  of  a  river  steamboat,  beyond  the  lines  of  the 
hull,  making  it  overhang  the  water.  It  frenuently 
comes  tlush  with  the  oiitsiile  of  the  ]>ad(lle-box. 

3.  [Miu-hinenj.)  .\  light  frame  in  which  the  nuts 
of  bolts  fit  to  prevent  their  unscrewing  by  the 
vibration  of  the  engine. 

4.  (Hu.<:biiMinj.)  One  of  the  teeth  projecting  for- 
ward from  the  eutter-bar  of  a  harvester.  The  knife 
plays  through  the  guard.s,  and  the  knife  sections 

Fig.  2332. 


Harvester-  Guards. 

make  a  shear  cut  against  the  soles  B  of  the  guard- 
slots.  In  the  upper  figure  the  sole-piece  is  remov- 
able to  enable  its  edge  to  be  sharpened. 

5.  The  bow  or  basket  of  a  sword-hilt  to  protect 
the  hand. 

6.  (Firc-arnis.)  a.  A  bow  beneath  a  gim-.stock 
protecting  the  trigger. 

b.  A  safety-lock  of  a  fowling-piece  to  jM'event  the 
accidental  dro[iping  of  the  hammer. 

c.  A  nipple-shield  to  protect  the  little  tube  which 
receives  the  percussion-cap. 

7.  A  bow  or  wii-e  around  a  lantern  to  protect  the 
glass. 

8.  (Bool-binding.)  One  of  the  slips  of  paper  bound 
■in  with  a  blank-book  to  thicken   it  at  the   back, 

when  the  leaves  are  intendeil  to  contain  mounted 
slips,  or  drawings. 

Guard-fin'ger.  One  of  the  teeth  projecting  for- 
warl  from  the  cutti-r-bar  of  a  harvester,  and  through 
which  the  knife  plays.     .See  Gu.\KU. 

Guard-lock.  (Ili/dmulic  Eniiineering.)  A  tide- 
lock,  forming  a  communication  between  a  basin  and 
tide-water. 

Guard-pile,  (ilariiime  Construction.)  A  pile 
of  the  nature  of  a  fender,  driven  in  front  of  a  quay 
or  wharf  to  protect  the  stnicture  from  the  blows  of, 
or  abrasion  by,  a  vessel  alongside. 

Guard-plate.  The  plate  which  closes  the  open- 
ing in  front  of  a  cupola-furnace,  to  whose  iron  casing 
it  is  attached  by  stajiles.  In  the  center  of  the  plate 
is  the  tappinij-hoh,  through  whicdi  the  melted  metal 
flows  when  the  stopping  is  withdrawn. 

Guard-rail.  (liailroadiny.)  1.  A  short  rail  placed 
on  the  inside  of  a  main  rail,  so  as  to  keep  a  wheel  on 
the  track  by  pressing  against  the  inside  of  the  flange 
of  the  wheel.  It  is  used  when  there  is  a  short  break 
in  the  continuity  of  the  other  rail,  as  in  smtches 
and  crossings.     A  safety,  side,  or  wincf  rail. 

2.  {Xaulical.)  a.  A  hand-rail  on  the  paddle-box 
bridge  of  a  steam-vessel. 

b.  A  breast-rail  on  the  break  of  the  poop. 

3.  A  safety-rail  around  a  liatchw.iy. 
Gud'geon.    ".  The  metallic  journal  piece  let  into 

the  end  "f  a  wooden  shaft. 

b.   The  bearing  portion  of  a  shaft. 


Gudgeon. 


c.    The    metallic    eye  Fig.  2333. 

bolted  to  the  stern-post 
to  hang  the  rudder  upon. 

The  rule  for  finding 
the  size  of  the  gudgeon 
of  a  timber  water-wheel 
is  as  follows  :  — 

Multiply  the  diameter 
of  the  wheel  in  feet  by  the  width  of  the  wheel  in 
feet,  add  to  this  the  sipiare  of  half  the  diameter  of 
the  wheel  in  feet.  Tlie  cube  root  of  the  sum  thus 
obtained  will  give  the  required  diameter  in  inches. 

Guest-rope.  The  rope  by  which  a  boat  is  kept 
steady  w  Idle  in  tow. 

Guide.  1.  A  tool  or  instrument  director,  as  the 
start'  or  director  of  a  surgeon's  probe  or  bistoury. 

2.  A  pile  driven  to  mark  a  site. 

3.  A  pulley  to  direct  a  lianil  in  a  new  direction. 

4.  (Seiriny-nutchincs.)  A  means  of  directing  cloth 
to  the  edge  or  face-plate  -of  a  gage,  in  making  a 
hem  or  tuck. 

■     Fig.  2334. 


^^^) 


Clemons's  Cloth-  Guide. 

In  the  example,  the  elastic  plate  is  attached  to 
the  gage-plate  and  rests  upon  the  goods,  an  adjusta- 
ble pressure  being  brought  tqion  the  elastic  plate  by 
a  screw  or  screws  in  a  rigid  plate  above,  and  in  such 
a  manner  that  it  presses  more  upon  the  cloth  outside 
of  the  seam  than  inside,  and  so  directs  the  cloth 
against  the  face  of  the  gage-]ilate. 

5.  (Riiilvfiy  Engineering.)  An  additional  rail  to 
keep  a  locomotive  or  cai'  on  the  track  in  curves, 
crossings,  or  steep  grades.  See  Gi;iDE-r..A.iL ; 
Gf.\l;U-RAIL. 

6.  {Slcam-rngine.)  One  of  the  bare  which  keep 
in  line  the  blocks  on  the  cross-head  of  the  piston- 
rod.     See  GriiiE-BLOCK. 

7.  (Printintj.)  A  printer's  copy-holder,  which 
mark*  the  line. 

8.  ( Jl'ater-vhccJs.)  A  plate  in  the  curb  of  a 
water-wheel  to  direct  the  water  upon  the  buckets  of 
the  wheel. 

Guide-blocks.  {Steam-engine.)  Metallic  pieces 
with  parallel  sides  fitted  on  the  ends  of  the  cross- 
head  and  sliiling  as  guides  on  the  side  frames  to  keep 
the  motion  of  the  piston-rod  direct. 

Guide-pile.  {Hiidraulie  Engineerincj.)  A  pile 
driven  to  mark  out  or  limit  the  field  of  operation  or 
a  .site. 

Guide-pul'ley.  iifacltincrg.)  A  pulley  for  di- 
recting or  changing  the  line  of  motion  of  a  belt,  but 
not  otherwise  concerned  in  the  transmission  of  mo- 
tion. 

Guide-rail.  An  additional  rail,  usually  placed 
midway  between  the  two  ordinary  i-ails  of  a  railway 
track,  and  employed  in  connection  with  devices  on 
the  engine,  carrijiges,  or  both,  in  preventing  the  roll- 
ing-stock from  running  oft'  the  track. 

The  center-rail  gripped  by  horizontally  rotating 
wheels  acts  as  a  guide-rail. 

Blenkinsop's  rack-rail  (English  patent,  1811)  was 
used  as  a  means  of  progression  in  connection  with 
a  spur-wheel  on  the  engine,  and  not  as  a  guide. 

Following  him  was  Snowden's  middle-rack  and 
mechanical  horse.     See  Cester-kail. 
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Easton'.s  center-rail  (English  patent,  1825)  fulfilleil 
two  purposes  ;  its  iii)per  eilge  forniei.1  a  raek  and 
served,  in  connection  with  a  spur-wheel  on  the  lo- 
comotive, as  a  means  of  progression  ;  its  sides  I'ormed 
a  guide-rail  in  connection  with  jiairs  of  hoiizoritally 
rotating  rollers  underneath  the  carriages  of  the  train. 

Kollman's  English  i)atent  of  ISSti  has  a  similar 
guide-rail. 

Prosser's  guide-wheels  (English  patent,  1844)  are 
set  an  angle  of  45°  beneath  the  truck,  and  have 
sunken  rectangular  faces  which  bear  npon  the  inner 
angles  of  the  stjuare  rails.  The  guide-wheel  enables 
the  flanges  of  the  bearing-wheels  to  be  dispensed 
with. 

No  extra  rail  is  introduced. 

The  ijiiide-rdil  gripped  by  horizontally  rotating 
wheels,  driven  by  the  engine,  the  combination  of 
wheels  and  center-rail  forming  the  means  of  ascend- 
ing gradients,  is  first  found  in  the  English  patent  of 
Vignolles  and  Ericsson,  1830. 

Sellers's  Uniteil  States  patent,  1S35,  has  a  similar 
device,  and  it  is  also  used  by  Fell  on  the  Wliite 
Mountain  liailroad  in  New  Hampshire  and  the  .Mt. 
Cenis  Kailway,  which  climbs  the  Alpine  pass,  con- 
necting St.  llichel  on  the  French  side  with  Susa 
on  the  Italian. 

A  correspondent  of  tlu  Hartford  "  Courant "  thus 
describes  it :  — 

"  The  carriages  are  about  half  the  length  of  ours 
at  home,  with  seats  on  each  side,  so  that  the  passen- 
gers face  each  other  as  in  an  omnibus,  and  with 
windows  at  the  sides,  from  which  it  is  difficult  to  see 
out  when  one  is  sipieezed  in  tight  on  the  seat,  with 
his  back  to  them.  The  cars  are  also  very  narrow, 
the  track  bjing  only  three  feet  si.K  or  seven  inches 
gage,  so  that  thev  are  not  much  more  comfortable  than 
an  omnibus.  The  fare,  hrst  class,  was  twenty-five, 
seconil  class,  twenty-two  francs,  from  Susa  to  St, 
Michel,  the  time  occupied  in  the  passage  being  from 
four  to  live  liours. 

"The  locomotives  of  these  trains  are  small,  compact, 
and  powerful  ;  their  trucks,  as  well  as  those  of  the 
carriages,  set  well  in  the  middle,  so  that  they  can 
turn  very  short  curves.  Thfe  track  has  three  rails, 
one  elevated  in  the  center.  Besides  its  ordinary 
driving-wheels,  the  locomotive  has  two  horizontal 
wheels  which  ])ress  this  third  rail  on  either  side,  and 
it  is  by  this  strong  traction  that  the  train  is  pulled 
np.  The  carriages  have  corresponding  wheins  for 
the  center  rail,  but  their  only  use  is  to  keep  the 
train  on  the  track.  Both  cars  and  locomotive  have 
double  sets  of  brakes,  one  for  the  ordinary  and  one 
for  the  central  rail,  so  that  they  can  screw  the  cars 
to  the  track  with  the  grip  of  a  vise,  and  render  it 
almost  impossible  for  the  carriages  to  run  away. 
There  is  every  precaution  against  accident ;  and  I 
.should  only  fear  the  snow-storms  of  winter,  and  per- 
haps an  avalanche  in  some  places  high  up,  which  are 
not  roofed  in. 

"  Our  train  seemed  to  be  a  huge  live  reptile  with 
legs  and  claws,  that  crawled  up  by  its  own  power  ; 
it  literally  dug  right  np  hill,  and  we  felt  ourselves 
mounting,  anil,  looking  back,  could  see  the  deep  in- 
cline. On  the  curves,  where  the  wheels  got  a  good 
grip  of  the  rail,  we  moved  with  ease  and  more  rap- 
idly than  on  a  straight  ]iull,  where  the  locomotive 
evidently  labored  more,  and  we  ro.se  more  slowly. 
The  steepest  grade  on  the  i-oa<l  is  one  foot  in  nine 
feet,  but  this  is  only  for  sliort  <listances.  The  rise 
of  one  in  twelve  is  more  oonmion  :  and  the  least  (of 
which  any  note  is  taken)  is  one  in  twenty-five.  The 
cui-ves  are  so  short  as  to  he  startling.  We  seemed 
to  turn  in  a  space  as  small  as  an  ordinary  wagon 
could.     The  shortest  curves  are  on  a  radius  of  only- 


one  hundred  and  twenty  feet  ;  that  is,  our  train 
would  run  round  a  circle  only  two  hundred  and  forty 
feet  in  diameter.  Our  track  was  all  the  time  iu 
sight,  behind  and  before,  running  along  the  steep 
hillsides,  and  constantly  doubling,  like  a  compressed 
letter  S." 

Gui'don.  A  swallow-tailed  company  flag  in  a 
cavalry  regiment,  half  red  and  half  white,  dividing 
at  the  fork.  The  red  above  has  "  U.  8."  in  wliite. 
The  white  is  below,  and  has  the  letter  of  the  com- 
pany in  red.  The  fly  is  3  feet  5  inches  to  the  end 
of  the  tail ;  the  head  is  27  inches.  The  lance  is 
9  feet  long,  inchuling  spear  and  ferrule. 

The  regimental  cavaliy  flag  in  the  United  States 
service  has  29  inches  X'/ iiii J  27  inches  hmd.  The 
edge  has  a  yellow  silk  fringe.  The  field  is  of  silk, 
and  has  the  arras  of  the  United  .'states  embroidered 
in  silk  on  a  Vilue  giouml,  with  the  nnmlier  and 
name  of  the  regiment  in  a  .scroll  under  the  eagle. 

Guil-loche'.  (Ardiitecturc.)  An  ornament  of 
inteitwisted  bands  or  interlaced  cords,  wliich  is 
made  continuous  as  a  fa.scia. 

Guil'lo-tine.  A  machine  for  beheading  persons, 
nann-d  aftei'  Jose]>h  Ignace  Guillotin,  a  French 
physician  (1738-1814),  its  suppo.sed  inventor.  He 
did  not  invent  it,  but  .'seeing  that  his  Kevolntionary 
friends  had  a  large  job  of  killing  on  hand,  he  sug- 
gested its  use  as  a  certain  and  complete  mode  of  de- 
ca))itation. 

Ur.  Antoine  Louis,  of  Paris,  had  the  creilit  of  its 
invention  for  a  while,  and  it  a]ipears  under  the 
hands  of  the  facile  Flench  to  have  attained  a  com- 
jileteiiess  in  construction  and  execution  which  left 
nothing  to  be  desired  —  excejit,  perhaps,  mercy. 

A  beheading  machine,  called  the  makkn,  and 
sometimes  the  tridow,  hy  the  Hvchj  Scotch,  was 
imported  from  Halifax,  England,  into  Scotland, 
about  1550,  by  the  P.egent  Morton,  who  seems  to 
have  been  enamored  of  the  maiden's  business  capa- 
city. He  was  beheaded  thereby  in  1581,  —  though 
he  was  not  the  first  victim,  as  has  been  sometimes 
stated.  The  murdereis  of  Eizzio  were  beheaded  by 
it  in  1566  ;  and  among  its  last  victims  was  the  Earl 
of  Argyle,  ItiSl. 

It  is  laid  up  as  a  memorial  in  the  Museum  of  the 
Scotch  Society  of  Antiquaries,  Edinlmrgh. 

Of  the  Halifax  machine  we  know  hut  little  except 
that  Morton  imported  the  maiden  thence. 

Pursuing  the  back  track,  we  find  that  the  Due 
de  Montmorenci  (blue  blood)  was  executed  liy  a  fall- 
ing axe  at  Toulouse,  1632  ;  that  the  Dutch  used  it 
ill  executing  slaves  in  their  colonies,  and  that  its 
use  was  comjiaratively  common  in  Gemiany  during 
the  Middle  Ages. 

The  Maumiia  of  Italy,  by  which  Coiiradin  of 
Swabia  was  executed,  1268,  at  Naples,  and  Beatrice 
t'enci  at  Rome,  in  1605,  was  of  the  same  construc- 
tion substantially. 

The  guillotine' is  mentioned  in  German  hooks  of 
1534,  1551,  and  1570.  It  is  called  the  Konian  fall- 
ing-axe, and  the  decollation  of  St.  Jlatthcw  thereby 
was  a  favorite  subject  with  illuminatoi-s  of  niauu- 
scripts  250  years  before  the  French  Kevolution. 

In  the  London  "Monthly  Magazine,"  April  1,1800, 
p.  247,  is  an  enumeration  of  ten  cuts  and  engrav- 
ings of  the  sixteenth  century  in  which  a  guillotine 
is  employed.  Tile  representations  are  principally 
martyrdoms  of  saints. 

During  the  war  of  the  Spanish  Succession,  1702- 
13,  Count  Bozelli  was  decapitated  by  the  guillotine, 
which  is  thus  described  by  a  traveler  who  witnessed 
the  act :  — 

"In  the  great  square  was  erected  a  scaffold,  cov- 
ered with  black.     In  the  middle  of  it  was  placed  a 
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ftreat  lilock  uf  wood,  exactly  of  siicli  liiglit  thiit  tl)i> 
criiuiiial,  nil  liis  knees,  eoiild  lay  his  lieiul  upon  it, 
between  the  pilhirs  of  a  soi't  of  gallows,  wliieli  sup- 
ported an  axe  of  a  foot  in  liiglit  and  a  foot  and  a 
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half  in  breadth,  sliding  in  a  groove.  The  axe  had  a 
ma.ss  of  above  a  hundred  weiglit  of  lead  attached  to 
its  upper  side,  and  was  su4|ienilftd  by  a  cord  fast- 
ened to  the  gallows.  The  executioner  cut  the  cord 
that  .supported  the  axe.  The  d -adly  instrument  in 
its  fall  severed  the  head  from  the  body,  and  pene- 
trated about  two  inches  into  the  block.'* 

The  original  instraiuent  was  probably  Persian. 

The  French  cjaiUotiiir.  has  a  heavy  knife,  sliding 
in  vertical  grooves  in  a  frame. 

It  is  a  grim  subject,  but,  involving  meehanic-r! 
construction,  is  within  our  scope. 

An  observer  in  Paris  thus  records  the  appearancs 
of  the  niacliiiie  and  the  mode  of  using  it :  — 

"On  a  jilatlbrm  about  12  feet  scjuare,  and  7  feet 
above  the  ground,  are  erected  the  two  upright  posts 
between  which  is  susjiended  the  axe.  They  some- 
what resemble  a  narrow  gallows  with  not  more  than 
a  foot  Ix^tween  the  posts.  The  axe,  which  is  not 
unlike  a  hay-knife,  though  much  heavier  and 
broader,  is  drawn  np  to  the  top  of  the  posts,  be- 
tween which  it  runs  in  grooves,  and  is  held  sus- 
pended by  a  loop  in  the  halyards,  passed  over  a 
liutton  at  the  bottom.  The  edge  of  the  axe  is 
diagonal,  so  as  to  make  a  draw  cut,  giving  it  a  fear- 
ful power  and  certainty  in  severing  a  human  neck. 

"On  the  center  of  the  platform  stands  a  frame  or 
large  inverted  box,  much  resembling  a  soldier's  arms- 
chest,  aljout  6  feet  long  and  2i  feet  wide  and  high. 
One  end  of  this  abuts  ujion  the  upright  (losts  ;  at 
the  other  end  is  a  small  truck  having  a  strap  and 
buckle  by  which  the  culprit  is  .secured  to  it. 

"  The  victim  was  advanced  with  his  breast  against 
the  truck,  to  wliicdi  his  body  was  ra)iidly  stra])|ied. 
He  was  then  tilted  down,  truck   and  all,  upon  his 


face  ;  the  truck,  moving  upon  small  wheels  in  grooves 
on  the  top  of  the  chest,  was  run  rapidly  forward  un- 
til the  neck  came  under  the  knife.  The  rope  was 
unhooked  from  the  button,  the  axe  fell  with  a  lliud, 
the  head  fell  into  a  basket, 
and  the  body  wasunstrajiped 
and  rolled  into  a  large  ba.s- 
ket  along.side." 

There  is  an  air  of  ferocity 
about  the  punishment  by  be- 
heading, and  of  absolute  bru- 
tality in  the  mode  of  execu- 
tion by  hanging.  The  Jap- 
anese are  skillful  deca]iita- 
tors.  The  Spanish  garotte  isa 
honor.  Poisoning  is  ancient 
but  disreputalile.  .Shooting 
is  martial,  and  has  one  mer- 
it ;  it  enables  a  man  to  stand 
up  and  face  the  executioner, 
and  has  less  of  humiliatiou 
than  the  cutting  and  chok- 
ing processes. 

it  is  a  vulgar  error  that 
Dr.  Uuillotin  perished  by 
the  machine  of  his  sugges- 
tion. He  died  in  1814,  after 
founding  the  Academy  of 
Medicine. 

The  myth  seems  to  have 
been  derived  from  the  Re- 
gent Morton's  having  been 
beheaded  by  his  imported 
pet.  This  kind  of  poetic 
ju.stice  is  commoner  in  tra- 
dition and  romance  than  in 
""^^'^^^  fact.  It  seems  to  round  up 
and  complete  the  history 
when  — 

"This  eTen-lianded  justice 
Commends  the  ingredients  of  our  poisoned  chalice 
To  our  ipwn  lips." 

"  Where  the  offence  is  let  the  great  axe  fall." 

Guil'lo-tine'-cut'ter.  A  machine  which  cuts  by 
a  kiufe  descending  in  guides.  Cutters  for  pajier  and 
straw  are  thus  made,  and  the  descent  is  usually 
obliipie,  so  as  to  give  a  draw  cut. 

Guirpure'.  A  kind  of  lace  in  imitation  of  the 
antii[ne.  Patterns  are  cut  out  of  cambric  to  form 
the  llowers  and  heavy  parts ;  the  open  parts  are 
made  of  stitches. 

Gui-tar'.  The  ancient  Egyptian  guitar  (</,  Fig. 
233(5)  had  a  hollow,  oval  body,  and  its  upjier  siirl'ace 
was  perforated  I'or  the  escape  of  the  sound.  It  had 
ihree  strings  of  catgut,  fastened  at  the  lower  end  to 
a  triangular  piece  of  wood  or  ivory  which  raised  them 
to  a  sufficient  hight  without  a  bridge.  The  guitar 
was  played  as  an  accompaniment  to  the  voice  and  in 
concert  with  other  in.struments.  Also  in  concert 
with  dancing  motions  and  posturing,  which  is  about 
as  near  as  the  Egyptians  came  to  theatrical  perform- 
ances. These  were  invented  by  the  Greeks,  the 
originators  of  tragedy  and  comedy.  The  Romans 
added  the  pantomime. 

On  the  Guglia  Kotta  at  Rome  is  a  large  obelisk, 
which  was  brought  from  Egypt  by  Augustus  and 
thrown  down  ami  broken  at  the  sacking  of  the  city 
by  the  Constable  of  Bourbon,  in  1527. 

On  it  is  represented  a  guitar  (h)  wliich  had  evi- 
dently two  strings.  The  lengtli  of  the  finger-board 
would  allow  a  considerable  scale  of  notes. 

In  the  sculptures  of  Ximroud  is  represented  a 
mu.sieian  playing  on  a  guitar. 

The  present  name  is  derived  intermediately  from 


GUITAR. 


1031 


GULLET-SAW. 


the  ancient  Greek,  where  it  indicated  a  musical  in- 
stranient  resembling  a  harp  (cilliuni). 

The  Europeans,  ancient  and  modern,  derived  it 
from  Egypt.  Like  some  other  things,  it  was  im- 
ported directly  into  Greece  from  Egypt  in  ancient 
times ;  and  again  through  the  intervention  of  the 
Saracens  into  Europe,  after  the  lull  of  the  dax-k 
ages  ;  following  the  track  through  Spain. 

The  modern  Arabs  have  au  iustnmient  called  the 
'ood  (c.  Fig.  2331)),  which  may  be  considered  the 
Syrian  guitar.     The  head  is  bent  over  as  in  the  Euro- 
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j  E,  A,  D,  G,  B,  E,  and  are  stretched  between  a  liar 
attached  to  the  sounding-board  and  the  pegs,  which 
are  journaled  in  the  /uiad. 

I      An  English   guitar   lias  been   constnictcd  to  be 

j  touched  by  keys,  and  one  of  a  large  size  has  been 

!  made  in  Germany,  and  is  adajited  to  be  lield  with 

:  the  bow  between  the  knees.      Neither  have  proved 

valuable  accessions  to  the  list  of  iiuisical  instruments. 

Gui'tar-ban'jo.     An  instrument  combiuing  the 

characteristics  ol  the  guitar  and  the  banjo,  having 

the  strings  and  fretted  neck  of  the  former,  and  the 

sheepskin  head  and  metallic  hoop  of  the  latter. 

Gul'let.  1.  i^Clril  Eiujiiiccriinj.)  A  narrow  work- 
ing cutting  made  in  the  formation  of  an  excavation, 
and  used  as  a  means  of  laying  down  a  pair  of  rails 
to  bring  the  dirt-cars  to  the  bank. 

2.  {Harness.)  The  lower  end  of  a  horse-collar, 
around  wliich  passes  the  choke-strop,  and  the  brcctst- 
strap  which  supports  the  pole  of  a  carriage. 

3.  (Savs.)  A  hollow  cut  away  in  front  of  each 
saw-tooth,  in  continuation  of  the  face,  on  alternate 
sides  of  the  blade.  Such  sa\vs  are  known  as  ijullct- 
sails  or  brier-tooth  satrs. 

The  gullet  is  adajited  to  allow  the  saw  to  be 
sharpened  by  a  round  or  half-round  file,  by  which 
the  face  of  the  tooth  becomes  concave  when"  viewed 
edgeways,  and  acc(uires  a  thin  cutting  edge.  The 
increased  curvilinear  space  also  allows  more  room 
for  the  sawdust.     See  Gullet-saw. 

Gul'let-ing.  (Iteiilroad  Eiuji  nee  ring.)  In  exca- 
vating for  railroads,  a  system  of  carrying  the  work 
forward  in  a  series  of  steps  ujion  wliicli  diH'erent 
gangs  of  men  are  at  work  with  pick,  shovel,  and 
wheelliarrow,  assisted  by  temporary  lines  of  rail  and 
dumping-wagons  if  the  work  be  sufficiently  exten- 
sive.     Also  called  notch  in;/. 

Gul'let-ing-press.  A  press  for  punching  or 
gulleting  saw-blades,  gumming  worn  saws,  or  paring 
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pean  guitar  ;  the  neck  appears  to  be  destitute  of  frets. 
The  strings  are  seven,  and  are  made  of  catgut. 

Tlie  Peruvians  had  a  guitar  with  five  or  six  strings, 
called  a  tinija.  They  also  possessed  the  sjjriiw' flute, 
tamtinurine,  and  trumpet. 

The  guitar  was  introduced  into  England  by  Fran- 
cis Corbeta,  about  1660,  and  was  a  novelty  to  the 
writers  of  the  day. 

"  I  heard  a  Frenchman  play  upon  the  guitar  most 
extreme  well,  though  at  best  inethinks  it  is  but  a 
bawble."  —  Pepvs's  Diarij,  1661. 

"  My  Lord  Sandwich  playing  upon  the  gittarr, 
which  he  now  commends  above  all  musique  in  the 
world  "  —  Pepys's  Diiiry,  1665. 

The  guitar  is  the  principal  musical  instrument  of 
the  .Japanese.  Their  si/amsic  has  three  strings,  two 
in  the  octave,  the  middle  one  giving  the  fifth.  It 
is  played  with  a  plectrum,  consisting  of  a  Hat  piece 
of  horn,  held  between  the  tiiumb  and  third  finger. 
The  .Japanese  have  no  idea  of  harmony,  ;iiid  play  all 
their  instnnnents  in  unison.  Their  dancing  is  of 
the  Oriental  style,  like  the  Almelis  of  Egypt,  —  mo- 
tions of  the  arms,  head,  and  body,  rather  than  of 
the  feet.  It  is  not  so  exclusively  professional  as  in 
Egypt  and  Imlia,  and  conseijuently  not  so  syste- 
matically lascivious. 

The  Spanish  guitar  d  has  a  hollow  body  with  a 
round  opening  in  the  sounding-board.  The  neck 
has  seventeen  frets.     The  strings  are  six,  are  tuned  I 


Gldleting-Press. 

down  or  retoothing  broken  saws.  The  punch  is 
socketed  in  the  end  of  a  iilunger  whose  upjier  portion 
is  a  double-threaded  screw  crowned  by  a  fly-handle. 
The  table  a  is  adjustable  Jiy  means  of  its  rod  //,  and 
affords  an  axis  for  the  eyes  of  circular  saws  or  saw- 
blades  under  treatment. 

Gul'let-saw.  A  saw  ha\-ing  a  hollow  cut  away 
in  front  of  each  tooth  in  continuation  of  the  lace  and 
on  alternate  sides  of  the  blade.  Called  also  a  brier- 
tooth  saw. 
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Gul'let-tooth.  A  form  of  saw-tooth.  See  Gul- 
let-saw. 

Gul'ley.  The  tram-plates  or  rails  laid  for  the 
Tise  of  tram-wagons. 

Gum.  1.  An  iustrument  for  shaping  saw-teeth. 
See  S.wv-ouMMF.u. 

2.  A  hive  made  of  a  section  of  a  hollow  log ;  a 
ice-gum. 

3.  A  hollow  log  inserted  vertically  into  the  ground 
as  a  curb  for  a  spring. 

4.  A  vegetable  secretion  which  hardens  as  it  ex- 
ude.s,  but  is  soluble  in  water  ;  distinguished  fi'om 
resins,  which  are  solultle  iu  alcoliol,  but  not  in  water. 
Tlu're  are  a  few  resins  which  by  careless  custom  are 
named  as  gums,  such  as  copal,  often  called  guni- 
copitl. 

Gunj'mer.  A  tool  or  machine  for  dee]iening  and 
enlarging  the  interdental  spaces  of  worn  saws.      See 

SaW-(U"iM  MK.lt  ;    GuLLETINfi-MACHINK. 

Guin'ming.  (Litlwrjrapluj.)  The  treatment  of  a 
lithographic  stone  with  a  solution  of  gum-arabic, 
after,  or  simultaneously  with,  the  etching  process, 
wliereby  the  clean  parts  of  the  stone  devoid  of  work 
are  ]>rotected  fi'om  receiving  fatty  matter,  and  thus 
reject  the  greasy  ink  wlien  the  roller  passes  over 
the  stone.  The  clean  surface  of  the  stone  is  damiied 
between  each  impression,  but,  without  the  gumming, 
it  would  not  permanently  resist  the  ink. 

Gum-pot.  A  co]iper  boiler  used  by  varnish- 
makers  for  melting  the  gum  and  mi.xing  the  in- 
gredients. It  is  about  33  inches  deep,  and  9i  imdies 
in  diameter.  An  up)ier  section  is  riveted  to  it  to 
keep  in  the  ingredients  when  they  foam.  It  is  sup- 
]iorted  by  a  circumferential  flange  which  rests  on 
the  top  of  the  furnace,  and  is  adapted  to  be  readily 
removed  and  replaced. 

Gun.  A  weapon  having  a  barrel  adapted  to  re- 
ceive and  discharge  a  missile  which  is  projected  by 
a  charge  of  powder,  gun-cotton,  or  air,  as  the  case 
may  be.     See  under  the  following  heads  :  — 


Pivot-gun. 
Revolver. 
Ritle. 
Shot-gun. 


Siege-gun. 

Swivel-gun. 

Steam-gun. 


Air-gun. 

Arriuebus. 

I'attery-gun. 

Blunilerbuss. 

Cannon. 

Carbine. 

Carronaila. 

Columbiad. 

Ficld-yun. 


Fire-arm. 

Fowling-jiiece. 

Gatling-gun. 

Howitzer. 

Machine-gun. 

JIagazine-gun. 

Mitrailleur. 

JIusket. 

Pistol. 


Allied  are  another  class  not  usually  termed  guns. 
Mortar.  Coehorn. 

The  projectiles  are  numerous.  Lists  may  be 
found  under  Weapoks  ;  Pkojectiles  ;  Fire-akms  ; 
AiiTH.LHUY  (which  see). 

Gun-bar'rel.  Gun-barrels  of  sujierior  quality 
are  known  as  stub,  stub-hoist,  virc-fwist,  Damascus- 
twist,  stub-Damascus. 

Stub-ivon  consists  of  horseshoe  nail.s,  cleaned  in 
a  tumbling-box,  mixed  with  from  12  to  .50  ]per  i-ent 
of  steel  pieces  of  the  same  size  ;  puildled,  ham- 
meri'd,  heated,  tilted,  and  rolled.  From  this  mate- 
rial a  */•(■//)  is  made. 

Twist  barrels  are  made  of  a  rilibon  of  iron  wound 
Sl)irally  around  a  mandrel  and  welded. 

Stub-twist  is  stub-iron  coiled  on  a  mandrel,  as  de- 
scribed. 

JVirc-twist  is  made  by  welding  laminne  of  iron 
and  .steel  together,  or  two  i|ualities  of  iron,  and 
drawing  tlie  compound  bar  into  a  ribbon,  which  is 
coiled  as  described. 

Damascus-iron  is  made  of  several  bars  of  steel  and 
iron  laid  parallel  in  a  fayot  and  diawn  out  into  a 
bar.  A  jiieee  of  the  bar  is  heated  to  redness,  one 
end  placed  in  a  vi.se  and  the  other  end  gras]>ed  by 
tongs,  by  which  the  bar  is  twisted  till  it  assumes  a 
cylimliical  shajte,  and  is  shortened  to,  say,  three  I'eet. 
Several  such  bai.s,  twisteil  in  diver.se  direction.s,  are 
hud  together,  welded,  and  drawn  into  ribbons, 
which  are  severally  wound  on  mandrels  as  before. 

Stub-Damascus  is  formed  from  a  single  bar  or 
twisted  rod,  forged,  drawn  into  a  ribbon,  and  wound 
on  a  mandrel. 

Damascus  and  wire  twist  is  ribbon  of  the  said  va- 
rieties combined. 

The  ribbon  for  the  twisted  harrel  is  several  yards 
long,  about  A  inch  broad,  and  is  thicker  at  one  end 
than  the  other,  in  order  to  give  the  .strength  at  the 
breech.  It  is  heated  to  redness,  coiled  around  a 
mandrel,  the  coil  removed,  hcateil  to  welding  heat, 
drojiped  on  to  a  cylindrii-al  rod  wliieh  is  then  struck 
vertically  on  the  giound  to  jar  the  edges  of  the 
sjiiral  together  and  cause  them  to  adhere.  This  is 
ii<\\\i- A  jumping,  and  the  operation  of  welding  is  com- 
pleted by  a  hammer  on  an  anvil,  the  central  rod 
being  maintained  in  jiosition. 

The  iron  plate,  technieully  termed  a  sl'clp,  is  usu- 
ally about  a  foot  in  length,  and  when  heati'il  to  a 
welding  temperature  is  rolled  around  a  mandrel  and 
passed  through  .sets  of  rollers,  which,  in  turn,  elon- 
gate the  skelp,  reducing  its  diameter  and  giving  the 
proper  size  and  tajier  to  the  l)arrel. 

Formerly  the  edges  of  the  heated  blank  were 
welded  upon  the  mandrel  by  the  successive  blows  of 
a  trip-hanmier,  or  a  "drop,"  dies  intervening  be- 
tween the  iron  tube  and  the  drop  and  anvil  respec- 
tivcdy.  A  ]iortiou  only  of  the  seam  is  closed  at  a 
time  by  this  means,  and  the  operation  is  more  tedi- 
ous and  expensive  than  the  rollers  just  described. 
The  rolling  [jroeess  was  introduced  from  England. 

(Boriiii/.)  For  boring,  the  barrels  are  jilai'ed  in  a 
heavy  iron  frame  called  "boring  banks,"  where  they 
are  reamed  out  by  the  boring-tool,  which  consists  of 
a  square  broach  of  steel,  with  sharp  edges.  The 
tool  is  rotated  and  advanced  while  the  barrel  is 
firndy  held,  and  the  operation  is  repeateil  with  suc- 
cessively larger  tools  until  the  required  size  is  ob- 
tained, —  something  short  of  the  eventual  caliber,  as 
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other  operations  are  to  follow,  and  will  farther  in- 
crease tl>e  size  of  the  bore. 

The  outer  surface  of  the  barrel  is  then  turned  in 
a  lathe,  the  barrel  being  sustained  by  mandrels  at 
each  end.  The  tool  may  be  fi.xed  in  a  slide-rest 
which  moves  it  longitudinally  of  the  barrel,  and  also 
in  or  out  to  give  the  required  taper  from  the  breech 
to  the  muzzle,  or  the  latter  or  transverse  motion  may 
be  imparted  to  the  tool-rest  while  the  barrel  has  a 
longitudinal  in  addition  to  its  rotary  motion. 

The  barrel  is  then  gi-ound  by  being  held  parallel  to 
and  against  the  face  of  a  ra  (lidly  revolving  stone.  For 
this  purpose  the  barrel  is  sli|)pcd  upon  an  iron  rod 
and  revolved  by  means  of  a  crank  on  the  end  of  the 
rod.  The  stones  are  cased  in  for  .safety,  and  also  to 
keep  the  water  from  splashing  upon  the  workmen, 
holes  in  the  ends  of  the  casing  permitting  the  intro- 
duction and  withdrawal  of  the  barrel. 

After  grinding,  the  barrels  are  polished  by  hard- 
wood rubbers,  sujiplied  with  lanl-oil  and  emery. 
The  barrels  are  placed  in  upright  frames,  several  in 
each  frame.  The  grooved  ends  of  the  rubbers  are 
then  pres.sed  by  springs  against  the  barrels  as  they 
move  up  and  down  with  a  regular  and  rapid  motion, 
the  barrel,  the  while,  revolving  slowly.  After  re- 
maining in  the  first  polishing-niachine  for  fifteen 
minutes  or  thereabouts,  they  are  transferred  to  an- 
other and  similar  apparatus  where  the  emeiy  is  dis- 
pensed with. 

Much  ingenuity  ha.s  been  expended  in  devices  for 
detecting  deflection  or  faults  in  gun-barrels,  and  for 
straightening  them  when  unevenness  is  detected. 
The  correction  is  made  by  placing  the  barrel  on  a 
small  anvil  and  giving  it  a  gentle  blow  with  the 
hammer.  The  workman  obtains  artificial  aid  in  de- 
tecting faults,  by  a  transparent  slate  marked  with 
two  parallel  lines  and  placed  in  a  window.  The 
barrel  being  pointed  towanls  the  window,  the  lines 
are  reflected  upon  the  polished  interior  surface  of 
the  barrel,  and  any  itnevenness  throws  the  reflected 
lines  out  of  parallelism  ;  which  is  readily  detected 
by  the  experienced  workman.  In  former  times,  a 
hair  or  some  other  very  slender  line  was  passed 
through  the  barrel  and  drawn  successively  across 
each  portion  of  the  inner  surface,  concavities  being 
revealed  by  the  distance  between  the  line  and  its  re- 
flected image  in  the  metal. 

For  proving,  the  barrels  are  loaded  with  a  heavy 
charge  and  then  laid  in  a  rank  in  the  jiarallel, 
grooves  of  a  massive  table  in  the  proving-room,  the 
charge  in  each  ]nece  being  connected  to  a  train  of 
powder  on  the  back  of  the  stand,  and  passing  to  the 
outside  of  the  building,  so  as  to  fire  the  charges 
from  a  place  of  secuiity.  The  balls  are  received  in 
a  bank  of  earth,  and  those  barrels  which  ajipear  to 
have  withstood  the  first  charge  are  subjected  to  a 
second,  smaller  proving  charge,  to  ojien  any  rent 
which  may  have  been  made  by  the  fonner.  Those 
which  stand  both  tests  are  stamped  with  the  mark 
of  approval. 

A  still  more  severe  test  is  filling  the  barrel  with 
water,  and  driving  in  an  air-tight  bullet  liy  heavy 
and  repeated  blows.  If  any  chink  or  crack  is  to  lie 
found,  the  water  will  ooze  from  it. 

The  barrel  having  been  welded,  rolled,  bored, 
turned,  ground,  polished,  and  proved,  is  now  to  be 
rifled  by  having  twisting  grooves  cut  in  its  interior. 
This  is  more  fully  referred  to  in  this  work  under 
EiFLiN"G-M.A.cniN'E,  and  is  a  very  old  device,  speci- 
mens of  rifled  cannon  and  small-arms  of  the  seven- 
teenth century  being  preserved  in  European  collec- 
tions. In  general  features  most  of  the  machines 
agree  ;  the  barrel  is  firmly  secured  in  the  frame  of 
the  machine,  and  the  grooves  on  its  inner  surface 


are  cut  by  naiTow  bara  of  steel,  which  are  placed 
within  three  apertures  near  the  end  of  an  iron  tube 
which  passes  through  the  barrel  by  a  slow  com|iound 
motion,  rotary  and  progressive. 

The  sight  and  cone  seat  are  attached  to  the  barrel 
at  the  proper  stage  of  its  progress,  the  former  by 
brazing  and  the  latter  by  welding. 

Steel  barrels  are  drawn  from  short  bars,  which  are 
bored,  heated,  and  drawn  upon  a  mandrel  between 
rolls,  which  successively  lengthen  and  reduce  the 
diameter  of  the  barrel. 

After  boring  and  rifling,  the  grain  or  mottled  ap- 
pearance is  produced  by  steeping  in  acids  or  by  heat- 
ing in  bo.xes  with  charcoal,  and  tlien  plunging  in 
solution  of  ammonia.     See  Bi'.owxisg. 

The  ])rincipal  imperfections  to  which  gun-baiTcls 
are  liable  are  the  cliinl-,  the  crack;  and  the  riaw. 

The  chink  is  a  small  rent  in  the  direction  of  the 
length  of  the  barrel. 

The  crack  is  an  imjierfection  across  the  barrel. 

The.^nif  is  a  scale,  or  small  plate,  adhering  to  the 
baiTel  by  a  narrow  base,  from  which  it  spreads  out 
like  the  head  of  «  nail  from  its  shank,  and  when 
separated  leaves  a  little  pit  in  the  metal  which  col- 
lects moisture  and  foulness,  corroding  the  metal. 

Gun-bar'rel  Gage.  The  gage  of  large  guns  is 
the  weight  of  the  ball  they  carry,  as  6-pounder,  8- 
pounder,  12-]iounder,  etc. 

Or  it  is  expressed  in  inches,  and  the  fraction,  if 
such  there  be,  in  decimals,  as  S-inch,  10-incli. 

The  bore  of  the  barrels  of  fire-arms  is  also  denom- 
inated by  the  decimals  of  an  inch,  as  .44,  .45,  .50, 
.55  ;  all  of  which  are  somewhat  conmion  sizes. 

Tile  usual  mode  of  denominating  the  barrels  of 
sporting-rifles  and  fowling-pieces  is  by  the  number 
of  bullets,  of  the  diameter  of  the  bore,  that  are  con- 
tained in  one  pound  of  lead. 

Garjc-Tnbk  for  Barrels  of  Fire- Arms. 


Diimeter 

Weight  of 

Diameter 

WeiRht  of 

No. 

of  Bore  in 

T^eaden 

No. 

of  Bore  in 

Leaden 

lOOths  of  1 

Bullet  in 

lOOths  of  1 

Bullet  in 

Inch. 

Grains. 

Inch. 

Grains. 

5 

.98 

1,400 

19 

.65-h 

368t% 

6 

.93- 

1,666| 

20 

.63 -f 

355 

7 

.89 

1,000 

21 

.63 

333i 

8 

.85- 

875 

22 

.62-K 

31 8  A 

9 

.81- 

777| 

23 

.61-F 

304i^- 

10 

.79 

700 

24 

.61 

291 S 

11 

.77- 

636-^ 

25 

.60 -F 

280 

12 

.75  + 

583i 

26 

.59 -h 

269yV 

13 

.74- 

538-,^ 

27 

.59 

2595V 

14 

.72- 

500 

28 

.58-f- 

250 

15 

.70-j- 

466s 

29 

.58- 

241H 

16 

.69- 

437i 

30 

.57 

233i 

17 

.67  + 

41li? 

31 

.56-1- 

225}-? 

18 

.66 

3S8i 

j32 

.56- 

218i 

Gun-bat'ter-y.  1.  [Fortificaticm.)  The  emplace- 
ment of  two  or  more  pieces  of  artillery,  destined  to 
act  on  the  offensive  or  defensive.     It  may  be,  — 

Open  ;  merely  field-guns  in  position. 

Covered;  protected  by  a  parapet. 

Masked ;  disguised  by  a  screen  of  branches,  or 
other  olKtmclions  to  the  view. 

EnjilndiMj ;  sweeping  the  face  of  the  body  of 
troo])s  or  the  works,  by  a  fire  in  the  line  of  the 
length  of  the  object. 

En  ccluirpe ;  having  a  line  of  fire  oblique  with  the 
face  of  the  object. 

En  rerers :  plajing  upon  the  rear  of  the  enemy. 

Cross-fire  ;  several  batteries  having  a  converging 
fire  upon  an  object. 
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Sieiji: ;  of  a  largo  ilescription,  I'oi-  brcacliing. 

a.   Elevated  ;  ou  the  luitiiiul  It-vul  of  tlie  ground. 

h.  Ildlf-saiikcn  ;  wIhmi  tla'  panipcl  is  partly  made 
of  earth  from  the  tcrrc-jdeiii.  or  gun-platform. 

c.  Fall-^unki'ii  ;  when  the  tcrre-phnii  is  farther 
Jowered  by  taking  all  the  earth  therefrom  to  I'orni 
the  piirape.t. 

Ciiseimilr  :  when  jiroteeted  by  a  bomb-proof  cham- 
ber and  tiring  from  eiiibrasarcs. 

BiirbcHi', :  firing  over  a  parapet. 

Jiir.iirhini/ ;  devoted  to  making  an  opening  iu  tlie 
wall  of  a  Ibrtilication. 

Ricorhet  ,■  when  the  balls,  with  a  low  charge,  trav- 
erse the  inner  face  of  the  enemy's  works  and  rebound 
and  roll  along  the  same. 

Muiiiihtui ;  light  pieces  adapted  to  be  dismounted, 
and,  with  their  dislocated  carriages,  carried  on  mules. 

2.  {Fkld-artillerii. )  The  tactical  unit  of  field-ar- 
tillery. A  certain  number  of  lield-guns  under  one 
command,  together  with  the  officers,  men,  horses, 
wagons,  ami  stores. 

An  English  field-battery  has  si.\  12-poHnder, 
Armstrong,  breech-loading,  liHcd-guns.  Each  gun 
has  its  linilier,  and  the  battery  lias  22  otlier  car- 
riages and  210  horses.  It  is  officered  and  manned 
by  two  captains,  three  lieutenants,  and  236  non- 
commissioned oHii:ers  and  men. 

Three  lield-guns  to  1,000  men  is  the  usual  pro- 
portion in  I'Airopean  armies. 

Guii'boat.  A  small  vessel  of  war,  carrying  from 
one  to  four  guns  if  sea-going.  Gunboats  iu  the 
United  States  Service  are  usually  fourth-rates.  See 
Ikds'-clad. 

The  gunboats  employed  for  river  service  by  the 
United  States  government  during  the  late  civil  war 
were  generally  Hat-bottomed,  side-wheeled  craft,  of 
liglit  draft,  and  partially  iron-plated  above  the  wa- 
ter-line with  from  two  to  four  inches  of  iron,  backed 
by  eightecm  to  thirty  inches  of  oak,  set  at  an  incline 
of  55°  or  thereabouts.  The  strongest  plating  was 
forward,  and  when  these  vessels  could  fight  "bow 
on  "  they  were  considered  invulnerable  to  64-pouiul 
shot.  They  carried  from  four  to  sixteen  guns,  which 
were  fired  thi'ough  portholes.  (See  illustration  on 
opposite  page.) 

Au-viliary  to  tlie  gunboats  was  a  fleet  of  steaci- 
rams,  built  especially  for  speed,  and  calculated  to 
run  down  and  sink  an  enemy.  They  generally  car- 
ried one  gun. 

Gun-car'riage.  The  apparatus  upon  which  a 
cannon  is  mounted  for  service.  It  may  or  may  not 
be  adapted  for  the  transportation  of  the  piece. 

The  first  consisted  merely  of  a  timber-block,  or 
frame,  to  which  the  cannon  was  secured  by  straps  or 
bolts.  Uprights,  with  holes  for  pegs,  were  some- 
times employed  to  give  elevation  to  the  muzzle. 
Afterwards  a  species  of  trough,  having  a  butt-piece 
anil  mounted  on  wheels,  was  introduced  (A,  Fig. 
2339).  Subseiiueut  improvements  brought  them 
nearly  to  the  form  B,  which  represents  a  carriage 
of  the  Gribeauval  pattern.  Gribeauval,  a  Freni'h 
artillery  olficer,  made  great  improvements,  1765, 
in  gun-carriages  and  the  organization  of  artillei-y, 
reducing  the  size  of  the  parts,  and  making  the  similar 
parts,  for  those  of  the  same  class,  interchangeable ; 
he  also  added  a  tongue,  so  that  two  horses  could  draw 
abreast,  and  made  the  limbers  so  that  one  sort  would 
answer  for  several  difierent  kinds  of  carriages. 

Laud  gun-carriages  comprise  field,  siege,  casemate, 
and  liiirbette  carriages.  The  two  former  are  adapted 
for  the  trausiiortation  as  well  as  service  of  the  piece, 
while  the  latter  are  intended  to  be  kept  in  one  jio.si- 
tion  ill  a  fortification.  A  smaller  kind  of  field-car- 
riage may  be  readily  taken   to  pieces  and  put  to- 


gether, so  as  to  be  carried  on  mules'  backs  iu  a  rug- 
ged and  mountainous  countiy. 

Field-carnages  inchule  those  which  are  adapted  to 
accompany  the  movements  of  troops  during  an  en- 
gagement, and  carrying  a  class  ol"  guns  weighing 
from  SUO  to  1200  pounds,  as  the  12-pouuder  smooth- 
bore and  lighter  rilled  cannon. 

These  carriages  are  known  as  "  stocktrail "  pat- 
tern, from  having  a  single  piece,  which  serves  as'the 
trail,  inserted  between  the  two  cheeks  on  which  ihe 
trunnions  rest. 

The  Gribeauval  and  older  patterns  of  carriage 
had  no  stock,  the  ends  of  the  cliceks  resting  imme- 
diately on  the  ground  ;  the  fore-wheels  were  also 
smaller  than  the  hinder. 

C  is  an  elevation  of  a  field-gun  carriage  without  its 
limber.     The  various  jiarts  are,  — 


Fig.  2a'». 


Field- Gun  Carriage. 
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,  stock. 

i. 

B 
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a. 
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trail-plate. 

VI 
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:,  pointing  rings. 

11-, 

d, 

handle. 
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e,  prolonge  hooks. 

1< 

t\ 

wheel-guard  idate 

?■, 

y. 

lock  chain,  bolt, 
and  washer. 

nut, 

s, 

A, turn-buckle,  chain 

and 

1, 

hasp   for   sponge 

and 

2, 

rammer. 

i, 

stop  for  ranmier-head. 
ear-plate  for  worm, 
elevating-screw. 
,  under-strap. 
implement-hook. 
D-ring  for  haud-.spike. 
trunnion-plate. 
cap-st[uare. 

cap-S(piare  chains  and 
keys, 
prolonge. 

sponge  and  rammer, 
hand-spike. 


The  detachable  forejiart  of  the  carriage  is  called 
the  limber.  It  carries  a  chest  for  containing  ammu- 
nition, n|ion  which  the  cannoniers  sit.  The  limbers 
for  all  field-carriages  difier  only  in  the  interior  fitting 
up  of  the  chest,  ada]iting  it  for  receiving  difierent 
kinds  of  ammunition. 

A  caisson  for  carrying  ammunition  accompanies 
each  field-piece.  This  vehicle  has  a  limlier  similar 
to  that  of  the  gun-carriage.  Its  rear  jinrt,  or  body, 
carries  two  ammunition-chests,  the  three,  with  that 
on  the  carriage-limber,  containing  the  full  sujiply  of 
ammunition  for  the  piece. 

Eacli  field-battery  of  four  or  more  ]iieces  is  also 
accompanied  by  a  travdiiuj-forijc  and  a  hallcrij-wagon. 
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which  contain  the  necessary  tools  and  materials  for 
ordinary  ri'pairs. 

Each  caniage  is  drawn  by  six  horses,  harnessed  in 
a  manner  somewhat  diti'erent  from  the  oiilinary  way, 
the  traces  of  tlie  wlu-el  liorses  being  directly  at- 
tached to  the  splinter-bar  of  the  limber,  and  the 
traces  of  the  leaders  connected  to  those  of  the  wheel- 


horses.     Swingleti-ees  and  whiffletrees  are  thus  dis- 
pensed with. 

The  siege-carriage  (Fig.  2340),  though  larger  and 
heavier  than  that  for  field  service,  ditters  little  from 
it  in  general  construction.  For  transportation  the 
gun  is  moved  backward,  the  trunnions  resting 
against  the  head  of  the  traveling  trunnion-bolt  t. 


Siegf-Gtm  Carriage, 


the  breech  .supported  on  the  bolster  u.  The  small 
parts  for  holdii'ig  the  implements  are  wanting. 

Three  sizes  are  employed  in  the  United  States  ar- 
tillery service,  one  for  the  4J-inch  rilieil  gun,  one  for 
the  18-pounder  smooth  bore  and  30-pounilcr  riHed 
gun,  ami  one  for  the  2f-pounder  and  8-iuch  howitzi'r. 

Barbette  carriages  are  intended  for  fii-ing  over  the 
parapet  of  a  fortification,  and  are  adapted  to  mount 
guns  of  32-pounder,  S-inch,  10-inch,  15-inch,  and 
20-inch  caliber.  The  carriage  proper  rests  on  a 
frame  called  the  cJuissix,  which  turns  about  a  fi.xcd 
pintle,  so  that  it  may  be  traversed  to  point  wholly 
or  partially  around  the  circle.     See  B.\iibrtte. 

Casemate  carriages  resemble  the  above  in  their 
general  construction,  but  are  somewliat  less  high  in 
proportion.  They  are  placed  in  casemates,  where 
the  gun  is  fired  through  an  embrasure.  See  Case- 
mate. 

These  two  latter  classes  of  carriages,  and  also 
mortar  beds,  have  since  1860  been  made  of  wrought- 
iron,  which  material  has  abso  been  tried  to  some 
extent  for  field-carriages  with  a  promise  of  gooil 
results,  t'ast-irou  was  at  one  time  tried  and  found 
utterly  uusuitalile. 

Ordinary  broadside  naval  gnn-carriages  much  re- 
semble the  army  casemate  carriage,  but  have  no 
chassis.  They  are  mounted  upon  four  small  wheels, 
called  "  trucks,"  and  are  run  in  and  out  and  pointed 
by  means  of  two  side  tack/es,  hooked  respectively  on 
the  left  and  liglit  to  the  side  of  the  ship,  and  a  tmin- 
tacklc  hooked  to  a  ring-bolt  behind  the  carriage. 
Excessive  recoil  is  checked  by  the  breeching,  a  stout 
rope  passing  through  a  hole  in  the  cascabel  of  the 
gun,  and  shackled  to  the  ship's  ribs  on  either  side. 
Elevation  is  given  either  by  means  of  a  graduated 
quoin  or  an  elevating  .screw. 

In  the  MarsiUn  carriage  the  two  front  rollers  are 
wanting,  the  IVont  transom  resting  immediately  on 
the  deck. 

Light  broadside  guns  and  boat  guns  hare  their 
carriages  arranged  to  run  on  slides  corresponding  to 
a  chassis,  and  have  compressors  for  moderating  the 
recoil,  lioat  guns  are  also  provided  with  field-car- 
riages of  iron  in  order  that  they  may  be  employed 
on  shore. 

Heavy  pivot  guns  as  11-inch,  on  upper  deck.s, 
are  mounted  on  a  peculiar  carriage,  which  enables 


them  to  be  directed  to  any  point  around  the  circle  by 
means  of  side  tackles  and  in  and  (Jiit  tackles  hooked 
to  bolts  appropriately  placed  around  the  deck. 

Very  heavy  guns,  as  l.'i-inch  or  20-inch,  being 
always  placed  in  revolving  turrets,  their  carriages 
need  have  no  lateral  motion,  as  this  is  obtained  liy 
the  rotation  of  the  turret  itself,  operated  by  connec- 
tion with  the  engine  of  the  ship.  Devices  similarly 
operated  are  also  provideil  for  loading.  See  Battkry- 
FiiiioE,  Battery-wacox,  Cai.s.sox,  Barbette-car- 
iiiAGE,  Casemate-carriage,  Mortar. 

The  necessities  of  modern  warfare,  land  and 
maiine,  have  given  rise  to  many  inventions  for 
operating  heavy  gnus  and  for  the  piotection  of  those 
working  them.  For  the  latter  purpose,  besides 
mantelets  and  shields,  ai'rangements  have  been  made 
for  rotating  the  turret  in  wliicli  the  gun  is  niountcd 
so  as  to  cover  the  embrasure  ;  dejuessing  the  gun 
during  loading  below  the  embrasure,  etc. 

For  counterpoise  carriages  see  :  — 

Brewer's  gun-carriage,  1870,  is  supjiorted  on  a 
platform  which  is  supported  by  levers  witliin  a  curb, 
and  a  weight  suspended  from  the  ends  of  the  levers 
counterpoises  the  gun,  carriage,  chassis,  and  plat- 
fonn. 

Callender  and  Northrup,  1864,  have  a  platform 
supported  by  a  piston  in  an  air-cylinder  beneath. 

Eads  (1865,  1869,  and  1871)  causes  the  recoil  of 
the  gun  to  depress  it  backwardly  and  downwaidly, 
it  being  poiseil  on  its  tiunnions  on  the  end  of  an 
arm  which  oscillates  in  an  arc.  As  the  gun  descends, 
a  |ii.ston  traverses  in  a  cylinder,  compressing  air 
therein,  and  the  elasticity  of  the  air  assi.sts  in  re- 
storing the  gun  to  its  position  when  the  loading  is 
complete. 

Coughlan,  1870,  has  a  cogged  segment  and 
weighted  toggle  which  allow  the  gun  to  deju'ess  by 
the  force  of  recoil. 

Taggart,  1863,  has  two  guns  on  a  cylindrical  car- 
riage which  is  on  an  axis  reaching  athwart  the 
vessel.  The  gun  beneath  is  in  loading  position 
below  decks,  while  the  one  above  is  in  iiring  posi- 
tion. The  latter  being  fired,  the  axis  is  rotated  and 
the  guns  change  places. 

Winans,  1865,  lifts  his  g>m,  carriage,  and  traverse 
into  firing  position  by  steam  piston  and  cylinder 
beneath. 


GUN-COTTON. 


1036 


GUN-HARPOON. 


Houel  and  C'aillet  liave  a  system  of  levers  wliich  I  which  it  is  thoroughly  dried  by  e.xposiire  to  air  and 


osi'illati!  backwiirdly  by  the  recoil,  and  in  so  doing 
bring  into  action  a  syiring  which  afterward  assists  in 
restoring  the  gun  to  tiring  position.  See  also  Coon, 
18ii3  ;  Foster,  ISBl*. 

Wappich,  1863,  has  a  toggle-joint  and  screw  for 
elevation  ami  depression.  Also  screws  beneath  the 
trunnions. 

In  Jloncrieff's  gun-carriage  (Fig.  2341)  the  gun  is 
sui)porte(l  upon  a  moving  fulcrum,  which,  on  the 
liring  of  the  gun,  is  caused  to  shift  nearer  to  the 
gun  and  farther  from  a  counterweight,  spring,  or 
otlu'r  foi'ce,  while  at  the  same  time  the  gun  is  biought 
into  a  lowered  position  for  reloading,  and  is  tlieii 
automatically  raised  into  po.sition  for  liring.  Hy  the 
shifting  of  the  fulcrum,  the  statical  momentum  of 
the  balance  weight  is  made  to  preponderate  so  greatly 

Kg.  2341 


Moncrieff^s  GuTi' Carriage. 

over  that  of  the  gun  that  it  will,  when  allowed  free 
actii>n,  after  the  loading  of  the  gun,  raise  the  same 
into  its  original  position. 

For  running  the  gun  in  and  out  of  battery,  and 
traversing  and  operating  guns  in  turrets,  see  patent 
of  Erics.son,  1866,  1870;  Perley,  1865,  1867;  Kads, 
1864,  1865  ;  Barfol,  1863.  Training  twin  guns  in 
parallelism  in  turrets,  Eads,  1866. 

Eads,  1864,  1865,  has  a  means  for  training  the  gun 
upon  an  imaginary  center,  which  is  the  center  of 
the  exterior  opening  of  the  port  or  embrasure,  so  as 
to  reduce  the  opening  to  the  smallest  size. 

Gun-cot'ton.  The  first  notice  of  the  discovery 
of  gun-cotton  was  made  by  Braconnet,  in  1833,  who 
detailed  the  action  of  nitric  acid  on  starch,  sawdust, 
linen,  and  cotton.      He  called  it  xyloidiiie. 

Pelouse,  in  1838,  called  attention  to  this  com- 
pound. 

Dumas,  in  1843,  again  cited  a  mode  of  preparing, 
and  made  suggi'stions  for  the  application. 

Schiinbein,  in  1846,  brouglit  forward  his  plan  of 
using  nitric  and  sulphuric  acids.  It  was  desci'ibcd 
by  W.  H.  Ellet  of  Columbia,  S.  C,  in  1846. 

Baron  Von  Lenk,  1864,  used  cotton  skeins  in- 
stead of  employing  the  wool  in  masses,  thus  rendering 
the  satuiation  more  complete  and  the  manipulation 
easier.  The  loose  cotton  thread  is  first  boiled  in  an 
alkaline  solution  and  afterwards  placed  in  a  cylinder 
with  jierforated  wire  sides,  making  from  600  to 
800  revolutions  per  minute,  by  which  the  alkali  is 
expressed  ;  it  is  then  washed  in  clean  water  and 
again  subjected  to  the  action  of  the  cylinder,  after 


by  heating  in  a  chamber  to  about  120°. 

One-jiound  charges  of  the  cotton  thus  prepared 
are  next  immersed  in  a  mixture  composed  of  3  parts 
of  sulphuric  to  1  of  nitric  acid,  which  has  been  al- 
lowed to  cool  from  48  to  72  hours  ;  the  vessels  con- 
taining the  cotton  and  acid  being  surrounded  with 
cold  water  to  prevent  undue  heating  during  the 
chemical  action  which  ensues. 

The  cotton  is  then  placed  on  a  strainer  and  ex- 
pressed until  it  retains  but  about  ten  times  its 
weight  of  acids,  when  it  is  removed  to  an  earthen- 
ware jar,  surrounded  by  water  as  bef(ue,  where  it  is 
allowed  to  remain  forty-eight  homs  to  insure  its 
complete  conversion  into  "  trinitro  cellulose,"  or 
gun-cotton.  It  is  then  taken  out  and  washed  by 
plunging  suddenly  in  water,  to  prevent  heating  ;  and 
afti'rwards  placed  in  a  tank  of  running  water  for 
forty-eight  liours,  and  dried  in  the  centrifugal  ma- 
chine ;  this  bathing  and  draining  process  is  repeated 
six  times,  when  the  cotton  is  finally  washed  in  a 
warm  alkaline  solution  to  remove  all  the  uncom- 
bined  acid.  Uj)  to  this  period  the  cotton  has  been 
in  a  greater  or  less  degree  damp,  since  it  was  first 
subjected  to  the  action  of  the  acids,  but  after  as- 
suming its  final  shape  is  dried  in  chai'ges  of  twenty 
pounds  in  fire-proof  cages.  See  also  Kevy's  process, 
1865;  and  appendix  to  A.  L.  Holley's  "Treatise 
on  Ordnance  and  Armor." 

Mr.  Abel,  of  the  Wool- 
wich (England)  Dock-Yard 
Cliemiial  1  le|iartnient,  has 
discovered  that  the  explo- 
sive force  of  gun-cotton, 
like    that  of   nitro-glyce- 
rine,  may  be  developed  by 
the  ex]iosnre  of  the  sub- 
stance to  the  sudden  con- 
cussion    produced    liy    a 
detonation,  and  that  if  ex- 
ploded by  that  agency  the 
suddenness     and     conse- 
quent violence  of  its  action  greatly  excee<ls  that  of  its 
exjilosion  by  means  of  a  highly  heated  body  of  fiame. 
Charges  for  sporting  or  blasting  purposes  are  some- 
times put  up  with  a  core  of  raw  cotton,  to  dinjinish 
the  force  of  explosion. 

Wet  gun-cotton  is  of  course  proof  against  explo- 
sicm  by  lieat,  but  it  has  been  found  that  its  ex]do- 
sive  enei'gy  is  rather  increased  than  diminished  when 
wet  and  fired  by  percussion.  A  body  of  gun-cotton 
thrown  into  tlie  sea  in  a  net,  with  a  protected  ]irim- 
ing  of  dry  cotton  and  fulminate,  will  explode  with 
as  much  force  as  if  confined  in  a  water-tight  vessel. 

The  rapidity  with  which  gun-cotton  detonates  has 
been  computed  at  20,000  feet  per  second.  Its  eneigy 
is  from  two  to  four  times  that  of  gunpowder.  See 
Explosives. 

Gun-cotton  is  not  soluble  in  alcohol  or  ether,  but 
in  a  mixture  of  the  two  it  dissolves  readily,  giving 
rise  to  a  perfectly  colorless  mucilaginous  liipiid, 
known  as  co//odimi.  This  dries  quickly  to  a  hard 
skin,  quite  struetui'eless,  and  possessing  considerable 
strength.  It  is  used  in  surgery,  and  also,  in  con- 
junction with  iodides  and  bromides,  to  form  the 
collodion  of  the  jihotographer.  See  PynoxYi.iNE. 
Gun-deck.  The  lower  deck  of  a  ship  of  war. 
Gun-har-poon'.  One  fired  from  a  gun,  used 
mounted  in  a  crotch  on  the  gunwale  of  a  whaleboat. 
It  is  made  of  steel,  and  has  a  chain  or  long-shackle 
attached  to  it,  to  which  the  whale-line  is  fastened. 
Some  gun-harpoons  carry  a  grenade  or  flask  of  poison 
wdiicli  breaks  and  sickens  the  whale. 

In  the  illustration,  the  harpoon  has  a  hinged  barb 
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Fig.  2312. 


Gun-Harpoon. 


anil  a  slotted  shank,  in  which  is  a  sliding  link  to 
which  the  line  is  fastened.  The  rear  end  of  the  slot 
hiis  an  elastic  guard  to  receive  the  shock  of  the  ring 
as  tlie  harpoon  is  tired.     See  H.\p.poon. 

Gun-lock.  The  combination  of  parts  by  which 
tlie  propulsive  charge  is  caused  to  ignite.  Tlie 
matchlock,  the  first  known  employment  of  which 
wa.s  at  the  battle  of  Morat,  1476,  was  the  earliest 
known  form.  In  this  a  piece  of  slow-burning  cord 
was  passed  througli  a  hole  in  the  cock,  which  was 
thrown  tbrnard  on  pulling  the  trigger,  bringing  the 
lighted  enil  of  the  cord  in  contact  witli  the  priming. 
The  gun  with  this  attachment  was  called  an  aniue- 
bus.  It  continued  in  \ise  until  tlie  invention  of  the 
wheel-lock  in  Italy,  about  1.521.  In  this,  a  fur- 
rowed steel  wlieel  was,  by  means  of  a  spring  and 
chain,  caused  to  revolve  in  contact  with  a  piece  of 
native  sulphuret  of  iron,  producing  sparks  wliich 
ignited  the  priming.  This  mineral  is  said  to  have 
originally  derived  its  name  pyrites,  or  firestone,  from 
having  been  thus  employed. 

The  "  snaphaunce "  lock  comprised  a  hammer 
carrying  a  Hint,  which  was  caused  to  strike  against 
a  farrowed  piece  of  steel,  wliich  performed  the  otiice 
of  the  battery  in  the  more  modern  Hint-lock.  It  is 
said  to  have  been  contriveil  by  German  or  Dutch 
marauders,  to  avoid  the  ex))Osure  attending  the  use 
of  the  matchlock  in  nocturnal  expeditions. 

The  Hint-lock  is  said  to  have  originated  in  France 
about  1635,  and  its  general  features  do  not  appear  to 
have  essentially  changed  in  the  two  centuries,  nearly, 
during  wluch  it  was  used  to  tlie  exclusion  of  all 
others.  The  parts  corresponded  to  those  of  the  per- 
cussion-lock of  the  present  day,  except  that  the  ham- 
mer was  provided  with  a  pair  of  jaws  for  holding  the 
Hint,  whicll  was  caused  to  strike  a  pivoted  lip  called 
the  batter;/,  throwing  it  back  and  dropping  a  shower 
of  sparks  into  the  "  pan  "  containing  the  priming. 

In  1S07  Kev.  Mr.  Forsyth  obtained  a  patent  in 
England  for  a  fulminating  powder,  which  was  to  be 
plareil  in  a  magazine  at  the  breech  of  the  gun  and 
tired  by  a  pin.  Various  modifications  were  devised 
prior  to  the  introduction  of  the  common  copper  cap, 
about  1816.  This,  however,  made  its  way  rather 
slowly.  It  was  not  until  1842  that  the  percussion 
lock  and  ca])  were  adopted  in  the  United  States  mili- 
tary servic. 

The  ada[itation  of  the  flint-lock  to  cannon  was 
easy,  it  being  merely  necessary  to  secure  the  lock  in 
position  by  a  ring  around  the  breech  of  the  gun ; 
when  the  hammer  fell  back,  (m  firing,  the  blast  from 
the  vent  passed  freely,  without  injury  to  the  lock. 
It  was  otherwise  with  percussion-locks  when  ap- 
plied to  a  vent  two  tenths  of  an  inch  in  diameter.  The 
shock  of  the  blast  would  soon  liave  destroyed  such 
a  lock  without  the  hammer  was  withdrawn  from 
over  the  vent  at  the  vei-y  instant  of  firing.  This 
difficulty  was  obviated  by  E.  Hidden's  lock,  first 
patented  in  1831  and  subsequently  improved. 

In  this,  that  end  of  the  hammer  to  which  the  lan- 
yard is  attacheil  is  longitudinally  slotted,  so  that 
the  same  pull  whicli  brings  the  hammer  down  upon 


the  head  of  the  primer  withdraws  it  back  a  slight 
distance,  leaving  the  blast  unimpeded.  Friction 
primers  for  cannon  have  generally  superseded  the 
use  of  tliis  lock,  though  it  still  maintains  its  place  in 
the  United  States  navy. 

The  elements  of  all  gnn-locks  of  the  modern  pat- 
tern, which  have  no  breech-loading  or  revolving  ma- 
chinery to  operate,  are  essentially  as  follows.     The 
illustration  shows  that  employed 
in   the   United   States   muzzle-  Fig.  2343. 

loading  small-arms. 

a,  liamnwr  or  cock. 

b,  tumble X. 
e,  bridle, 
d,  bridle-screw. 

c,  sear. 
/,  sear-screw. 


Gun-Lock. 


g,  sear-spring. 

h,  scar-spring  screw. 

i,  mainspring. 


k,  swivel. 

1 1,  side  screws. 


The  hammer  fits  on  the  sqtuirr  of  the  tumbler, 
which  it  rotates  when  drawn  back,  so  as  to  allow 
the  nose  of  the  sear  to  fall  into  notches  of  the 
tumbler  when  at  half-cock  and  at  cock.  Both  the 
sear  and  tumbler  are  liehl  in  place  liy  the  bridle, 
which  confines  them  to  the  lock-plate.  The  trigger, 
when  pressed,  acts  on  the  rear  end  of  the  sear,  lift- 
ing the  other  end  out  of  the  cock-notch  of  the 
tumbler,  which  is  then  permitted  to  move  by  the 
action  of  the  mainspring,  carrying  the  hammer 
around  with  it. 

Revolving,  breech-loading,  and  repeating  arms, 
having  their  firing  mechanism  necessarily  o]ierating 
in  connection  with  those  for  loading  and  for  with- 
drawing the  cartridge-cases,  recjuire  very  difi'erent 
arrangements  from  those  described,  in  many  in- 
stances involving  great  multiplicity  ami  complexity 
of  parts.  These  will  be  found  noticed  under  the  head 
of  FiRE-AiiM,  where  a  list  of  about  IfiOil  occurs. 

The  lock  of  the  needle-gun  is  the  widest  departure 
from  the  well-remembered  form,  the  striker  being  a 
])ointed  rod  which  explodes  the  fulminate,  either  in 
the  base  of  the  ball,  as  in  the  Prussian  gun,  or  in 
the  base  of  the  capsule,  as  in  the  American  form  of 
lirtes.  The  percussion  powder  may  be  in  a  cap 
placed  on  a  nipple  on  the  siile  of  the  barrel ;  in  a 
cap  over  a  nipple  on  the  cartridge  ;  a  ])ellet  on  an 
anvil  at  the  base  of  the  cartridge  ;  a  pellet  or  ring 
in  a  basin  or  in  the  flange  of  the  cartridge  ;  a  pellet 
in  the  base  of  the  bullet. 

By  position  it  may  be  rcrtr-fire,  front-five,  sidx- 
fire,  center-(i\v.     See  CvKTRinGE  ;  Fihe-.vrm. 

Gun-lock  Ham'mer.  The  cock  or  striker  of  a 
fire-anii  lock.     See  Gun-lock. 

Gun-met'al.  A  bronze  fioni  which  cannon  may 
be  cast.  Ordinarily  9  parts  coi>per  and  1  tin.  Other 
metals  have  been  sometimes  added  or  substituted  for 
the  tin,  copper  still  remaining  the  basis  of  the  alloy. 

A  few  e.xamples  are  given. 


Tin. 


Zinc. 


Iron. 


Copper. 

Common  formula      .     .     9  1 

Sririing's  (English)     .50  25  1-8 

Rosthorn's  (Austrian)    .   55.04  0.83     42. 3G  1.77 

Rosthorn's  (Austrian)       57.63  0.15     40.22  1.86 

Navv  (Austrian)       .     .   60  38.12  1.8 

Birk'holtz  (U.  States)        60  38  2.0 
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Copper.  Aluminum.  Zinc.       Iron. 
Keirs  (English,  1799)    100  75        10 

Laucastfi-'.s  (English)       90  10 

See  Alloy. 

The  Rosthorn  (Austiiaii)  alloj's  are  known  as 
"stc'iTo-in:'tal."  One  variety  i.s  soft,  ductile,  and 
eapal)Ie  of  being  •worked  into  sheets  or  wire.  Tlie 
other  is  hard,  and  is  represented  as  suitable  for 
ordnance.  From  ex-periments  made  at  the  Imperial 
arsenal  at  Vienna,  its  tensile  stieiigth  was,  after 
single  fusion,  28  tons  to  the  square  inch  ;  after 
forging  at  a  red  heat,  32  tons  ;  drawn  cold  anil 
reduced  from  100  to  77  sectional  area,  37  tons. 
The  metal  thus  tested  contained  a  rather  less  pro- 
portion of  tin  and  iron  than  is  indicated  above.  Its 
specilic  gravity  was  8.37.  It  is  represented  as  pos- 
sessing unusual  elasticity.  Field-guns  of  from  4  tp 
12  pounder  caliber  were  worked  out  of  single  jiieces 
under  the  hydraulic  press,  without  impairing  its 
tensile  strength. 

M.  Sorel's  alloy,  composed  of  8  copper,  1  zinc, 
and  1  tin,  is  said  to  resemble  zinc  in  appearance,  to 
be  ei|ual  to  copper  and  iron  in  hardness,  more 
tenacious  than  soft  cast-iron,  readily  turned,  hied, 
and  ilelivereil  from  the  mold  in  casting,  and  to  en- 
dure exposure  to  moisture  without  tarnishing.  It 
is  susceptible  of  being  bronzed,  and  is  adapted  for 
statni's  or  expi>sed  ornamental  objects. 

Gun'uer's  Cal'i-pers.  An  instrument  made  of 
sheet-brass  with  steel  points.  The  graduations  show 
the  diameters  of  shot  and  shell,  the  calibei-s  of  guns, 
linear  inclies,  degrees  of  the  circle,  etc. 

Gun'ner's  Hav'er-sack.  A  leathern  bag  worn 
by  a  guuni'r  for  containing  the  smaller  implements 
recpiircd  in  the  discharge  of  his  duty. 

Gun'ner's  Lev'el.  An  instrument  for  ascertain- 
ing the  highest  points  at  the  breech  and  muzzle  of  a 
})iece  of  ordnance,  whrni  on  uneven  ground,  in  order 
to  determine  the  true  line  of  sight. 

It  consists  (((,  Fig.  2314)  of  a  spirit-level  mounted 
on  a  frame  having  two  branches  with  rounded  ends, 

a     Fig.  2344. 


GuAncT^s  Level. 


and  an  upright  piece  with  a  perpendicular  slider. 
The  in.strumeut  is  placed  transversely  on  the  upper 
part  of  the  gun,  say  at  the  base  ring,  aiul  nioveil  to 
the  right  or  left  until  the  bubble  of  the  level  is 
central,  the  point  of  the  slider  then  indicates  the 
highest  jioint  of  the  piece  at  that  part ;  repeating 
the  operation  at  the  muzzle  gives  another  point  in 
the  line  of  sight,  along  which  the  gunner  must  aim 
to  hit  the  object.  These  points  are  then  marked  on 
the  metal. 

Called  also  gunner's  perpendicular. 

b  and  c  represent  forms  of  what  are  called  gunner's 
levels  in  the  liritish  service.  Each  of  these  is  de- 
signed to  be  applied  longitudinally  to  the  gun  to 


give  it  the  proper  elevation,  the  degree  of  which  is 
ascertained  by  the  graduated  quadrant  and  plumb- 
bob. 

Gun'ner's  Per'pen-dic'u-leur.  Another  name 
of  the  gunner's  level.  It  is  made  of  sheet -brass,  the 
lower  part  being  cut  out  in  crescent  shape.  It  has 
a  perpendicular  slider,  pointed  at  the  lower  end,  and 
is  u.sed  for  linding  the  line  of  sight  of  siege-guns  and 
mortars.     See  (U'NNKr.'s  Level. 

Gun'ner's  Quad'rant.  The  gunner's  quadrant 
is  a  graduated  arc  of  ilO',  or  rather  more,  nuide  of 
brass  or  wood,  and  having  an  arm  attached  which 
is  passed  into  the  bore  of  the  gun  for  the  purpose  of 
ascertaining  the  elevation.  Tlie  wooden  le\-el  has  a 
leaden  bullet  suspended  by  a  stiing,  whii-li  indicates 
the  perpendicular,  the  deviation  from  which  is  meas- 
ured on  the  arc.  The  metallic  ipiailrant  is  of  more 
elaborate  construction,  andhas  a  spirit-level  attached. 
See  Gunxek's  Level. 

Gun'nie.  (.Mmimj.)  a.  A  large,  open,  excavated 
space  in  a  mine. 

b.  In  Coinish,  a  term  applied  to  breadth  nr  width  ; 
siiii/le  gunnies  are  three  leet  wide. 

Guu'ny.  {Fabric.)  A  heavy  coai'se  goods  used 
for  wrajiping  bales  of  cotton,  for  cotton  bags,  etc. 
Jilade  of  jute,  manilla,  or  hemp.  A  heavier  grade 
than  bur/djis.  Gunny  is  a  Hindoo  word,  ami  the 
real  article  is  made  fiom  fibers  of  the  cuc/iants  (jute) ; 
the  bag  made  thereof  is  used  to  carry  grain,  etc.,  on 
the  backs  of  bullaloes,  and  for  enclosing  artiides  for 
e.X'liortation,  —  rice,  saltjieter,  pejiper,  cotlee. 

Gun-pend'u-lutn.  1.  A  pendulous  box  with 
sand-liags  to  receive  the  impact  of  a  ball  fired  from 
a  gun  or  cannon,  and  u.sed  to  determine  the  strength 
of  powder.     See  B.4LLISTIC  PEXDULr.M. 

2.  A  gun  suspended  from  trunnions  to  measure  by 
recoil  the  power  of  the  powder  of  the  exploded  charge. 
See  also  El'KOUVETTE. 

A  substitute  means-  is  a  measurer  of  the  rate  of 
motion  of  the  projectile,  which  forms  one  factor  in 
the  calculation  for  the  power  of  the  powder.  See 
C'HliOxosriiPE. 

Gun'po'w-der.  A  composition  of  niter,  char- 
coal, and  suliiliur.  The  jiroportions  in  which  these 
ingredients  are  mixed  vary  slightly,  accoiding  to  the 
place  of  manufacture  or  tlie  destined  use  of  the  arti- 
cle. Ky  the  atomic  theory  there  should  be  in  100 
parts,  74.64  niter,  13.51  charcoal,  11. So  sulphur. 
In  practice  there  are  employed,  — 

Niter.     Charcoal.     Sulphur. 
In  the  United  States,  mili- 
tary purposes          .         .76  14  10 
Or          ....         75  15  10 
In  the  United  States,  sport-  )  78  12  10 
ing        ....  i  77  13  10 
In  England,  military  pur- 
poses    .         .         .         .75  15  10 
'78  14  8 


In  England,  sporting     •      (  75  17 

In  France,  military  pui-poses  75  12.5  12.5 

In  France,  sporting  .         .     78  12  10 

In  France,  blasting         .         62  18  20 

In  Prus.sia,  military  purposes  75  13.5  11.5 

Although  the  use  of  gun]iowder  in  Europe  can  be 
traced  back  only  to  the  middle  or  earlier  part  of  the 
fourteenth  century,  yet  it  seems  fully  jiroved  from 
various  pa.s.sages  in  ancient  authors  that  it  is  one  of 
those  inventions  whose  origin  is  lost  in  the  obscuiity 
of  a  very  remote  antiquity.  The  fact  appears  indis- 
putable that  it  originated  in  Central  or  Eastern  Asia, 
where  it  was  used  for  many  ages  previous  to  its  in- 
troduction into  Europe,  where  it  appears  to  have 
been  first  made  known  by  the  Saracens. 
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Ill  a  code  of  Geiitoo  laws  occui's  a  ]irolubition 
ag:iiiist  the  use  by  the  ruler  of  "deceitful  ma- 
chines, poisoned  weapons,  and  weapons  of  tire."  To 
this  document  is  assigned  the  date  1500  B.  c. 
Wlien  Ghengis  Khan  invaded  China,  A.  D.  1219, 
he  carried  with  him  ho-puo,  or  fire-tubes,  which 
killed  men  and  set  tire  to  buildings. 

Passages  in  Quintius  Curtius  and  Philostratus  in- 
dicate that  Alexander  was  met  in  India  by  a  peojile 
who  used  against  him  "storms  of  lightning  and 
tliHiiclerbolts." 

There  are  many  scattered  passages  iu  the  old  writ- 
ers, and  many  facts,  quoted  by  Duteiis,  Sir  George 
Staunton,  Halhed,  Hallaiu,  SI.  Langles,  Muratori, 
Rcinaud,  and  Grove,  which  indicate  the  very  early 
use  of  gunpowder. 

It  must  be  recollected  that  in  many  parts  of  Asia 
saltpeter  occurs  as  an  elflorescence  on  the  surface  of 
the  ground,  and  its  S[iuttering  etlects  upon  ignited 
charcoal,  when  a  fire  was  built  upon  it,  must  have 
b'cn  very  commonly  observed.  Sulphur  is  useful 
in  the  comliination,  but  not  essential  for  some  ]iur- 
poses  to  which  the  explosive  compound  is  applied. 

In  early  ages,  probably  as  early  as  the  time  of  the 
exodus  of  the  Israelites  from  Egypt,  fire-works  were 
common  in  China,  and  from  tlienee,  at  a  verj-  re- 
mote period,  they  spread  to  India,  where  they  were 
used  on  a  scale  which  maile  them  dangerous  weapons 
when  Alexander  invaded  that  country,  327  B.  c. 
There  is  no  reasonable  doubt  that,  long  before  they 
were  employed  as  weapons,  rockets  and  other  pyro- 
technic devices  were  used  among  these  E:istern  Asiatic 
nations,  especially  among  the  Chinese,  with  whom 
they  have  for  many  centuries  formed  an  important 
item  in  public  celebrations  and  festivals.  From 
those  devices,  in  which  a  charged  paper  tube  expels 
fire-balls  or  pellets  of  explosive  material,  the  tran- 
sition is  very  easy  to  larger  tubes  with  projectiles, 
which  depend  for  execution  upon  percussive  force. 
Such  were  the  original  fire-arms,  and  the  strength- 
ened paper  tube  or  the  bamboo  was  the  first  barrel. 

We  have  occasion  to  notice,  in  the  coni-se  of  this 
work,  that  many  arts  in  which  the  Chinese  excelled 
were  carried  to  India,  and  were  cultivated  in  that 
congenial  soil,  until  an  irruption  of  another  nation 
scattered  the  artificers  or  scliolai-s,  and  gave  to  the 
world  the  secret  or  the  industry  which  was  locked 
up,  as  it  were,  within  circumsi:ribed  limits.  This 
has  commonly  occurred  iu  the  history  of  the  indus- 
trial arts. 

War  quickened  the  extension  of  printing.  In 
14S2  the  storming  of  Mentz  dispersed  the  workmen, 
and  gave  the  art  of  printing  to  the  world. 

In  1146  Roger  of  Sicily  plundered  Greece,  and 
took  home  with  him  to  Palermo  silk-worms,  work- 
men, and  the  art  of  weaving  silk.  From  Sicily  it 
spread  to  France,  Italy,  and  Spain,  and  from  Italy 
to  England. 

Other  instances  might  be  cited  where  the  in'up- 
tions  of  ti-ibes  or  natimis,  or  internecine  disturbances, 
have  disseminated  arts,  but  the  one  most  to  our 
purjio.se  is  the  invasion  of  India  by  Mahmoud  of 
Ghizni,  a.  d.  1004,  which  seems  to  have  been  the 
means  of  ditfusing  the  knowledge  of  gunpowder,  the 
mariner's  compass,  and  the  art  of  glazing  pottery 
and  earthenware.  The  Saracens  were  the  means  of 
publishing  the  knowledge  thus  dispersed,  and  we 
regard  it  as  certain  that  they  introduced  the  knowl- 
edge of  gunpowder  into  Europe. 

The  art  of  making  felteiL  fabrics  was  reintro- 
duced into  Europe  by  the  Tartar  hordes  who  took 
Thrace  and  Adrianople  in  1361,  and  under  Bajazet 
overran  the  provinces  of  the  Eastern  Empire  before 
the  end  of  that  century. 


The  arts  of  making  silk  and  other  line  goods, 
crystal  glasses,  and  jewelry,  were  carried  to  the 
Netherlands  and  to  England  by  the  Kevoratiou  of 
the  Edict  of  Nantes,  granted  by  Heniy  IV.  in  1598, 
confirmed  by  Lo<iis  XI.  in  1610,  and  Louis  XIV.  in 
1652,  and  revoked  by  Louis  XIV.,  Oct.  22,  1685. 
Fifty  thousand  Protestant  families  lett  France  for 
more  tolerant  countries,  and  the  world  is  the  better 
otf  from  the  diffusion  of  their  skill. 

The  more  closely  we  examine  the  record,  the  more 
do  we  discover  our  indebtedness  to  the  East ;  and 
the  extreme  East  seems  to  have  been  the  primary 
fountain  of  our  industrial  civilization. 

The  use  of  an  explosive  compound,  pulvis  ni- 
Indus,  is  mentioned  in  an  Arabic  writing  in  the 
Escurial  collection,  dating  about  1249.  The  Jloore 
used  it  in  Spain  in  1312,  and  in  1331  the  king  of 
Granada  battered  Alicant  with  iron  bullets,  dis- 
charged by  fire  from  machines.  In  1342-43,  the 
Jloorish  ganison  of  Algesiras  defended  themselves 
against  Alonzo  XL,  king  of  Castile,  by  projectiles 
tired  from  cannon  by  powder. 

The  Venetians  used  gunpowder  in  their  wars  with 
the  Genoese  in  13S0.  Gunpowder  is  mentioned  in 
the  French  national  accounts,  1338,  and  is  said  to 
have  been  used  at  Cressy,  1346,  and  to  have  con- 
tributed much  to  the  success  of  the  English. 

The  two  Europeans  whose  names  have  been 
prominently  brought  forward  as  inventoi-s  of  gun- 
powder are  Roger  Bacon  and  Jlichael  Schwartz. 

Roger  Bacon,  in  1216,  wrote  a  work  entitled 
"The  Secrets  of  Art  and  Nature,"  wherein  he  states 
that  "from  saltpeter  and  other  ingredients  we  are 
able  to  make  a  fire  that  shall  burn  at  what  distance 
we  please  :  and  that  sounds  and  coruscations  re- 
sembling thunder  and  lightning  might  be  formed  in 
the  air,  much  more  to  be  dreaded  than  those  that 
happen  naturally,  inasmuch  as  by  its  power  armies 
and  cities  might  be  destroyed."  Bacon  did  not 
claim  the  discoveiy,  and  had  probably  read  the 
"Liber  Ignium"  of  JIareus  GrEecu.s,  written  about 
A.  D.  825,  in  which  he  describes  the  nature  of  the 
composition  for  making  rockets.  His  formula  is 
stated  by  one  authority  to  have  been,  —  sulj>hur,  1  ; 
charcoal,  2  ;  saltpeter,  6.  It  is  now  difficult  to  sift 
the  error  from  the  truth,  but  it  is  said  that  in  the 
recipe  of  Bacon  the  ingredients  saltpeter  and 
sulphur  were  given,  ami  that  the  charcoal  was  stated 
anagrammatically,  by  the  transposition  of  the  letters 
of  the  words,  carbonum  pulvcrc;  which  he  wrote 
"Lura  nope  cum  ubre."  This  looks  as  though  he 
considered  it  a  secret ;  not  necessarily  his  invention, 
but  a  dangerous  compound  not  adapted  for  the  use 
of  the  vulgar. 

Michael  Schwartz,  a  Cordelier  monk,  of  Goslar, 
in  Gennany,  about  A.  D.  1320,  seems  to  have  com- 
bined the  "three  ingredients,  and  has  been  credited 
with  the  discoveiT.  A  commemorative  statue  of 
Schwartz  was  erected  in  1S5S,  at  Freiburg. 

Artillery  was  known  in  France  in  1345. 

In  1356,  the  city  of  Nuremberg  puichased  gun- 
powder and  cannon. 

The  same  year  Louvain  employed  thirty  cannon  at 
the  battle  of'SantHiet  against  the  Flemings. 

In  1361,  a  fire  broke  out  at  Lubec  from  the  care- 
less use  of  gunpowder. 

In  1363,  the  Hanse  towns  u,sed  gunpowder  in  a 
conflict  with  the  Danes. 

It  is  commonly  stated  that  gunpowder  was  first 
made  in  England,  at  i>eriods  varying  from  1411  to 
1438  :  but  recent  research  by  Rev.  Joseph  Hunter 
has  brought  to  light  records  of  its  manufacture  for 
the  uses  of  the  English  army  before  it  landed  at  La 
Hague,  and  previous  to  the  battle  of  Cressy. 
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The  iiigicflieiits  for  the  manufacture  of  gunpowder 
should  be  of  tlie  greatest  possible  purity.  The  crude 
saltpeter  is  retiiied  by  washing,  and  then  dissolving 
in  the  lenst  ])ossibIe  proportion  of  hot  water,  and 
clarified  liy  adding  a  very  small  quantity  of  glue, 
and  boiling  until  the  inii>urities,  such  as  chloride  of 
sodium,  are  deposited  anil  the  licjuid  becomes  pei'- 
fectly  clear.  It  is  then  drawn  otf  into  pans,  where 
it  is  cooled  and  crystallized  in  very  minute  grains, 
and  afterwards  waslied  with  cold  water,  dried,  and 
sieved.  It  should  not  contain  more  than  uiArrj  part 
of  chlorides.  That  used  in  the  best  powder  does  not 
contain  more  than  rsnTrrr.  i""i  f"''  the  best  sporting 
powder  it  undergoes  a  .second  refining,  and  contains 
not  mure  than  sjiiTin  part. 

The  rluircoal  lias  a  great  effect  upon  the  quality 
of  the  jiowder.  It  should  be  light,  friable,  and 
porous,  burning  freely,  and  leaving  little  ashes.  The 
woods  used  are  willow  and  black-alder,  principally 
the  former.  Branches  not  exceeding  j  incli  di- 
ameter are  selected,  barked,  and  dried,  after  which 
they  are  charred  in  upright  cast-iron  cylinders, 
heated  from  the  outside  ;  about  65  per  cent  of  the 
weight  is  found  to  jiass  otf  in  the  gaseous  products 
distilled  from  the  wood,  leaving  only  35  per  cent  of 
coal.  It  shoulil  only  be  prepared  as  recpiired  for 
use,  owing  to  its  liability  to  absorb  moisture,  and  to 
spontaneous  combustion  wlieu  stored  in  quantities 
exceeding  30  p(iund.s'  weight. 

Sulphur  is  refined  by  sublimation,  the  chamber  in 
which  the  va]iors  condense  being  ke]it  at  a  tempera- 
ture of  aliout  248°  F.,  so  as  to  allow  the  sulphur  to  be 
drawn  otf  in  liquid  form.  If  much  lower  than  this 
it  condenses  in  the  form  of  a  pow<ler,  called  Howers 
of  sulphur,  whiidi  always  contains  a  proportion  of 
sulphurous  and  sulphuric  acids. 

The  three  ingredients  are  now  incorporated. 

Dr.  Seolfern's  description  of  the  prccess  as  con- 
ducted at  the  National  Mills  at  Waltham,  England, 
which  produce  |iowder  of  unsurpassed  quality,  gives 
a  good  general  idea  of  the  mode  of  manufacture. 

It  may  be  remarked  that  the  process  commonly 
employed  in  this  country,  though  almost  identical, 
differs  somewhat  in  tlie  ipreliminaries.  Here  the 
saltpeter  is  usually  found  sufficiently  pulverized  as 
it  comes  from  the  refinery.  The  charcoal  is  pulver- 
ized by  being  placeil  in  a  large  cast-iron  barrel,  hav- 
ing ledges  on  its  interior,  with  twice  its  weight 
of  bronzi-  balls,  and  the  barrel  is  caused  to  rotate  at 
the  rate  of  from  20  to  25  revolutions  per  minute  for 
two  or  three  hours.  The  sulphur  is  similarly  treated 
in  barrels  made  of  thick  leather  stretched  over  a 
wooden  frame,  and  revolved  from  four  to  eight 
hours.  The  ingredients  are  incorporated  by  placing 
the  charcoal  and  sulphur  together  in  a  rolling  bar- 
rel, similar  to  that  in  which  the  sulphur  is  inilver- 
ized,  and  rolling  them  for  one  hour.  The  saltpeter 
is  then  add.ed  and  rolled  for  three  hours  longer,  after 
which  the  mixture  is  transferred  to  the  cylinder  or 
rolling  mill,  which  consists  of  two  cast-iron  cylin- 
ders rolling  in  a  circular  trough  with  a  cast-iron 
bottom. 

At  Waltham,  the  saltpeter,  brimstone,  and  char- 
coal are  ground  separately  in  mills,  each  consisting 
of  a  pair  of  heavy  circular  stones  slowly  revolving 
on  a  stone  lieil.  Next  the  ingredients  are  conveyed 
to  the  mi.einti-house.  Here,  in  bins,  are  the  salt- 
peter, brimstone,  and  charcoal,  weighed  in  the  exact 
proportions :  saltpeter,  75 ;  brimstone,  10 ;  and 
charcoal,  15;  in  every  100  parts.  Of  the  three 
ingredients,  forty-two  poumls  are  placed  in  a  hollow 
drum,  which  revolves  rapidly,  and  contains  a  fly- 
pan,  which  rotates  in  an  opposite  direction  ;  in 
about  five  minutes  a  complete  mixture  is  effected, 


and  the  charge  is  received  in  a  bag  tied  over  the 
lower  orifice  of  the  drum. 

The  comim/tition  is  next  taken  to  the  incorporating- 
ii>i//s,  and  is  now  a  combustib/e  coni]iound,  which 
will  acciuire  an  vj:/>lvnivc  jiower  by  the  tluirough  in- 
corporation of  ingredients.  The  mill  consists  of  a 
pair  of  circular  stones  {rHinu'rx)  weighing  about 
3.V  tons  each,  and  slowly  rolling  over  the  jiowder, 
which  is  placed  on  the  stone  bed  of  the  mill,  sur- 
rounded liy  a  huge  wooden  basin.  The  powder 
is  ]m'viously  damped,  as  it  could  not  he  .safidy 
ground  dry  ;  about  seven  pints  of  water  (liqiio)-) 
being  added  to  the  charge  of  forty-two  pounds  of 
powder  during  three  and  a  half  liour.s,  the  tinje  of 
grinding.  To  insure  this  with  precision,  and  to 
obviate  the  chance  of  any  irregularity  in  a  clock, 
the  water-wheel  which  works  two  of  these  mills 
in  one  house  also  marks  its  revolutions  on  a  dial, 
.so  that  the  attendant  can  never  be  mistaken  in 
the  time  the  charge  has  been  "on,"  —  a  mo.st  im- 
portant jioint,  where  the  over-grinding  of  the  too 
dry  Jiowder  might  can.se  it  to  explode.  Sometimes 
a  portion  of  the  wood-work  of  the  roof,  or  mill,  be- 
coming detached  —  such  as  a  cog  of  the  wheel  — 
and  I'alling  into  the  pan,  acts  to  cause  a  mass  of 
powder  to  explode.  As  a  protection,  over  each 
liouse  containing  a  pair  of  mills  is  suspen<led  a  flat 
board,  which,  in  case  of  an  explosion,  is  first  blown 
upward,  and,  being  connected  by  wires  to  a  cistern 
of  water  over  the  pan  of  the  fellow  mill,  upsets  the 
same,  and  drowns  the  gunpowder.  The  attendants 
are  as  little  as  possible  in  these  mills,  and  only  work 
by  daylight.  More  hazardous  processes,  however, 
follow.  The  powder  thus  incorporated  is  in  hard, 
flat  lumps,  and  has  again  to  be  reduced  to  du.st 
in  the  brcukimi-doini  liouse,  by  conveying  it  down 
an  inclined  plane,  through  rollers,  wliiidi  crush 
nearly  500  jiounds  in  the  hour.  The  powder  is 
then  taken  to  the  press-house,  and  there,  between 
gun-metal  plates,  is  pressed  in  thin  cakes  to  one 
third  its  bulk  by  a  power  of  700  tons  in  an  hydrau- 
lic press.  The  cakes  are  I'oughly  broken  up,  and 
sent  in  baskets  to  the  (jranulatiiui-miU,  where  the 
powder  is  again  broken  down  into  grains,  the  size 
lieing  regulated  by  sieves.  The  floor  is  covered 
with  hides  fastened  down  with  copper  nails,  and  the 
mill  can  be  started  or  sto]iped  by  a  rope  passing 
through  the  wall,  which  is  bomb-proof.  The  powder 
is  then  dried,  by  heat,  in  the  stoHiuj-room,  which 
is  Hanked  externally  by  trtivcrses  (mounds  of  earth 
thirty  feet  thick),  to  confine  explosion,  should  it 
happen,  as  much  as  possible  to  one  house.  Lastly, 
the  powder  is  sifted  in  the  dusHng-Jwusc,  where  the 
sieves  revolve  with  great  velocity  ;  the  dust  escapes 
through  the  meshes,  and  the  gunpowder  is  drawn 
oH'  through  a  sort  of  tap,  into  barrels,  for  packing. 
The  finest  powder  is  glazed  by  black-lead  being 
shaken  up  with  it ;  but  cannon  powder  has  not  this 
finish. 

The  size  of  grain  of  gunpowder  is  varied  according 
to  its  intended  use.  The  finest  is  known  as  sport- 
ing, the  next  rijie,  then  mus/cct,  and  lastly  cannon 
powder.  The  rapidity  of  burning  is  in  inverse  pro- 
portion to  the  size  of  the  grain.  For  very  heavy 
ordnance  a  nnndi  larger  grained  powder  than  either 
of  the  above,  called  mammoth  powder,  was  intro- 
duced by  the  late  General  T.  J.  Rodman.  He  also 
proposed  the  use  of  a  powder  composed  of  small  uni- 
form cakes  with  cylindrical  perforations.  This  has 
since,  under  the  name  of  prismatic  powder  by  the 
Germans  and  Russians,  and  pebble  powder  by  the 
English,  been  received  with  considerable  favor. 

The  use  of  sawdust,  resin,  bran,  sand,  ashes,  wood 
shavings,  is  as  old  as  the  writings  of  Siemienowicz, 
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1651.  He  remarked,  very  truly,  that  tlicy  liave  the  1 
effect  of  making  the  powder  burn  more  slowly. 
The  practice  has  been  again  and  again  introduced, 
in  Brazil  about  ISOO  ;  by  Thurnagel  in  Germany  ; 
Thomassin  and  Leblanc  in  France ;  Firzoo  in  Rus- 
sia. 

Dr.  Gale  has  shown  that  by  the  addition  of  sand 
in  certain  proportions  the  powder  is  rendered  non- 
c.xplosive. 

The  white gunpowderinventedhyCaptainSchultze, 
of  the  Prussian  army,  is  prepared  by  sawing  suitable 
kinds  of  wood  into  thin  slices  transversely  of  the 
grain.  These  are  then,  by  means  of  a  manifold 
jninch,  cut  into  grains  of  a  definite  size  and  shape,  j 
^vliich  are  chemically  washed  to  remove  calcareous  i 
and  other  non-woody  matters,  and  then  treated  with 
a  mixture  of  nitric  arid  sulphuric  acids,  washed  with 
a  solution  of  carbonate  of  soda  and  dried.  In  this 
condition  the  powder  is  stored  away  imtil  it  is 
wanted  for  sliipment.  It  may  lie  considerc'd  as  a 
dense  form  of  pyroxyline.  The  e.v:plosive  ipiality 
is  imparted  by  steeping  in  a  solution  of  some  one 
of  the  nitrates,  ordinarily  that  of  potash  (saltpeter), 
but  for  some  purposes  the  inventor  prefers  nitrate 
of  baryta. 

Another  recipe  for  white  gunpowder  consists  of 
eipial  parts  of  chlorate  of  potasli,  white  sugar,  and 
ferro-cyanide  of  potassium.  Mi.x  very  cautiously,  as 
it  explodes  by  pei-cussion.  It  is  exploded  by  a  red- 
hot  body  or  a  drop  of  sulphuric  acid. 

The  following  table  shows  the  first  recorded  use 
in  making  gunpowder  of  the  ingredients  stated. 


Charcoal,  sulphur,) 

Time  im- 

Aloes     .        .        .        . 

1869 

and    nitrate     of 

F.ats  and  oils     . 

18V 1 

potassa 

Tame     .         .         .         . 

1861 

liUmniuous  coal  . 

.    183S 

Phosphorus 

1864 

Rark  (morus)    . 

1855 

Bisulphide  carbon 

1868 

Peat       . 

.    1856 

Ferro-cvau.  of  potassa 

185U 

Cork  (burned)  . 

1856 

Chlorate  of  potassa 

18,50 

Lvcopndium. 

.    1856 

Carbonate  of  potassa 

1859 

Horse-dung 

1853 

Bichromate  of  pota-ssa  . 

1864 

Sawdust 

.    1856 

Carbazobitc  of  potassa 

1868 

Sugar 

1856 

Azotate  of  pot;issa 

1868 

Tan 

.   185S 

Chloride  of  sodium  . 

18,56 

Starch       , 

1S,58 

Nitrate  of  sodium 

18.57 

Flour     . 

.    l3o8 

Sulphate  of  sodium  . 

1862 

Brau 

1858 

Potasso-tartrate   of  so- 

Gum 

.    1859 

dium      . 

1864 

Cannel  coal 

1851 

Barilla  .         .         .         . 

m-A 

Caoutchouc  , 

.    186.3 

Carbonate  of  sodium 

1864 

Dextrine    . 

1864 

Chlorate  of  lead    . 

1862 

Petroleum  products 

.    1854 

Red  sulphate  of  arsenic 

185U 

Lamp-black 

1865 

Sulphate  of  magnesia    . 

1862 

Cutch  and  gambier 

.    1866 

Nitrate  of  strontian  . 

1862 

Grahamite 

1869 

Nitrate  of  baryta . 

1862 

Paraffine 

.    1869 

Nitrate  of  lead  . 

1864 

Logwood    . 

1869 

Nitrate  of  iron      . 

1869 

Carbolic  acid 

.    1869 

Binoxide  of  manganese 

1864 

Tannin 

1869 

Cyanuret  of  ziuc  . 

1864 

Gun'po-w-der-en'gine.  A  form  of  gas-engine 
in  which  the  motion  of  the  jiiston  is  caused  by  the 
evolution  of  gas  resulting  from  the  combustion  of 
gunpowder.  D'Hautefeuille  worked  upon  this  prob- 
lem, using  the  gas  to  obtain  a  partial  vacuum  in  a 
chamber  ;  the  exploding  of  the  gas  expelled  the  at- 
mospheric air,  and  tlie  gases  sutldenly  condensing 
left  the  vessel  nearly  void. 

Hu5'ghens  adopted  the  same  princiyile,  but  used 
a  cylinder  for  his  explosive  chamber,  tlie  vacuum 
being  utilized  by  the  resulting  atmospheric  pressure 
upon  the  piston  moving  in  the  cylinder.  Papin 
substituted  a  be'.l-valve  over  a  hole  in  the  middle  of 
the  piston  for  the  leather  tubes  used  by  Huyghens. 
.  In  1791,  P.arker  patented  a  gas-engine  having  the 
main  features  of  the  niodern  gas-engine  ;  streams  of 
carbureted  hydrogen  gas  and  atmospheric  air  being 
introdiiced  tlirough  different  conductors  into  a  cyl- 
inder, in  whi(di  tlie  gas  was  exploded,  the  effect  be- 
ing to  drive  a  piston.  See  Gas-enoine. 
66 


m 


Papin's  apparatus  consisted  Kg-  2345. 

of  a  tube  closed  at  bottom  and 
having  a  valved  piston  below 
which  a  charge  of  gunpowder 
was  exploded.  Tlie  idea  was, 
that  the  sudden  blast  of  the 
explosion  would  expel  the  air, 
causing  a  vacuum  and  allowing 
the  full  atmospheric  pressure 
to  operate  on  the  downward 
stroke.  This  was,  however, 
not  realized  in  practice,  the 
pressure  actually  not  being 
found  to  exceed  half  that  of 
the  atmosphere,  owing  to  the 
non-production  of  a  perfect 
vacuum  by  this  means. 

Gun'poTv-der-ham'mer. 
A  pile-driver  operated  by  the 
explosive  force  of  gunpowder. 
The  hammer  a  is,  as  usual,  ar- 
ranged to  slide  in  guides  in  a 
vertical  frame.  It  is  bored  out 
cylindrieally  in  the  upjier  cen- 
tral part,  and  hasaplunger  ibe- 
low.  The  pile-cap  c  has  a  cylin- 
drical hollow  in  its  upper  part 
for  the  reception  of  this  piston 
and  a  cartridge,  and  a  conical 
seat  below  to  fit  the  head  of  the 
pile.  It  is  also  fitted  to  the 
guides  d  d.  The  lever  e  is  con- 
nected by  a  rope  with  a  trigger 
at  the  upper  part  of  the  frame, 
by  which  the  hammer  is  held 
in  an  elevated  position.  A 
cartridge  is  placed  in  the  pile- 
cap  c,  and  the  piston  allowed 
to  drop,  compressing  the  air 
contained  in  the  cap  c  suffi- 
ciently to  ignite  a  cartridge 
placed  therein.  The  explosion 
tluows  up  the  hammer,  which 
again  dro]is  by  its  gravity,  and 
so  on.  The  powder  used  is 
composed  of  H  parts  chlorate  ■)==•  [[■  j  ig^ 
of  potash  and  1  bituminous  ' 
coal,  finely  pulverized  and  in-  ' 
timately  mixed.  The  charge 
is  very  small,  one  third  of  an 
ounce  sufficing  to  operate  a  hammer  of  675  ]iounds' 
weight.  The  piston,  at  the  upper  part  of  the  ma- 
chine, enters  into  the  cavity  in  a  and  acts  as  a  buffer, 
preventing  injury  to  the  luacliine  and  assisting  the 
downward  movement  of  the  hammer. 

Gun'po'w-der-niill.  Fig.  2346  shows  an  ar- 
rangement by  which  several  gunpowder  rolling-mills 
are  driven  from  a  water-wheel  a  by  bevel  and  spur- 
gears  b  b  c  c.    The  cast-iron  or  stone  rolling-cylinders 

Fig.  2346. 
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c  c  i-fvolve  on  a  horizontal  axis  whicli  is  carried 
around  by  a  vertical  sliaft  within  tlie  circular 
trongh  d,  into  wliich  a  charge,  usually  75  or  150 
pounds,  of  the  incorporated  materials  from  the 
rolling  barrel  has  been  placetl.  The  rollers  are  set 
in  motion,  slowly  at  first,  and  afterwards  more 
rapidly,  and  kept  going  three  hours  for  a  charge  of 
150  pounds,  or  for  a  less  ijuautity  a  proportionately 
less  time,  a  little  water  being  added  to  prevent 
danger  of  explosion  should  tlie  materials  become  too 
dry.  A  scraper  follows  each  roller  to  keep  the  com- 
position exposed  to  the  action  of  the  rollers.  At  the 
end  of  this  time  the  mass  has  become  thoroughly 
incorporated,  is  of  a  brownish  red  color,  and  is 
termed  mi/l-ctdr.     See  Gunpowder. 

Gua'poTv-der-press.  For  pressing  mill-cake 
into  hard  cake  preparatory  to  granidating.  That 
illustrated  is  particularly  designed  for  compressing 

Fig.  2347. 


Gunpowder-Press. 

dust-powder  into  hard  cakes  between  upright  plates 
which  are  adjustably  arranged  in  the  box  by  means 
of  a  gage-bar.  The  pressure  is  apjilied  by  a  follower 
operated  by  a  horizontal  screw. 

Gun-room.  (Xautica.l.)  The  purpose  of  this 
room,  at  the  after  end  of  tlie  lower  gun-deck,  ditt'ers 
according  to  tlie  rate  of  the  vessel  and  also  in  differ- 
ent services. 

In  w'ar  vessels  of  moderate  size  it  is  occupied  by 
the  lieutenants  and  .some  other  officers.  In  vessels 
of  larger  size  the  lieutenants  occupy  the  ward-room, 
and  the  junior  officers  the  gun-room. 

Gun-search'er.  An  instrument  with  several 
projecting  jirongs  to  ascertain  whether  the  bore  of  a 
gun  be  honeyrombed. 

Gun-stock.  The  part  of  a  gun  to  which  the 
barrel  and  lock  are  fiistened.  It  is  usually  of  wal- 
nut ;  in  Europe  the  Juijlans  rcgia,  in  America  the 
Juglans  niijra. 

Gun-stocks,  until  the  invention  of  the  Blanchard 
lathe,  were  made  by  hand  in  a  laborious  and  tedious 
manner.  Tliis  machine  was  introduced  into  the 
Springfield  Armory  about  1820. 

A  rough  chunk  of  wood  is  placeil  in  the  first  of 
the  stocking  mailiines,  from  whence  it  emerges  with 
its  sides  cut  to  the  proper  shape  for  turning.  In 
another  machine  its  butt-end  is  sawed,  and  a  diago- 
nal line  cut  at  the  breeidi.  The  third,  armed  with 
two  circular  saws,  fashions  the  upper  part  of  the 
stock  in  its  finished  form.  Another  machine  re- 
duces the  butt  to  its  ultimate  shape.  Another  simply 
planes  various  places  in  the  sides  of  the  stock  as 
points  for  the  working  of  yet  other  machines,  —  an 
operation  which  is  known  as  spotting.  A  sixth  ma- 
chine ]ierfoi'ms  si.x  distinct  items,  called  t/mofing 
for  the  baiTel,  breech-pin,  and  tang  ;  hmding  down, 
milling^  and  finish-grooving.  The  stock  is  at  this 
stage  prepared  for  the  fitting  in  of  the  barrel.  A 
seventh  machine  planes  the  top,  bottom,  and  sides, 
while  the  eighth  and  ninth  do  the  shaping  and 
bedding  for  the  butt-plates.  The  next  machine  pre- 
pares the  stock  for  the  reception  of  the  lock. 
Another  machine  is  used  to  cut  for  tlu"  guards,  to 
bore  for  the  side  screws  of  the  lock,  and  two  more  to 


make  places  for  ti]is  and  bands.  After  these  various 
operations  comes  the  .second  tni'niug  and  smoothing 
of  the  work  ;  then  the  grooving  for  the  ramrod  ; 
then  the  boring  for  the  rann-od  iVom  the  )ioint  at 
which  the  groove  ends.  These  machines  are  each 
provided  with  a  pattern  or  templet,  which  is  the 
exact  counterpart  of  the  cavity  or  other  form  to  be 
produced  in  the  stock.  They  are  furnished  also 
with  cutters  or  borers,  which,  being  placed  above 
the  stock,  are  made  to  revolve  rapidly  and  cut  the 
wood  in  exact  imitation  of  the  yiattern  below.  The 
movements  of  the  tool  are  controlled  by  a  guide 
which  is  insci-ted  within  the  pattern.  The  tool  is 
made  to  revolve  by  means  of  small  machinery  within 
its  frame,  the  latter  and  all  within  it  moving  to- 
gether with  both  lateral  and  vertical  motions,  lieing 
governed  by  the  guide,  which  is  connected  with  it, 
by  the  aid  of  very  curious  and  iiitri(.-ate  machiner}'. 
The  work  of  the  arti.san,  when  the  machine  is  in 
motion  and  the  stock  is  adjusted  in  its  bed 
within  it,  beneath  the  borers  or  cutters,  is  simjdy 
to  bring  the  guide  down  into  the  pattern,  and 
move  it  about  the  circumference  and  througli  its 
center.  The  cutting-tool  follows  the  movements 
of  the  guide,  and  the  result  i-.  a  ]ierfect  duplicate 
in  the  stock  of  tlie  form  in  the  mold  below.  See 
LaTIIK  I'mU  TrP.NINO  iRIlEGrLAU  FouMS. 

Guu-tack'le.     (Nautical.)     The    lopes    and 

pulleys  attached  to  the  sides  of  the  ports  and  to 

the  gnn-carriage  by  which  the  gun  is  run  out. 

It  consists  of  tu'o  single  blocks,  one  movable  and 

the  other  fixed,  the  standing  end  of  the  fall  being 

secured  to  the  movable  block. 

Gun'ter's  Chain.     A  surveyor's  chain  66  feet  or 
4  rods  (of  i>h  yards  each)  in  length,  having  100  links, 
each  joined  to  the  adjacent  one  by  three  links.      A 
square  chain  is  -^i;  of  an  acre,  or  10,000  scpiare  links. 
It  was  invented  by  the  Rev.  Mr.  Gunter  (1581- 
162d),  of  England,  to  aid  in  calculating  areas. 
Guntcr's  Chain. 
7. 9'2  inches  =  1  link. 
100  links    =  1  chain,  4  rods,  or  22  yards. 
80  chains   =  1  mile. 

Gun'ter's  Scale.  A  large  plane  scale  invented 
by  Jlr.  Gunter  of  England.  It  lias  various  lines  of 
numbers  engraved  on  it,  by  which  questions  in 
calculation,  navigation,  and  surveying  are  solved 
mechanically  by  the  aid  of  the  dividers  or  a  slider. 

On  one  side  of  it  are  .scales  of  eipial  parts,  chords, 
sines,  tangents,  rhombs,  etc.  ;  on  the  other  siiie  are 
the  corresponding  logarithmic  lines. 

It  consists  of  a  fiat  rnler  of  boxwood,  two  feet  long, 
having  various  lines  laid  down  upon  it,  by  means  of 
which  various  problems  may  be  jieilormed  by  the 
extension  of  the  compasses  only.  This  will  be  best 
explained  by  a  description  of  the  line  called  the  line 
of  number,  or  Gunter's  line,  whicli  is  ada]ited  to  the 
solution  of  arithmetical  questions,  and  exliiliiting  a 
few  practical  examples. 

The  line  of  numbers  is  the  logarithmic  scale  of 
proportionals,  which,  being  graduated  upon  the 
ruler,  serves  to  solve  problems  in  the  same  manner 
as  logarithms  do  arithmetically.  It  is  usually  divided 
into  100  parts,  every  tenth  of  which  is  numbered, 
beginning  with  1  and  ending  with  10,  so  that  if  the 
first  great  division  stand  for  the  Jk  of  an  integer,  the 
next  great  division  will  stand  for  V^r,  and  the  inter- 
mediate divisions  will  represent  lOOths  of  an  integer, 
whilst  the  large  divisions  beyond  10  will  rejiresellt 
units  ;  and  if  the  fii-st  .set  of  large  divisions  represent 
units,  the  subdivisions  will  represent  lOths,  whilst 
the  second  set  of  lai'ge  divisions  will  represent  tens, 
and  the  subdivisions  units,  etc. 
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Tlie  g>;iieral  nile  for  using  this  instrument  is  as 
follows  :  Since  all  questions  are  reducible  to  pro- 
portions, if  the  compass  be  extenJeil  from  the  1st 
term  to  the  3d,  the  same  extent  will  reach  from  the 
2d  to  the  4th  term. 

The  following  .ire  a  few  examples  of  some  of  the 
uses  of  this  line  :  — 

1.  To  find  the  product  of  any  two  numbers, 
as  i  and  S :  extend  the  compass  from  1  to  the  mul- 
tiplier i,  and  the  same  extent  applied  the  same 
wav  from  8  the  multiplicand  toU  reach  the  product 
32.' 

2.  To  divide  one  number  by  another,  as  36  by  4  : 
extend  the  compass  from  4  to  1,  and  the  same  ex- 
tent will  reach  from  9  to  36. 

3.  To  liml  a  fourth  proportional  to  three  given  num- 
bers, as  6,  8,  anil  9  :  extend  the  compasses  from  6  to 
8,  and  this  extent  laid  the  same  way  will  reach  to 
12,  the  fourth  proportional  rer^uired. 

4.  To  extract  the  square  root  of  a  number,  say 
25  :  bisect  the  distance  between  1  on  the  scale  and 
thj  point  re]n-esenting  25  ;  then  half  this  set  off 
from  1  will  give  the  point  5,  which  is  the  root  re- 
quired. 

In  the  same  manner  the  cube-root  or  the  root  of 
any  higher  power  may  be  found  by  dividing  the 
distance  on  the  line  between  1  and  the  given  num- 
ber into  as  many  equal  parts  as  the  index  of  tha 
jiower  cypresses,  then  one  of  those  parts  set  from  1 
will  extend  to  the  number  representing  the  root  re- 
quired. 

An  improvement  which  has  rendered  the  com- 
passes unnecessary  consists  in  having  two  lines  of 
numbers  placed  one  over  the  other,  one  of  which 
lines  is  engraved  upon  a  slider  moving  in  a  groove 
and  is  applied  as  follows:  — 

The  1st  term  of  the  proportional  upon  the  slider 
being  set  against  the  3d  term  on  the  fixed  scale,  the 
2d  term  upon  the  slider  will  stand  opposite  the  4th 
term  upon  the  fixed  scale. 

Instruments  of  this  description  with  scales  suited 
to  almost  every  brauch  of  art  in  which  caleulati  c.i 
is  required  are  now  common  among  intelligent 
workmen,  and  the  scale  of  chemical  equivalents  by 
which  the  labors  of  the  chemist  are  so  much  facili- 
tated is  constructed  upon  the  same  principle. 

Gun'wale.  The  upper  planking  covering  the 
timber-lieads  round  the  shi]). 

A  piece  of  timber  around  the  top  side  of  a  boat, 
and  haviut;  rowlocks  for  the  oars. 

Gur-glet.  A  porous  earthen  jar  for  cooling  wa- 
ter.    8^e  IcE-M-VKiNc;  Machine. 

Gur'let.  (ititwiinj,  etc.)  X  pickaxe  with  one 
sharp  point  and  one  cutting-edge. 

Gur'mie.    (Minitig.}    A  level  or  working.     See 

GU-VN'IE. 

Gus'set.  1.  An  angle-iron  or  bracket  stiflFening 
the  angle  of  a  structure. 

2.  An  angular  piece  of  iron  inserted  in  a  boiler, 
tank,  etc.,  where  it  changes  from  a  cylindrical  to  a 
square  form,  etc.,  as  in  the  junction  of  the  barrel 
and  fire-bo.x  of  a  locomotive. 

Gut.    1.   Pi-epared  sheep's  entrails.     See  Catgut. 

2.  The  sac  of  silk  taken  from  the  silk-worm  and 
stretched  into  a  line  for  a  snood. 

Gut'ta.  One  of  the  ornaments  resembling  drops, 
placed  in  the  epistyliunt  of  the  Doric  order  below 
the  triglyphs. 

Gut'ta-per'cha.  The  hardened  juice  derived 
from  the  Isonandra,  gutta-tree.  It  is  said  to  take 
its  name  from  the  Malay  words  gutta,  gum,  and 
pcrclui,  the  particular  kind  of  tre?  which  yields  the 
juice.  The  tree  is  indigenous  to  the  islands  of  the 
Indian  Archipelago,  and  particularly  to  the  Malayan 


peninsula,  whose  inhabitants  have  long  used  the 
gum  for  spear  bandies  and  other  objects,  formerly 
cutting  down  the  tree  for  this  purpose,  but  now, 
instructed  as  to  its  commercial  value,  collecting  the 
juii;e  in  bowls  or  cocoa-nut  shells  from  incisions 
made  in  the  tree.  It  very  soon  hardens,  and  is 
ready  for  manufacture.  It  was  first  njade  known 
by  Dr.  Montgomery,  in  1S43  ;  about  the  same  time 
some  was  brought  to  London  by  Dr.  D'Alnieida. 
The  former  gentleman  was  rewarded  by  the  Loudon 
Society  of  Arts  with  a  gold  medal. 

Tlie  juice  consolidates  in  a  few  minutes  after  being 
drawn,  and  is  then  formeil  by  the  hand  into  oblong 
masses  about  seven  inches  long  and  six  inches  thick. 
These  generally  contain  bits  of  wood  and  other  ini- 
))urities,  which  may  be  removed  by  immersion  in 
boiling  water  until  the  mass  is  sufficiently  softened 
to  be  rolled  out  into  a  thin  sheet,  when  they  may 
be  picked  out  by  hand.  Its  plasticity  wheu  heated 
allows  it  to  be  readily  molded  into  various  forms, 
such  as  vessels  for  holding  liq\uds,  etc.,  which  are 
made  and  offered  for  sale  by  the  natives. 

It  is  completely  nnaflVcted  by  cold  water,  and  is 
insoluble  in  boiling  alcohol,  but  may  be  readily  dis- 
solved by  boiling  spirits  of  tnriientine,  also  by  coal- 
tar  or  naphtha.  It  ivsists  alkalies  and  acids,  being 
only  affected  by  the  nitric  or  sulphuric  in  a  higlily 
concentrated  state,  and  is  a  non-conductor  of  heat 
and  electricity. 

Though  api>licable  to  njany  of  the  pni^ioses  for 
which  india-rubber  is  employed,  it  differs  greatly 
from  that  gum  in  many  respects,  being  lighter,  of 
finer  grain,  and  very  tough  and  unyielding.  Its  ap- 
pearance in  the  crude  state  is  also  veiy  different,  the 
color  being  a  grayish  w  hite. 

The  peculiar  adaptability  of  gutta-percha  to  many 
kintls  of  surgical  appliances,  and  to  coating  tele- 
graph-cables, is  well  known. 

The  mode  of  manufacture  is  simple. 

The  first  jirocess  consists  in  cutting  the  masses 
into  thin  slices  by  means  of  a  vei'tical  •\\heel  whose 
face  has  fixed  cvitters. 

These  slices  are  then  thrown  into  a  steam-heated 
tank,  by  which  they  are  softened,  dejiositing  the 
dirt  and  heavier  imjiurities,  after  which  the  mass  of 
gum  in  a  pa.sty  condition  is  transferred  to  another 
lotary  machine  ]irovidi'd  with  teeth,  by  which  it  is 
torn  into  fragments.  These  fall  into  a  tank  of  water, 
on  which  they  Hoat,  any  remaining  impurities  fall- 
ing to  the  bottom.  The  fragments  are  next  .softened 
to  a  dough-like  consistency  by  immersion  in  hot 
water,  anil  thoroughly  kneaded  by  being  placed  in 
heated  hollow  cylinders,  within  which  rotating 
drums  mix  the  plastic  mass  and  impart  to  it  a  uni- 
form consistency.  It  is  now  reaily  for  being  drawn 
into  sheets  or  tubes.  In  forming  sheets  the  mass  is 
passed  between  steel  rollers  at  a  distance  apart  cor- 
reS|)onding  to  that  of  the  sheet  to  be  made  ;  by  this 
time  it  has  cooled  to  a  solid  consistency,  and  may, 
by  means  of  adjustable  knives,  be  cut  into  strips  of 
aiiy  desired  width  before  leaving  the  machine.  In 
making  tubes,  the  gum  while  yet  soft  is  placed  in 
heated  cylinders  and  forced  through  hollow  molds 
in  a  manner  similar  to  that  used  in  making  clay 
drain-jiipes.  For  stamped  articles  the  sheets  are 
cut  into  appropriately  sized  pieces,  which  are  heated 
and  compressed  between  dies.  In  coating  telegrajih- 
wires  several  of  the  wires  are  laid  ]iarallel,  a  strip  of 
gutta-percha  is  placed  above  and  another  below 
them,  and  the  whole  is  passed  between  two  iiolished 
grooved  rollers.  The  pressure  binds  the  two  surfaces 
of  the  gutta-iJercha  firmly  together  aiul  to  the  wires, 
while  the  ridges  between  the  grooves  indent  the 
gum  so  deeply  that  it  may  be  easily  separated  longi- 
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tudiiiidly,  eai;h  strip  containing  its  own  core  of 
copiipr. 

Gut'ta-per'cha  Plates.  Fonii.s  for  the  ordinary 
printing-press  tukcn  witli  gutta-percha.  An  intaglio 
impression  is  tiiken  from  tlic  form.  This,  wlieu  cold, 
forms  a  matrix  lor  obtaining  a  cameo  gutta-percha 
ini]irf'ssiiiM  wliii'h  is  used  in  the  press. 

Gut'ter.  1.  (Hydraulic  Engineerimj.)  The  trench 
niadf  to  hold  puddling  on  the  side  of  a  canal. 

2.  A  channel  or  ditch  alongside  a  traveled  road  or 
patli  to  lead  ott'  surface  water. 

3.  (ArchUeclure.)  A  trough  or  channel  collecting 
the  water  which  runs  from  a  roof  and  leading  it  to 
pipes  in  whi(-h  it  descends  to  the  earth. 

A  (Fig.  2348)  shows  the  usual  arrangement  of 
gutters  ill  England,  where  parapets  are  generally 
carried  up  above  the  supporting  wall. 

This  appears,  and  is  said  to  be,  very  productive 
of  leakage  and  injurious  to  the  woodwork  of  the 
roof.  The  Greek  or  Gothic  cave  is  much  better  ; 
let  the  water  go,  and  catch  it  afterwards  if  you 
want  to. 


a,  coping. 

b,  parapet,    the    outer 
edge  throated. 

c,  wall. 

d,  wall-plate. 

e,  joist. 


f,  rafter. 

g,  gutter-board. 
h,  eave-board. 

i,  slates  or  shingles, 
j,  gutter. 
Ic,  flashing. 


B  is  tlie  foi-m  of  gutter,  scored  out  of  a  solid  piece 
of  timber,  which  was  used  ip  the  London  Crystal 
Palace  of  1861.  It  was  supported  on  the  upper 
flanges  of  the  main  trus.ses. 

C  is  the  arrangement  adopted  at  the  Smithfield 
Market,  Manchester,  England.  The  principal  rafter 
a  and  tie  b  rest  on  the  cast-iron  gutter  c,  which  is 
supported  by  the  coUnnn  d. 

D  exhibits  several  forms  of  top  and  side  gutters 
worked  out  of  the  solid. 


Fig.  2348. 


t]t4^j^ 


4.  (Hydraulic  Engineering.)  A  device  (£,  Fig. 
2.34S)  for  raising  water  by  the  vertical  oscillation 
of  a  trough.  As  a  crude  and  cheap  ilevice  it  is  re|)- 
resentcd  in  the  accomjianying  cut,  which  does  not 
need  lengthy  description.  As  a  more  important 
machine  it  is  shown  under  B-^iL-scoor  (which  sec). 
It  is  ))rincipally  used  for  small  lifts,  but  by  a  suc- 
cession of  lifts  it  may  be  useful  for  higher  elevations. 

The  janiu  of  the  Beugalese  is  a  counter-weighted 
gutter. 

A  pendulous  gtdtcr  with  several  steps  of  ascent 
for  water  is  shown  in  Ewbank's  hydraulics. 

5.  {Printing.)  One  of  the  stiel's  jilaccd  between 
the  pages  in  a  form  to  sejiarate  them  to  such  a  dis- 
tance that  wlicM  the  slieet  is  printed  and  folded  the 
margin  shall  be  regular  and  uniform. 

Gut'ter-ledge.  (Knufiail.)  A  bar  laid  across 
a  hiitiliway  to  support  the  covers. 

Gut'ter-snipe.  (Printing.)  A  single  .slip-poster 
for  attiuhing  to  curbstones. 

Gut'ter-stick.  (Printing.)  One  of  the  pieces 
of  I'urnitun'  which  separate  the  pages  in  a  form. 

Guy.  1.  A  stav-repe  passing  from  the  top  of  a 
spar  to  a  post  or  anchor  in  the  ground,  and  used  to 
steady  it.  As  the  guysof  a  derrick  or  shears.  See 
Dei;i;ick  ;  She.\iis. 

2.  The  stay-rod  which  connects  the  floor  of  a  sus-' 
pension  biidge  with  the  land  on  each  side,  in  order 
to  prevent  swaying. 

3.  A  rope  to  steady  a  body  in  hoisting. 

4.  A  rope  which  trims  and  steadies  a  Imrcr  stud- 
ding-sail boom.  The  foie-guy  leads  from  the  boom- 
end  to  the  sprilsail-gajf,  thence  to  the  heel  of  the 
bowsprit,  and  thence  inboard  ;  the  after-guy  leads 
from  the  boom-end  to  a  sheave  in  the  ship's  side, 
and  thence  inboard. 

5.  A  rope  from  the  end  of  a  jib-hooni  or  flying 
jib-boom  to  the  end  of  a  spritsail-yard  or  sjiritsail- 
gnf,  and  thence  to  the  ship's  bow,  to  stay  the  spar 
laterally. 

Gybe.  {A'autical.)  The  shifting  over  of  the 
boom  of  a  fore-and-aft  sail. 

Gyle.     1.   Fermented  wort  for  making  vinegar. 

2.  A  large  vat  or  cistern.  The  lii|Uor  gyle  in  a 
brewery  is  the  water-cistern  or  vat.     A  gyle-tun. 

Gyp'sum-fur'nace.  A  furnace  in  wliich  natural 
gypsum,  a  hydrate  of  sulphate  of  lime,  is  calcined  at 
a  comparatively  low  heat —  about  300  F.  —  in  order 
to  drive  oH'  the  water  of  constitution.  Tlie  process 
is  called  boiling,  as  the  ebullition  is  very  marked. 
In  the  illustration  is  shown  a  furnace  containing 


Fig.  2349. 


GttUers. 


Gypsum-  Furnace. 

two  rotary  boilers  placed  one  over  the  other  and 
provided  with  rotary  conveyors.  The  gypsum  is  fed 
through  the  boilers  consecutively,  and  is  thence 
emptii'd  upon  a  cooling  surface  and  packed  in  barrels. 
Gy'ro-scope.  An  instrument  for  illustrating 
the  tendency  of  a  revolving  body  to  maintain  its 
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rotation  in  a  fixed  plane  when  free  from  tlie  in- 
fluence of  disturbing  forces. 

It  is  susceptible  of  various  forms.  The  earliest, 
probably,  was  that  of  Laplace,  for  illustrating  the 
precession  of  the  ecjuinoxes. 

The  [irinciple  involved  is  that  of  Galileo's  second 
law  of  motion,  that  a  boily  actuated  by  several  forces 
moves  in  the  direction  of  their  resultant. 

Several  centuries  back  the  Italian  academicians 
noticed  the  apparent  ilisplacement  of  the  plane  of 
vibration  of  the  pendulum.     Foucault   (1S52)  first 

Fig.  2350. 


Gyroscopes* 

connected  this  fact  with  the  diurnal  motion  of  the 
earth,  which  he  illustrated  by  means  of  a  jiendulum 
(see  PEN'nULUM)  and  a  gyroscope  contriveil  by  him. 

Bohnenberger's  (1765-1831)  apparatus  (.•/,  Fig. 
2350)  consists  of  a  disk  or  sphere  suspended  in 
gimbals,  which  are  mounted  in  a  ring  supported  on 
a  stand. 

The  interior  ball  and  ring  may  be  set  at  any  angle 
with  the  outer  one,  and  rotation  imparted  by  a 
string,  when  it  will  be  found  strongly  to  resist  any 
attempt  to  turn  it  from  the  plane  of  its  rotation. 


This  di.sposition  of  a  rotating  object  to  njointain  its 
revolutions  in  one  plane,  designated  as  fi.xity  oi-  per- 
sistence of  the  plane  of  rotation,  may  be  farther 
illustrated  by  the  tendency  of  a  trundling  hoo]i  or 
rotating  top  to  remain  upright,  and  by  the  directness 
of  flight  of  rotating  projectiles. 

About  183-2,  Professor  AV.  K.  Johnston,  of  Pliila- 
delphia,  devised  an  instrument  which  he  termed  a 
roloscopc,  for  illustrating  this  principle.  He  also 
showed  the  eti'ect  of  rotary  motion  in  overcoming 
the  force  of  terrestrial  gravity  by  the  device  shown 
at  B,  Fig.  2350. 

In  this  a  disk  is  pivoted  within  a  ring,  its  axis  is 
extended  and  turned  down,  so  that  one  end  may  be 
supported  in  a  depression  at  the  top  of  an  ujjriglit 
standard.  When  the  disk  is  placed  vertically  and 
rapid  rotation  imparted,  it  will  maintain  its  rotation 
around  the  standard  in  a  horizontal  plane  so  long  as 
its  velocity  is  considerable,  but  when  this  ceases  it 
falls. 

C  illustrates  Foucault's  gj'roscope  for  demonstrat- 
ing the  rotary  motion  of  the  earth. 

A  carefully  constructed  disk  is  delicately  sus- 
pended in  gimbals  within  an  outer  ling  vertically 
jjivoted  in  a  frame.  The  disk  is  brought  into  the 
plane  of  the  meridian  and  rot.ited  at  a  great  velocity 
by  machinery  capable  of  instantaneous  disconnec- 
tion. 

As  the  jilane  of  the  meridian  at  the  moment  of 
starting  the  apijaiatus  coincided  with  .s<iuie  celestial 
meridian,  the  gyroscoiie  will,  while  it  maintains  its 
rotation,  keep  in  the  plane  of  the  latter,  that  is  a 
fixed  line  in  the  heavens,  while  the  teirestrial  merid- 
ian is  carried  past  it  at  the  rate  of  l.'i"  per  hour. 
This  is  shown  by  a  gi-aduated  horizontal  ajc  atiixed 
to  the  gyroscope,  which  is  viewed  through,  a  tele- 
scope whose  axis  is  fixed  in  the  plane  of  the  ter- 
restrial meridian.  It  is  obvious  that  were  the  earth 
a  fixed  body  tlie  axis  of  the  telescope  would  always 
coincide  with  the  same  point  on  the  are,  liut  the 
latter  always  maintaining  the  same  s'ertical  [ilano  in 
space  while  the  diitction  of  the  former  is  constantly 
changing  with  the  diurnal  revolution  of  the  earth, 
the  arc  will  appear  to  move  in  a  direction  contraiy 
to  the  earth's  rotation. 

Gy'ro-scope-gov'ern-or.  In  .\u<leison's  gov- 
ernor {D,  Fig.  235(1)  the  principle  of  the  gyroscope 
has  l]een  adapted  <\.<  the  means  of  regidation. 

a  is  a  heavy  wheel,  the  a.xle  b  V  of  \\hich  is  made 
in  two  pieces  connected  by  a  gimbal  joint,  the  re- 
spective sections  earning  the  wlieel  a  and  pinion  i 
respectively.  The  piece  h  is  connccteil  at  its  middle 
by  a  hinge  joint  witli  the  revolving  frame  /(,  so  that 
variations  in  the  inclination  of  the  wh.eel  a  will 
cause  the  outer  end  of  the  piece  h  to  rise  and  fall. 
The  frame  A  is  driven  by  bevel  gearing  from  the  en- 
gine, and  by  that  means  the  jiinion  (  is  carried 
round  the  stationary,  toothed  circle  </,  and  the  axis 
of  the  wheel  a  thus  i-eceivesa  rapid  rotation.  When 
the  frame  h  and  wheel  a  are  in  motion,  the  tendency 
of  the  wheel  a  is  to  assume  a  vertical  position,  but 
this  tendency  is  opposed  by  a  spring  /.  The  greater 
the  velocity  of  the  governor,  the  stronger  is  the 
tendency  above  mentioned,  and  the  more  it  over- 
comes the  force  of  the  spring,  and  xkc  versa.  The 
piece  b  is  connected  with  the  valve-rod  by  rods  c  d, 
and  the  spring  I  is  connected  with  the  said  rod  by 
lever  n.  and  rod  p. 

Gyves.    Shackles  or  fetters. 
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Ha'beck.   An  instrument  used  in  dressing  cloth. 

Hack.  1.  A  tool  for  cutting  jags  or  clmnnids  in 
trees  lor  tlie  jiurpose  of  bleeding  them.  Pines  are 
hacked  for  turi>entiue  ;  maples  tapped  for  sup,  or 
sugar-watrr  as  Western  farmei's  prefer  to  call  it. 

The  turpentine  hack  is  a  tool  with  a  curved  or 
angular  eilge  to  cut  channels  tlirough  the  bark  and 
albunmni  in  an  oblii[ue  direction,  so  as  to  lead  the 
resin  towards  a  hnximj  cut  in  the  tree,  or  to  a  cup 
suspended  to  eatch  the  drip. 

2.  X  drying-frame  for  Ksh.     k  fluke. 

3.  A  pile  of  bricks  arranged  in  regular  order  for 
dnibuj,  previous  to  buiUUng  up  in  the  clamp  or  kiln 
for  btiniiiiff. 

4.  Woollen  bars  in  the  tail-race  of  a  mill. 

5.  A  dung-fork. 

6.  A  large  pick  used  by  miners  in  breaking  stone. 

7.  A  carriage  for  hire  (hackney-coach). 

8.  A  fecd-rai-k  fur  cattle. 
Hack-bar'row.     A  barrow  on  which  bricks  are 

conveyed   from   the   molder's  table   to  the  drying- 
ground,  where  they  are  sun-dried  or  luicked,  and 

Fig.  2351. 


Hack'mg.  1.  (Masonry.)  The  division  of  a 
portion  of  a  course  of  stones  into  two  of  smaller  hight 
when  the  larger  stones  do  not  hold  out. 

2.  A  process  employed  in  dressing  the  faces  of 
rough  grindstones  by  the  use  of  a  hack-hammer, 
an  implement  resembling  an  adze.  In  some  cases 
the  faces  of  metallic  or  wooden  ]iolishing-wheels  are 
similarly  treated,  a  sharper  implement  being  used. 

3.  Piling  of  molded  bricks  to  dry.     See  Hack. 
Hack'ing-out  Knife.    The  glazier's  knife  for 

cutting  cut  tlie  old  putty  from  the  fillister  of  a  sash, 
in  ri'glazing. 

Hack-i'ron.  (Mining.)  A  miner's  pick.  A 
iiwk. 

Hackle;  Heck'le;  Hatch'el.  A  board  set 
with  sharp  steel  spikes  for  combing  or  pulling  out 
hemp  or  lla.x  to  dispose  the  fibers  in  parallelism,  and 
to  separate  the  tow  and  hards  from  the  finer  fiber. 

The   teeth    are    of   steel 
from  1  to  2  inches  in  length  Fig.  2352. 

and  very  sharp.     They  are     if3 
arranged  in  rank  and  file,      J=j 
in    quincunx    order,   ujion 
a  board.     The  lock  of  flax  fpl: 
is  seized  by  the  middle  and 
one  end  is  thrown  over  the 
teeth  and  drawn  through. 
One  end  being  hackled,  the 
other  end  is  turned  to  the 
comb  and  suuilarly  treated. 


Hack-Barrow. 

temporarily  covered  with  a  thatching  of  straw  to 
protect  tliem  from  rain.  Covered  sheds  are  sometimes 
used. 

Hack'but.  (Ger.  hxwkhret,  a  Jiackboard,  or  chop- 
ping-board.)    An  old  name  for  the  dulcimer.     See 

Pl.\Xa-F01!TE. 

Hack'er.  A  cutting-tool  for  making  an  obli(pie 
incision  in  the  pine-tree  for  leading  the  gtini  turpen- 
tine towards  the  boc  in  which  it  is  eollecte<l.  A 
hack.  The  roitnd-shave  \s  used  in  chip]iiiig,  and  the 
scrancr  for  removing  the  gum  from  the  ho.r  face. 

Hack'er-y.  .\n  East  Indian  two-wheeled  cart, 
drawn  l>y  liuUocks. 

Hack'et.     (./vinen/.)     A  hatchet. 

Hack-file.  {Locksmithinf/.)  A  coarse .slitting-file. 

Hack-ham'mer.  A  hammer  terminating  at 
each  end  in  an  obtuse  chisel-edge,  kept  in  repair  on 
the  grindstone.  It  is  used  as  the  pccn  of  an  ordinary 
hammer,  but  is  narrower,  and  therefore  more  local 
and  energetic  in  its  etfects.  The  hack-hammtr  for 
reducing  unequal  protuberances  on  grindstones  is 
shaped  like  an  adze  and  has  a  short  handle.  When 
the  giind.stone  has  worn  unequally,  it  becomes  ne- 
cessary to  dress  it,  and  the  high  places,  being  marked, 
are  hacked  by  oblique  and  crossing  checker  lines, 
which  cau.se  it  on  the  next  grinding  operation  to 
wear  more  at  those  points  and  thus  restore  equality. 


n 
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This  separates  the  ribbons  of  fiber,  removes  any  re- 
maining traces  of  the  boon  or  cellular  matter,  and 
divides  the  fiber  into  two  portions,  the  s/wrt  and 
the  hag,  the  low  and  the  line. 

The  jirocess  is  rejieated  on  a  fine  hackle  whose 
teeth  are  more  numerous  and  thickly  set.  The  prod- 
uce is  from  40  to  dO  per  cent  of  fine  flax  ;  line. 

Hack'le-bar.  One  of  the  gills  or  spikes  over 
which  the  lock  of  fla.x  or  hemp  is  thrown  and  drawn 
to  lay  the  fibers  parallel  and  comb  out  the  refuse. 

Hack'ling-ma-chine'.  A  macliine  for  dressing 
fla.x. 

Fig.  "2352,  A  is  a  side  and  B  an  end  elevation  of 
a  hackling-machine  adapted  for  dressing  short  or  cut 
flax.  The  two  rollers  a  a  are  caused  to  rotate  in- 
wardly towaril  each  other,  and  are  fed  with  the  raw 
material  from  a  trough  c.  The  peripheries  of  the 
cylinders  are  interspersed  with  alternate  rigid  hackles 
d  and  brushes  c,  so  that  they  alternate  on  each.  The 
exterior  rotating  cylimlers  /  are  also  provided  witli 
brushes.  The  broken  flax  from  an  upper  trougli 
passes  between  the  rollers  and  is  deposited  in  the 
trough  g.  Refuse  falls  between  the  bars  of  a  grate, 
and  is  removed  by  the  endless  carrier  h.  One  of  the 
cylinders  a  and  the  brushing  cylinders /may  have  a 
longitudinal  nrovement.  On  raising  the  receiving- 
trough,  the  rod  i  [luslies  up  the  weighty,  which,  by 
means  of  the  connecting-rod  k,  causes  the  holder  to 
traverse  the  widtli  of  one  set  of  brushes. 

Hack'ney-coach.    (Vehicle.)    An  English  term 

Fig.  2353. 


Tht  First  (English)  Hackney- Coach. 

for  a  coach  plying  in  the  streets  for  hire.  It  has 
two  facing  seats  inside. 

They  were  introduced  into  France  in  1650  (fiacre), 
and  about  the  same  time  into  England.  They  are 
mentioned  by  Pepys,  1660. 

The  name  is  French  (coelie-a-liaqiienee). 

Hack-sa'w.  A  frame  saw  of  moderate  set,  toler- 
ably close  teeth,  and 
Fig.  2334.  good    temper  ;    used 

^  >.  in      sawing     metal. 

/7_ /\\  ,    Such  a  .saw  is  used  to 

S-i^ — [£-^gaM»^  cut  the  nicks  in  heads 

Hack-Saw.  of  screws,  in  cutting 

ofl'  bolts,  etc. 

Hade.  (Mining.)  The  dip,  inclination,  or  slope 
of  a  vein  or  stratum.  The  angle  it  bears  to  the 
horizon.      The  niuhrhnj. 

Had'ley's  Quad'rant  (Optics.)  An  instru- 
ment for  measuring  altituiles.  Used  principally  at 
sea.     See  Qr.\Dl:.vxT  ;  Sf.xt.4XT. 

Hag'but.  An  oU  fire-arm  with  a  stock  bent 
down  to  form  a  ready  means  of  grasping.  An  arquc- 
b^ls. 

Haem'a-dyn-a-mom'e-ter.  An  instrument  for 
asicertaining  the  force  of  the  circulation  of  the  blood. 
Hccmatoinctcr  ;   liaiviatodijnamometer.      See  Sphtg- 

MOMETER. 

Haft.  The  handle  of  a  tool  or  knife.  Some  handles 
have  specific  names,  as  helve,  nib,  etc.     Some  had'ts 


are  solid,  others  have  a  central  plate  and  side  pieces 
cal  led  sra to  ,■  e.  g.  knife-handles. 

Ha-ha.  A  fence  or  division  wall  so  depressed 
below  the  ground  surface  as  not  to  obstruct  the 
view.     A  sunk-fcncc.     A  ditch  with  a  scarp. 

Hair.  1.  A  tilament  growing  from  the  skin  of 
an  animal. 

Curled  hair  for  stufling  sofas,  cusliions,  etc.,  is 
carded  by  hand-cards,  which  straigliten,  disentangle, 
and  clean  it ;  this  is  taken  in  bunches  and  spun  into 
a  rope,  the  next  top,  as  the  bunch  is  called,  being  in- 
teriilaced  with  the  loose  strands  of  the  former.  The 
ro[ie  is  wound  on  a  wheel,  and  the  coil  steeped  in 
water  for  three  or  four  hours,  and  dried  in  a  hot 
oven.  The  ropes  are  then  untwisted,  the  hairs  torn 
apart,  and  are  ready  to  form  stulting. 

Spun  into  smaller  strands,  hair  is  used  for  nose- 
hags  of  horses,  bags  for  containing  gi'ound  and  heated 
flax-meal  in  the  press,  and  also  for  containing  pre- 
pared lard  in  the  press  from  which  lard-oil  flows.     . 

Curled-hair  cords  are  also  used  for  clothes-lines, 
and  when  fine  also  form  fishing-lines. 

Long  and  fine  horse-hairs  are  used  for  the  hows 
of  violins  and  other  instruments  of  this  class.  Also 
for  making  H.\n;-CLOTH  (which  see). 

The  English  lawyers  afl'ect  horse-hair  wigs,  and 
horribly  funny  they  look.  Goat's  hair  is  sometimes 
substituted  for  the  true  equine  ca])illus,  and  this  may 
partially  account  for  their  pugnacity  and  the  fact  that 
they  are  in  bad  odor  with  peaceable  persons. 

2.  (Fire-arms.)  The  secondary  spring  device  in 
one  foiTu  of  pistol  and  rifle  lock,  which  is  freed  by 
the  hair-trigger,  and  collides  with  the  tumbler-catch 
to  uuloi-k  the  tumbler. 

Hair-brush.  A  fine  description  of  bru.shes  of 
bristles  assorted  by  color,  strength,  and  quality,  and 
put  uj)  in  superior  manner,  hard,  soft,  or  silky,  ac- 
cording to  purpose  and  taste.  The  better  class  are 
trepanned,  a  mode  of  .secretly  fastening  the  bunches 
without  gluing  a  scale  of  veneer  over  the  wires. 

Hair-cUp'ping  Shears.  A  scissors  for  cliiiping 
the  human  luiii,  or  one  for  clipping  horses  ;  the  lat- 
ter have  sometimes  a  guide-bar,  which  fonns  a  gage 
for  length  in  cutting. 

Hair-cloth.  Cloth  of  goat's  hair  was  used  for 
covering  the  military  engines  of  the  Romans,  as  we 
read  in  Arrian,  Thucydides,  Ammianus,  etc.  Cur- 
tains of  goat's  hair  were  u.sed  in  the  Wilderness  talier- 
nacle  of  the  Hebrews.  The  goat's  hair  cloth  was 
called  shoe  or  sac  in  Hebrew,  Chaldee,  and  Syriac  ; 
in  the  Septuagint  it  became  siiccos ;  in  the  Vulgate 
saccus.  The  Latin  sagum  and  English  sack  perpetu- 
ate the  soimd  and  sense.  (SeeS.ICK.)  The  nose-bags 
of  the  Arabian  horses  are  of  goat's  hair  cloth,  and 
from  them  they  eat  their  barley  habitually.  Goat's 
hair  cloth  also  covers  their  tents.     See  also  C-\MLET. 

Horse-hair  for  the  manufacture  of  hair-cloth  is 
principally  derived  Irom  South  America,  and  is  im- 
ported in  bales  weighing  about  1,000  pounds. 

In  the  process  of  manufacture,  it  is  first  sorted  ac- 
cording to  color,  and  then  hackled  to  get  the  hairs 
straight  and  remove  dirt.  A  number  of  tufts  are 
then  placed  between  the  teeth  of  two  cards,  and  the 
longer  hairs  j'emoved  by  hand,  so  as  to  leave  only 
those  of  uniform  length  remaining.  It  is  now  ready 
to  be  woven  or  curled,  according  to  quality.  Hair 
is  curled  by  forming  it  into  a  rope  wliich  is  after- 
wards boiled,  and  then  baked  so  as  to  set  the  kink 
in  the  liairs. 

Hair-cloth  is  made  from  the  longer  and  better  vari- 
eties. The  hair  is  first  dyed,  usu.ally  of  a  black  color, 
and  is  merely  employed  as  the  weft  of  the  cloth,  the 
warp  being  composed  of  cotton  or  linen  thread, 
according  to  quality  and  purjiose.     The  process  for- 
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merly  required  two  hands  to  each  loom,  but  those 
at  present  >ised  only  require  the  attendance  of  one 
person,  and  recently  power-looms  have  been  em- 
ployed. 

After  leaving  the  loom,  the  cloth  is  pressed  between 
hot  metallic  )ilates  to  polish  it. 

Hair-cloth  Loom.  The  v:a.rp  of  the  web  is  of 
black  liiu'ii  yam  ;  tlie  hair  ii:cfl  is  thrown  with  a 
long  hookeil  shuttle  or  a  long  rod  having  a  catch 
hook  at  its  end.  The  length  of  this  boxwood  shut- 
tle is  about  3  feet,  its  breadth  J  inch,  and  its  thick- 
ness 4  inch.  The  reed  is  of  polished  steel.  The 
weaver  passes  the  shuttle  through  the  siiiMle-waij 
when  it  is  opened  by  the  treadles  ;  a  child  presents 
a  hair  to  the  catch  of  the  shuttle,  and  the  weaver 
draws  it  tlirough  the  slwd  and  beats  it  up  by  two 
motions  of  the  haUcn.  The  hairs  are  laid  in  a  trough 
of  water  to  keep  them  supple.  The  warp  is  dressed 
with  ]iaste,  and  the  hair-cloth  web  is  hot-calendered 
to  give  it  luster. 

The  shuttle  for  hair-cloth  weaving  has  no  pirn, 


Fig.  2355. 


ever,  European  polecat,  raccoon,  goat,  or  other  ani- 
mal, are  used  for  brushes  of  diH'erent  qualitii'S. 

A  snudl  tuft  of  the  hairs  is  collected  with  the 
points  all  in  one  direction,  and  the  bunch  is  bound 
by  a  strong  thread,  and  pa.ssed  point  Krst  through  a 
wet  (juill,  so  that  the  point  projects  to  the  required 
distance.  The  quill  shrinks  tiglitly  upon  the  bunch 
in  drying. 

The  various  sizes  require  the  quills  of  the  crow, 
pigeon,  goose,  turkey,  or  swan.  Larger  bunches  are 
secured  in  tin-plate  tubes. 

The  ancient  Greek  painters  used  hair-pencils  and 
palettes. 

They  are  now  principally  used  by  artists  in  water- 
colurs,  and  to  some  extent  by  house  and  sign  paint- 
ers in  lettering,  graining,  and  other  tine  work. 

Hair-pick'er.  A  machine  for  cleansing  and 
straightening  hair.  The  one  represented  is  for  op- 
erating on  loose  hair.J  The  two  rollers  have  similar 
rotation  by  connection  with  a  common  motive  wheel, 

Fig.  2356. 
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butin  its  place 
a  spring  catch 
to  hold  the 
ends  of  the 
hairs  forming 
the  weft.  The 
shuttle  is  then 
thrown  to  car- 
ry the  hair 
thiough      the 

shed  ;  at  the  other  end  of  the  shuttle-way  tl-.e  hairs 

are  releaseil  by  raising  the  catch. 

In  the  illustration,  the  moving  jaws  of  the  ni|i- 

pers  are  raised  by  cams  to  allow  the  introduction  of 

the  hairs,  and  are  opened  by  cams  at   ditferent  tinu's 

to  drop  the  hairs  at  ditferent  positions  in  the  shed. 
Hair-com'pass.     A  pair  of  dividers,  one  of  the 

legs  of  whicli  is  provided  with  a  set  screw  and  spring, 

admitting  of  very  nice  adjustment. 

Hair-cord.    (Fabrie.)    A  cotton  good.s,  the  warp 

of  which  consists  of  conled  ribs. 
Hair-di-vid'er.     A    dividing    compass    having 

one  leg  arranged  for  minute  movements  by  a  screw  ; 

used  for  tiue  adjustments. 
Hair-line.     1.  The  fine  line  or  up-stroke  of  a 

letter. 

2.  A  kind  of  type  having  all  fine  face-lines. 

3.  A  fishing-line  of  horse-hair. 
Hair-pen'cil.    A  fine  brush  for  painting.    Small 

tufts  of  hau-  inserted  into  quills.      The  haii-s  of  the 
camel,  fitch,  sable,  badger,  squirrel,   martin,  min- 


Hair- Picker. 

and  turn  in  a  double  recessed,  adjustable,  concave 
block.  The  faces  of  the  rolli'rs  and  concave  are 
armed  with  pins.  The  hair  is  stiaightened  and  dirt 
lemoved  by  being  drawn  through  between  the  rollers 
ami  the  concave  surfaces. 

Hair-pin.  1.  A  pin  used  in  fastening  up  the 
liair.     A  corkinij-pin. 

2.  A  forked  jiin  commonly  used  by  ladies  in  se- 
curing the  braids  or  bands  of  hair. 

Hair-py-ri'tes.  (Mining.)  A  native  snlphuret 
of  nickel  which  occurs  in  capillary  filaments  of  a 
yellow-gray  color. 

Hair-rope  Pick'er.  A  machine  for  unwinding 
and  jiickiug  to  jiieces  hair-rope  which  has  been 
twisted,  wetted,  and  baked  to  give  a  permanent  cuil 
to  the  hair. 

The  rope  is  coiled  around  the  .shaft  J,  the  revolu- 
tion of  which  untwists  it.  It  then  passes  between 
the  fluted  rolls  R  S  and  toothed  drum  B',  by  which 
it  is  straightened  and  cleansed. 


Fig.  2.%7 
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Hair-salt.  (Mininrj.)  A  native  sulphuret  of 
n)ai,'iu--iii  OL'cuvring  as  a  line  capillary  incrustation. 

Hair-side.     (Leather.)    The  grain  side. 

Hair-space.  (PrirUing.)  The  thinnest  space 
used  by  priutei'S. 

Hair-spring.    The  recoU-spring  of  a  watch-Ja/- 

The  balance  is  pulsating,  and  is  the  time  measurer. 
It  is  driven  in  one  direction  by  the  power  of  the 
niainsi)ring  imparted  through  the  escapement,  and 
is  returned  by  the  power  of  the  hair-spring,  the  mn- 
ning  of  the  train  of  wheels  being  inteimitted  mean- 
while. 

It  is  one  of  the  most  delicate  of  steel  articles,  and 
is  a  favorite  illustration  of  the  value  given  to  a  cheap 
article  by  protracted  manipulation. 

Hair-springs  are  made  of  tine  steel,  which  comes 
upon  spools  like  thread.  To  the  naked  eye  it  is  a 
round  hair,  but  under  a  glass  it  is  seen  to  be  a  flat 
steel  ribbon,  which  the  gage  sliows  to  he  53^  of  an 
inch  in  thickness,  about  one  half  the  thickness  of  an 
average  human  hair. 

A  hair-spring  weighs  1 3  0 1)  o  of  a  pound  Troy.  In 
a  straight  line  it  is  a  foot  long.  It  is  e.vquisitely 
tempered,  for  it  is  to  spring  back  and  forth  18,000 
times  an  hour,  perhaps  for  several  generations.  A 
pound  of  steel  in  the  bar  may  cost  one  dollar ;  in 
hair-springs  it  may  be  worth  .S  4,000. 

The  hair-spring  of  a  watch  is  usually  a  flat  helix, 
but  chronometer  balance-springs  are  coiled  cylindri- 
cally. 

Hooke  introduced  the  balance-spring  into  tlie 
watch.  He  made  it  straight.  Huyghens  soon  after 
gave  it  the  coiled  form.  Tliis  was  about  200  years 
ago.  We  are  indebted  to  tliis  brilliant  pair  of  phi- 
losophers and  mechanicians  for  much  that  we  enjoy 
in  the  approximate  perfection  of  our  instruments  of 
precision,  —  mathematical,  optical,  and  horological. 

.See  under  Horological  Ixstrumests,  etc.  ; 
Chkoxometer  ;  B.^laxce,  AV-vrcH. 

Hair-stroke.  (Printing.)  A  fine  line  at  the 
to]i  or  bottom  of  a  letter  ;  a  cerijih. 

Hair-trig'ger.  (Fire-arms.)  The  secondary  trig- 
ger of  a  gun.  Its  movement  is  effected  by  a  very 
slight  force,  and  unlocks  a  secondary  spring  device 
called  a  /(/!;>,  which  strikes  the  tumbler-catch  and 
throws  tile  sear  out  of  the  notch  in  the  tumbler. 

Hair-'w^ork'ing.  A  term  which  includes  the 
making  from  human   hair   of  bracelets,   brooches. 
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c  c,  has  veitical  reciprocation  on  the  pius  B  B,  and 
is  operated  by  the  treadle  I£.  Tlie  ends  of  the  threads 
on  the  .spools  c  c  c  are  held  by  tlie  clamp  iK  A  slip 
of  hair  is  passed  between  the  upper  side  threads  and 
the  lower  centi-al  one,  the  treadle  depressetl,  the  end 
of  the  hair  turned,  and  the  sliding  head  rises  by  the 
force  of  a  spring.  These  operations  are  successively 
repeated. 

Hake.     A  shed  for  drying  draining-tiles. 

Hal'berd.  1.  A  weapon  formed  of  a  blade  on 
the  end  of  a  pole.  • 

1'  This  was  a  common  weapon  among  the  Romans 
(falx,falcula),  either  short-handled  like  the  English 
bill-hook,  or  on  a  long  handle  like  the  Tudor  hal- 
berd. It  difl'ered  from  the  ctiltiis  in  lia\nng  a  curved 
cutting  edge. 

2.    A  piece  of  iron  welded  to  the  forepart  of  a 
!  horseshoe  to  relieve  the  toe  of  a  lame  horse. 
I      Half-bas'tion.    (Fort ificat ion.)    A  demi-bastion. 
That  lialf  of  a  bastion  cut  oB'  by  the  capital,  consist- 
ing of  one  base  aud  one  front. 

Half-bent.     The  half-cock  of  a  fire-lock. 

Half-bind 'ing.  (Boolchinclinii.)  A  style  of  bind- 
ing in  whieli  the  backs  and  comers  are  of  leather 
and  tile  sides  of  yiaper  or  muslin. 

Half-breadth  Plan.  (Shijibuilding.)  A  plan 
or  top  ^•iew  of  one  half  of  a  ship  dirided  by  a  vertical 
longitudinal  section  in  tlie  line  of  the  keel. 

It  shows  the  water  lines,  huic  and  buttock  lines, 
and  diagonal  Hues  of  constmetion. 

Half-breadth  Staff.  (Shipbuilding.)  A  rod 
having  marked  upon  it  half  the  length  of  each  beam 
in  the  sliip. 

Half-cap'o-niere'.  (Fortifiration.)  A  commu- 
nication in  the  dry  ditcli  of  a  fortress,  constmcted 
with  but  one  parapet  and  glacis. 

Half-chess.  {Bridge-building.)  A  short  cJicss 
or  platform  board  of  a  military  bridge. 

Half-cock.  (Fire-arms.)  Tlie  position  of  the 
gun-ioik  when  the  nose  of  the  sear  is  in  the  first  or 
deep  nolch  of  the  tumbler.  From  this  it  cannot  be 
pulled  oft'  by  the  trigger. 

Half-cut  Ijine.  Flax  cut  in  two  lengths  for 
spinninr;. 

Half-floor.  (Shipbuilding.)  One  of  the  timbers 
of  a  frame  whose  heel  is  over  the  keel,  and  upon 
whose  head  rests  the  heel  of  the  second  futtock.  It 
lies  for  half  its  length  alongside  the  cross-timber, 
and  the  other  half  alongside  the  first  futtock. 

Its  heel  butts  against  the  heel  of  the  correspond- 
ing timlier  of  the  other  half  of  the  frame,  at  the 
middle  line  of  the  ship,  where  they  are  clamjied  be- 
tween the  keel  and  keelson,  and  eoaked  or  bolted 
thereto. 

Half-fur'nace.  (Metallurgy.)  An  ore-smelting 
furnace  of  but  about  36  feet  hight.  The  high  fur- 
nace is  50  to  72  feet  in  hight. 

Half-gang.  ( IVeaving.)  The  part  of  warp  of 
twenty  thnads.  warped  round  the  bank  after  a  lease. 

Haif-head'er.  (Bricklaying.)  A  half-brick  laid 
at  the  aii>;l.'  of  a  building  to  finish  the  course. 

Half-high  Fur'nace.     See  HALF-rrRNACE. 

Half-hitch.  (Xaulical.)  Passing  the  end  of  a 
rope  round  its  standing  part  and  then  through  the 
bight.  A  clove-hitch  is  two  half-hitches.  See  Hitch  ; 
Knot. 

Gird'er.     (Bridge-building.)     A 


Sdir-Weal'in^  Machine. 


ear-rings,  rings,  chains,  necklaces,  shawl-pins,  purses, 
bags,  book-markei-s,  jiencil-cases,  guards,  studs,  etc. 
These  are  braiding  or  plaiting  devices. 

In  the  invention   figured,    designed  for  weaving 
hair  for  wigs,  etc.,  the  head  C,  carrjing  the  spools 


Half-lat'tice 
form  of  girder 
sometimes 
known  as  a 
"Warren  Gird- 
er," and  consist- 
ing of  horizontal 
upper  and  lower 


Fig.  2359. 
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bnrs,  mill  a  series  of  lUiigoiial  bars,   sloping  alter-  j 
Iiixtely  in  opiiosite  dircetious,  ami  dividing  the  s])ace  ' 
between  the  Ijavs   into   a    series    of   triangles.      See 
Tuuss. 

Half-mer'lon.  {Fortification.)  That  solid  por- 
tion of  a  ]iaraiiet  which  is  at  the  right  or  left  exti'em- 
ity  of  a  battery. 

"Half-min'ute  Glass.  (Nautical.)  A  sand-glass 
wliieli  determines  the  time  for  the  running  out  of 
the  log-line.      Wee  Loci. 

Half-moon.  (Furl ijication.)  A  redan  in  front 
of  tlie  eiirlitiii  on  the  outside  of  the  main  ditch. 

Half-moon  Knife.  {Leather.)  A  double-handled 
knife  used  liy  the  clresser  of  skins  for  jiarehment. 
The  knife  has  a  ereseent  .shape,  and  jirojei'ts  in  a 
plane  at  right  angles  to  tlie  axis  of  the  handles. 

Half-pace.  (Building.)  a.  A  raised  iloor  in  a 
bny-window. 

li.  A  resting-place  at  the  end  of  a  flight  of  steps. 
A  fniif-/;fii-i-.     A  landing. 

Half-pike.  (Nautical.)  A  short  pike  employed 
in  Ipiiarding. 

Half-port.  (N'aiilim!.)  A  port-.shutter  having 
a  hole  fir  the  protrusion  of  the  gun-muzzle. 

Half-prin'ci-pal.  {Carpcntrii.)  A  rafter  which 
does  not  extend  to  the  crown  of  the  roof.  Their 
tops  are  connected  by  collar-beams,  or  rest  on  a 
purlin. 

Half-re-lief.  The  moderate  prominence  of  a 
sculptured  figure  from  the  plain  surface  to  which  it 
is  attached.  It  is  also  known  as  mczso-rilicvo,  or 
demi-relicf,  and  is  a  grade  between  alto-rilievo  or 
high-relirf^  and  hifsso-rilirvo  or  low-relief. 

Half-rip  Saw.  (Ctirpcnlnj.)  A  species  of  hand- 
saw with  a  narrower  si^t  than  a  rip-saw  and  some- 
what liner  gage  of  teeth. 

Half-round  Bit.    A  demi-cylinder  bit. 

Half-round  File.  A  file  flat  on  one  side  and 
rounding  on  the  other. 

The  curve  usually  varies  from  the  half  to  the 
twelfth  of  a  circle,  but  the  name  holf-rmmd  is  iu- 
discriniinately  applied.  Files  with  the  larger  cur- 
vature are  known  as  full  half-rounds  ;  others  as  flat 
half-ronuds. 

Half-sheet.     (Printing.)    The  off-cut  portion  of 

a  duddeeilllO. 

Half-shoe.  (Fm-ricnj.)  A  shoe  on  the  one  side 
only  of  a  horse's  loot  as  a  protection  or  corrective, 
when  the  horse  is  not  fully  shod. 

Half-stuff  (Paper-making.)  The  partially  ground 
rag-pnl]i,  the  produce  of  the  wetshing-cngine,  which 
is  the  first  of  the  two  engines  by  which  the  reduction 
is  made.      See  Rai:-EN'ijine. 

Half-stuff  Ma-chine'.  {Paper-making.)  A 
washing-machine  in  whiidi  ground  rags  are  cleaned 
and  cut  to  a  greater  degree  of  fineness  than  in  the 
rag-engine.  It  resemliles  the  jmlpiiig-machine  in 
everything  but  being  adapted  to  work  on  a  coarser 
artiide. 

Half-sunk'en  Bat'tery.  {Fortification.)  A 
battery  liaving  its  iuti'iior  space  or  terre-plcin  sunk 
some  inches  below  the  natural  surface,  and  its  ])arapet 
composed  of  the  earth  thus  obtained,  and  of  that 
taken  from  a  narrow  ditch  in  front.  This  description 
of  battery  admits  of  being  more  cpickly  constructed 
than  any  other,  as  the  diggers  can  work  both  in 
front  and  rear  at  the  same  time. 

Half-thick  File.  -A  large,  coarse  file  with  three 
flat  and  oni;  rounded  side.  It  is  used  as  a  rubber-file 
for  coarse  work. 

Half-tim'ber.  1.  (Shipbuilding.)  One  of  the 
short  futtoeks  in  the  cant-bodj'. 

2.  (Carpcnlrij.)  A  mode  of  building  houses  prac- 
ticed extensively  in  the  Tudor  times.     The  founda. 


lions  and  principal  supports  were  of  stout  timber, 
and  tlie  interstices  of  the  fronts  were  filled  with 
plaster. 

Half-tub.  Half  a  cask  cut  ofl'  at  right  angles  to 
the  axis.  Suidi  is  a  deck  tub,  for  swabs  in  deck- 
cleaning,  ami  for  gun-sponges  on  shipboard.  Such 
is  also  tlie  );(///'-■// -tub. 

Half-turn'ing  Bolt.  One  with  a  thread  occu- 
pying one  half  ol  its  cylindrical  surface.  See  Bolt,  re. 

Hal'Ii^ird.     See  H.\lyaiiu. 

Hal'lier.     A  birding  net. 

Hal'lo-type.  {Phulograjih;/.)  Another  name  for 
the  Hi-I.tKNiirYPE  (which  see). 

Ha-lom'e-ter.  An  instrument  for  measuring  the 
forms  and  angles  of  salts  and  crystals. 

Hal'o-scope.  (Optical.)  An  optical  instrument 
invented  by  M.  Bravais  for  exhibiting  the  phenom- 
ena connected  with  halos,  parahelia,  etc.  It  com- 
prises prisms  and  a  mirror,  w  Inch  are  rapidly  revolved 
about  an  axis,  and  two  plates  of  glass  for  interce|it- 
ing  the  light.  The  rotating  prisms  receive  the  liglit 
from  a  lamp  in  a  darkened  chamber,  the  refracted 
rays  assundng  the  form  of  the  parahelion  circle. 

Hal'ser.     A  large  rope.     See  Hawsek. 

Hal'ter.  (Menage.)  A  headstall  and  strap  by 
whieh  an  animal 

is  hitched   to   a  Fig.  2360. 

stancliion    or 
manger. 

Cattle  and 
calves  were  tied 
in  stalls  for  fat- 
tening by  the 
Hebrews.  Horses 
and  oxen  were 
alsostalled.  Sol- 
ojuon  had  40,000 
horse-stalls.  The 
animals  were  tied 
up  by  halters,  no 
don  lit.  Head-/ 
stalls  for  animals  \ 
were  common 
then  in  Babylon, 
Persepolis,  and 
Egyiit.  The 
horses  and  asses 
of  the  Syrians 
were  tied  in  their 

camp  (892  E.  c.)  when  the  four  leprous  men  went  in 
and  found  the  camp  deserted. 

Halters  are  shown  in  the  sculptures  of  Nimroud. 
The  army  is  represented  in  the  act  of  crossing  a  river, 
and  the  horses  are  haltered  behind  the  sterns  of  the 
boats,  swimming  in  the  wake. 

Hal'vans.  (Mining.)  Impure  ores  which  rciiuire 
to  be  w;isUed  and  freed  from  impurities. 

Halve-net.  A  fixed  bag-net  placed  within  low- 
water  niaik  to  prevent  fish  returning  with  the  tide. 

Halving.  A  mode  of  joining  timbers  or  scant- 
ling in  whieh  each  is  equally  cut  upon  one  of  its  faces, 
and  the  two  new  faces  are  laid  together  and  secured. 
The  timbers  lap  upon  and  are  let  into  each  other. 

The  joint  thus  made  may  be  a  simple  lap-joint,  or 
it  may  be  a  dorcta.il,  a  scarf  or  a  notched  joint.  It 
may  be  secured  by  pins,  wedges,  or  bolts,  according 
to  circumstances. 

Among  the  varieties  specific  names  are  given  to  a, 
commmi  halving;  b,  bcreled  halving;  c,  dovetailed 
halving  ;  d,  nntehed  halving. 

Haiv'ing-belt.     (Maehinenj.)     A  belt   crossed 
between  |iulleys,  .so  as  to  revolve  them  in  ojiposite 
directions.     A  crns.ied  belt.     See  Belt. 
1      Hal'yard.    (Nautical.)    A  rope,  chain,  or  tackle 
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Fig.  2361. 


Halving. 

for  hoisting  or  lowering  yards,  s])ars,  sails,  or  flags. 
The  halyards  of  the  lower  yards  are  called  jeers. 
Hauhjard  ;  hallmrd. 

They  are  named  from  the  spar,  etc.,  to  which  they 
are  applied  ;  as,  — 

The  throitt  or  peak  halyards  of  a  gaff. 
Main-sail,  top-sail  halyards,  rfmvr-halyards,  etc. 
Signal  -  halyard.?,  ixiidant  -  halyards,   ensign  -  hal- 
yards. 

To  haul  a  yard  aloft  is  to  simij  it  ;  to  lower  is 
called  striking. 
Hame.     (Harness.)    One  of  the  pair  of  curved 

bars  of  wood  or 
Fig.  2.362.  metal  which   fit 

in  the  crease  be- 
tween the  roll 
and  the  body  of 
the  collar,  and 
to  which  the 
traces  are  con- 
nected. The  flat 
wooden  hame  is 
still  used  in 
heavy  gears,  se- 
sured  by  thongs 
'  (hame -strings). 
The  trace-chains 
are  attaclied  to 
the  hooks,  and 
the  reins  pass 
through  the 
rings  above.  The 
trace  -  hooks  of 
carriage-hames  are  looped  to  the  staples  of  the  hames. 
Hame-fas'ten-er.  (ffanirss.)  A  device  to  fas- 
ten the  ends  of  hames  t.>u'ether,  clasping  them 
aronnd  the  collar.  A  substitute  for  a  liame-string. 
In  the  example,  the  device  is  buckled  to  one  hame- 
loop  B,  and  the  hook  I)  passed  through  the  other 
loop.  Tlie  hook  is  then  turned  over,  as  in  the  lower 
figure,  tightening  the  hames. 


Hames. 


Hamt-Fastentr. 


Hame-Iock.     A  Ha.me-fastenee  (which  see). 

Hame-ring.  (Harness.)  "With  carriage-hames 
there  is  one  ring  on  each  hame  for  the  driving-i'eins  ; 
with  wagon-hanies,  an  additional  ring  is  provided 
on  caeli  iVir  the  breast  chain  or  stra]). 

Heime-strap.  (Harness.)  A  strap  at  the  u]))*? 
end  of  the  hames  unites  them  above  tlie  collar, 
and  another  strap  unites  them  below  tlie  collar. 
The  lower  is  the  one  which  is  unfastened  to  remove 
the  gears. 

Ham-knife.  In  some  restaurants,  a  peculiar 
long,  round-ended  carving-knife  for  shaving  ott'  very 
thin  slii'es  of  ham  or  beef. 

Ham'mer.  1.  A  tool  for  driving  nails,  beating 
metals,  and  the  like. 

We  can  hardly  a<lrait  the  statement  of  Pliny  that 
the  hammer  was  invented  by  Cinyra,  the  discoverer 
of  copjier-miues  in  the  island  of  Cypnis.  Tools  of 
metal,  of  which  the  hammer  was  among  the  lirst, 
must  have  been  in  use  for  many  centuries.  TuVial 
Cain,  the  descendant  in  the  sixth  generation  from 
Cain,  was  an  "artificer  in  brass  and  iron"  ;  co]ijier, 
probably,  rather  than  brass.     Brass  and  bronze  are 


Fig.  2364. 
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not  distiiifuished  from  each  other,  by  name,  either  ,  flint-lock  was  the  steel  cover  of  tlie  priming-pan, 

in  Greek  or  Latin.  anil  tl'e  parts  connected  therewith  wliich  received 

The  initial  iorm  was  perhaps  a  stone  fastened  to  a    the  blow  of  the  flint  wliich  was  held  in  the  cock. 

handle,  and  used  as  a  club,   A  B  C  D  E.     Many     ""''    *'       "' '   "■-*'-•'-    *' *-  -■'  *'-  '•'•  ■ 


such  are  found  in  the  relics  of  the  stone  age,  before 
man  liad  learned  tlie  use  of  metal,  the  most  useful 
of  wliich,  iron,  was  about  tlie  last  to  be  discovered, 
of  those  which  are  applied  to  the  common  affairs  of 
life.  Tliis  stone  age  is  so  far  in  the  remote  past  as 
to  antedate  all  historical  accounts  of  manners,  cus- 
toms, and  ap|iliances.  The  use  of  stone,  however, 
in  the  mode  described,  still  exists  among  many  na- 
tions imi)erfectly  provided  with  a  better  substitute. 
In  the  Bible  we  read  of  hammers  for  nails,  forging, 
and  planishing,  and  for  breaking  stone. 

A  B  are  ancient  stone  liarnmeis,  found  in  long- 
neglected  workings  of  the  Lake  Superior  copper  re- 
gion, and  are  identical  with  those  of  other  parts  of 
the  world.  It  is  not  necessary  to  give  them  an  equal 
antiipiity  to  the  "celts,"  stone  axes  and  hammers  of 
the  stone  age  of  Europe,  as  many  of  the  implements 
yet  in  use  among  the  more  barbarous  North  American 
Indians  are  of  the  same  general  character.     See  AxK. 

Modern  hammers  are  of  many  shapes  and  kinds. 
The  parts  are  the  handle  and  Itcad.  The  latter  has 
an  eye,  face,  pecii,  or  chiw. 

F  shows  a  riveting  liammer.  Of  its  parts  a  is  the 
face,  6  the  poll,  c  the  eye,  d  the  peen,  c  the  helve. 

ff  is  a  large  hammer  used  by  machinists.  Be- 
tween F  and  G  is  a  claw,  which  takes  the  place  of 
tlie  pecn  of  the  other  liammer.  /  and  /  are  miners' 
hammers  ;  K  a  miner's  wedge. 

Hammer-making  forms  a  very  important  part  of 
the  industry  of  the  great  manufacturing  center,  Bir- 
mingham, and  its  satellite,  Wolverhampton. 

The  nomenclature  of  the  various  kinds,  which  are 
numerous,  is  generally  derived  from  their  applica- 
tion, though  in  some  instances  from  the  form. 

File-miiker's,  sledge,  rivctiiuj,  lift,  raising,  claw, 
■planishiiig,  gold-beater's,  hacking,  veneering,  may  he 
enumerated  among  the  numerous  varieties,  as  well 
as  tilt  and  steam  hammers. 

Hammers  employed  in  engine  work  are  of  three 
sizes,  the  sledge,  flogging,  and  haml  hammers.  See 
also  Miner's  H.immeu. 

fig.   23135   is  a   combined  hammer  and  wi-ench. 


Fig.  2385. 


Fig.  2366. 


With  the  old  flint-lock,  the  parts  of  the  hammer 

were  the  boi/ij,  face,  back,  seal,  the  heel  or  tail,  and 

Tlie  hammer  of  the  percussion-lock  is  the 

Such  changes  are  not 


tlie  toe. 

striking  part  itself,  —  the  cock. 


Fig.  2367. 


Piano-Movement  Hammer. 

uncommon  in  mechanics.  The  piano-jack  is  another 
instance.     See  Gun-lock. 

4.  {ifusic.)  A  small  padded  mallet  by  which  the 
string  of  a  piano  is  struck. 

See  also  under  the  following  heads  :  — 


About-sledge. 

Atmospheric-hammer. 

Ball-peen  hammer. 

Barking-mallet. 

Bat. 

Beetle. 

Bench-hammer. 

Bolt-hammer. 

Bott-hammer. 

Bricklayer's  hammer. 

Bucking-iron. 

Bush-hammer. 

Celt. 

Chasing-hammer. 

Chop-hammer. 

Claw-hammer. 


Holding-up  hammer. 

Knappiiig-hammer. 

Lathing-hammer. 

Lift-hammer. 

Machinist's  hammer. 

Mallet. 

Marcus. 

Marteline-hammer. 

Maul. 

Meat-hammer. 

Mill-pick. 

Millstone-hammer. 

Miner's  hammer. 

Monkey. 

Nail-hammer. 

Oliver. 


Clock-movement  hammer.  Peen. 


Hammer-Wrench.  Hack-Hammer. 

Fig.  'I'idi  is  a  tack-hammer  with  claw  handle  and  a 
sharp  peen  which  forms  a  screw-driver. 

The  Japanese  hammers  are  solid  cylindrical  pieces, 
not  made  shapely  with  waists  and  graceful  outlines 
like  ours.  They  have  the  same  flat-sided  handles  as 
the  saws. 

2.  The  striker  of  a  clock. 

3.  {Fire-arms.)    Formerly,  the  hammer  of  the 


Closing-hammer. 

Commencing-hammer. 

Cooper's  hammer. 

Creasing-hammer. 

Dead-stroke  hammer. 

Dental-hammer. 

Drop-hammer. 

Enlarging-hammer. 

Fid-hammer. 

Finishing-hammer. 

Flat-hammer. 

Flatter-hammer. 

Flogging-hammer. 

Fine-hammer. 

Foot-hammer. 

Fore-hammer. 

Forge-hammer. 

Forging-apparatus. 

Friction-hammer. 

Furrowing-hammer. 

Gavel. 

Gold-beater's  hammer. 

Gun-lock  hammer. 

Gunpowder-hammer. 

Hock. 

Hammer-axe. 

Hand-hammer. 

Hatchet. 

Helve. 


Percussor. 

Piano-movement  hammer 

Pick-hammer. 

Pig-iron  breaker. 

Flanishing-hammer. 

Pncumatic-lianimer. 

Polishing-hammer. 

Power-liammer. 

Ragging-hammer. 

Raising-liammer. 

Ram. 

Rammer. 

Ramrod. 

Revolving-hammer. 

Riveting-hammer. 

Scabbliiig-hammer. 

Set-hammer. 

Set-up  hammer. 

Shingling-hammer. 

Shoe-hammer. 

Sledge-hammer. 

Spalling-liammer. 

Spreading-hammer. 

Stamp-liead. 

Ste.am -hammer. 

Stone-breaker's  hammer. 

Stone-hammer. 

Striker. 

Swaging-machine. 


HAJDIER-AXE. 
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Yeneering-hainmcr. 
■\Vl-ench-  hammer. 


Fig.  2363. 


Tack-hammer. 

Tilt-hammer. 

Trip-hammer. 

Ham'nier-axe.  A  double  tool  having  a  hammer 
at  one  siiU-  'if  the  handle  and  an  a.ve  at  the  other. 

Hammer-beam.      (Carpentrij.)     A   timber   tie 
connecting  the  two  niftei-s  of  a  pair  at  a  point  be- 
tween the  apex  and  footings.      A  collar-beam. 
Ham'mer-beam  Roof.     {Carjientri/.)     A  roof, 
the  feet  of  the  principal  rafters 
of  which  are  not  connected  by 
a  tie-beam,  but  usually  rest  in 
corbels. 

Half-rafter.s,  carrying  a  vault- 
ed suf)erstructure,  usually  par- 
tially span  the  severy. 

Ham'mer-cap.    A  cover  for 
the  cock  of  a  gun. 
Ham'mer-^atch'er.    (Mu- 
Hqmmer-Beam  Roof,  sic.)    A  padded  shoulder  which 
catches  the  hammer  on  its  re- 
turn.    See  Piano-movement. 

Ham'mer-cloth.  (Carriage.)  The  cloth  which 
covers  a  coaclr-box  ;  so  called  from  the  old  practice 
of  carrying  a  hammer,  nails,  etc.,  in  the  box  of  the 
seat  ;  or  from  houiper. 

Ham'mer-hard'en-ing.  Beating  metal  with  a 
hammer  while  cold,  to  close  the  pores  and  condense 
the  te.xture. 

Ham'mer-helve.  The  shank  of  a  forge  or  trip- 
hammer. On  the  hclrc  is  fastened  the  hurst  or  ring, 
which  has  projecting  trunnions  forming  the  axi^ 

Ham'mer-joint.  The  joint  of  the  pan  in  the 
flint-loek. 

Ham'mer-mark.  A  forge-mark.  A  mark  of  the 
hammer  left  from  forging. 

Ham'mer-nail.  The  pin  securing  the  cock  to 
the  plate  of  the  gun-lock.     A  lock-nail. 

Ham'mer-spring.  The  spring  of  the  hammer 
in  a  guu-loi-k.  Its  parts  are  t\iu  p/ai/-siclc,  slud-sidc, 
the  turn,  tlie/o«v/-,  the  stud,  the  eye  ;  through  the 
latter  passes  the  rod  of  the  spring-pin. 

Ham'mer-tail  Spring.  (Horology.)  A  long 
and  still'  s]iring  in  a  clock  which  gives  the  effective 
impulse  to  the  striking  hammer,  when  the  latter  is 
retracted  for  a  blow  and  then  released. 

Ham'mock.  (Xautical.)  From  liai7tac ;  the 
suspended  bed  of  the  Bahama-Islanders  when  dis- 
covered by  Columbus. 

A  swinging  sea-bed,  common  in  South  American 
countries  and  elsewhere,  and  made  of  manilla,  sea- 

Kg.  2369. 


Their  respective  meanings  are,  to  carry  below  and 
sling  ;  to  unsling  and  stow  away  ;  to  brail  up  to 
allow  a  clear  pass^ige  between  decks, 

Ham'mock-net-tings.  (Xautical.)  A  row  of 
forked,  upright,  iron  stanchions,  supporting  ^  net- 
tiug  or  wooden  trough,  in  which  the  seamen  stow 
their  hammocks  during  the  day. 

Ham'per.  1.  A  large  wicker-work  covered  bas- 
ket, used  for  packing  up  liquors,  etc.,  for  carnage. 

2.  A  fetter. 

3.  (Xautical.)  Equipment  and  gear  about  the 
decks  of  a  vessel. 

Ha'mu-lus.  (Surgical.)  An  instrument  for  ex- 
tracting the  fetus. 

Hauce.  (Architecture.)  The  two  lower  portions 
of  a  four-centered  arch  ;  the  part  between  the  luiuch 
(haunch)  and  the  springing.     Uanch. 

Haind.  1.  (Horology.)  The  pointer  or  index- 
finger  of  a  watch,  clock;  or  counter :  hour,  minute, 
seconds,  as  the  case  may  be  ;  or  known  by  the  dial 


Fig.  2370. 


gi'ass,  and  other  fiber,  often  ornamented  and  of 
delicate  material.  "The  undisputed  invention  of 
Alcibiades"  (Admiral  Smvth).  It  is  a  piece  of 
canvas,  6  by  4  feet,  the  end  gathered  by  knittlcs 
and  a  grommet,  forming  the  h^ad  and  foot  cletcs,  to 
which  is  attached  the  lanyard  by  which  it  is  sus- 
pended from  rings  in  the  deck  beams. 

The  illustration  is  rather  a  swinging  cot. 

The  orders  on  board  ship  are,  "Down  all  ham- 
mocks ! "  "  Up  all  hammocks  !  "  "Lash  hammocks  ! " 


Artificial  Haivis. 
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to  wliioli  it  belongs,  as  in  tlie  respective  dials  of  the 
gas-tneter  or  other  dial-register. 

2.  (Mctw'jt:. )     Four  inches  ;  hoi'se  measure. 

3.  Tlie  small  of  a  gun-stock. 

4.  ^  handle  or  helve. 

Hand-an'vil.  (Locksmithing.)  A  small  movable 
anvil  used  by  lucksmitlis.  It  may  be  sujiiiorted  by 
the  work-beni-h  or  held  in  one  hand.      A  stake. 

Hand,  Ar'ti-fi'cial.  A  prosthetic  member  to  be 
attached  to  the  stump  of  the  forearm,  and  having 
fingers  anil  a  tluunb  with  some  capacity  for  grasp- 
ing. The  terminal  portion  of  the  artificial  arm. 
See  Akm,  Autifici.\l,  where  the  subject  is  con- 
sidered at  some  length.  Of  mere  hands  and  wrists 
a  few  examples  may  be  given. 

.<4  is  a  luind  in  which  the  steel  ligatures  of  the 
fingers  are  applied  to  a  transverse  rod  wliich  is  con- 
nected to  a  toothed  sliding  bar  ;  the  position  of  the 
bar  is  regulated  by  two  sliding  pawls  which  can  be 
operated  by  the  other  hand,  and  thus  the  fingers 
can  be  retained  in  any  position. 

B  is  for  an  amputation  of  the  forearm,  and  has 
cords  which  pass  from  points  of  attachment  on  the 
arm  so  as  to  fle.K  or  extend  the  metacarpus  and 
phalanges  by  the  flexor  and  extensor  movements  of 
the  stump. 

C  C  are  two  views  of  the  Selpho  arm,  in  which 
the  spiral  spring  ('  draws  the  fingers  /  constantly 
towards  the  tluunb  rf,  and  retains  any  article  placed 
within  tile  hand  and  between  the  thumb  and  the 
fingers.  The  artificial  hand  may  be  opened  by  a 
motion  of  the  opposite  shoulder  drawing  on  the 
shoulder  strap  »i  and  cord  k,  or  by  extending  the 
artificial  hand  and  arm.  (j  is  a  metallic  cross-pipe 
on  which  the  fingers  are  constructed. 

D  D  /)"  are  views  of  a  hand  which  is  detachable 
at  the  wrist.  The  cla.sps  issuing  from  the  artificial 
stump  have  sliding  motion  to  clamp  any  article  placed 
between  their  claws.  These  clasps  enter  slots  in  the 
wri.st-plate  of  the  hand.  The  thumb  is  adjustable 
in  two  positions  by  means  of  a  spring  and  catch,  the 
latter  being  freed  by  a  trigger. 

The  spring  thumb  has  a  latch  for  holding  it  open 
when  desired,  and  means  for  releasing  the  thumb 
from  the  latch  when  reiiuired. 

In  E,  the  detachable  hand  is  so  fitted  to  the  fore- 
arm as  to  admit  <if  a  natural  degree  of  rotary  motion 
at  the  wrist,  and  that  the  hand  may  be  detached  by 
simply  unlatching  ami  withdrawing  it  from  the 
socket  without  the  trouble  and  delay  usually  neces- 
sary in  disuniting  the  mechanism  employed  in  mov- 
ing the  fingers.  In  place  of  the  hand  a  grasping 
claw,  having  a  swiveling  socket,  may  be  attached  to 
the  ami  at  will. 

Haud-axe.  A  light  axe  which  may  be  used  in 
one  liand  in  the  manner  of  a  hatchet. 

Hand-bar'rowr.  A  device  which  has  a  pair  of 
handles  at  eacli  I'nd,  ami  is  adapted  to  be  carried  by 
two  men.     A  luiml-bcarer.  Utter,  bier,  or  stretcher. 


Fig.  2371. 


nmi — ^ 


Mand-Barrows. 

The  difference  is  in  the  fitting  up.  The  hand-bar- 
row is  intended  for  a  load  of  packages,  goods,  or 
■materials,  ami  the  illustrations  explain  its  structure. 
Hand-bell.  A  small  bell  with  a  handle,  used 
for   various   purposes.     They  are  sometimes  silver- 


Hand-Bell. 


Fig.  2373. 


Handcuff. 


plated  or  gilt,  or  even  of  solid  silver.        Fig.  2372. 
The  illustration  shows  an  rt?/rt/*-bell 
for  church  service. 

Hand-bia    A    bill -hook.     A 
chopping  tool.      See  BlLL-HOOK. 

Hand-board.  One  used  in  roll- 
ing port-fire  ca.ses  and  sindlar  work. 
Hand  -  bor'er.  (  Well  ■  boring. ) 
A  pilishiinj-hurfr  or  short  borer  used 
at  tlie  commencement  of  a  well  or 
shaft. 

Hand-brace.  A  tool  for  bor- 
ing, consisting  of  a  cranked  spin- 
dle, at  one  end  of  which  a  broad  * 
head  or  breast-plate  is  attached  by  a 
swivel  ;  at  the  other  end  a  socket, 
into  which  a  drill  can  be  fixed.     See  P>i;.\CE. 

Hand-car.  A  car  for  laborers  or  track-repairers, 
and  adapted  to  travel  on  a  railway,  being  propelled 
by  liand-cranks. 

Hand-cart.     A    two-wheel    vehicle,    its    body 
balanced   on    its   axle, 
adapted  to  carry  loads 
of  jiarcels  or  goods,  and 
pro]i(dledbyhand.    The 
varieties  are  somewhat  ^^-^ 
numerous,  but  preserve  i   ^^ 
the     general     features 
stated." 

Hand'cuff.  Usually 
in  the  jilural,  hand- 
cujfs.  A  chain  and 
locking-rings  ;  a  strap 
or  other  manacle  for  the 
hands.  That  in  the 
examjde  may  be  closed 
last  by  slipping  the  parts  togethei',  but  the  spring- 
bolt  can  only  be  disengaged  by  a  key. 

Hand-cul'ti-va'tor.  (Agriculture.)  One  on  a 
sniidl  scale,  adapted  to  be  drawn  or  propelled  by 
manual  jiower. 

Hand-drill.  A  drilling-tool  for  metal,  operated 
by  hand,  in  contradistinction  to  a  drilling-machine. 

The  cut  shows  a  drill  mounted  on  a  bench  by 
means  of  a  clamping  vise.  J  B  represent  two  posi- 
tions of  tlie  diill,  one  arranged  for  oblicjne  presen- 
tation and  the  other  for  verticah 

C  is  a  drill  in  which  pressure  is  applied  by  the 
foot,  and  motion  by  the  hand.  D  is  a  common 
hand-drill,  with  a  cast  frame.  E  F  are  side  and 
front  elevations  of  Nasmyth's  drill. 

There  are  many  other  forms  of  hand-drills,  such 
as  ratchet,  bow,  dental,  Persian  drills,  etc.  See 
list  under  Dun.i.. 

Hand  Feed-pump.  (A'aulical.)  A  deck  feed- 
pump. 

Hand-file.  A  somewhat  generic  term,  including 
most  forms  of  files.     See  File. 

Hand-gear.  {Stcam-cnyinc.)  The  handles  of 
the  working  gear.  The  parts  by  which  the  driver 
controls  the  action  of  the  engine  ;  three  sets  of  lev- 
ers and  rods  connected  to  the  slide-valve,  eccentric- 
rods,  regulator-valves,  and  feed-pipe  cocks,  whereby 
he  can  put  on  or  shut  off  steam  to  the  cylinders, 
water  to  the  boiler,  orplacethe  slide-valves  in  a/or- 
H'lO'f/  or  harkirard  position  at  his  pleasure. 

Hand-glass.  1.  A  bell  glass  or  ghized  frame, 
for  the  ]irotectian  of  plants. 

2.   A  half-minute  glass,  used  as  a  measurer  of  time 
in  running  out  the  log-line.     See  Loo. 
{      3.   .\  small  nnrror  with  a  handle. 

Hand-grap'nel.     (Xaittical.)     A  small  anchor. 

Hand-gre-nade'.  An  explosive  projectile  of 
I  small   weight  ;    a  shell  adapted  to    be   thrown  by 
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hand,  and  used  of  eom-se  at  near  quarters.  It  is 
principally  used  in  repelling  an  attack,  being  thrown 
over  the  parapet  at  the  assaulting  party.  Also  board- 
ing-parties at  sea.     See  Grenade. 

Hand-ham'taer.  The  machinist's  working  ham- 
mer used  in  engine  and  boiler  work,  in  contra- 
distinction to  the  two-handed  Jioggiivj  hammer  and 
the  sh(hie. 

Hand-hole.  {Steam-boiler.)  A  .small  hole  at 
or  near  the  bottom  of  a  boiler,  for  the  insertion  of 

Fig.  2375. 


Hand  Hole  and  Plate. 

the  hand  in  cleaning,  -etc.  It  is  closed  by  a  hand- 
hvlc  plate,  and  is  smaller  than  a  manhole. 

Hand-hook.  1.  (Forging.)  A  bent  instrument 
used  by  smiths  in  twisting  square  iron. 

2.   .\  hook  for  handling  shells.     A  shell-hook. 

Hand-jack.  A  jack  worked  by  hand  or  by  a 
lever,  pinion  and  rack,  screw,  etc.  See  list  under 
Jack. 

Hand-lathe.  1.  A  small  lathe  mounteil  on  a 
bench  or  table  and  turned  by  a  hand-crank  or  by  a 
bow.     It  is  usually  portable,  and  may  be  secured 
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by  a  clamp  to  the  bench.  F'g-  2376 

It  is  u.fed  by  watch  and 
clock  niaker.s,  dentists,  and 
other  workers  in  small  ma- 
chinery. 

2.  A  bar-lathe ;  one  whose 
puppets  slide  on  a  prismatic 
bar. 

Han'dle.     A  portion  of^ 
or  added  to  a  tool,  by  which 
itis grasped.  Thehand-hold. 

The  Iteh-c  of  a  hammer  or  axe. 

The  hoft  of  a  knife. 

The  hilt  of  a  sword. 

The  stale,  staff,  or  stilt  of  a  plough. 

The  stale  of  a  rake.  Qy.  from  hale,  to  pull  or 
draw. 

The  stocl-  of  a  drill,  bit,  or  gun. 

The  bail  of  a  kettle. 

The  rounee  of  a  printing-press,  by  which  the  form 
is  run  in  and  out,  under  and  away  from  the  platen. 

The  shaft  of  a  boat-hook,  spear,  lance,  or  harpoon. 

The  hand-h'vcr  of  a  steam-engine,  by  wliich  it  is 
stai-ted,  reversed,  etc. 

The  hwb  of  a  door,  or  lock. 

The  brake  or  lever  of  a  pump. 

The  crank  of  a  winch  or  crab. 

Tlie  nib  of  a  scj'the. 

T\\e pommel  of  a  saddle. 

The  trigger  of  a  gun-lock. 

The  helm  or  tiller  of  a  rudder. 

The  dolphin  of  a  gun.  In  bronze  guns  of  the  old 
construction  handles  were  usually  cast  over  the  cen- 
ter of  giavity  of  the  piece,  for  convenience  of  hand- 
ling and  slinging.  These  were  formerly  made  in  the 
shape  of  a  fish,  and  hence  were  called  doljihins. 

Handles  for  case  or  pocket  knives  are  made  of  va- 
rious materials  :  elephant  and  walrus  ivory  ;  stag, 
buffalo,  and  cow  horn  ;  tortoisc-slicll,  bone,  mother- 
of-pearl  ;  cocoa,  snake,  rosewood,  etc. 

With  case  knives  or  tn.blc  knives  the  tang  of  the 
blade  is  secured  in  the  haft  by  means  of  cement, 
transverse  rivet,  end  nut  on  the  through  tang,  spring 
catch,  or  other  device.  Balance  handles  are  made 
by  introducing  lead  into  the  handle  to  counterbal- 
ance the  weight  of  the  blade. 

\Vithy)ocfe<  knives  the  sides  of  ivory,  horn,  bone, 
wood,  etc.,  aj'u  secured  by  rivets  to  the  scales,  as  the 
side-plates  of  iron  or  brass  are  called. 

Machines  for  making  handles  are  of  the  nature  of 
lathes,  planers,  etc.,  according  to  the  material  and 
the  shape  required.  By  such  means  are  manufac- 
tured in  quantity  handles  for  brooms,  scythes,  shov- 
els, chisels,  whips,  plows,  etc. 

Hand-lead.  {Xautieal.)  A  small  lead  for 
sounding  ;  the  term  is  used  in  contradistinction  to 
deep-sea  lead. 

The  hand-lead  weighs  from  7  to  11  pounds,  and  is 
used  with  20  fathoms  of  line.     See  Soundinu. 

Hand'ler.  (Tanning.)  A  pit  containing  a  weak 
ooze  for  the  early  portion  of  the  tanning  process. 

Pits  containing  a  .stronger  solution,  and  used  to- 
wards the  conclusion  of  the  process,  are  called  bloom- 
ers. 

Hand-Iet'ter.  (Bookbinding.)  A  finisher's 
hand-tii.il  whose  face  is  a  single  letter. 

Hand 'ling.  (Leather-manufacture.)  An  occa- 
sional removal  of  hides  from  the  vat,  allowing  them 
to  drain,  and  then  replacing  them.  The  object  is  to 
ecjualize  the  action  of  the  lime  in  the  process  of  uii- 
hoirin;/  :  uf  the  ooze  in  tanning,  etc. 

Hand-loom.  A  form  of  loom  in  which  the  mo- 
tions are  derived  from  hand  power,  either  by  a  crank 
or  by  pusliing  the  lathe  or  batten.     In  the  example, 
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the  driving  sliaft,  at  tlie  front  end  of  the  machine, 
is  provided  at  its  middle  witli  a  crank,  so  as  to  en- 
able the  weaver  to  use  both  hands  when  required. 


Fig.  2377. 
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and  also  to  reach  any  broken  thread  in  the  warp.  A 
feed  pawl  attaclied  to  a  fly-wheel  on  the  driving 
shaft  operates  a  ratchet-wlieel  on  a  rearward  shaft, 
provided  with  tappets  which  depress  in  succession 
the  treadles.  The  picker  staff  projects  from  a  shaft 
journaled  vertically  to  the  batten,  and  on  this  shaft 
is  a  strap,  the  ends  of  which  are  divided  and  secured 
to  the  alternate  treadles.  Thus  the  harness,  let-off, 
take-up,  and  shuttle  motions  are  all  derived  from 
the  crank  which  is  by  the  breast  of  the  weaver. 
Fig.  '237S  is  au  example  of  the  other  kind,  in 

Fis.  2378. 


Hand-mag'ui-fier.    A  lens,  usually  of  doubly 
cunvi-.\    form,    mounted   and 
provided     with      a     handle.  Fig.  2379. 

Tliey  are  of  various  shapes 
and  sizes  ;  some,  the  smaller 
ones  especially,  being  round 
or  oval,  and  adapted  to  be 
foldeil  within  a  case  of  similar 
shape,  which  constitutes  the 
handles,  so  as  to  lie  carried 
in  the  pocket.  Larger  ones 
are  fre()Uently  rectangular, 
and  are  used  as  n-aders,  The 
lens  may  be  of  menis- 
cus or  concavo-con- 
ve.x  form,  to  adapt 
it  to  the  sight  of  the 
user,  having  a  large  Hantl-Mngiiifitr. 
field  of  view,  for  con- 
venience in  reading  print  or  viewing  ob- 
jects which  do  not  require  a  large  magni- 
fying i"jwer. 

Hand-milL  The  original  mode  of  mak- 
ing meal  was  by  bruising  the  grain.  This 
plan  was  earlier  than  any  form  of  grinding 
by  a  ndll.  In  the  time  of  Pliny  one  vari- 
ety of  bread  was  made  from  pounded  grain, 
and  was  highly  esteemed.  (See  Bke.\p. ) 
The  references  to  mills  in  the  Bible  all  eon- 
c^n  the  hand-mill,  which  was  universal  throughout 
the  Orient,  the  references  to  it  in  ol<l  writings,  the 
illustrations  of  old  njonumenjs,  and  the  remains  of 
the  machine  itself,  being  veiy  nunjerous  and  widely 
scattered.  A  (Fig.  2380)  represents  two  mills  of  Pom- 
peii. A  golden  hand- 
mill  was  one  of  the  Fig  2380. 
most  honorable  pres- 
ents from  a  Persian 
king  to  a  subject. 

The  Romans  found 
the  British  in  posses- 
sion of  the  quern. 
The  North  American 
Indians  adhered  to  , 
the  mortar,   and  the 
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which  the  motions  are  all  derive<l  from  the  batten 
e,  in  which  is  the  shuttle-race.  The  harness  levers 
D  are  actuated  by  means  of  a  hooked  arm  H  eufan-- 
ing  cams  G  (?  on  a  shaft  F.  The  uj.right  rods"/!-!- 
carrying  the  liarness  are  interchangeable  on  the 
treadles,  in  order  to  varv  the  twill  or  style  of  the 
cloth.      8ee  LnoM,  p.  1354. 

Hand-made.  (Paper.)  Said  of  paper  made  with 
a  wire-cloth  and  deckel,  bv  slipping  out  a  quantity 
of  pulp,  allowing  a  partial  drainage,  and  then  trans- 
fernng  the  mat  to  the  felts. 
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hollowed  stones  yet  mark  the  sites  of  their  villages 
in  those  parts  where  coin  was  cultivateil.  Tlie  Mexi- 
cans use  a  spiudle-shaped  rub-stone  in  a  hollow  bed- 
stone. 

The  almost  universal  form  of  hanil-mill  was  two 
circular  stones,  the  lower  w:is  the  bed-stone  and 
stationary,  and  had  a  central  pivot  for  the  upper  one, 
which  had  an  eye.  The  upper  stone  was  turned  by 
means  of  a  vertical  handle.     See  Gkindi.ng-Mill. 

The  mill  adopted  by  Napoleon,  and  used  by  Idin  in 
his  invasion  of  Russia  iu  181 2,  consisted  of  two  circular 
cast-iron  plates,  about  12  inches  in  diameter,  placed 
in  a  vertical  position.  One  was  fixed,  the  other  ro- 
tated by  a  hand-crank.  The  plates  were  indented 
all  over  with  radiating  grooves,  and  the  corn  was 
conducted  to  the  center,  or  eye,  by  a  lateral  hop- 
per. The  meal,  as  it  wa,s  ground,  was  projected 
from  the  periphery  by  the  centrifugal  force  of  the 
revolving  plate. 

Hehert's  hand-mill  (English)  is  adapted  to  grind 
and  dress  ;  an  annular  surface  of  fine  wire  gauze  sur- 
rounding the  bed-stone  receives  the  meal  as  it  issues 
from  beneath  the  stone.  Brushes  on  the  skirt  of 
the  runner  p;vss  continually  over  the  wire  gauze  and 
drive  the  Hour  through  tlie  interstices,  while  the 
offal  is  swept  to  an  opening  and  carried  by  a  chnte 
to  a  separating  sieve,  whicli  sorts  it  into  grades. 

The  mill  B  has  a  conical  grinder,  and  the  meal 
falls  into  a  rotating  sieve  which  sorts  it  into  flour, 
shorts,  and  bran.  The  fly-wheel  is  shown  partly 
bixjken  away  to  expose  tlie  parts  more  fully.  See 
Grindinc-Mill  ;  Coffee-mill. 

Fig.  23S1   is   a    hand-mill   in   which   a   conoidal 

metallic      buhr 
Fig.  2381  works  on   a  ver- 

tical axis  in  a 
conical  serrated 
shell. 

Hand-mold. 
The  mold  in  which 
hand-made  type 
is  cast.  It  has  a 
lip  to  receive  the 
metal  which  runs 
into  the  mold 
containing  the 
matri.x.  The  mold 
is  then  opened 
and  the  type  drops 
out. 

Hand-or'gan. 
An  organ  ar- 
ranged to  play 
automatically 
from  a  rotatory 
motion  ;  its  parts 
consisting  ot  the 
Metallic  Buhr-Mia.  pipes,       arranged 

vertically  in  the 
front,  the  barrel,  placed  at  the  top  and  back,  the 
keys,  vertical  between  the  two,  the  bellows  under 
the  barrel,  and  the  (jrinding  and  shifting  gear  at 
the  side.  The  barrel  extends  the  lengtli  of  the 
hand-org.m,  and  is  about  four  or  five  inches  in 
diameter.  This  ha.s  little  bra.ss  staples  of  a  length 
corresponding  to  tliat  of  the  note,  and  which,  wlien 
the  barrel  revolves,  open  the  pipe  valves.  Tliey 
project  about  an  eighth  of  an  inch  above  the  cylin- 
der, and  for  each  tune  are  allowed  one  sixteentli  of 
an  inch  along  the  length  of  the  barrel  to  every  key, 
the  latter  being  placed  at  a  distance  apart  corre- 
sponding to  the  number  of  tunes.  One  revolution 
invariably  plays  the  whole  tune,  and  longer  tunes 
have  to  be  cut  down  to  this,  except  for  regular 
67 


operatic  organs,,  where  an  automatic  shifting  ap- 
paratus is  used.  Otherwise  the  barrel  Is  shitted  by 
gear  at  the  side  under  control  of  tlie  grinder,  which 
makes  a  difl'erence  of  one  sixteenth  one  way  or  the 
otlier  along  the  barrel.  The  pipes  are  ujach'  from 
liard  wood,  as  boxwood,  or  from  reeds.  The  blast 
for  them  is  furnislied  by  the  bellows,  wliicli  is 
worked  by  gear  from  the  crank,  like  the  barrel. 
The  keys  resemble  tho.se  ordinarily  used  in  musical 
instruments.  The  most  im]iortant  part  of  the  man- 
ufacture consists  in  an'auging  the  position  of  the 
points  or  staples  of  the  barrel.  An  ordinary  piece 
of  sheet  music  is  before  the  workman,  and  the  barrel 
of  a  hand-organ  is  mounted  below  it  so  as  to  revolve 
with  a  large  wheel  at  his  left  hand.  This  wheel  is 
divided  up  into  parts  which  correspond  to  the  bare 
in  music.  Aliove  the  barrel  are  a  set  of  keys,  with 
little  teeth  that  indent  the  ]paper  wound  around  the 
barrel.  He  sits  down  before  the  instrument,  re- 
volves the  wheel  one  bar,  and  strikes  with  a  hammer 
the  proper  keys,  then  revolves  again,  and  so  on. 
The  iniientations  mark  the  places  for  the  brass 
points  and  staples,  which  another  man  inserts. 

Hand-peg'ger.  A  portable  pegging-machine, 
operated  by  hand  and  fed  around  the  .shoe,  the  op- 
erator holding  the  machine  in  a  vertical  position  and 
turning  a  crank  which  sets  all  its  working  paits  in 
motion. 

The  illustration  shows  a  machine  which  is  held 
upon  the  sole  of  the  boot  or  shoe  by  one  hand  of  the 
operator,  who  turns  the  crank  with  the  other.  The 
awl  is  first  driven  through  the  .sole,  and  as  it  rises 
the  machine  feeds  itself  along  the  distance  between 
the  pegs,  which  brings  the  peg  end  of  the  strip  over 
the  hole  just  punched  ;  the  peg  is  then  cut  oH'  and 
driven  down  by  the  plunger  which  holds  it,  and  the 
end  trimmed  ofl'  by  the  machine. 

Hand-plant'er.   A  corn- 
Fig.  S82.  planter  cai  ricil  in  the  hands, 
f^  fH  or  b}"  one  hand,  and  thrust 
into  the  ground  like  a  stick. 


Fig.  2383. 


Hand-Pegger. 


Hand-Ptanter. 


The  thrust  and  lift  usually  work  the  seed-slide,  but 
in  some  two-handed  planters,  as  in  the  example,  the 
thrusting  together  of  the  portions  opens  the  plates 
/  /  and  allows  the  seed  to  drop  into  the  ground. 
Pulling  the  handles  apart  works  the  slide  F,  and 
draws  seed  from  the  box  ready  for  the  next  hill.    See 

C01iN--PL.\XTER. 

Hand-pump.      1.     (Steam  -  cngiiu;.)      A    pump 
placed  alongside  the  fire-box  of  a  locomotive  and 
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worked  by  a  hand-levi'r,  to  feed  the  boiler  when  the 
engine  has  to  stand  with  steam  up.  The  (Jitiard  in- 
jector obviates  the  iieeessity  for  a  liand-punip,  as  it 
is  always  operative  when  steam  is  up.  Hand-pumps 
are  also  arranged  for  other  engines.  Small  au.xiliary 
boiler-feeding  engines  are  used  for  the  Western 
rivers. 

2.  An  ordinary  small  pump  for  domestic  and 
other  uses  ;  as  distinguished  from  a  power  pump. 
See  list  unih'r  I'UMP. 

Hand-punch.  A  puneli  for  perforating  tickets, 
leather,  or  paper,  for  ^he  insertion  of  eyelets  or  i'or 


Fig.  2386. 


Fig.  2384, 
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other  purposes.  It  has  a  cutting  tube  and  an  anvil, 
or  a  punch  and  hollow  die.  The  conductor's  punch 
is  a  laniiliar  instance. 

Hand-rail.  1.  The  horizontal  rail  of  a, balcony, 
a  baluster,  on  a  stairs,  or  along  the  sides  of  a  loco- 
motive engine,  to  protect  the  engineer  in  going  for- 
ward and  back  on  the  engine. 

1.  Also  on  the  companion  and  quarter-deck  lad- 
ders, on  the  lireak  of  the  poop,  quarter-deck,  or 
forecastle,  pcniiancnt  gangway  ladders,  etc. 

Hand-rail  Plane.  A  round-soled  plani^ 
dressing  the  u|ipcr  surface  of  a  baluster  rail. 
capping  iilane. 

Hand-saw.  A  saw  riveted  at  one  end  to 
banillc,  and  ada]ited  to  be  driven  by  one  hand. 

There  are  several  grades  and  some  variations. 


Fig.  2385. 


for 
A 

the 


Hand  Sewing-Machine. 

Hand-shears.    (Metal-working.)    a.  A  machine 
for  cutting  metallic   plates,  having  a  reciprocating 


Fig.  2387 


Names. 

Length 

in 
Inches. 

Breadth  in  Inches. 

Thick- 
ness 
in 
Inch's. 

Teeth  to  1 

the 
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Kip  saw 
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Fine  panel-saw 
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Hand-Shears. 


knife,  cutting  shearwise,  and  moved  by  a  hand-lever. 
The  illustration  shows  side  and  end  elevations. 

b.  Snips.  Shears  used  hy  hand  in  cutting  .shei^t- 
metal. 

Hand-shut'tle.  (IVraving.)  The  common  shut- 
tle as  di.stingiiislicd  from  t\v  j!i/-ihu//lc. 

Hand'spike.  A  loose  bar  forming  a  lever  for 
lilting  or  shifting  an  object. 

In  the  United  States  ordnance  department,  hand- 
s)iikes  arc  commonly  made  of  three  sizes,  viz. : 
trail  hands]iikes  for  field  service,  maneuvering  liaiid- 
sjiikes  for  siege  and  garrison  purposes,  and  hand- 
sj>ik<!s  for  mechanical  maneuvers.  The  two  former 
are  66,  and  the  latter  84  inches  in  length.  Shod 
handspikes  —  that  i.s,  handspikes  having  an  iron 
)ilate  under  their  lower  end  — and  roller  handspikes 
are  also  em]>loyed  for  certain  jmrposes.     A  heaver. 

Ilmdspikes  are  used  in  working  windlasses  ; 
those  for  capstans  are  known  as  bars. 

Haiid'spike-ring.  (Artillery.)  The  thiirdile  on 
the  trail  transom  of  the  gun,  for  the  handspike  by 
which  it  is  maneuvered. 

Hand  Spin'ning-ma-chine'.  A  form  of  s|iin- 
ning-maidiiiic  in  A\liich  a  carding  is  fed  by  haiul  to 
the  spindle,  whi(  h  is  revohed  by  a  cord  from  a 
large  wheel,  driven  by  the  hand  in  the  intervals 
of  piecing  on  new  lengths  of  carding.  The  usual 
form  of  rustic  .spinning-machine  is  familiar,  hut  the 
example  is  inteiidi'd  to  allow  a  jierson  to  sit  and 
spin,  the  spiiuUe  /  being  carried  away  from  the 
(lerson  by  ]iressure  on  the  treadle  instead  of  tlie 
]icr.son  walking  backward  from  the  spindle  to  draw 
out  tlic  carilini;. 

Hand-stamp.  One  for  canceling,  dating,  or 
adilrcs.sing  paper.s,  envelopes,  documents,  etc.  The 
exam)de  lias  a  colored  ribbon,  which  is  drawn  over 
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the  face  of  type  in  the  slaiiip-liead 
G,  which  is  set  to  tlie  day,  mouth, 
and  year.  Two  cavities  are  made 
in  the  stamp-head,  eacli  containing 


Elg.  2il88. 


Hand  Spinnin^-Maciiine. 


a  reel.     One  reel  contains  the  inked   rihhon,  which 

is  led  under  the  head  over  the  type,  and  is  rolled  up 

on  the  other  reel.     This  head  is 

secured  to  its  stem  by  two  screws,       /0*''8-  2390. 

one  catching  in  a  nick  in  one  side    // 

of  the  plate,  and  the  other  in  "     ■* 


Hand-wheel. 

The  teiiu  is  ap- 
plied to  wheels 
which  are  turned 
by  hand  to  ac- 
tuate machineiy, 
to  set  it  in  motion 
or  to  stop  it.  As 
the  wheel  on  the 
brake-shaft  of  a 
railroad  car  ;  on 
the  tail  center  of 
a  lathe  ;  on  the 
stem  oi'  a  throttle- 
valve,  etc.  The 
applications  are 
very  numerous, 
Hand--wheel  \ 
^  Lathe.  A  sniall- 
ben(.-h'    lathe     in 


Fig.  2.392. 


^ 


A'Tc'  I' V  — 


3 


Harul-Wheeh. 


which  the  spindle  in  the  head-stock 
is  turned  by  hand. 
Hang.     {tihipbuUdinrj.)    The  curvature,  concave 

Fig.  2393. 


Hatul-Slamp. 


Hand-  Truck, 


segmental  slot  on  the  opposite  side.  The  head  is 
depressed  by  a  blow  on  the  head  E  of  the  sjiring 
liluni;er. 

Hand-STwipe.  A  water-raising  device.  The 
vKH-siveep  or  well-pole  of  the  West  ;  the  shaduf  of 
Egypt  and  .Syria.     See  Shaduf. 

Hand-truck.  A  small  truck  used  in  mills, 
shoji^,  and  warehouses. 

Hand-vise.      A    small    vise    for    holding    an 
article   while    it    is    being   filed, 
Fig.  2391.  shaped,   bored,   heated,  or  otluT- 

,  wise.  A  common  form  is  a  vise 
with  a  tang,  in  some  eases  iliiven 
into  a  handle.  The  jaws  are  op- 
erated by  a  thumb-screw.  It  is 
also  known  as  a  tail-vise. 

The    fignre    on   the   right  is  a 
hand-vise  or  clamp  whose  jaws  are 
Hand-Vises.         swiveled    to    the    arms    and    are 
opened  ov  closed  by  the  travers- 
ing nut  and    connecting  links  ;   the  cheeks  of  the 
jaws  may  be  presented  outwai-d  or  inwaril. 

When  of  peculiar  forms,  these  implements  have 
names  indicative  of  their  shape  ;  as,  dog-nose,  pig- 
nose  hand-vise,  cross-chap  vise. 


Hangers/or  Shajling. 


on  the  downward  edge,  of  a 
bent  to  the  frames  of  a  ship. 
A  cnive  in  the  reverse  di- 
rection is  called  smj. 

Hang'er.  1.  A  means 
for  supporting  shafting  of 
machinery.  The  illustra- 
tions show  several  kinds. 

a  is  a  ball  and  socket 
hanger  adapted  to  be  at- 
tached to  a  joist  or  beam  of 
the  ceiling  of  a  machine- 
shop. 

i  is  a  hanger  attached  to 
a  post. 

c     is     a     countershaft 


plank  or  strake  when 
Fig.  2394. 


Eavt-Tnni^h  Hanger 
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AxU-Box  Hanger, 


A    buttress 

A  suspendetl 
from  below  : 


2ii95.  hanger  ;  h;is  a  ball 

and  socket  joint, 
and  a  belt-shiCter 
arm. 

2.  A  pedestal  or 
frame  dependent 
Iroiu  the  car  or 
truck  body,  and 
in  which  the  axle- 
box  moves  up  and 
down  as  the  .springs 
contract  and  expand.      (Fig.  2393.) 

3.  A  means  of  suspending  an  object,  as  of  spout- 
ing at  the  eave  of  a  liouse  (Fig.  2394),  a  cage,  a  basket, 
or  what  not.     .\u  overhanging  bracket. 

i.  A  seamiin's  cutlass  ;  a  short  curved  sword. 
5.    [Weiipinti.)  The  lower  part  of  the  hedille,   or 
the  lower  lieddle  of  the  harness  of  a  fancy  loom. 

Hang'ing-bridge.  1.  (Stncm.)  A  hollow,  ver- 
tical partition  ileprnding  from  the  bottom  of  a  Ijoih'r 
and  serving  to  deflect  the  flame.  The  hollow  forms 
a  part  of  t  lie  water-space  of  the  boiler.  The  usual 
water-liriilgc  rises  from  the  furnace  floor  at  the  rear 
of  the  grate  space. 

2.  a.   A  suspension  bridge. 
h.    \  truss-frame  liridge. 
Hang'iug-but'tress.      {Masonry.) 

SUl>|i.irtid  iiM   a   rnlln-1. 

Hang'ing-com'pass.  {Nautical.) 
overlieud  i'om|>a.ss  in  a  cabin,  viewed 
known  as  a  tcU-lah. 

Hang'ing-knee.  {Shipbuilding.)  One  fayed  ver- 
tically to  tlie  side,  under  the  deck-beam  knees,  or 
lodging  knees,  which  are  horizontal. 

A  haiujing  stHndard  knee  is  one  directly  beneath 
the  beam,  and  fayed  to  it  and  to  the  sitje. 

Hang'ing-ma-chine'.  (Bleaching.)  A  machine 
on  whicli  rlntli  is  hung  to  dry.  It  usually  has  ten- 
ter honks  for  stretcliing  the  cloth  by  its  edges.      See 

Hooi-C-Fl:  IMF.. 

Haug'ing-post.  {Carjicntn/.)  That  to  which  a 
door  or  gate  is  hinged.  The  other  is  the  shutting 
post. 

The  hanging  stile  of  a  door  is  that  cue  whose  ver- 
tical edge  has  the  hinges. 

Hemg'ings.  Wall  coverings,  such  as  arras,  tap- 
estrv,  or  paper. 

Hang'ing-side.  i^Mining.)  The  overhanging 
side  of  an  inclined  or  hiding  vein. 

Hang'ing-stile.  (Joinery.)  That  stile  of  a  door 
to  which  tile  hinges  are  attached. 

Hang'ing-tie"     (Arehitceture.)     A  tie   which  is 
suiniorted  liy  strap  and  collar,  dependent  fi-om  the 
rafters  above. 
Hang'mg-tooL      {Iron  -  turning.)     A    crooked 
tool,    which   partially   embraces 
the  rest  so  as  not  to  be  easily 
displaced.      The  cutter  is  formed 
with   hollow   faces   to   facilitate 
grinding.     It  is  used  for  .smooth- 
ing the  surfaces  of  iron  ordnance, 
1  rollers,  and  similar  objects. 

Hang'ing-valve.  A  hinged 
and  gi-avitating  valve  in  a  ro- 
tary iiuinp  or  engine,  which  falls  down  and  forms 
an  abutment,  but  is  lifted  by  the  passing  piston  .so 
as  to  close  an  opening  in  the  annular  chamber  while 
the  piston  is  passing.  A  c^oci- valve.  A/aj5-valve. 
See  li.st  under  V.\LVF,. 

Hank.  1.  (Xautical.)  One  of  the  A^op.?  or  rings 
of  ash  or  iron  to  which  the  weallicr-leerk  of  a  fore- 
and-aft  sail  is  bent,  and  by  which  it  slides  on  the 
mast  or  st.ay,  in  hoisting  by  the  halyards  or  lowering 
by  the  doicnhaul. 


Fig  2396 


Hanging-  Toot. 


Sail-Hank. 


lays  of  120 


Sometimes  the  head  of  a  Kg.  2397. 

spanker  or  try-sail  is  bent 
to  hanks  which  slip  on  the 

?«/■  I 

2.   {Varn.)     a.    Two   or  | 
more  skeins  of  yam,  silk, 
wool,    or   cotton,   tied   to- 
gether. 

A  lumk  of  cotton  yarn  is 
S40  yards  in  length,  and  consists  of 
yards  each. 

It  is  wound  on  a  reel  41  feet  in  circumference,  80 
revolutions  of  which  nuike  a  lay. 

Tlie  lumks  of  cotton  yain  are  rated  by  the  number 
which  it  takes  to  make  a  pound. 

y/ij-a^^/c-spinning  is  seldom  employed  for  yarns 
above  Xos.  40  to  50,  but  with  7Hi(/c-spinning  very 
high  numbers  have  been  reached.  Previous  to  the 
introdui:tion  of  the  mule,  few  sjiinners  could  make 
yain  over  No.  200.  The  natives  of  India,  however, 
in  their  patient  way  and  humid  climate,  made  Nos. 
300  to  400.  Houklsworth,  of  Manchester,  England, 
has  made  No.  700,  which  w.as  woven  in  France.  He 
is  .stated  to  have  reached  No.  10,000,  a  fineness  be- 
yond all  useful  range,  but  interesting  as  illustrating 
the  perfection  and  ca])acity  of  his  machinery. 

b.  A  measure  of  3,000  yards  of  linen  yam. 

Table. 
300  yards  =  1  lea. 
10  leas,  3,000  yards  =  1  hank. 

20  hanks,  60,000  yards  =  1  bundle. 

Han'som.  {Vehicle.)  A  kind  of  cab,  named 
after  the  imentor,  in  which  the  driver's  perch  is  be- 
liiiiil  the  cover  of  the  occupant's  seat,  the  reins 
passing  above  the  hooded  top. 

Har'bor.  1.  {Hydraulic  Engineering.)  A  shel- 
ter for  ships,  where  they  may  moor  or  ride  at  an- 
chor. 

2.  (Gla.is-niaking.)  A  chest,  6  or  7  feet  long,  in 
which  the  ingredients  for  a  charge  are  mi.\ed  and 
held. 

Hard.  1.  {Hydraulic  Engiiicering.)  Aliaidhot- 
tom  of  gravel  laid  across  a  swamp  or  at  a  muddy 
boat-laniling. 

2.   The  ei>arse  part  of  fla.x.     Hurds. 

Hard'eu-ing.  1.  {.Vctal-vorkinc/.)  The  process 
of  giving  an  additional  hardness  to  metallic  articles 
after  leaving  the  hands  of  the  workman  shaper. 

Hammering  and  7'olling  wiU  confer  hardness,  and 
in  the  reduction  and  shaping  of  articles  by  these 
means  it  becomes  necessary  to  alternate  annealing 
with  the  condensing  processes. 

The  hardening  of  steel  is  accomplished  by  heating 
it  to  a  certain  temperature  and  then  suddenly 
quenching  it  in  water  or  oil.  AVhen  the  article  is 
not  required  to  be  at  its  ultimate  hardness  it  is  tem- 
pered by  letting  down  the  temper.  This  is  done  by 
heating  the  article,  observing  the  change  of  color. 
See  Tempf.ring. 

Copper  alloys  for  gongs  are  hardened  by  another 
process,  in  some  respects  the  reverse  of  that  adopted 
for  steel.     See  Ax.ne.^lixg. 

Iron  is  surface  hardened  by  heating  to  a  bright 
red,  sjirinkling  with  prussiate  of  potash,  allowing  to 
cool  to  a  dull  red,  and  cooling  with  water.  Two 
recipes  :  — 

Prussiate  of  potash  ...     3  1 

Sal-ammoniac        ...         1  2 

Bone-dust        ....  2 

Or  heat  pieces  of  horn,  hoof,  bone-dust,  or  shreds 
of  leather,  together  with  the  article  to  be  case-hard- 
ened, iu  an  iron  box,  bring  to  a  blood-red  heat,  then 


HARDENING-FURNACE. 


1061 


HARMONICA. 


Hardenins-M'i 


iniraerse  the  article  in  cold  water.  Some  cut  up  the 
shreds,  etc.,  line,  and  mix  them  with  white  wine, 
rinegar,  and  salt. 

2.  {H(il-inakin{/.)  The  process  of  pres-sing  together 
the  light  layer  of  lilanients  collected  in  the  biisket, 
so  as  to  form  it  into  a  sheet  of  felt  with  sufficient 
cohesion  to  bear  handling.  The  han>U  and  then  a 
sfcUi  are  employed  to  produce  this  etlect,  the  press- 
ure, rubbing,  and  jerking  causing  the  lilanients  to 
interlace  and  become  felted,  the  body  gaining  con- 
sistence and  harilness  at  the  expense  of  its  bulk  and 
area. 

3.  A  process  of  heating  in  the  coui'se  of  porcelain 
making.     See  H.\kdrmng-kiln. 

Haid'en-ing-fur'nace.     {Hat- making.)    A  fur- 
nace with  an  up- 
Fig.  2398.  per  plate  of  iron, 

upon  which  hat- 
bodies,  folded  in 
wet  cloths,  are 
laid  to  be  haid- 
ened  by  heat, 
moisture,  and  the 
pressure  of  trav- 
ersing plates 
above. 

In  the  example, 
the  fabric  with  its 
inclosing  envelope  is  attached  to  the  endless  band, 
and  carried  alternately  through  the  pan  of  hot  licjuid 
and  between  the  star-shaped  rollers,  which  causes 
the  fur  to  work  into  the  felted  body  of  the  hat  and 
firmly  adhere.  The  furnace  has  a  descending  flue 
for  convenience  in  conveying  away  the  smoke.  The 
liipiid  in  the  pan  may  be  a  solution  of  sulphuric  acid 
and  water.  The  star-shaped  rollers  are  moved  by 
suitable  gearing  outside  the  tank. 

Hard'en-ing-kiln.  (Porcelain.)  A  kiln  in  which 
printed  biscuit  is  placed  in  oi-der  to  drive  otl'  the  oil 
of  the  color  previous  to  glazing.  See  Pkess-prist- 
ixo. 

Hard'en-iug-skin.  (Hat-making.)  A  piece  of 
half-tanned  lt';itlifr  laid  above  a  bal  of  felting  hair 
while  the  latter  is  compressed  by  the  hands  of  the 
workman. 

Hcird-fin'ish.  (Plastering.)  Fine  stutt'  applied 
with  a  trowel  to  the  depth  of  about  one  eighth  of  an 
inch. 

Hard  Por'ce-lain.  A  ware  composed  of  a  natu- 
ral clay  roiitaining  silex  {kaolin),  and  a  compound 
of  silica  and  lime,  i.  e.  a  i|uartzose  felspar  {pctuntzc). 
The  glaze  is  also  earthy,  not  metallic. 

Hard  Rub'ber.   India-rubber  mixed  with  a  large 
proportion  of  sulphur,  and  subjected  to  an  extreme 
heat.     Other  mineral  substances,  as  white-lead,  are 
also  generally  added.     See  Caoutchouc  ;  Ebonite. 
In  Mullee's  process,  the  rubber,  after  washing,  is 
rolled  into  sheets  -^^  of 
Kg.  2399.  an  inch  thick,  and  im- 

mediately placed  in  the 
sulphur-bath  vessel  in 
a  horizontal  position. 
r?b  The  sulipjiur  is  kept  at 
a  temperature  of  220'  F. 
until  foam  has  ceased 
to  rise.  At  the  expira- 
tion of  the  first  hotir, 
the  heat  is  raised  to  from 
30  to  40  pounds'  press- 
ure, and  continued  for 
a  second  hour,  after  which  it  may  be  allowed  to  rise 
to  SO  pounds.  The  whole  process  takes  from  5  to  10 
hours.  The  sulphur  used  is  known  as  "))ure  sul- 
phur."    Twenty  or  thirty  minutes  is  sufficient  for 
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one  immersion,  after  which  the  sheets  are  torn  apart, 
rekneuded,  and  rolled  into  sheets.      See  VVLC.A.MTE. 

Hard  Sol'der.  The  solder  used  for  uniting  the 
more  infusible  metals.  Spelter  solder  and  silver 
solder  are  the  two  principal  varieties.  The  former, 
for  copper  and  iron,  is  sometimes  made  in  the  pro- 
portion of  16  parts  copper  to  12  zinc;  more  fre- 
Hueutly  eijual  proportions  of  the  two  metals  are 
employed.  The.se  are  cast  in  a  grated  mold,  forming 
squares  of  about  two  pounds'  weight,  which  are  then 
heated  nearly  to  redness  and  granulated  by  beating 
on  an  anvil  or  in  a  mortar.  The  components  of 
silver  solder  vary  from  4  parts  silver  and  1  copfier 
for  the  hardest,  to  2  silver  and  1  brass  ivire.  Three 
fourths  of  a  part  of  arsenic  is  sometimes  added  to 
render  it  more  fusible  and  impart  whiteness.  See 
Alloy  ;  Bihzixg. 

Hard'^ware.  A  term  including  articles  of  metal 
for  sale,  such  as  house  trimmings  and  furnishings, 
and  mechanic's  tools.  Sometimes  distinguished  as 
builders  hardicarc, domestic  hardware,  and  tools. 

Har'dy.     (Forging.)     A  chisel  or  fuller  haying  a. 
square  shank  for  insertion 
into   a   square   hole  in  an 
anvil  called  a  hardy-hole. 

The  hardy-hole  is  some- 
times occupied  by  a  smaller 
anvil,  fullering-tool,  or 
calking-swage,  as  in  the  il- 
lu.stration,  in  which  in  a 
steel-faced  plate  is  sunk  a 
vertical groovcjand  the  faces 
on  each  side  of  t  he  groove  are 
inclined,  so  as  to  give  the 
proper  taper  to  the  inner 
sides  of  the  calk  when  the 
horseshoe  is  placed  within 
thn  groove. 

Hare.  The  fibrous  por- 
tion of  tiax  and  hemp,  as 
distinguished  from  the 
sliivcs  or  scales  of  bai'k, 
etc.,   which  fall  from  the  hare  in  braking. 

Harl.     The  filament  of  flax.     Hare. 

Har-mon'i-ca.  (Music.)  1.  «.  A  musical  instru- 
ment lonued  uf  a  number  of  glasses  which  are  tuned 
by  filling  them  more  or  less  with  water,  and  are 
played  by  touching  them  with  the  dampened  finger. 
The  less  the  qiuintity  of  water  the  lower  is  the  tone 
of  the  scale.  Called  mu.^cal  glasses.  The  instru- 
ment is  said  to  have  been  invented  by  a  German, 
and  was  improved  by  Dr.  Benjamin  Franklin.  A 
stringed  form  is  ascribed  to  Stein,  17S8. 

b.  "Dr.  Franklin's  "  Haimonica  "  consisted  of  a 
nest  of  hemis[iherical  glasses,  of  different  sizes, 
tuned,  and  arranged  on  a  revolving  spindle  impelled 
by  a  treadle,  the  tips  of  the  fingers  being  applied  to 
the  eilgcs  of  the  gla.sses  to  produce  the  tones. 

Each  glass  has  an  open  neck  or  socket  in  the  mid- 
dle. The  thickness  of  the  glass  is  about  A  inch 
near  the  brim,  but  thicker  nearer  the  aiierture,  which 
in  the  largest  glasses  is  1  inch  deep,  with  an  aper- 
ture H  inch  wide.  These  dimensions  lessen  as  the 
glasses"  diminish  in  size,  the  neck  of  the  smallest  be- 
ing i  inch  thick.  The  largest  glass  is  9  inches  in 
diameter,  and  the  smallest  3  inches.  Between  these 
are  23  different  glas.ses,  differing  from  each  other  J 
inch  in  diameter.  Each  glass  is  marked  with  a  dia- 
mond the  note  for  which  it  is  intended,  and  is  tuned 
by  diminishing  the  thickness  of  those  that  are  too 
.sharp.  This  is  done  by  grinding  them  round  the 
neck  towards  the  brim,  the  breadth  of  2  or  3  inches, 
as  may  be  required,  frequently  testing  them  by  a 
weU-tuned  instrument.     The  largest  glass  in  the  in- 
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strument  is  C,  a  little  belnw  the  orcliiiaiy  coiiipHss 
of  the  liuiiKiii  voice,  rtiid  tiie  highest  is  two  0(^taves 
above.  The  glasses  of  the  lull  notes  are  painted  the 
seven  prisniatie  uolors,  and  the  semitones  white. 

The  glasses  are  fixed  on  a  spindh^  of  hard  iron,  1 
inch  in  diameter  at  tlie  larger  end  ami  tapering  to  J 
inch  at  the  smallest,  and  each  glass  has  a  bushing  of 
cork  where  it  is  attacheil  to  the  spindle.  The  glasses 
Set  within  each  other,  a  space  intervening  between 
the  necks  of  the  several  glasses.  The  spiiidle  is 
mounteil  horizontally  in  a  box,  its  ends  work  in 
brass  gudgeons,  and  it  is  impelled  by  a  treadle 
and  band.  An  inch  of  the  brim  of  each  glass  is  ex- 
posed to  be  touched  by  the  finger  as  the  spindle  and 
glasses  revolve. 

The  instrument  i.s  played  upon  bj'  a  person  sitting 
before  tile  instrument,  turning  the  treadle  with  the 
font,  and  wetting  the  fingers  now  and  then  with  a 
sponge  and  clean  water. 

The  lingers  should  be  first  soaked  in  water,  and 
should  be  perfectly  free  from  grease.  A  little  fine 
chalk  may  be  adileil  to  the  water,  and  will  assist  in 
producing  the  trenudous  action  of  the  glasses  which 
cause.s  the  tone.      Both  hands  may  be  used. 

2.  .V  small  instrument  of  music  held  in  the  hand 
and  blown  by  the  breath.  .\t  the  edge  are  a  series 
of  holes  which  conduct  the  breath  to  free  reeds,  like 
those  of  an  aci'otdeMn.      .\  iiioti/.h-onjau. 

Har-mou'i-phon.  ^.I/i«tc.)  A  small  instru- 
ment witli  a  key-board,  in  whir-h  the  sounds  are  pro- 
duced by  small  metallic  tongues,  acted  upon  by  air 
blown  through  n  flexible  tube. 

Har-mo'ni-um.  (.Uasic.)  A  musical  instru- 
ment whose  toni's  are  produced  by  the  vibration  of 
metallic  reeds  operated  by  keys.  The  bellows  are 
worked  by  pedals,  anil  the  keys  are  arranged  in  one 
or  two  b  inks.  These  instruments  are  made  with  a 
variety  of  stops,  and  with  swell  and  tremolo  attach- 
ments. The  instrument  is  used  as  an  organ  of  small 
size  in  parlors,  and  in  churches  in  the  performance 
of  sacred  nuisic. 

The  meloileon  aiul  parlor-organ  are  of  this  class. 

The  Jiarnumiuni  is  substantially  the  .same  as  the 
seraphinc  introduced  by  Green,  and  has  been  blessed 
with  a  variety  of  names  derived  from  the  Greek  ami 
other  sources.  Among  them  are  amlophun,  cKolomu- 
gicoii,  physharirumicti,  iiiehdeoii,  symplwnium,  and 
pmkilortjuc. 

The //vc  tongues  of  the  harmonium,  though  used 
from  time  immemorial  by  the  Chinese,  were  intro- 
duced into  Eurojie  by  -M.  Grenie  in  1810. 

Har'mo-uom'e-ter.  .\n  mstrument  for  ascer- 
taining tile  harmonic  relation  of  sounds.  It  often 
consists  of  a  single  string  with  movable  bridges. 

Har'ness.  1.  (Menace.)  The  means  whereby  a 
draft  animal  is  attached  to  a  vehicle. 

The  invention  is  ascribed  to  Erichthonins  of  Ath- 
ens, who  was  made  a  constellation  after  his  death, 
under  the  name  of  Bootes,  about  1487  B.  c.  War- 
chariots  are  believed  to  be  much  older  than  this. 
The  sculptures  of  the  Egyptian  conqueior,  Osyman- 
dyaa,  who  carried  his  arms  as  far  as  Bactria,  2100 
B.  c,  disprove  the  Greek  claim.  The  use  of  harness 
commenced  as  soon  as  the  horse  was  tamed  to  draft. 
The  wagons  that  Joseph  gave  to  his  brethren  to 
fetch  his  father,  1706  B.  c,  were  probably  ox-carts 
or  wagons.  The  root  of  the  Hebrew  word  signifies 
to  roll  around. 

The  harness  shown  in  the  sculptures  of  Egypt  and 
Persepolis  was  of  a  very  simjile  description.  The 
horses  were;  always  hit  idled  abreast  to  a  tongue  or 
pole,  which  was  connected  to  a  yoke.  This  jiassed 
over  saddles  which  rested  on  the  withers  of  the 
horses.     The  accompanying  cut  shows  their  relation 


and  position.  They  were  kept  in  position  by  straps 
around  the  neck  and  around  the  girth,  and  some- 
times had  a  single  trace  on  that  side  of  the  horse 
against  the  pole. 

Solomon  liad  40,000  stalls  for  his  chariots,  1014 
B.  c,  and  plenty  of  leather  harness,  no  doubt.  He 
bought  his  horses  in  Egypt. 

While  the  Egyptian  yoked  his  horses  to  the  pole 
of  his  chariot,  and  gave  a  third  horse  a  single  trace 
on  the  side  towards  the  chariot,  slill  more  primitive 
customs  were  adopted  in  other  lands  and  at  a  later 
date. 

In  England  and  Ireland,  horses  were  sometimes 
hitched  to  the  plows  liy  their  tails,  a  barbarous  cus- 

Fig.  2401. 


Egyplian  Car-Saddles  {from  Wilkinson). 

tom  that  existed  in  Ireland,  as  late  as  1634,  for  an 
net  of  the  Irish  Parliament,  11  and  12  Car.  II.  c. 
15,  entitled  an  ".\i't  against  jilowiiig  by  the  tayle 
and  iniUiiig  wool  oft"  living  sheep,"  .sets  forth,  that 
"  Whereas  there  have  been  lor  a  long  time  practiced 
in  this  country  a  barbarous  custome  of  plowing, 
harrowing,  drawing,  and  working  with  horses  and 
other  animals  by  the  tayle,  whereby  the  breed  of 
animals  in  the  kingdom  is  much  imiiaiied,  and 
great  cruelty  perpetrated,  these  practices  were 
heneefonvard  to  be  considered  illegal,  and  the  of- 
fender subjected  to  fine  and  imprisonment." 

"The  Spaniards  outwitted  the  French  in  lining 
their  own  harness  with  chains,  so  that  it  could  not 
be  cut." —  Pf.pvs's  Diary,  1661.  This  was  on  the 
occasion  of  a  struggle  for  precedence  between  the 
Spanish  and  French  ambassadors  in  London,  Sep- 
tember, 1661. 

The  sincilc-line  mode  of  driving  horses,  usual  on 
farms  and  with  heavy  road  teams  throughout  the 
West,  was  made  very  familiar  to  many  during  the 
late  war.  The  government  six-mule  teams  are 
driven  by  a  man  riding  the  near  wheel-horse,  and 
having  a  single  line  to  a  bridle-rein  on  the  near 
lender.  The  bit  of  the  off  leader  is  connected  by  a 
jockn/-,i/>ck  to  a  hame-ring  of  the  near  leader,  which 
keeps  him  in  place.  The  ofl'-wheeler  is  governed  by 
the  whip,  foot,  or  an  occasional  touch  of  his  rein  ; 
the  whip,  however,  and  the  word  of  command,  are 
relied  on  so  far  as  he  is  concerned.  The  near-wheeler, 
being  ridden,  is  controlled  in  the  usual  way  ;  and 
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the  middle  span  between  the  leadei's  and  wheelers 
have  no  choice  but  to  go  with  the  othei's  and  pull 
when  they  are  told  to. 

The  siMjlc-lhic  mode  of  driving  is  also  used  by  the 
fanners  in  the  Netlicrlands,  tlie  near  horse  being 
guided  by  the  line  and  the  bridles  of  the  middle  and 
oil'  horse  (three  abreast)  being  connected  to  the 
near  hoi-se,  "in  a  manner  surprizing  to  a  stranger," 
says  Loudon. 

Besides  the  different  kinds  of  harness  depending 
upon  ijuality  and  mounting,  other  varieties  are 
known  by  the  names  of  buggy,  coach,  cart,  or 
wagon,  arcording  to  thi^  vehicle,  and  the  latter  have 
a  familiar  division  into  had,  hip-strap,  breeching,  or 
yankec,  according  to  the  construction  and  arrange- 
ment. The  latter  is  perhaps  somewhat  local,  but  is 
as  e.vtensive  as  the  West,  as  we  call  it. 

For  a  li.st  of  the  tools  and  implements  of  the  sad- 
dle and  harness  maker,  and  the  kinds  and  parts  of 
harness,  see  S.\Di)Li;iiY  .\.s'u  H.iUXESs. 

For  a  list  of  the  tools,  machines,  and  various  pro- 
ducts of  the  leather  manufacture,  see  Le.\ther. 

The  tl'aces  of  the  wheel-horses  in  field-carriages 
are  directly  attached  to  the  splinter-bar  of  the  Ihn- 
ber,  no  single  or  double  trees  being  employed.  The 
tongue  is  suppoi-ted  by  neck-yoke  and  breast-chains. 
The  traces  of  the  leailers  are  directly  attached  to  the 
tiuces  of  the  wheel-horses,  and  not  by  means  of 
single  trees  and  spreader  chains  to  the  tongue. 

2.  {Loom.)  The  apparatus  in  a  loom  by  which  the 
sets  of  warp-threads  are  shifted  alternately  to  form 
the  shed.  Each  set  of  the  warp-threads  lies  in  the 
loops  of  knotted  cords  stretidied  in  vertically  recip- 
rocating frames  called  hedd,le.%  or  hcaUh.  These  are 
moved  by  cords  or  straps  connected  to  rods  or  levers, 
to  which  the  appropriate  recurrent  motion  is  im- 
parted.    See  Loo.M. 

The  harness  of  a  loom  is  termed  the  mmmling  ; 
and  the  whole  apparatus  concerned  in  the  motions 
of  tile  warp-threads  is  the  siicdding. 

The  illustration  shows  a  form  of  hand-loom  in 
which  the  motion  of  the  lathe  E  is  the  means  of 


Har'ness-bell.  A  small  bell,  usually  of  globular 
form  and  carrying  a  bullet,  attached  to  some  part 
of  the  harness  to  produce  a  jingling  sound.  A 
sleigh-bi-ll. 

Har'ness-board,  (IVcai-ing.)  The  cmnpass- 
lioarU  of  a  luoiii,  liaving  holes  through  which  pass 
the  neck  twines. 

Har'ness-cask.  {Xaidical.)  A  large  ca.sk  or 
tub  with  a  rim  cover,  containing  a  supply  of  salt 
meat  for  inuiicdiate  use. 

Har'ness-clamp.  (Saddlery.)  A  kind  of  vise 
witii  a  pair  of  ja\\'s  closed  by  a  spring,  wedge,  or 
screw,  anil  used  to  hold  leather  while  lieing  stitched. 

Har'uess-hook  1.  A  hook  or  bracket  on  w  hich 
harness  is  luing. 

2.    A  check-rein  hook  on  tlie  gig-saddle. 

Har'ness  -  leath'er.  A  grade  and  quality  of 
leatliei-  from  which  harness  is  made.  It  is  blacked 
on  the  iiraiii  side. 

Har'ness-pad.  A  lining  or  soft  wad  beneath  a 
saddle  to  keep  the  harder  portions  from  galling  the 
back  of  the  animal. 

Har'ness-room.  One  attached  to  a  stable, 
warmed  by  a  stove,  and  used  for  putting  away  har- 
ness. 

Har'ness-sad'dle.  The  part  of  the  harness 
which  rests  across  the  back,  and  to  which  the  girtb- 


Harness-Motion 

working  the  harness  in  the  order  required  by  the 
twill,  check,  or  pattern.  As  the  lathe  E  is  moved 
toward  the  treadles  //,  the  lever  pushes  the  pin  J, 
with  which  it  may  be  in  contact,  and  revolves  the 
drum  K,  operating  the  treadles  ff.  As  the  lathe 
moves  forward,  the  spring  raises  the  lever  into  posi- 
tion to  take  hold  of  the  ne.-st  pin  and  again  revolve 
the  drum  at  the  next  backward  movement. 


i"jg  portions  are  attached.  Upon  it  arc  the  ferrets 
B  B  and  check-line  hook  C,  and  from  it  proceeds 
the  back-strap,  which  reaches  to  the  crupper. 

Har'ness-snap.  A  hook  for  attaching  the  lines 
(reins)  to  the  bit-rings ;  the  breast-strap  to  the 
hame-rings,  etc.     A  snap-hook. 

Harp.  1.  (Music.)  An  instntment  with  a  three- 
sided  Irarne,  between  two  of  w  hicli  strings  of  varying 
lengths  are  stretched. 

Jubal,  the  son  of  Lamech  the  first  (say  about 
2400  B.  c),  was  "the  father  of  all  .such  as  handle 
the  harp  and  the  organ."  His  brother  .labal  had 
great  .stock  of  cattle,  and  his  half-brother  Tubal  Cain 
was  "an  instructor  of  every,  artihcer  in  brass  and 
iron."  Quite  a  distinguished  and  indu.strious  fam- 
ily. Agriculture,  the  mechanics,  and  the  fine  arts 
]nirsned  by  the  sons  of  one  man,  a  descendant  in  the 
hfth  generation  of  Cain. 

The  harps  of  Egypt  were  numerous  and  various, 
having  from  4  to  It  strings  as  long  ago  as  the  reign 
of  Amosis,  about  1570  B.  C,  900  years  before  Ter- 
pander.  The  strings  were  of  catgut,  and  the  form 
of  the  frame  varied  according  to  its  purpo.sp.  To  be 
canied  or  played  standing,  sitting,  or  squatting. 

One  harp  iliscovered  in  Egy]>t  in  1823  had  several 
remaining  strings  which  responded  to  a  touch,  and 
awoke  from  a  rest  of  3,000  years. 

a  is  an  Egy|itian  harp  from  a  painting  at  Thebes. 

b  from  a  painting  at  Dendera. 

c  one  of  the  Bruce  harpers,  two  of  whom  are  shown 
in  the  original. 

One  of  the  harps  has  21  strings,  the  other  12. 

These  most  florid  and  striking  of  all  the  represen- 
tations of  the  Egyptian  harp  are  on  the  tombs  of  the 
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kings  at  Thebes  of  thf  time  of  Rameses  III.,  1235 
B.  c.  ;  of  them  Briiee  says  :  "They  overturn  all  the 
accounts  hitherto  given  of  the  earliest  state  of  music 
and  musical  instruments  in  the  East  ;  and  are  alto- 
gether', in  their  form,  ornaments,  and  compass,  an 
incontestable  ]iroof,  stronger  than  a  thousand  Greek 
quotations,  that  geometry,  drawing,  mechanics,  and 
music  were  at  the  greatest  perfection  when  this  in- 
strument was  made,  and  that  the  )ieriod  from  which 
we  date  the  invention  of  these  arts  was  only  the  be- 
ginning of  the  era  uf  their  restoration." 

PytiiJigoras  antl  his  compeers  derived  their  knowl- 
edge from  this  source,  and  the  serWces  of  Terpan- 
der  are  probably  limited  to  inventing  a  method  of 
expressing  musical  sounds,  and  pei'haps  of  setting 
poetry  to  music.      Fame  enough  for  one  man. 

The  Egyptian  harps  are  shown,  resting  on  the 
ground,  supported  in  front  of  the  person  in  march- 
ing, supported  on  a  stool,  and  resting  on  the  shoul- 
der ;  the  latter  at  Eleythya. 

The  present  scale  of  musical  notation  is  ascribed 
to  Guido  Aretino,  a  Tuscan  monk,  about  1025. 

"Hermes  invented  the  harp  with  three  strings, 
causing  the  three  several  sounds  ;  the  base,  treble, 
and  mean."  —  Diodorits  Sici'lits. 

"  From  the  song,  the  rhythm,  and  the  instni- 
ments,  all  Thraciau  music  is  supposed  to  be  Asiatic. 
The  Orphic  cerenumies  had  their  origin  among  this 
people"  (Stisahii).  The  instruments  were  the  cith- 
era.  pipes,  cotylae  (probably  castanets  or  cymbals)  ; 
embracing  wind,  stringed,  and  percussion  instru- 
ments. 


Ter])ander  of  Lesbos  added  three  strings  to  the 
lyre  ;  lie  caused 

"  New  hymns  to  resound  on  a  seven-Btringed  cithara." 

David  is  celelu'ated  as  a  performer  upon  the  liarp, 
and  it  is  said  that  he  was  a  master  of  thirty-two 
other  instruments.     This  was  about  1063  ii.  v. 

The  nuHjadis  of  the  Thracians  was  a  tlivee-cor- 
nercd  harp,  with  twenty  strings  arranged  in  octaves. 
It  was  used  among  them  in  the  time  of  Xenophon. 

A  band  of  300  harpers  was  in  the  great  procession 
of  Ptolemy  Philadelphus,  preceding  a  column  of 
2,000  yellow  bulls,  with  gilded  horns  and  frontlets, 
crowns,  necklaces,  and  breastplates  of  gold. 

Egyptians,  Jews,  Persians,  Thracians,  Greeks, 
Romans,  Saxons,  Welch,  Irish,  all  liad  their  haips. 
The  number  and  material  of  the  strings  differed, 
and  also  the  shapes  of  the    g^  j.j    2405. 

frames. 

The  Welsh  harp  was 
strung  with  gut.  The  Irish 
harp  was  strung  with  wire. 

Donagh,  the  son  of  Brian 
Boiruimhe,  a  king  of  Ire- 
land who  was  slain  1014, 
sought  protection  at  Rome, 
carrying  the  harp  and  re- 
galia of  his  father,  and  pre- 
sented them  to  Pope  John 
XVI II.  in  order  to  obtain 
■absolution  for  the  mui'der 
of  his  brother  Teig.  Adrian 
IV.  urged  tliis  as  a  title  to 
the  kingdom  in  his  bull, 
transferring  it  to  Henry  II. 
The  harp  was  preserved  in 
the  Vatican,  and  given  by 
Leo  X.  to  Henry  VI II. 
with  the  title  "Defender 
of  the  Faith."     It  is  need-  . 

less  to  say  how  much  the  ^' 

Pope  was  disappointed  in  his  puiiil.     The  gold  crown 


of  Brian  was 
retained. 
The  harp  was 
given  bv  Hen- 
ly  V 1 1  r.  to  the 
Earl  of  C'lan- 
ricarde,  and, 
after  jiassing 
through  s(^- 
eral  hands, 
was  lodged  in 
the  College 
Museum,  Dub- 
lin, 1782. 

The  modem 
Arabian  harp, 
or  Kaniin,  is 
laid  Hat  in  the 
lap  while 
being  jilayed. 
The  strings 
are  arranged 
in  groups  of 
three,  and  the 
sounding- 
board  is 
pierced.  The 
strings  are 
stretched  as 
in  our  jiianos, 
and  rest  on  a 
bar  near  the 
tuning- pins. 


Fig.  2406. 


Arabian  Khn^n 
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anil  on  a  bridge-piece  above  the  sounding-board. 
This  liarp  is  phiyed  by  tlie  fingers,  but  thimbles 
witli  points  are  used  on  the  two  forefingers,  form- 
ing an  approximation  to  tlie  plectra  wheiesvitli  some 
of  the  Egyptian  harps  and  psalteries  were  struck. 

The  prostrate  liarp  is  the  original  of  a  liost  of  in- 
struments played  by  keys  ;  the  early  fornis  were 
known  as  the  c/avidiord,  rirginal,  spinet,  clavicijiii- 
bal,  clavk-ylhcrium,  and  luirpsidurrd.  These  grew 
out  of  various  fornis  of  stringed  instruments,  known 
as  tlie  dulciiner,  psaltcri/,  citole  lyre,  cithnra,  cijin- 
plumiM  CIV  cymbal,  citherium,  and  harp.  See  Piano- 
forte. 

The  Iiarpsichord  immediately  pi-eceded  the  piano- 
forte. 

In  the  earlier  forms  of  these  instruments  the  num- 
ber of  strings  was  not  eijual  to  that  of  the  keys,  but 
the  latter  brought  into  action  devices  which  short- 
ened the  strings,  in  the  manner  of  a  guitar. 

We  read  of  an  instrument  in  1600  which  had  a 
key  for  each  string,  but  this  was  unusual  at  that 
time. 

Pedals  were  introduced  1720  ;  double-action  about 
1808. 

2.  A  concave  grating  in  a  scutching-machine, 
through  which  refuse  escapes  as  the  cotton  is  beaten 
and  driven  forward  by  the  revolving  beater. 

3.  {Hit-sbandry.)  A  Scotch  grain-sieve  for  remov- 
ing weed-seeds  from  grain. 

Harp'ing-i'ron.  A  barbed  javelin.  The  word  is 
deriveil  from  its  capacity  for  clawing  or  grasping.  A 
Jutrporm. 

Harp'ings.  (Shipbuilding.)  a.  The  wales  of 
the  bow,  of  extra  strength. 

b.  A  ribband  trimmed  to  the  shape  of  and  bolted 
to  the  shape  of  the  cant  bodies,  to  hold  them  to- 
gether till  planked. 

c.  Cal-harpings ;  frapping  of  the  shrouds  to  the 
masts  below  the  tops. 

Har-poon'.  A  barbed  javelin  used  to  pierce  and 
fasten  to  whales.  It  has  a  broad,  flat,  triangular, 
barbed,  sharp  head,  and  a  shank  about  two  feet 
long,  furnishing  a  socket  for  the  shaft.  A  line, 
about  70  fathoms  long,  is  attached  to  tile  harpoon, 
and  runs  out  rapitUy  as  the  struck  fish  dives  below 
the  surface. 

The  harpoon  consists  of  the  pcdnt-hcad  and  shanl'. 
The  fore-ganger  is  the 


Figr  2407. 
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section  of  line  which 
unites  it  to  the  whale- 
line.  A  whale-line  is 
130  fathoms,  and  a  boat 
is  provided  with  several 
of  such.  It  runs  out 
over  the  bow,  being 
taken  over  a  bollard, 
which  is  kept  wet. 

The  word  hur2)ooji  is 
allied  to  the  Imrpago  of 
the  Greeks,  which  was 
a  grappling-iron,  a  drag, 
a  flesh  -  hook.  Speci- 
mens in  bronze  of  the 
latter  are  in  the  British 
Museum. 

In  the  accompanying 
cut  are  shown  the  or- 
dinary whaling  -  im- 
plements, the  hand- 
harpoon,  pricker,  blub- 
ber-spade, gun-harpoon, 
and  lance.  See  Bomb- 
LANCK. ;  Gun-harpoon. 

Fig.   2408  is  a  gun- 


harpoon.  The  rubber  spring  on  the  end  of  the  shaft 
of  the  hai-poon  prevents  the  recoiling  of  the  gun.  A 
spiral  spring  around  the  shaft  prevents  the  line  from 
checking  against  the  butt  of  the  harpoon  too  sud- 
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denly.  A  stop  in  the  pivoted  blade  secures  it  paral- 
lel  to  the  shaft  until  released  by  the  stop,  being  forced 
down  by  the  entrance  of  the  blade  into  the  whale. 

The  electric  harpoon  is  fitted  with  two  insulated 
conductors,  connected  by  wires  with  a  coil-machine 
kept  in  the  boat.  On  the  harpoon  being  plunged 
into  the  whale's  body,  electric  shocks  of  a  powerful 
nature  are  sent  until  the  animal  is  prostrated. 

Another  plan  proposed  is  that  of  firing  an  exjilosive 
shell  into  the  body  of  the  whale  from  a  rifle,  by 
which  its  vital  parts  would  be  destroyed. 

Professor  Christison  has  published  an  account  of 
some  experiments  made  in  1831  for  the  capture  of 
whales  by  poison.  The  agency  employed  was  hydro- 
cyanic or  prussic  acid,  inserted  in  glass  tubes,  and 
in  weight  about  two  ounces.  A  copper  wire  was 
attached  to  each  side  of  the  harpoon  near  the  blade, 
the  other  end  of  which  passed  obliquely  over  the 
tube,  then  through  an  oblique  hole  in  the  sliaft, 
and  finally  to  a  bight  in  the  rope,  where  it  was  finnly 
.secured.  When  the  harpoon  struck  the  whale,  the 
tubes  were  crushed.  After  being  strack,  the  whale 
dived,   but  rose  in  a  few 


minutes  i|uite  dead. 

Har-poon '-fork.  (Ag- 
riculture.) A  form  of  hay- 
fork to  be  operated  by 
tackle  in  lilting  hay  from 
a  load  to  mow  it  away,  or 
conversely  in  loading  a 
wagon  from  a  mow. 

The  rod  being  drawn  up, 
the  point  of  the  Ibrk  is 
thrust  into  the  hay,  which 
movement  dejiresses  the 
rod  and  extends  the  tines, 
and  enables  the  bent  end 
of  the  spring  to  catch  the 
top  of  the  rod  ;  the  tines 
are  thus  held  until  the 
load  is  raised,  when,  by 
drawing  on  the  cord,  tli£ 
spring  is  pressed  back  by 
the  bell-crank,  and  the 
load  discharged.  See 
Hay-foiik. 

H  a  r  -  poon'-rock'et. 
A  bomb-lance  for  killing 
whales.  That  shown  has 
an  explosive  shell  at  its 
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head,  and  is  propelled  by  a  rocket-charge  after  being 
fired  from  a  gun.  The  hinged  barbs  are  secured  to 
the  breech-piece  in  the  tube,  and  the  line  connected 
by  a  looi)ecl  shank. 

Harp'si-chord.  (Mtisic.)  An  obsolete  stringed 
instrument  resembling  a  harp  laid  prostrate,  the 
.strings  being  played  by  quills  operated  by  keys  like 
those  of  a  piano-forte. 
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The  harpsichord  is  believed  to   have    been   fii 
lade  by  Hans  Kucken,   in  Germany,   about  151 


Harpoon-  Rocket 

first 
made  by  Hans  Kucken,  in  Germany,  about  1510. 
Used  in  imblie  festivals  in  Italy,  1522.  Improved 
by  Vincentino,  1555.  Vertical  form  invented  by 
R"igoli  of  Flnrence,  1620. 

Pepys,  in  his  Diary  (16(>1),  speaks  of  the  "  liarpsi- 
chou"  at  Captain  Alhm's  house,  where  he  saw  his 
dear  "  Mrs.  Rebecca." 

The  spinet  was  a  .similar  in.strumeut  with  one  wire 
for  each  note,  and,  like  the  harpsicliord,  was  playetl 
with  ijuills  on  jacks,  operated  by  keys. 

The  davicijllirrium  m.iy  be  considered  the  original 
of  the  whole  train  of  stringed  instruments  whose 
strings  were  mechanically  vibrated.  See  Pl.\NO- 
FOI'lTE. 

Tlie  harp.siehord  introduced  two  strings  to  a  note, 
and  preceded  the  piano,  from  which  it  differed  spe- 
cially in  the  mode  of  vibrating  the  strings. 

1 1  consi-sted  of  a  harp  wliose  wirestrings  were  touched 
by  (juills  operated  by  keys.  Each  cpiill  was  a  plec- 
trum, and  was  a  substitute  for  the  human  finger,  the 
musical  effect  being  similar  to  that  of  the  harp,  as  it 
was  intended  to  l)e.  The  instrument  might  be 
called  a  horizontal  harp  in  a  frame,  the  strings  bid- 
ing touched  by  quills  set  in  motion  by  the  fingers 
applied  to  keys  on  a  key-board.  We  read  of  it 
first  among  tlie  I'rovenijals,  the  Troubadours  who 
twanged  ecstatically. 

The  spiiKf,  was  so  called  because  its  quills  or  plec- 
tra resembled  thorns,     {.syowi,  Latin,  a  thorn.)    The 
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in.strument  was  inventeil  by  the  Italians,  and  was 
like  the  harpsichord,  but  smaller. 

The  ipiill  was  attacheil  to  an  upright  piece  called 
ajacJcy  <r,  wliose  lower  end  rested  on  the  key  which 
raised  it,  causing  the  quill  c  to  bend  and  .slip  ])ast 
the  string,  where  it  remained  so  long  as  the  fingm' 
was  pressed  upon  the  key.  In  ret\irning,  the  swiv- 
eled  pie(;e  to  which  tiie  tpiill  was  attach^'d  gave  way 
to  allow  the  quill  to  pass  the  string,  and  the  swiv- 
eled  tongue  was  restored  by  a  bristle  b,  which  acted 
as  a  delicate  spring.  A  small  jnece  of  cloth  on  top 
of  the  jack  resterl  on  the  wire  and  acted  as  a  damper. 

Whether  the  modes  of  twanging  the  strings  by  a 
plectrum  or  quill,  in  imitation  of  the  action  of  a 
harpist,  preceded  all  the  devices  for  striking  the 
string,  it  is  not  exay  now  to  determine ;  but  the  latter 
mode,  which  appears  to  have  originated  in  the  clavi- 
chord, has  entirely  superseded  the  i|uin. 

An  early  aTid  obsolete  predecessor  of  the  piano  was 
the  virijinal,  which  had  keys  and  jacks,  but  only 
one  .string  to  a  note.     See  Virginal. 

It  is  mentioned  by  Shakespeare,  — 

"  Still  virpinalins 
Upon  his  paliii  "  Winter^%  Tate. 


And  also  by  Gabriel 
Platte,  who,  in  the  suc- 
ceeding century,  de- 
scribes a  dibbling  ma- 
chine as  formed  of  iron 
pins,  — 

**  MaOe  to  play  up  and  down 
liite  virginal  jacks."' 

The  clavichord,  d,  is  said  to  have  consisted  of  a 
range  of  brass  wires  placed  above  the  keys,  which 
latter  had  wires  on  the  rear  ends,  acting  as  hammers 
upon  the  strings  when  the  keys  were  struck.  A 
muttling-piece  on  the  string  limited  the  portion  in- 
volved m  the  vibration  and  acted  as  a  damper. 

One  mode  of  striking  the  wires  in  this  in.stiument 
was  by  a  leathern  button  on  the  to]i  of  a  piece  of 
strong  wire  fixed  in  the  farther  end  of  the  finger 
key.  This  little  device  was  the  simplest  ]ios.sible 
form  of  a  stringed  instrument  played  by  means  of 
keys.  The  striking  jiart  was  called  a  jnek.  It  was 
a  favorite  instrument  more  than  a  century  before  the 
invention  of  the  harpsichord,  and  must  be  consid- 
ered the  original  of  the  piano-forte. 

The  pins  formed  wiesf-pins  for  the  strings,  which 
vibrated  only  while  the  key  was  hehl  down,  and  the 
jilace  at  vliich  the  jiin  strmk  the  string  ileteiniined 
the  length  concerned  in  the  vibiation.  A  danqier 
fixed  beliind  the  string  acted  u)  on  it  when  the  pin 
c|uitted  the  string,  the  key,  in  fact,  foiniing  one  of 
two  bridges,    between  which  the  strings  vibmted. 

The  instrument  was  an  important  one  lor  .several 
hundred  years  ;   the  favorite  of  iiaih  and  of  Jlozart. 

The  hauimcr-hnrpsicJimd  is  referred  to  in  the 
"Giornale  d'  Italia,"  1711,  and  was  the  first  jiiavu- 
forlr,,  tliough  the  name  was  not  given  till  about  fifty 
years  afterwards.  It  was  tlie  invention  of.C'ristofori 
of  FloreiK-e  ;  the  iniiPi'ovement  consisting  mainly  in 
pivoted  hammers,  which  were  struck  by  jacks  on 
the  keys,  and  retired  immediately  from  the  strings. 

See   PUNII-FIIKTE. 

The  )iedals  were  invented  by  Loeschnian. 

The  doiMc-h(i rpsielurrd  had  two  sets  of  keys  and 
strings  in  a  set.  One  key  of  one  set  struck  two  keys 
in  unison  ;  while  one  key  of  the  other  .set  struck  a 
.string  tuned  an  octave  higher.  A  farther  change 
removed  one  bank  of  keys,  and  the  three  strings  were 
tuned  in  unison. 

Har'roiJir.  (Husbandry.)  The  hanow  is  a  large 
rake,  being  a  frame  with  teeth  drawn  over  the  ground 
to  level  it,  stir  the  soil,  destroy  weeds,  or  cover 
seed. 

It  is  a  frame,  usually  of  wood,  and  has  down- 
wardly projecting  teeth  which  penetrate  the  soil. 
The  shapes  of  the  frame  are  various.  The  teeth  are 
usually  of  square  liar-iron,  sharpened  to  a  jioint, 
maintaining  the  square  fornj.  They  are  set  in  tlie 
harrow-frame  so  as  to  move  in  a  direction  parallel  to 
their  diagonals. 

As  stilted  under  the  appropriate  heading,  the  cul- 
tivator is  an  improved  harrow  ;  handles  being  added 
to  increase  its  manageability  ;  and  colters  or  shares 
substituted  for  straight  teeth,  thus  increasing  its 
efficiency. 

Harrows  are  made  with  the  various  modifications 
mentioned,  and  others  might  be  cited,  but  still  they 
are  called  harrows  by  their  makers,  setting  classifi- 
cation at  defiance.  These  hybrids  are  useful  and 
efficient  tools,  many  of  them,  b\it  it  is  not  easy  to 
give  them  a  "local  habitation"  or  "a  name"  in  a 
classified  digest  of  machines. 

Two  notices  of  the  harrow  are  found  in  the  Bible. 
In  .lob  is  the  inciuiry,  "Will  he  [the  unicorn] 
harrow  the  valleys  after  thee  ? " 

The  word  is  said  by  some  Hebraists  to  be  a  mis- 
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nomer  ;  a  seed-covering  tool  is  referred  to,  drawn  by 
animal  power,  and  may  have  been  a  plow.  Their 
thrashing  drag  would  have  made  a  tolerable  harrow. 
It  was  a  frame  of  boards,  studded  with  spikes.  See 
Thk.\.shing. 

Tlie  other  reference  to  the  harrow  occurs  in  tlie 
account  of  tlie  cruelty  practiced  by  David  upon  the 
men  of  Kabbah,  1033  b.  c.  :     "He  cut  them   with 
Fig.  2il2. 


Harr&ws. 

sawfi,  and  with  harrows  of  iron,  and  with  axes." 
(1  Chron.  xx.  3.)  The  parallel  pas.sage  in  2  Samuel 
xii.  31  states  that  "he  put  them  under  s.a\vs  ami 
harrows,"  etc.  Adam  Clarke  dis|nites  the  render- 
ing, and  declares  that  the  original  means  he  made 
slaves  of  them,  putting  them  to  work  with  saws, 
harrows,  and  axes.     Qtcicii  sabe. 

Although  the  images  of  Osiris  are  represented  witli 


a  plow  in  each  hand  (a.  Fig.  2412),  and  something 
like  a  harrow  hanging  by  a  cord  over  tlie  left  shoul- 
der, still  the  liarrow  does  not  appear  to  liave  been  in 
oidinary  use  in  ancient  Egyjit.  In  tlie  elaborate 
sepulchral  paintings,  tlie  various  oiierations  of  hus- 
bandry are  carefully  depicteil,  and  these  show  that 
the  clods  were  broken  by  hoes,  and  the  seed  was 
covered  by  hoes,  plows,  the  tramping  of  men  or  ani- 
mals, and  perhaps  by  dragging  bushes  over  the  sur- 
face. Being  sown  on  the  mud  left  by  the  retiring 
Nile,  the  seed  needed  little  attention  and  soon  ger- 
minated. The  amount  of  nnul  left  by  the  Nile  raises 
the  cultivated  land  about  six  inches  in  a  century  at 
Elephanta. 

An  inscription  of  the  age  of  the  Kmperor  An- 
toninus on  the  pedestal  of  the  vocal  Meninon  shows 
that  the  soil  at  Thebes  has  risen  .seven  feet  in  1,700 
years,  say  five  inches  to  the  century.  An  excava- 
tion at  the  foot  of  one  of  the  colossal  sphinxes  at 
Karnak  shows  a  deposit  of  eighti'en  feet  above  the 
layer  of  spawls  and  rubbish  forming  the  foundation. 
Beneath  this  is  an  alluvial  dejiosit  of  unknown 
depth.  The  rise  of  eighteen  feet  indicates  a  period 
of  2,251  years  B.  c.  for  the  erection  of  that  sphinx. 
The  elevation  of  the  land  by  the  sediment  of  the 
inundation  decreases  .southwardly.  The  periodical 
rise  commences  about  .Inne  1,  it  increases  for  three 
months,  remains  stationary  about  twelve  days,  and 
then  .subsides.  The  rise  is  greatest  in  Upper  Kpypt, 
and  less  towards  the  mouth.  Thirty-six  feet  rise  is 
a  "good  rise"  at  Thebes,  twenty -five  feet  at  Cairo. 
The  rise  at  the  Damietta  and  Ko^etta  months  may 
be  about  four  feet.  The  land  is  gradually  encniaeh- 
ing  on  the  desert  in  most  plai'cs  ;  buililings  and 
monuments  originally  erected  on  the  barren  land 
outside  of  cultivation  have  now  a  dejith  of  many- 
feet  of  soil  aiound  their  bases.  Many  of  the  sites  of 
antii|Uity  are  now  buried.  (See  Wilkinson.)  The 
amount  of  land  inundated  by  the  Nile  is  about 
5,626  square  miles  (average).  This  docs  not  include 
the  liver  and  lakes. 

Harrows  bore  the  same  part  in  the  operations  of 
husbandry  in  the  time  nf  Pliny  (A.  l).  79)  that  they 
do  now.  "After  the  .seed  is  put  in  the  ground,  har- 
rows with  long  teeth  are  drawn  over  it." 

The  common  harrow  of  the  Romans  was  a  hurdle, 
hut  tliey  also  used  harrows  made  of  planks  studded 
with  iron  spikes. 

The  harrow  is  represented  in  the  tapestry  of  Ba- 
yeaux,  A.  n.  1066,  and  is  mentioned  by  Googe,  in 
iiis  "  Heresbaehiu.s,"  a.  I).  1578. 

An  act  of  the  Iri.sh  Parliament  was  pas.sed  in  1634, 
forbidding  harnessing  horses  by  the  "tayles"  to 
harrows.     See  notice  under  Haknkss,  p.  1062. 

Harrows  are  made  of  various  forms,  and  if  we  re- 
ject the  harrow,  if  such  it  be,  on  the  .shoulilcr  of 
Osiris  («),  we  mav  suppose  it  to  have  been  originally 
a  bundle  of  bushes  (h)  tied  together  at  the  butts,  and 
thus  dragged  over  the  field.  A  log  on  the  brush  — 
as  we  of  tlieWe.st  term  it— would  flatten  as  well 
as  weight  it,  and  would  add  to  its  eltieieiicy.  The 
bu.sh-harrow  is  very  etiicient  in  covering  timothy, 
clover,  etc. 

Directions  for  the  construction  of  a  harrow  are 
given  by  an  English  agiicultural  writer  in  1668,  as 
follows  :  — 

"  Get  a  pretty  big  white-thorn  tree,  and  make  sure 
that  it  he  wonderful  thick,  bushy,  and  rough  grown." 
In  some  parts  of  the  north  of  Europe,  the  .spiky 
limbs  of  tir-trees  are  bound  together,  and  the  spurs 
of  the  limbs  make  a  reasonably  fair  substitute  for 
the  tines  of  a  harrow. 

In  another  form,  the  bush -harrow  q  is  used  under 
conditions  where  the  teeth   of  an  ordinary  harrow 
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would  penetrate  too  far,  as  in  covering;  grass-seeil. 
The  buslies  are  cut  and  so  disposed  iu  a  frame  as  to 
present  a  moderately  level  surfaee  of  limbs,  which, 
as  they  pass  over  the  laud,  reduce  inequalities  and 
cover  the  seed  as  lieep  as  desirable.  The  objeet,  of 
course,  in  |)ntting  land  down  to  grass  is  to  obtain  a 
good  level  surface  over  which  to  mow. 

The  thrashing-sled  of  the  Egyptians  and  Syrians, 
the  tribuliim  of  the  Romans,  may  have  been  used 
for  dragging  over  the  ground  to  cover  seed,  but  it 
does  not  so  aiipear.  As  stated,  the  harrow  iu  the 
time  of  Pliny  had  long  iron  teeth. 

A  convenient  limb  of  a  tree  has  often  furnished  a 
ready  frame  for  a  harrow,  c,  which  is  attached  by  a 
clevis  to  the  double  tree  of  the  team  or  the  chain  of 
the  oxen.  In  still  earlier  )]eriods  it  was  hauled  by  a 
withe,  a  grape-vine,  or  a  rawhide  rope. 

From  this  the  step  is  easy  to  the  letter  "A"  har- 
row d,  which  is  a  very  I'amiliar  form  in  new  conn- 
tries.  It  is  very  handy  in  ground  from  which 
stumps  have  not  been  eradicated.  It  is  easily  lifted 
by  the  corner  or  by  the  bow. 

The  usual  form  of  the  British  harrow  is  called  the 
Berwickshire  pattern,  c.  It  consists  of  two  parts 
joined  together  by  iron  rods,  having  hasps  and 
hooks.  Each  part  consists  of  tour  bars  of  wood  con- 
nected by  cross-bars  niortisetl  through  them.  The 
former  of  these  are  made  of  2i  by  3  inch  scantling, 
and  the  latter  of  2  by  1  inch  stuff.  The  bai-s  meet 
at  a  certain  angle,  so  that  the  figure  formed 
is  a  rhomb,  and  the  teeth  are  inserted  into 
the  bars  at  equal  distances  from  each  other. 
This  obli(piity  is  such  that  perpemliculars 
from  each  of  the  teeth,  falling  upon  a  line 
drawn  at  right  angles  to  the  line  of  the  liar- 
row's  motion,  sliall  divide  the  space  between 
each  bar  into  ecpial  parts,  so  that  the  lines 
marked  by  the  teeth  in  the  soil  shall  be  paral- 
lel and  erpiidistant. 

h  is  a  double-harrow  with  folding  .sections. 
//'  is  another  form  of  double-harrow  consist- 
ing of  a  triangular  frame  to  which  the  team  is 
hitched,  and  a  S([uare  frame  hinged  to  the 
former,  so  as  to  be  brought  into  effective  posi- 
tion or  be  laid  over  tlie  other  when  not  re- 
quired. The  rear  portion  has  handles,  and  its 
teeth  split  the  balks  between  the  furrows  left 
by  the  teeth  of  the  preceding  harrow.  /  is  a 
top  view,  f  a  side  view. 

Double-harrows  are  made  in   many  other  forms, 

two,   three,    or 
Fig.  2413  four        leaved, 

and  having  sec- 
tions .sipiare, 
lozenge,  trape- 
zoidal, rhom- 
p  boidal,  or    tri- 


The  liariow  i  is  for  grassy  or  weedy  lauds,  and  has 
teeth  of  cultivator  form,  presenting  V-shaped  blades 
which  cut  at  a  distance  below  the  surface,  say  two 
or  three  inches.  This  in  many  cases  is  much  more 
etfectiud  than  the  mere  jagged  tearing  action  of 
simple  spikes. 

Another  kind  of  hairow  is  drawn  in  the  rear  of 
and  partly  suspended  from  an  axle  and  pair  of 
wheels.  This  implement  has  also  its  proper  place  in 
some  kinds  of  soil  and  modes  of  tillage. 

Rotary  harrows  are  made  in  many  forms,  and 
may  have  one,  two,  or  more  sections  which  lie  flatly 
u]ion  the  ground,  as  in  Fig.  2413.  Each  section  D 
is  eccentrically  journaled  by  an  upright  axis  to  the 
frame  C,  and  as  a  consequence  of  the  eccentricity 
the  sections  rotate  as  the  harrow  advances  over  the 
ground.  Asa  greater  number  of  spikes  are  presented 
on  one  side  of  the  axis  of  rotation  than  on  the  other, 
their  hold  on  the  gionnd  is  gi'eater,  and  the  lighter 
side  is  obliged  to  rotate  forwardly. 

Tlie  flexible  spiked-chain  harrow  used  in  England 
is  made  of  wrought-iron  links,  so  sliaped  and  com- 

Fig.  2414. 


II      I    Iz)  I    I 


Rotary- Harrow. 

angular.     S]^eciinens  of  each  would  be  given, 
did  space  permit. 


Spiked' Cylinder  Harrow  and  Seeder. 
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bined  as  to  keep  the  harrow  stretcheJ,  wliile  a  certain 
number  of  tlie  teeth,  at  regular  intervals,  have  de- 
pendent spikes. 

The  spiked-cylinder  harrow,  known  in  England  as 
the  Norwegian  harrow,  has  three  sets  of  rowels 
placed  in  gangs  upon  an  iron  a.xle.  It  is  used  for 
reducing  the  land  to  a  line  tilth  for  the  reception  of 
seed,  which  it  does  to  a  depth  of  three  or  four 
inches  in  soil  which  is  in  suitable  preliminary  older. 
No  amount  of  drawing  spiked  tools  over  a  wet  clay 
bed  will  unike  frialile  soil,  and  the  use  of  this  tool, 
as  well  as  of  i  rushiug-roUers,  is  a  thing  to  be  done  in 
the  right  time  and  place.  Fig.  2414  shows  an  Ameri- 
can form  of  this  tool,  which  is  inteniled  for  sowing 
fertilizers,  grain,  and  grass-seed,  and  harrowing  in  the 
same.  A  portion  of  one  driving-wheel  is  broken 
away  in  the  upper  view,  in  onler  to  expose  the 
internal  cog-gear  by  which  the  spiked  cylinder  is 
rotated,  as  it  does  not  depend  upon  its  contact  with 
the  gi'ound  for  its  rotation.  The  feeding  devices  for 
seed  and  fertilizer  are  driven  by  chain-band  con- 
nection with  a  wheel  on  the  spiked  drum.  The 
spiked  cylinder  may  be  raised  from  the  ground  by 
the  lever  P,  or  adjusted  as  to  depth  of  penetration. 

Har'vest-er.  (Aijricullure.)  A  machine  for 
cutting  grain  or  grass.     See  Mower  ;  Reaper. 

See  also  under  the  following  heads  :  — 

Bean-harvester.  Guard-finger. 

Binder.  Heading-machine. 

Cane-harvester.  Hemp-harvester. 
Clover-seed  harvester.         Lawn-mower. 

Corn-harvester.  R;ike. 

Dropper.  Reel. 

Finger.  Sward-cutter. 
Fla.\-puller. 

Har'vest-er-cut'ter  Grind-er.  A  machine 
adapted  to  the  grinding  of  the  seition  knives  of  har- 
vesters, which  are  riveted  to  tin;  knife-bar. 

In  Fig.  2415  a  bed  a  supports  a  sliding  carriage 
on  which  is  the  doubly  beveled  grindstone  b,  having 
a  gear-wheel  c,  which  engages  with  a  wheel  d  on  the 
shaft  c.  From  the  uprights  /  pivoted  connections 
run  to  a  crank  at  each  eml  of  the   driving-shaft, 


Harvester- Cutter  Grinder. 


and  from  each  end  of  this  shaft  similar  connections 
ai'e  made  with  the  axis  of  the  grindstone.  The 
knives  g  are  secured  to  the  guide  h  fixed  to  the 
frame  at  a  suitable  angle.  On  turning  the  crank  the 
stone  is  caused  to  rotate  as  usual,  and  is  reciprocated 
back  and  forth,  insuring  the  even  grinding  of  the 


teeth,  from  root  to  point,  and  preserving  the  shape 
of  the  stone. 

Har'vest-ing-ma-chine'.    See  Mower;  Reap- 
er.     See  Hakvkster  for  list. 

Hasp.     1.   A  fastening.     A  clamp  or  bar  fast  at 
end  to  an 

Fif!  241G 


one 

eye-bolt  ovsta- 
]ile,  the  other 
end  passing 
over  a  staple, 
where  it  is  se- 
cured by  a^jm, 
krij,  button, 
fore-lock,  or 
pndlock. 

2.  A  scari- 
fier for  grass 
lands. 

3.  A  spindle 
for  thread  or 
silk. 

Hasp-lock. 
One  ia  which 
the  hasp, 
wliich  is  at- 
tached to  the 
trunk-lid,  it- 
self carries  the 
locking- de- 
vice. In  the 
example,  the 
bolt  is  shot 
longitudinally 
so  as  to  protrude  from  the  hasp  and  enter  the  .staple 
The  locking-circle  has  an  intei-nal  cog-gear  V  ope 
rated  by  a  cog-segment  C,  and 
has  a  locking-tooth  W  and  a 
pivoted  engaging-lever  L. 

Has'sock-filler.  A  de- 
vice consisting  of  a  curb  and  a 
charging  cylinder,  whereby 
the  stuffing  is  packed  into  the 
cover.  A  tube  is  .slipped  inside 
the  ottoman  or  hassock,  and 
both  are  placed  in  the  ring  and 
upon  the  bottom  piece.  As 
the  tilling  is  introduced  and 
pressed  down,  tlie  tube  is 
gradually  withilrawn. 

Has'ten-er.  A  kitchen 
stanil  before  the  fire  to  keep 

Fig.  2418. 


Hasps. 


rig.  2417 


Hassock-  Filler, 


Hasp-Lock. 


the  radiated  heat  around  the  joint  which  is  being 
roasted. 

Hat.  1.  A  head-covering  with  a  crown,  sides,  and 
continuous  brim.  Made  of  cloth,  felt,  straw,  silk, 
splints,  grass,  etc. 

Felt  hats  are  as  old  as  Homer.  The  Greeks  made 
them  in  various  forms  ;  skull-caps,  conical,  trun- 
cated, narrow  or  broad  brimmed  (pctwiu.i).  The 
Phrygian  bonnet  was  an  elevated  ca))  without  a 
brim,  the  apex  turned  over  in  front.     This  form  is 
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very  olJ,  and  indic^ates  an  inhabitant  of  Asia  Minor. 
It  is  known  MOW  as  the  aiji  of  lilii-vty.  In  Uonif,  tlie 
ccri'niony  of  nianiiniissioTi  of  a  slave,  the  head  was 
shaved  and  a  of/j  presented  as  an  enildein  of  free- 
dom. .\n  aneient  figure  of  Lilierty,  of  the  lime  of 
Antoninus  I'ius,  A.  u.  14.'),  liohls  tlie  eap  in  the 
riglit  liand. 

We  even  find  tliem  witli  l)rim  and  no  ermvn. 
Tii'd  liefore  or  heliiml,  —  we  thr)ujcht  this  wa^  (|iute 
.modern.  A  liroad-lirinnneJ  hat  is  show«i  in  tlie 
sculptun's  of  Karnak. 

Herodotus  refers  to  the  soft  hats  of  the  I'ersians. 
Tliey  wore  round-top  eaps  without  peaks,  somewhat 
re.seinliling  the  modern  fez.  Hats  eneircled  with 
plumes  weie  the  head-dreas  of  the  Lyeiun  eontiiigent 
in  the  army  of  Xer.\es. 

Herodotiis  s:iid  that  the  skulls  of  the  bareheaded 
Egyptians  were  so  baked  that  they  would  hardly  de- 
cay, and  were,  in  this  respect,  very  dilferent  from  the 
Persians,  who  protected  their  heads  and  kept  them 
so  soft  that  they  soon  rotted.  He  obsei-ved  it,  he 
says,  on  an  old  tield  of  battle  in  Kgyi't  ;  the  former 
were  as  haril  as  a  firick,  and  the  latter  decayed. 

The  broad-brim  hat  (friiisin)  was  worn  by  the 
Maei-donian  kings.  It  is  saiil  liy  .Sinith  (Dietionary 
of  (i reek  and  Itoinan  Antiipiities)  to  have  been  made 
of  felt.  It  is  shown  on  a  medal  of  .Ue.\ander  1.  of 
.Maoedon.  It  was  adopted  by  the  Homans,  especially 
Caraealla. 

In  the  accompanyiii!;  cut  are  shown  some  of  the 
forms  whicli  the  ancient  felt  hat  assumed.  The 
piliHS  (\m\-'u\)  was  the  common  felt  cap,  the  /f.9s  of 
the  modern  (Ireeks,  the  ffz  of  the  Turks.  The  pc- 
tasus  (Greek)  was  a  hat  ;  it  had  a  brim  ;  its  name, 
in  fact,  comes  from  a  word  whose  root  meaning  is 
extension,  dilation. 

a  is  from  a  sepulchral  bas-relief  in  Bce.otia. 

6  is  a  tisherman's  cap,  from  a  statue  in  tlie  Town- 
ley  collection,  British  Museum. 

c  is  a  coin  of  Bruttium,  South  Italy  ;  the  figures 
are  Castor  and  Pollux.  With  us,  ciislor  means  a 
full,  from  the  beaver  (castor,  from  a  Sanscrit  word 
meaning  musk),  which  supplies  the  best  material. 

d  is  a  heail  of  Daidalus,  from  a  bas-relief  in  the 
Villa  Borghese  collection.  This  form  is  still  worn 
by  the  shepherd  boys  in  .Asia  Minor. 

r  is  a  head  of  Ulysses,  from  an  ancient  lamp.  It 
represents  him  as  tied  to  the  mast  while  he  listens 
to  the  songs  of  the  sirens. 

/is  the  modern  Greek  peasant's  cap,  introduced 
for  comiiariscni. 

(I  is  from  a  |iarian  marble  bust  of  Paris,  wearing 
the  Phrygian  cap,  and  now  in  the  Glyptothek, 
Munich. 

h  is  from  a  coin  of  the  Emperor  Verus,  now  in 
the  British  Museum,  and  representing  Armenia 
capta.     The  ca])tive  wears  a  phtij  liat. 

i  represents  Dacia  in  mourning,  with  a  pudding- 
crown  hat  on.  It  is  the  obver.se  of  one  of  Trajan's 
coins. 

j  is  from  a  coin  of  .\ntoninris  Pius,  and  represents 
the  goddess  of  lilierty. 

k  is  li-om  a  statue  of  the  sleeping  Endymion  in 
the  Townley  collection  of  the  British  Museum. 

I  is  from  a  bas-relief  in  the  Vatican,  and  exhibits 
the  head  of  a  she|iherd. 

m  shows  the  .sheiduM-d  Zethu.s  with  his  hat  slung 
behind  his  back.      Borghese  collection. 

11,  horseman  with  a  peta.sns.      Parthenon. 

op,  silver  coins  of  iEtolia  in  the  British  Museum. 

q,  IVmu  a  vase  of  Sir  W.   Hamilton's. 

T  is  from  an  ancient  marble  bust. 

.9  (  are  from  coins  of  ancient  Italy,  and  represent- 
ing heails  of  Mercury. 


In  the  thirteenth  century,  Pope  Innocent  IV.  al- 
lowed the  carilinals  the  use  of  scarlet  cloth  hats. 


Fig.  2419. 


Ancient  Hats. 

The  introduction  of  felt  hats  is  credited  to  a  Swiss, 
in  Paris,  in  1410,  and  in  1440  it  is  saiil  to  have  be- 
come a  common  article  of  wear  for  travelers. 
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In  1449,  Charles  VII.  mailc  his  triumphal  entry 
into  Kouen,  wearing  a  felt  hiit  lined  with  red  velvet 
and  snrniounteil  with  a  tine  j)lnnie  of  feathers.  This 
set  the  fashion,  and  hats  soon  superseded  the  old 
chaperons  and  hoods. 

C'haueer,  who  wrote  during  the  latter  part  of  the 
fourteenth  century,  rejiresents  the  merchant  as  wear- 
ing a  Flandei-3  heaver  hat.  This  may  antedate  our 
Swiss  friend  mentioned  above. 

The  hats  referred  to  in  the  reign  of  Richard  II. 
(1385)  were  probably  of  cloth. 

Felt  hats  are  stated  by  one  authority  to  have  been 
first  made  in  England  in  1470  ;  and  by  another  au- 
tliority  (.Stow)  to  have  been  lirst  made  there,  by 
Spaniards,  in  l.'>10.  Before  this  time  the  people, 
both  Tnen  and  women,  wore  close  woolen  caps  ; 
originally  of  clotli  and  afterwards  knit.  Knitting  is 
quite  a  modern  art. 

Two  centuries  since,  hats  were  customarily  worn 
indoors. 

' '  Home  to  bed  ;  having  got  a  strange  cold  in  my 
head,  by  flinging  off  my  hat  at  a  dinner,  and  sitting 
with  the  wind  in  my  neck."  —  Pepys's  l>iary, 
Sei>tember  2-2,  1664. 

"  Home  to  supper,  having  a  great  cold,  got  on 
Sunday  la.st,  by  sitting  too  long  with  my  head  bare, 
for  Mercer  [his  wife's  maid]  to  comb  [his  hair  /]  and 
wash  my  ears." — Ibid.,  January  25,  1664. 

"This  day  Mr.  Holden  sent  me  a  bever,  which 
cost  me  £  4  5s."  — Ibid.,  1641. 

In  Lord  Clarendon's  essay  on  the  decay  of  respect 
paid  to  age,  he  says  that  in  his  younger  days  he 
never  kept  on  his  hat  before  those  older  than  him- 
self, evccpf  at  dinner. 

Hats,  besides  those  of  straw  and  similar  material, 
are  made  of  fur,  principally  that  of  the  Russian  hare 
or  coney,  mixed  with  a  small  jiroportion  of  wool  or 
cotton. 

There  is  a  legend  that  the  process  of  felting  was 
accidentally  discovered  by  St.  Clement,  who,  having 
put  .some  rabbits'  fur  in  his  shoes  to  protect  liis  feet 
during  a  long  journey,  found  at  its  conclu.sion  that 
the  fur  had  become  compacted  into  a  homogeneous 
mass. 

The  rise  of  the  fur  of  the  beaver,  which  certainly 
dates  back  prior  to  15S5,  threatens  now  to  become 
obsolete,  it  being  superseded  to  so  great  an  extent 
by  the  imitation  made  by  covering  a  body  with  silk 
plush. 

In  any  process  of  making  felt  or  fur  body  hats, 
the  first  operation  is  weighing  out  a  sufficient  quan- 
tity of  the  material  to  make  a  single  hat-bodv. 

In  the  hand  process,  the  fnr  is  bowed  by  being 
placed  in  a  heap  over  a  table  aliove  which  is  sus- 
pended the  bow,  much  i-esenibling  a  fiddle-bow, 
though  having  but  one  string  which  is  vibrated  by 
the  workman  striking  it  with  his  thumb  until  the 
hairs  are  brought  into  a  light  even  layer.  The  wool 
is  then  treated  in  a  similar  way  with  a  larger  l>ow, 
and  the  two  layers  of  fur  and  wool  are,  by  means  of 
a  light  wicker  frame  adapted  to  receive  the  material, 
placed  one  over  the  other  and  again  bowed,  when 
the  mass  is  compressed  by  the  wicker  frame,  and 
afterward  by  an  oil-cloth  pressed  upon  it  by  the 
hands  until  the  fibers  have  Ijecome  sufficiently 
united  to  bear  handling. 

A  triangular  piece  of  brown  paper  is  then  placed 
above  it,  over  which  its  edges  are  folded,  and  the 
whole  is  wrapped  up  in  a  damp  cloth  and  manipu- 
lated until  the  fibers  have  become  thoroughly  inter- 
twined and  the  body  is  brought  into  a  triangular 
form.      This  is  called  busoiiinq. 

In  the  next  process,  called  jjlanking,  the  body  is 
alternately  immersed  in  a  kettle  of  very  dilute  sul- 


phuric acid,  to  which  beer-grounds  or  wine-lees  are 
ailded,  and  then  worked  upon  an  inclin<;d  plane  at 
the  side  of  the  kettle  until  it  is  .shrunk  to  half  its 
former  size  and  nuich  increased  in  thickness,  the 
operation  being  comiileted  by  the  aid  of  a  roIIing-pin 
which  smooths  and  comjiacts  the  felt.  The  body  is 
then  dried  in  a  stove,  and  sized  with  a  brush  dipped 
in  shellac  dissolved  in  alcohol,  and  again  dried  ;  any 
supeiHuous  sizing  is  removed  by  dipping  in  an  alka- 
line solution  and  scraping.  Beaver  fur  is  applied  to 
the  exterior  by  being  njixed  with  fine  cotton,  and 
the  two  are  felted,  in  manner  similar  to  that  de- 
scri'oed,  into  a  thin  sheet,  which  is  affixed  to  the 
exterior  of  the  body  by  manijiulating  it  in  the  boiler 
and  on  the  plank  ;  in  this  process  the  cotton  sepa- 
rates. The  body  is  yet  of  a  conical  shape,  and  is 
partially  brought  into  ]iroper  form  by  hand,  and 
then  stretched  upon  a  cylindrical  block,  after  which 
it  is  dyed  by  boiling  in  a  solution  of  copperas,  verdi- 
gris, gall-nuts,  and  logwood  in  water.  It  is  now 
<lrained,  dried,  and  removeil  fiom  the  Idock,  and 
fini.':hcd  by  placing  over  a  jet  of  steam  which  softens 
it,  when  the  brim  is  turned  up,  the  stift'euing  of  the 
crown  inserted,  placed  upon  a  block,  the  nap 
smoothed,  and  a  gloss}'  surface  imparted  by  means 
of  warm  and  damp  hair-brnshes  and  a  plush-brush 
called  a  rclours  (sometimes  Icivcr  or  hire),  finishing 
with  a  hot  iron.  The  trimmings  and  lining  are  next 
sewed  in,  and  the  hat  is  finally  warmed  and  such 
slight  variation  of  shape  imparted  as  the  style  re- 
quires. 

In  the  present  mode  of  making  felt  hats,  after 
being  ccrroted  by  treatment  with  a  solution  of  mer- 
cury and  nitric  acid,  in  order  to  render  the  felting 
easier,  the  fur,  when  dry,  is  removed  from  the  skin 
and  assorted,  according  to  quality,  into  back,  belly, 
and  side,  the  latter  being  the  finest.  These  are 
mixed  as  may  be  required,  according  to  the  quality 
of  the  hat,  and  farther  mixed  in  the  proportion  of 
4  to  5  ounces,  that  being  the  cjuantity  required  for  a 
liat  body,  with  from  J  to  i  ounce  of  fine  carded  cot- 
ton. This  mixture  is  jilaeed  in  a  bo.x  above  a 
toothed  picker,  revolving  with  great  velocity,  which 
seizes  the  material  and  conveys  it  on  an  endless  belt 
to  another  jiicker.  The  agitation  caused  by  the  cur- 
rent of  air  from  these  assists  in  intermingling  the 
ingredients. 

Th(^  stock;  as  it  is  now  termed,  is  next  passed 
through  a  series  of  toothed  rollers,  where  coarse  ma- 
terials and  dirt  fall  into  trays  beneath,  while  the 
finer  portions  are  forced  out  at  the  farther  ex- 
tremity of  the  machine.  The  stock,  which  is  now 
said  to  be  biou-n,  is  ne.xt  placed  on  the  feeding-apron 
of  the /iinii-iiir/-macliine,  in  quantities  just  sufficient 
for  one  hat-body.  Here  it  is  drawn  in  between  two 
horizontal,  felt-covered  feed-rollers,  and  seized  by  a 
cylinder  provided  with  several  longitudinal  rows" of 
stiff  brushes,  and  niaking  about  3,000  revolutions 
per  miunte.  By  this  a  current  of  air  is  generated, 
which  scatters  the  stock  ami  blows  it  out  through  a 
vertical  .slot  at  the  top  of  the  machine  against  a  re- 
volving copj)er  colli'  having  a  great  niunber  of  per- 
forations, ami  partially  exhausted  of  air  by  a  rapidly 
revolving  f^m.  When  the  stock  from  the  first  ma- 
chine is  thus  all  withdrawn  and  compressed  against 
the  side  of  the  coiic,  a  wet  cloth  is  placed  over  it  ;  a 
metallic  cover  is  slipped  on  over  this,  and  the  whole 
transferred  to  a  tank  of  hot  water.  The  viat  is  next 
removed  from  the  cone,  small  portions  of  stock 
added  to  strengthen  any  thin  spots  which  may  be 
detected,  and  it  is  rolled  ami  worked  in  a  piece  of 
blanket.  After  a  little  manipulation,  it  is  ready  for 
the  ))rocess  of  felting,  which  is  done  by  experienced 
workmen,  by  constant  rolling  and  dipping  in  hot 
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watPr  for  several  hours,  for  the  purpose  of  farther 
thifki'iiiii>,'  iiiiil  fiilliiif,'  it  ;  or,  in  other  words,  felt- 
ing the  fur  and  redueing  the  huge  cone  to  the  proper 
dimensions  for  making  a  hat.  After  lieing  (iroiierly 
sized  or  felted,  it  is  pa-ssed  to  the  shaving-room, 
where  the  outer  surface  is  shavi^d  with  a  shai'p 
knife  by  a  skilled  workman,  to  remove  whatever 
hair  may  yet  remain  in  the  fur.  It  is  tlu'ii  returned 
to  the  kettle  for  a  seeond  sizing,  to  fartlier  close  up 
and  strengthen  the  felt,  -\fter  the  farther  opera- 
tions of  being  stitfened,  cleaned,  blockeii,  colored, 
shaped,  and  pounced,  the  body  is  ready  for  the  fin- 
ishing process. 

The  great  impmvement  of  the  perforated  exhausted 
cone,  with  its  attendant  slotted  blowing  cylinder,  is 
due  to  H.  A.  Wells,  by  whom  it  was  patented  .Vpril 
25,  1846.  Williams  in  England,  had  jireviously 
employed  a  partially  e.vhausteil  cone  in  connection 
with  a  cai'ding-machine  for  making  hat-bodies  liom 
tow  or  waste  silk.     See  Blowinp.-.machink,  J).  307. 

In  this  country,  fur,  mixed  witli  a  little  Sea- 
Island  cotton,  is  generally  employed.  The  foi-ming 
and  sizing  of  the  body  arc  done  in  a  way  ju-ecisely 
similar  to  that  of  felt  hats,  but  a  much  less  quantity 
of  stock,  from  1  to  IJ  ounces,  is  used. 

After  sizing,  it  is  ilipped  into  a  solution  of  shellac 
and  alcohol,  drawn  over  a  block  and  the  brim  flat- 
tened. A  thick  stitfeningis  placed  in  the  crown  and 
on  the  brim,  and  the  boiiy  again  Idocked,  slightly 
moistened,  and  ironed  into  shape.  Thi;  brim  is 
ironed  on  the  brim-lioard,  sand-papered  smooth, 
again  ironed  and  coated  with  a  sizing  of  tine  glue. 

After  this  two  coats  of  shellac  varnish  are  ap- 
plieil  and  the  body  is  reaily  to  receive  its  silk  plush 
covering.'  The  plush  for  this  purpose  is  imported 
from  I*' ranee  and  (Jcrmany,  the  former  of  superior 
quality. 

The  material  is  cut  into  two  pieces  which  form 
the  upper  anil  under  surfaces  of  the  brim,  and  other 
two  wiiich  constitute  the  body  and  crown.  The 
under  brim  in  one  circular  piece  is  first  put  on,  and 
afterwards  the  upper  brim,  seweil  to  the  crown  ami 
side  piece  ;  the  whole  forming  a  sort  of  bag,  which 
is  drawn  over  the  body.  The  operation  of  sewing 
reijuires  great  neatness,  to  conceal  the  seam,  and 
neatness  is  also  required  to  conceal  the  joint  where 
the  two  ends  of  the  piece  forming  the  .side  unite. 
This  is  effected  by  cutting  off  the  overlapping  part 
very  exactly  at  the  joint  anil  brushing  the  nap  over 
it ;  the  application  of  a  hot  iron  unites  the  plnsh 
to  the  body.  The  hat-band  conceals  the  junc'tion 
of  body  and  upper  brim,  and  the  binding  that  of 
the  upper  and  lower  brim  pieces. 

The  hat  is  Hnisheil  by  rubbing  with  small  wire 
hanil-cards  and  stilf  brushes,  after  damping  with  a 
sponge,  and  afterwarils  ironing  it.  This  sti'aightens 
and  lays  the  nap,  a  mixture  of  camphor  and  alcohol 
is  applied  to  soften  any  adhering  (lirt,  ami  the  hat 
is  then  placed  in  the  /ifrHij-machine,  — an  ayipa- 
ratus  similar  to  a  lathe,  —  in  which  the  hat  on  its 
block  is  caused  to  revolve  against  pads  of  stiff 
woolen  plush ;  this  removes  all  diit  and  water 
stains.  The  final  gloss  is  imp.arted  with  the  hot 
iron,  after  which  it  is  trimmed.  From 
thehanilsof  the  finisher  the  hat  passes 
to  the  trimmers  and  curler,  where  the 
finishing  touch  is  given  and  tlie  brims 
molded  into  the  sha)>e,  as  the  style 
and  fa-shion  may  dictate,  bringing  out 
the  Hogarth  lines  of  beauty  in  their 
curves  and  curls,  and  adapting  them 
to  the  taste  of  the  correctly  dressed  gentleman  of 
the  day. 

Two  kinds  of  bodies  are  employed  for  silk  hats. 


One  consists  of  stiffened  muslin,  and  the  other  of 
fidt  or  fur. 

The  muslin,  or,  as  it  is  termed,  the  gossamer  body, 
is  said  to  be  the  lightest  and  most  durable  of  the 
two  kinds  used,  and  is  rapidly  superseding  the  fur 
or  felt  body  for  giMieral  wear. 

Silk-hat  making  is  known  to  tho.se  connected  with 
the  trade  as  an  art,  and  was  styled  by  them  in  olden 
times,  "  the  art  and  mystery  of  hat-nuiking." 

The  parts  of  a  hat  are  as  follows  :  — 


a,  body  or  crown. 
h  c,  brim. 

b,  upper  brim. 

c,  under  brim. 

d,  rim. 


Fig.  24!!0. 
7i 


J 


iiiii;! H 


Hal. 


The  bandiug-]ioint,  or  break 
of  the  Ijand,  is  at  the  junc- 
tion of  the  brim  and  crown. 

/,  side  crown. 

y,  square,     h,  tip. 

A  cap  differs  from  a  hat  in  the  shape  of  its  brim, 
which  projects  from  one  side 
only,  and  is  called  a  fore-piece 
or  visor.  A  bonnet  difiers  from 
a  cap  in  the  angle  at  which  the 
brim  projects  from  the  body. 

Among  the  different  kinds  of" 
hats  may  be  cited,  the 

Cloth-hat.  Leather-hat. 

Cork-hat.  Paper-hat. 

Embossed-hat.  Silk-hat. 

Felt-hat.  iSpring-briu]  hat. 

Fur-hat.  Straw-hat. 

Collapsible  hats,  for  opera  or  traveling,  are  made 
with  springs  or  of  springy  material.     See  OPEltA- 

HAT. 

Panama  hats  are  made  of  the  leaves  of  the  panda- 
mus  or  seren  pine  {.Carhitlovica  palmata).  These  are 
gathered  before  they  unfold,  the  ribs  and  coarser 
veins  are  removed,  and  the  ri'st,  without  being  sep- 
arated from  the  base  of  the  leaf,  is  reduced  to  shi'eds. 
After  having  been  put  in  the  sun  for  a  day,  and  tied 
into  a  knot,  the  straw  is  inimersed  in  boiling  water 
until  it  becomes  white.  It  is  then  hung  up  in  a 
shady  place,  and  subsequently  bleached  for  two  or 
three  days,  after  which  the  straw  is  ready  for  use. 
The  ]ilaiting  of  the  straw  commences  at  the  ciown 
and  finishes  at  the  brim,  and  is  a  very  troublesome 
opeiation.  The  hats  are  made  on  a  block  placed  on 
the  knees,  and  reipiire  to  be  constantly  pri'ssed  with 
the  breast.  The  coarser  hat  is  usually  finished  in 
two  or  three  days,  but  the  finest  often  requires  as 
many  months. 

2.  (T.inning.)  The  .stratum  of  bark  on  the  top 
of  a  pile  of  hides  and  interposed  bark,  filling  a  tan- 
pit. 

3.  (Metallurgy.)  A  depression  in  the  tunnel-head 
of  a  smelting-furnace  to  detain  the  gases. 

Fig.  2121. 


Hat'Bloeking  Machine. 
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Hat-block.  A  form  upon  which  the  hat  is  fin- 
ished. It  i.s  nsiuilly  made  of  five  pieces,  four  outside 
segments  and  a  square  central  or  key-block. 

In  finishing  the  exterior,  a  spinner  is  used  as 
a  stand,  being  simply  a  Hat  oval  table,  the  face  of 
wliich  corresponds  to  the  curve  of  the  brim.  It  is 
removed  wln-n  tin-  under  liriru  is  to  be  worked. 

Hat-block'iug  Ma-chine'.  A  machine  for 
blocking  hats,  stretching  out  the  crown  by  means 
of  expansible  framework,  and  sti'etching  out  the 
brim  by  clam|js,  which  lake  hold  of  the  brim,  and 
are  then  raised  from  an  inclined  to  a  horizontal 
position.  The  expansible  framework  is  raised  and 
lowered  b)-  a  screw  stem,  so  as  to  adjust  it  to  vary- 
ing depths  of  hats.  The  ring  serves  several  purposes, 
giWng  pressure  to  the  clamps  by  means  of  springs, 
and  forming  a  point  of  attachment  for  the  inclineil 
projections  for  giving  the  edge  of  the  brim  an  extra 
stretch  to  overcome  the 


Fig.  2422. 


and  flattened  against  the  crown-piece  S  ;  the  crown 
and  sides  are  then  blocked.  The  brim  is  distended 
by  the  rising  of  the  ring  L  against  the  inside  edges 
of  the  lower  and  outer  series  of  hinged  arms,  which 
are  thus  pressed  against  the  under  side  of  the  brim 
and  press  the  latter  against  and  betwei-n  the  aims  V 
of  the  former  above. 

Hat-bod'y.  The  entire  body  in  an  unfinished 
state,  as  the  cone  from  a  forming-machine,  or  the 
s/icH  or  cnraiss  upon  which  plush  is  attached  to 
make  a  silk  hat  ;  or  the  beaver  hat  before  napping  ; 
or  a  ilotli  bat  bef.ire  stiffening. 

Hat-bod'y  Print'er.  A  machine  fo  printing  a 
pattern  on  the  exterior  of  a  hat-body,  to  produce  an 
ornamental  effect  or  imitate  a  fabric.  In  the  exam- 
ple, till'  Idock  having  the  pounced  hat-body  thereon 

m 


Fig.  2424. 


.shrinkage.     The  rim  o 
at  tlie  bottom  breaks  thv 

band,  and  is  change- ^ 

able  lorvarying sizes  '^^^ 
of  hats.     Fig.  2421,  the  I 
banding-ring  and  a  part  | 
of    the    stretcliiiig-anii 
are  shown  as  laid  over 
away  from  the  | 
cone  ;      it    is 
lirought     into 
operation 
upon  the  hat- 
boiiy  by  swing- 
i  n  g     over, 
bringing  the  stretchers  n  n  between  the  part    g  y 
and  till-  lianding-ring  o,  upon  the  hand  of  the  hat. 
Fig.  2422  shows  the  rubber  over  the  crown  stretch- 


Itlachint. 


Hat-Bloeking  Machine. 


ers  to  prevent  undue  corrugating  of  the  body. 

In  Fig.  2423  the  cone  to  form  the  body  is  placed 
upon  the  block  E,  which  has  two  circumferential 


is  screwed  upon  the  end  of  a  shaft,  which  is  rotated 
in  conjunction  with  a  printing-roller,  which  may 
liave  more  or  less  rajiid  feed  given  to  it. 

Hat-bod'y  Siz'ing-raa-chine'.  Sizing  is  a 
term  .synonymous  with  /mt-xhrinking  and liat-plank- 
ing.     For  hand  process  see  H.\tter's  Battkry. 

An  operation  for  shrinking  or  reducing  the  hat- 
fiody  to  the  proper  size  and  form  for  making  the  fin- 
ished hat.     The  apparatus  consists  of  an  elastic  bed 


series  of  slanting  litis  above  it.     When  the  carriage  |  in  a  trough  containing  hot  water,  and  a  semicircular 

rocker,  by  which  a  kneading  operation  is  performed 
on  the  body. 

The  elastic  support  of  the  corrugated  bed  sustains 
the  lower  end  of  the  latter  above  the  surface  of  the 


Boydfn^s  Hat-Blockins:  Machine. 

is  raised  so  as  to  bring  the  cone  within  the  hollow 
former  above,  the  piston  D  expands  the  upper  series 
of  radial  arms,  distending  the  crown,  which  is 
thereby  pressed  against  the  sides  of  the  bloik  T  T, 


Hat-Body  Stzing-Machine. 

liquid,  so  that  the  roll  of  hats  may  be  adjusted  upon 
the  bed  without  exposing  the  hands  to  the  hot  wa- 
ter. The  handle,  pivotal  shaft,  and  impelling  springs 
enable  the  macliine  to  be  operated  by  hand. 

In  Fig.  2426,  the  table  has  a  simple  horizontal 
reciprocation,  and  the  platen  an  oscillating  as  well 
as  a  reciprocating  motion,  being  rigidly  attached  to 
the  pitmans.  Jets  of  hot  water  or  steam  may  be  ap- 
plied to  the  hal  from  pipes  which  end  in  a  finely 
perforated  box. 


HAT-BKIM  TUIMMEK. 


1074 


JIATillKT. 


Hat-Btifh/  Sizin^-Marhtne. 


Hat-brim  Trim'mer. 


Kii;.  2427. 


Hat-Brim  Trimmer. 


\  [lattei'ii  which  tli'tor- 
mill's  the  jioint 
at  wliich  the 
hiim  is  to  be 
trimmed.  The 
operation  iscom- 
111  only  p  e  r  - 
formed  by  a 
roundinij  -  jack, 
wliichisaeurved 
knife  carrying  a 
gage  which  bears 
against  the  band 
point  while  the 
hat  i.s  upon  the 
bloclc,  and,  be- 
i  n  g  moved 
aroundthebody, 
cuts  the  brim 
of  an  equal 
width  all  round. 
Hat-brush.  A  soft,  drawn  brush,  of  horse  or 
goat's  hair. 

Hat-brush'iiig  Ma-chine'.  A  machine  in  which 
brashes  are  used  to  eipialize  and  polish  the  nap, 
pile,  or  exterior  fibrous  matter  forming  the  surfaces 
of  hats.  They  sometimes  rotate  in  contact  with  the 
body,  or  it  is  rotated  wliile  they  are  held  in  contact 
with  it.  After  the  forming  operation,  the  brnshing- 
niachine  removes  the  dust  or  liberated  fiber. 

Hatch.  1.  A  stop-plank  falling  in  vertical 
grooves  in  a  frame,  and  supporting  a  head  of  water 
in  a  weir.     A  .f/K/ir-gate.      A /?oorf-gate. 

2.  A  grated  weir  for  a  fish-trap. 

3.  A  breast-high  or  Iialf  door. 

i.  A  shutter  to  cover  a  hatchway,  or  scuttle,  in  a 
ship's  deck  or  wareliouse  Hoor. 

5.  A  hatchway  or  ojiening  in  a  deck  or  floor. 

6.  An  opening  into  a  mine. 

Hatch-bar.  (Naiilim/.)  The  bars  by  which 
the  hatches  -.wv  fastened  down. 

Hatch'el.  (Fiber.)  An  instrument  for  cleans- 
ing flax  or  hemj)  from  the  harih.  It  consists  of  a 
number  of  teeth  set  in  a  boar<l,  upon  which  the 
hank  of  fiber  is  thrown  and  dragged  through,  so  as 
to  comb  it  straight  and  remove  the  coarser  portions. 
A  hackle. 

Hatch'et.  {Carpentry.)  A  one-handed  chop- 
ping-tool. 

Hatchets  of  the  stone  age  have  been  found  with 
eyes  for  the   rci-cpljon  of  the  helve.      No  such  per- 


foration  is  found  in  any  bronze  axe  or  hatchet  of  the 
immense  period  during  which  the  cutting  tools  were 
fonned  of  this  metal.  Bronze  was  always  cast,  and 
it  seems  wonderful  that  no  one  thought  of  casting  it 
with  an  eye.  Natural  ludes  in  stones  were  utilized 
for  eyes  ;  two  Hint  hatcliets  in  the  museum  of  Co- 
penhagen arc  examples. 

The  early  history  of  our  race  is  written  in  the 
tools  of  stone,  bone,  and  bronze.  A  f('w  leaves  from 
the  chapters  to  be  found  in  all  our  museums  are 
tran.sferred  to  these  (lages. 

a  is  a  copper  iclt  from  Waterford,  Ireland,  re- 
sembling in  sha]ic  the  earlier  stone  tools,  such  as 
axes,  a(lzes,  chisels,  hoes,  lor  the  chase,  war,  car- 
pentry, and  agriculture. 

b  is  a  winged  itelt  from  Ireland,  c  a  socketed  celt 
from  the  same  country. 

d  c  f  show  the  niodiw  in  which  the  celts  a  b  c  were 

stacked. 

Fig.  2428. 


Cflts  and  Hatcluts. 


These  celts  vary  in  size  from  an  inch  to  a  foot  in 
length.     (/  is  a  stone  celt. 

h  is  a  celt-mold  from  Ireland. 

i  is  a  decorated  bronze  celt  from  Ireland. 

k  I  m  are  Danish  celts  of  bronze. 

n  is  a  stone  axe  fioni  Ireland. 

0,  a  stone  hatchet  found  in  county  Monaghan, 
Ireland,  yet  mounted  in  a  pine  handle  13J  inches 
long.  Almost  none  of  these  weapons  are  found 
with  holes  for  the  handles.     See  Axic. 

p  is  an  ancient  stone  hatchet  found  at  the  stream- 
tin  works,  Morbilmn. 

5'  is  a  bronze  hatcdiet  from  Morbihan. 

r  is  the  Koman  .ircuris.  It  had  a  single  edge,  or 
a  bl.ade  and  jioll,  as  represented  in  the  ligure.  When 
it  had  a  blade  on  eaidi  side  of  the  haft  it  was  known 
as  bi-pcnnis.     Sec  DoUBLE-nrrrKD  axe. 

s  is  a  shingling  hatchet. 


HATCHING. 
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Hatch'ing.  (Engravhuj.)  A  style  of  drawing  or 
en<(raviii<;  in  whiih  the  shailiii"  is  jierformeJ  by  lilies 
crossing  at  angles  less  than  90  . 

Hatch'^ff^ay.  1.  (Sldpbuilding.)  One  of  the 
large  square  o])enings  in  the  deck  of  a  ship  whereby 

freight  is  hoist- 
Fig.  2429.  edin  or  out,  and 
access  is  had  to 
the  hold.  The 
coveiings  are 
hittrhes.  These 
are  fastened 
down  by  bat- 
tens. 

There  are  four 
pieces  in  the 
frame  of  a 
hatchway.  The 
fore  -  and  -aft 
pieces  are  called 
coamings,  and 
those  athwart 
slup  are  head- 
ledges.  The 
Iifod-lcdgcs  rest 
on  the  beams, 
and  the  eoom- 
ings  or  carlings 
extending  be- 
tween the 
beams. 

The  haU'h- 
ways  are  fore, 
main,  after,  as 
the  case  may 
be,  according  to  the  size  and  character  of  the  vessel. 
2.  All  opening  in  the  floor  of  a  warehouse  for  the 
]i:vs.sage  of  goods.  The  illustration  shows  a  part  of 
tlii-ee  floors,  the  windlass  D  alx)ve,  the  hatch  of  the 
ne.ict  floor  closed,  a  floor  yet  lower  has  the  hinged 
hatch  E  lifted  and  laid  back  against  the  w.all. 

Hat-con-form'a-tor.  A  machine  of  French 
origin,  by  which  the  oval  shape  of  the  head  is  ascer- 
tained. It  consists  of  a  series  of  sliding  anns,  radi- 
ally arranged  in  a  frame,  and  carrying  at  their  upper 
ends  sharp  points.  \VTien  applied  to  the  liead  as  is 
a  hat,  the  arms  are  thrust  outward  bv  coutact  with 


Hatchway. 


the  head,  and  assume  a  position  corresponding  to 
the  exact  confomiation  thereof.  While  thus  held 
an  impression  is  taken  upon  a  slip  of  paper  pressed 
upon  the  points.  This  paper  is  trimmed  to  the  form 
delineated  by  the  points,  and  becomes  a  pattern  by 
wluch  an  adjustable  block  is  set  for  use  in  reshap- 
ing the  form  of  a  finished  hat. 

Hat-die.  A  block  for  holding  a  hat  while  press- 
ing.    .Synonymous  with  H.vt-moi.h  (which  see). 

Hat-em-ijoss'ing.  A  means  for  beautifying  the 
appearance  of  a  hat,  by  producing  a  pattern  upon 
its  e.Kterior  by  i-aising  and  depressing  diflerent  parts 
of  its  surface.  Generally  done  on  a  pattern-block 
upon  which  it  is  pre-ssed.  Dies  are  sometimes  em- 
ployed. A  pressing  tool,  running  in  a  lathe,  is  also 
used  to  impress  a  pattern. 

Hat-felt'ing.  A  mode  of  forming  hats  by  placing 
a  disk  of  felting  material  between  surfaces  which  by 
a  rubbing  and  drawing  action  felt  the  fibers  and 
cause  the  hat  to  graduallj'  assume  the  required  shape. 
In  the  example,  the  circular  piece  of  felting  ma- 
terial is  placed  between  the  disk  c  and  hloelc  h,  its 
outer  portion  being  embraced  between  the  conical 
rollers  r  r.  The  parts  being  set  in  motion,  the 
block  is  gi-adually  slipped  along  its  axis,  causing  the 
felt  to  assume  the  shape  nf  the  sides  of  the  block. 
When  the  latter  has 


been  moved  a  distance 
equal  to  its  length, 
the  hat  is  formed,  the 
remainder  of  it  that  is 
betn  een  the  manipu- 
lators r  /constituting 
the  brim. 

Hat-fin '  ish  -  ing. 
The  operations  which 
complete  a  hat  for 
market,  —  such  as 
brushing  to  lay  the 
nap,  and  ironing  to 
smooth  and  impart  a 
glo.ss  to  it ;  or  poun- 
cing to  even  the  sur- 
face ;  or  brushing  to 
remove   the   dust  ;    oi 


Fig.  2430, 


Hat-Felrirtg  Machine. 


dyeing  and  trimming. 
Hat-form'ing  Ma-chine'.    Slivers  of  wool  are 
taken  from  the  dofl'er  of  a  carding-engine  and  wound 


Fig.  2431. 


Hnt-Fonnins  Machine. 
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ill  (litiereut  directions  upon  a  cone,  whicli  rp\olvi'.s 
ami  traverses  or  vibrates  to  and  fro,  by  whieli  iiiu- 
tioiis  the  lilaineuts  of  wool  are  crossed  at  ditlVreiit 
angles,  and  ]icrl'ect  Icltinj,'  is  accomidislied. 

This  cla.ss  of  machines  is  now  sinjcrseded  by  that 
.shown  in  Fig.  2431,  which  is  a  machine  lor  loosen- 
ing-up  tilicr  and  depositing  it  on  a  Ibrmer,  so  as 
to  form  the  Init-body.  Various  machines  of  this 
kind  have  been  invented,  .enil)racing  the  .same  gen- 
eral ])rinciples,  Imt  dill'ering  in  detail.  That  ilhis- 
tratcd  was  patented  by  M.  A.  Wells,  Apiil  2ri, 
1SJ6.  In  this  the  fnr,  in  regulated  quantity,  is 
supplied  to  the  nuichine  between  a  pair  of  feed- 
ing-belts /»  w',  and  caught  from  the  lips  of  the 
belts  by  a  rotating  brush  or  picker  c,  which  separates 
the  fibers  and  delivers  them  into  the  tunnel  d,  air 
being  drawn  through  the  ajieiture  o.  liy  means  of 
the  draft  caused  by  a  fan-blow*er  6,  rotating  with 
great  velocity.  The  cloud  of  fur  is  drawn  through 
the  tunnel  rf,  and  depositi'd  upon  the  revolving 
perforated  cone  e,  from  which  the  air  is  exhausted 
by  the  fan  b.  A  vibratable  deflector  /'hinged  to  the 
tunnel  d  governs  the  discharge  of  fur  from  the  tunnel, 
so  that  an  increased  thickness  may  be  given  to  the 
lower  part  of  the  hat-body. 

When  the  charge  or  givi'n  quantity  of  fur  to  form 
a  bo«ty  has  been  deposited  on  the  former,  it  is  cov- 
ered witli  a  conical  cloth  or  felt  cap  over  which  a 
metallic  covering  is  jdaced  and  the  whole  removed 
from  the  machine,  and  innnersed  for  a  short  time  in 
a  hot-water  bath,  to  contract  and  compact  the  ma- 
terial.    See  also  Blowing-maciiinh,  page  307. 

The  succeeding  processes  are  those  ordinarily  em- 
ployed in  hat-making.     .See  H.\T  ;  Felting. 

Hat-full'ing  Ma-chine'.  The  function  of  a 
fulling-mill  in  liat-making  is  to  thicken  or  consoli- 
date the  body.     It  commonly  consists  of  two  or  more 

Fig.  2432. 


Hat-Fidling  Machiiut. 

sets  of  beaters  or  hammers,  successively  raised  and 
dropped  upon  the  mass  of  hats  contained  in  the 
trough,  where  they  are  agitated  or  turned  by  me- 
chanical nu-ans  so  as  to  constantly  present  new  sur- 
faces to  tlu^  fulling-stocks.  In  the  example  the 
movement  of  the  swinging  side  of  the  fulling-box 
causes  the  mass  of  hats  to  pass  around  regularly  to 
insure  equal  action  on  all  their  parts. 

In  Fig.  2-433  the  bat  is  laid  over  the  basin  D  and 
the  forming-block  G  brought  over  it.  Steam  is  ad- 
niitted  through  perforations  in  the  mold,  and  also 
in  tin:  fonni;;  ;f  desired.  The  mold  and  its  rim  ro- 
tate contimiously.  The  formrr  has  an  adjustalile 
reciprocating  rotary  motion,  and  also  an  up-and-down 
vertical  one  ;  the  shingh's  or  curved  hiiipiug  surfaces 
serve  to  crowd  down  and  aid  in  fulling  the  bat.  By 
an  autonnitic  motion  of  a  weight  outward  upon  the 
beam-lever,  a  blow  of  gradually  inci'easing  force  is 
given  to  the  falling  cone  O  as  the  work  proceeds. 


A  is  the  steam-  ^'g-  2433. 

I'lnimlier,  li  the 
steam -pipe. 

Hat-hard'- 
en-ing  Ma- 
chine', llard- 
cniti'j  or  bason- 
ing ;  a  prelim- 
iiniry  felting 
operation  which 
converts  the  ti- 
bi'is  into  a  fab- 
ric dense  and 
tenacious 
enough  to  eiux- 
ble  it  to  be  han- 
dled and  put 
through  the 
felting  process. 
In  cones  from 
theforuiing-nia- 
chine,  it  is  usu- 
ally done  by  an 
auxiliary  cone 
moved  over  that 
on  which  the 
body  w  a  s 
formed.  Other  bodies  are  steamed  and  rolled  up  in 
cloths  (basoning-cloths).  Flat  bats  are  hardened 
between  a  table  and  a  Hat  platen  having  short,  quick 
reciprocating  motion.  See  Emmon's  patent,  April 
19,  1853. 

Hat-i'rou-ing  Ma-chine'.     A  machine  for  per- 
forming  the   ironing    formerly   done   hy  hand,    by 

Fig.  2434. 


Hai-Fulling  Machine. 


Hat-Ironing  Machine. 

which  the  final  operation  of  finishing  a  hat  is  accom- 
plished. 

The  block  supporting  the  body  rotates  at  a  high 
speed,  while  hollow  irons,  heated  by  interior  gas- 
jets,  steam,  or  hot  air  flowing  through,  or  hy  heated 
slugs  introduced  within  them,  are  held  against  the 
whole  surface  by  pressure  of  a  weight  or  spring. 
The  tip-iron  usually  has  a  lip  on  one  side,  which 
bears  over  the  square. 


HAT-MAKERS'  BATTERY. 
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The  under  biini  is  either  finished  by  hand  or  by 
inverting  the  bloelc  on  the  macliine,  .so  that  an  iron 
may  bear  upon  it.  In  some  instances  tlie  block  is 
so  .supported  on  its  spindle  as  to  allow  an  iron  to 
bear  on  the  under  brini  at  the  same  time  that  the 
crown  is  being  treated. 

In  the  example,  the  blocked  hat  revolves  on  a 
tuni-table  ;  the  irons  are  pendent  from  an  upper 
briilge-frame,  and  their  pressure  is  regulated  by 
levers  and  eounterweiglits  :  the  irons  are  heated  by 
gas-burners. 

Hat-mak'ers'  Bat'ter-y.  {Hat-making.}  A 
large  boiler  with  a  surrounding  set  of  benches  for  a 
number  of  workmen.  Tlie  water  has  a  small  (juan- 
tity  of  sulphuric  acid  to  enable  the  fur  to  felt  more 
readily. 

At  the  battei-y  the  conical  hat-body  and  the  sheet 
of  fur  iiappimj,  each  previoiisly  prepared,  are  united, 
so  that  the  latter  fomis  a  fnr  covering  to  the  former. 
The  junction  is  ai-eumplisljed  by  lii\-ing  the  napping 


Fig.  2436. 


Fig.  2435. 


HaJ-Mfllcfrs^  B'ltlertt. 

on  the  body,  jire.ssing,  rubliing,  and  rolling  with  a 
pin.  Boiling-hot  water  is  sprinkled  over  them  from 
time  to  time,  by  means  of  a  sfopjrimj  brush,  and 
when  a  certain  degree  of  cohesion  is  obtained  the 
conical  hat  is  reaily  for  nhnpinif. 

The  etl'ect   of  the  manipulations  is  to  drive  the 
butt-ends  of  the  lilaments  into  the  inter.stices  be- 
tween the  libers  of  the  liody  (see  Felt),  and  it  is 
persevered  in  no  longer  than  is  sufficient  to  give 
the  nap  a  good  hold  on  the  body- 

A  wooden  tool  lield  in  the  palm  of  the  work- 
man's hand  is  the  means  of  lubbing,  and  is  hi'ld 
on  by  a  string.     It  is  cMlled  a  iilme. 

Hat-meas'ure.  .V  ilevice  by  which  the  size 
of  the  oval  lii-ad  n|ipning  is  ascertained.  U.sunllv 
a  circular  graduated  villi  ion,  the  ends  of  which  slide 
in  each  other.      See  also  H.VT-coNFOIUtATOi;. 

Hat-mold.  The  die  in  which  a  hat  or  bon- 
net is  formed  or  shaped  by  pressing.  In  the  e.\- 
ainple,  the  hat  to  form  the  hat  is  shown  as  being 
di-iven  into  the  heated  mold  by  means  of  the 
pressure  of  a  liquid  introduced  above  an  elastic 
diaphragm  above  the  bat.  See  Hat-pressinc 
Mai-hixk. 

Hat-uap'ping  Ma-chine'.    A  felted  body  is 
dip])ed  into  boiling  watei-  and  its  nap  drawn  out  or 
carded  up  by  a  small   hand-card.     The  process   of 


Hat-Mold. 

scalding  in  napping  is  described  in  English  patent 
7397  fur  1837.      Known  also  as  nijfiiig. 

Hat-per'fo-rafing  Ma-chine'.  A  machine  for 
cutting  a  iiniltiplicity  of  fine  holes  in  the  hat-body 
to  yirovide  for  ventilation. 

Hat-plank 'ing.  A  finishing  felting  operation. 
See  Fki.tinc. 

The  hat-body  being  hasmicd  or  lirirdencil  is  passed 
through  a  cistern  containing  a  heated  acidulated 
water  with  dregs  of  beer,  or  other  planking  liquor, 
and  between  two  series  of  ]ii<'ssing  rollers,  by  which 
the  fibers  are  knitted  together  or  consolidated  into 
felt,  when  they  are  ready  for  the  lilocking. 

In  hat-planking  macdiines  the  liodies  are  repeat- 
edly passed  through  a  lioiling  acidulated  bath  and 
under    pressure,   being  frequently  rrnzed.      See  also 

IlAT-IiODY  SiZING-MACHINK. 

Crazing  or  croxing  is  refolding  a  hat -body  so  that 
in  passing  many  times  through  a  felting-machine  it 
may  present  new  surfaces  tii  be  acted  upon. 

Hat-poun'cing  Ma-chine'.  A  machine  for 
evening  or  eiiualizing  the  surface  of  a  felted  hat.  It 
consists  of  a  i-oUer  covered  with  sand  or  emery  paper, 
and  rapidly  revolved  in  contact  with  the  surface,  by 
which  the  projecting  fibers  are  gi-ound  off  until  the 
surface  fibers  are  of  equal  length. 

In  the  example,  the  cones  are  covered  with  sand- 
paper, and  are  mounted  on  shafts  which  have  their 
bearings  in  a  revolving  disk  in  connection  with  a 
swivel  plate  and  an  ailjustable  revolving  block  on 

Fig.  2437. 


Hat-Pouncing  Mnckine. 


which  the  hats  are  presented  to  the  pouneers.      By 
the  combined  action  of  the  feed  and  pouncing  rollers 
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the  brim  is  snlisciiiiciitly  ri'vnlvi'd  automatiaiUy  and 
opi-nitci-l  U|ttjii  hy  till-  I'l'Uiii-iii;^  i:ones. 

Hat-press'iug    Ma-chine'.     A    mmliinc-    for 
bringing  a  ^"'f  or  roitf  o(  liat- 
making  niati'iial  to  the  I'oini  f'g-  '^^^■ 

of  a  hat.  In  Fig.  243S,  thr 
liai  is  placfil  on  a  heated  mold 
(t:  over  whieh  tits  a  dome, 
whose  lower  edge  is  an  elastic 
membrane,  whieh  assimies 
the  shape  of  the  hat ;  water 
is  foreeci  into  the  dome,  and 
compresses  the  film  0  on  the 
bat,  and  forces  the  latter  on 
its  mold. 

The    smaller    view    shows 
the  steam-heated  mold  /"  and 


Simmief'^i  Ilut-Prtssiii^  Marltine. 

dome  b  in  section,  while  the  larger  view  is  a  side 
elevation,  ff  are  the  force-pumps  by  which  ^\atcr 
is  forced  into  thi'  dome  h  through  the  bent  pipe  ;/ 
and  trunnion-tube  c,  which  is  on  an  adjustable 
bracket  / ;  the  mode  of  connection  allowing  a  ver- 
tical motion  to  the  dome  in  closing  and  opening, 
and  a  horizontal  motion  when  securing  the  foot  of 
the  dome  in  the  ring  d  by  means  of  a  liayonet-joint 
attachment. 

In  Fig.  2439,  the  hat  ;/  is  .shown  in  process  of  ex- 
tension downward 
to  fill  the  hat- 
shaped  mold.  The 
pressure  of  water 
is  at  the  first  de- 
rived from  a  head, 
but  as  greater 
force  is  I'equired, 
the  cistern  tap  is 
closed  and  the 
force-pump     is 

Fig.  2440. 


Hat'Pressing  Machine. 


Hat-Press. 


against  the  surface,  while  the  brim  is  held  between 
yielding  surfaces  which  preserve  its  shape. 

Fig.  "2441  is  a  machine  in  which  a  paper,  straw, 
or  cloth  liat  is  brought  into  the  desired  form  in  a 
hollow  dii^  by  means  of  a  plunger  formed  of  a  dia- 
jihragm  of  ruljber  distended  by  jiaeking  with  .saw- 
dust or  otherwise,  'i'hc  chamlier  C  Ijchind  tlii'  die- 
ts heated  by  steam  or  hot  water,  and  the  jiaits  when 
brought  together  are  secureil  by  a  bayont't-joint. 

.*^  Hat  -  pro-tect'or. 

,/,jL  A    cover    appro.ximat- 

ing  the  shape  of  tin- 
hat,  and  ajiplied  to  it 
to  ]irotect  it  in  inclem- 
ent wi'athcr. 

Hat-rack.  A  piece 
of  hall  furniture  having  pegs  for  holiling 
hats. 

Hat-shap'ing  Ma-chine'.  A  ma- 
chine for  bringing  the  hat-body  from  the 
form  of  a  cone  to  the  hat  sha])c  desired. 
The  same  as  H.VT-riiEssiM;  M.M  hink 
(which  sec). 

Hat-stiff'en-ing  Ma-chine'.  A  ma- 
chine with  two  compartments,  one  con- 
taining thin  and  the  other  thick  size. 
Above  its  partition  a  pair  of  squee/.ing- 
rolls  are  arranged.  The  hats  are  dipped 
in  the  thin  size,  passed  through  the^rolls, 
and  then  the  brims  (which  recpiire  to  be 
the  stillest)  aic  dipped  in  the  thick  size, 
aijtl  again  pressed. 

Hat-stretch'ing  Ma-chine'.  A  ma- 
chine having  a  series  of  radially  arranged 
arms,  hinged  to  a  head-block  b,  so  as  to  be  ex- 
jjanded.  'They  stretch  out  the  hat-cone,  which  is 
]ilaced  over  them,  and  prepare  it  for  blocking. 
In  the  example.  Fig.  2442,  the  block  is  raised  into 
contact  with  the  stretched  top  of  the  hat,  and  then 

Fig.  2441. 


brought  into  action,  injecting  water  through  ]ii]ie  d 
into  the  dome  c  ;  at  i  is  a,  connection  with  a  ma- 
nometer which  indicates  the  pressure. 

In  Fig.  2 140, ./  is  a  compressible  block  of  rubber, 
which,  under  pressure,  expands  to  fill  the  whole  in- 
terior of  the    hollow  die   and   press   the   hat-cone 


Hat-Pressing  Machine* 


pushed  up  by  means  of  a  lever,  so  as  to  draw  it  up. 
The  nibber  bands  fit  on  the  body,  and  holds  it  when 
the  stretcher-levers  B  are  separated  at  their  upper 
ends.  The  hat-cone  /'  is  shown  as  clamped  to  the 
conical  system  of  levers  bj-  the  band  T. 

In  Fig.  2443,  the  pieces  b  d'  cl  are  adapted  to  re- 
ceive a  cone  supporting  both  the  crown  and  brim 
portions  ;  rising  with  tlie  cone,  they  carry  it  against 
two  other  sets  of  ribs  or  rollers  »;'  »t'  radially  ar- 
ranged, by  which  contact  the  body  is  crimped  or 
stretched  so  as  to  have  the  requisite  fullness  to  be 
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Fig.  3«3. 


Fig.  3444. 


Hat-Strftrlitfii:  Machine. 


brought  iutu  till"  hat  loiju 
steam  arc  iutroJui'cJ 
through  the  spindle  to 
soften  the  fur  and  ren- 
der it  elastic.  The  rilw 
are  adjustable,  to  suit 
varying  sizes  of  hats. 

In  Fig.  2444,  the 
cone-bat  is  fitted  over 
the  seiies  of  stretchers, 
which  are  surmounted 
by  the  block,  and  is  car- 
ried up  into  the  hollow 
former,  which  is  made  of 
radial  ribs,  making  the 
crowu  square,  and  leav- 
ing the  brim  in  a  conical 
crimped  condition,  so 
as  to  admit  of  being 
stretched  Hat  by  the 
hand  process  of  block- 
ing. 

In  an  im))roved  form 
of  machine  for  this  pur- 
pose, the  cro\vn-stretch- 
ers  have  overlapping 
plates,  so  as  to  prevent 
break  of  continuity  of 
the  former  at  this  point 


Iplock.     Jets  of 


Fig.  2443. 


Hat- Stretrhinsr  Machine 


when  the  parts  are  distended.  This  is  also  accom- 
plished by  an  india-rubber  cap.  When  the  brim- 
stretchers  clamp  the  brim  on  arriving  at  a  horizon- 
tal plane,  they  expand  radially,  drawing  the  body 
against  the  bamling-ring,  stretching  the  brim  cir- 


Hal  Stretchiit^  and  Bioching  MachtTie. 
cuniferentially,   pulling   material   out   of  the 


side- 


crown,  which  is  thereby  stretched. 

Hat-tip  Press.  One  in  which  gold  printing  is 
performed  on  fabric  for  hat-tips.  The  type  are  of 
brass,  and  kept  hot.  The  gold-leaf  is  laid  on  the 
ty]X'.  The  leather  or  fabric  has  an  adhesive  mate- 
rial applied  to  it,  so  that  the  gold  will  remain  on  the 
imjiressed  part  ami  the  remainder  may  be  brushed  off. 

Hat-tip  Stretch'er.  A  macliine  adapted  for 
stretrhing  the  tip 

of    the    cone,    so  I'ig  2445. 

that  it  may  be 
blocked  flat."  The 
top  is  held  by  the 
clamp,  so  that 
when  the  treadle 
is  depressed  and 
the  stretchers  I 
rise,  they  reach 
the  hat  and  then 
expand,  passing 
between  the  pen- 
dent arms  q  and 
crimping  the  tijis. 

Hat-ven'ti- 
la'tor.  A  means 
for  promoting  a 
circulation  of  air 
through  a  hat 
while  in  wear. 

The  simpler 
form  is  an  aper- 
ture at  the  top  of 
the  crown,  fre- 
quently provided  with  a  means  for  closing  it  up. 
.\n  orifice  extending  wholly  or  partially  around  the 
head  opening,  and  formed  by  a  perforated  block  in- 
terposed between  the  sirent  and  the  bvdi/,  acts  in 
conjunction  with  the  tip  opening.  The  simplest  and 
most  common  form  is  a  covered  crimped  wire  sewed 
between  the  surat  and  bodif.  The  side  crown  is 
frefiucntly  filled  with  fine  ])erforations,  and  in  one 


Hat-Tip  SInleher. 
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instance  a  stiff  body  pierced  witli  large  holes  is 
covered  with  an  open  woven  fabric,  tlie  pattern  of 
which  conceals  the  ])erforations. 

Hat-weav'ing  Loom.  Tlie  warp  strands  for 
the  liat  are  attached  to  carriers  placed  opposite  each 
otlic-r  in  a  circular  series  of  paititioiis.  The  top  of 
till-  crown  is  lirst  woven,  the  warps  lieing  horizontal 
and  moved  to  cross  the  path  of  the  moving  tilling. 
When  the  top  is  completed  the  warp-carriers  are 
removed  to  the  upper  series  of  partitions,  and  a  cir- 
cular or  oval  plate  at  the  bottom  of  a  follower  gages 
the  size  of  the  crown  ;  then,  to  weave  the  briin,  the 
warp-carriers   are    removed   to   the   lower  series  of 


Fig.  2446. 


Hfit-Wfai-ing  Loniji. 


partitions,  the  crown  being  fitted  to  a  hat-shaped 
block.  During  the  wearing,  additional  warps  and 
warp-carriers  are  thrown  into  action  automatically. 
The  edge  of  the  brim  is  finished  by  hand,  after  the 
hat  is  removed  from  the  machine. 

Haul.  (Rope-miikiiKj.)  X  bundle  of  three  or 
four  hundred  parallel  yarns  ready  for  tarring.  Being 
<lipped  in  a  tar-kettle,  the  hatil  is  dragged  through 
a  (jrifj,  gape,  or  sliding  nipper  whicli  expresses  super- 
fluous tar. 

Haul-up  Gear.  (Saw-mill.)  A  machine  for 
dragging  up  logs  from  a  fore-bay,  pond,  or  log-yard, 
to  be  placed  upon  the  log-carriage. 

Haunch.  {Arcliitccture.)  The  shotilder  of  an 
arch  between  the  crown  and  the  sjiriiigings.  The 
fliiul-,  hcimul,  or  hancr. 

Haut'boy.  (J/imc.)  A  wooden  nnisical  instru- 
ment playcil  with  a  reed,  and  resembling  a  clarinet. 
Called  also  „/«„■. 

Haute-paoe.  (Or  half-pniT.)  A  raised  floor  in 
a  bay-wiTiddw. 

Hav'er-saok.  1.  A  strong  linen  bag  for  con- 
taining tbi'  rations  of  a  .soldier  on  the  march  or  de- 
tache<l  cliitv. 


The  haver.saok  of  the  Roman  soldier  was  an  osier 

basket  with  a  long  neck.  Sometimes,  as  on  the 
Column  of  Trajan,  a  wallet  carried  on  the  spear.  Its 
contents  were  salt  meat,  cheese,  onions,  and  olives, 
and  it  held  sutficient  for  three  days. 

i.  A  gunner's  case  for  carrying  a  charge  from  the 
chest  to  the  gun.     See  GuNNEii'.s  Havehsack. 

Hawk.  (Ptaxtcri'iifj.)  A  piece  of  board  ten 
inches  sriuare.  and  held  by  a  handle  at  the  bottom  ; 
it  is  used  to  hold  a  small  quantity  of  jilaster,  and 
is  grasped  by  the  plasterer's  left  hand,  while  his 
right  wields  the  trowel. 

Hawk-bill.     A  pliers  with  curved  nose,  to  hold 
pieces  in  bliiw-]iipc  soldering. 

Hawrk-bill-tooth  Saiv.  A  saw  having 
a  curving,  liooked  saw-tooth,  somewhat  resem- 
bling the  uppir  mandible  of  the  hawk. 

Hawk'er.  {Nautical. )  A  vessel  built  like 
a  pink,  but  rigged  like  a  hmi ;  that  is,  having 
a  narrow  sti-rn  and  sloop-ri(j(jcd. 

Ha^wks-bill.  (Horology. )  A  catch-piece 
attached  to  a  \il)rating  arm,  which  acts  as  a 
detent  in  the  rack  of  the  striking  part  of  a 
clock,  and  assists  in  effecting  the  proper  num- 
l)er  of  strokes. 

Hawse.  (Xniitical.)  a.  That  part  of  a 
ship's  bow  in  which  are  the  ]u<  use -holes  for 
the  cable. 

h.  The  sitiuition  of  a  .ship  moored  with  an- 
cliiirs  from  each  of  the  bows. 

Hawse-bag.  (Navticeil.)  A  canvas  bag 
stuffed  with  oakum,  to  stop  a  hawse-hole  in 
heavy  seas. 

Hawse-block.  (Nautical.)  A  block  for 
stopping  the  hitiese-hole  when  the  cable  is  un- 
bent and  the  ship  at  sea.  Also  called  hawse- 
plug,  hiicllee,  etc. 

Hawse-hole.  (Sliipbuilding.)  A  hole 
in  the  bow  through  which  a  cable  or  hawser 
passes.  In  iron  ships  it  is  a  cast-iron  tube 
having  rounded  projecting  lip.s,  inside  and 
outside. 

When  the  cable  is  unbent,  the  hole  is 
stopped  by  a  hause-blocl;  or  hairsc-plug. 

The  hawse-holes  in  large  ships  are  four  in 
number,  the  foremost  pair  being  for  the 
bower-aihles,  and  the  aftermost  pair  for  the 
sheet-eahles. 

Hawse-piece.     (Shipbuilding.)    a.   One 

of    the    cant-frames    standing    next    to   the 

knight-heads,   and  fitting  close   together,   so  as  to 

form  a  solid  mass  of  timber  for  the  passage  of  the 

hawse-holes. 

h.  A  w^ale  on  a  .ship's  bow,  which  is  pierced  by 
the  hawse-hole. 

Hawse-pipe.  (Nautical.)  The  tube  lining  a 
hawse-liole  in  a  ship's  bow. 

Hawse-plug.  (Nautical.)  A  Hawse-bi.ock 
(which  see). 

Haw'ser.  (Nautical.)  A  small  cable,  used  in 
warping  and  mooring. 

A  clear  hawse  is  when  two  cables  are  down  and 
diverge  from  each  other. 

A  foul  hawse  is  when  they  are  twisted  by  the 
swinging  of  the  ship  at  lier  moorings. 

When  simply  crossed,  it  is  called  cro.ra-hawse  ;  an- 
other cross  makes  an  elbo^v  ;  another  makes  a  rwimd^ 
turn. 

Disengaging  it  is  called  eleetring  hawse.  Slacken- 
ing it  is  civ\\e-t\  freshening  hawse. 

Speaking   generally,    a   haw-ser   is    not    over   ten 
inches  in  circumference.     Above  this  it  is  a  cable. 
The  laying,  however,  is  not  to  be  disregarded. 
Haiv'ser-clamp.     (Nautical.)     A  gripper  for  a 
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hawser,  to  keep  it  from  veering  out.  In  the  exam- 
ple, the  lever  is  recessed  so  as  to  form  a  Hange  which 
acts  as  a  cam  upon  a  piu  for  the  purpose  of  raising 
the  guide  with  the  movable  jaw.     The  guide  has  a 


Fig.  2447. 


Hnwaer'Ctamp 

rib  running  in  a  slot  in  tlie  upright  bracket  to  which 
it  is  bolted.      See  C.^ELE-STOprKR. 

Ha'wr'ser-laid.  {Rope.)  Rope  made  of  three 
stramls,  of  three  yarns  each,  laid  up  into  a  rope. 
The  twi.st  of  the  strands  is  the  reverse  of  the  indi- 
vidual yarns. 

Sliroud  luiicscr-latd  has  four  strands. 

Three  hawser-laid  ropes  are  laid  up  into  a  cable, 
the  twist  being  again  reversed. 

Hay-band  Ma-chine'.  Ulusbundiy.)  Hay  or 
straw  bands  are  useful  in  Ijinding  an  occasional  bunch 
or  sheaf  of  straw  or  hay,  or  for  throwing  over  a  new- 
stack  to  hold  the  cap  on  until  it  has  time  to  settle. 
They  are  made  b)'  drawing  and  twisting,  as  in  the 
more  elegant  and  precise  operations  of  spinning  cot- 
ton and  wool. 

A  common  device  for  this  purjjose  is  a  reel  or  lan- 
tern cylinder  a  held  under  the  left  arm,  while  the 
right  liand  turns  the  crank  and  the  axis,  on  whose 
end  is  a  hook  to  which  a  wisp  of  hay  is  attached. 

Fig.  2418. 


The  operator  walks  away  from  the  bunch  of  hay,  or  an 
assistant  pays  out  the  hay  in  the  (quantity  required. 

A  brace  and  hook  b  answer  the  same  purpose. 

Instead  of  the  brace  and  hook,  another  device  c 
may  be  used,  in  which  the  axis  of  the  twister  is 
mounted  in  a  stand.  One  person  turns  the  wheel 
and  another  catches  a  w'isp  into  the  hook  and  then 
backs  out,  like  a  rope-maker. 

d  is  a  machine  which  makes  hay  rope  and  winds 
it  up  into  a  coil  for  transportation.  Rollers  draw 
the  hay  from  the  trough,  and  the  twisting  isefi'ected 
by  a  plauetary  action  of  the  rollers  longitudinally. 
It  is  then  loiled  on  the  reel. 

Hay-cap.  (Husbandry.)  A  piece  of  canvas  to 
lay  on  the  top  of  a  haycock  to  shed  rain. 

Hay-cut'ter.  [Husbandry.)  A  box  in  which 
hay  is  cut  into  chaff.  There  are  many  forms  : 
wheels  with  radial  knives,  which  cut  iuto  each 
other's  intervals,  or  against  a  cylinder  of  rawhide  ; 
guillotine  knives  with  a  shear  cut ;  rotary  shearing 
knives,  which  glance  athwart  the  throat  at  which 
the  inmpacted  mass  of  hay  emerges,  and  .so  on. 
See  .Stu.wv-itttek. 

Hay-el'e-va'tor.  (Husbandry.)  A  means  for 
lifting  a  tbrkful  of  hay,  and  conveying  it  to  a  place 


Fig.  2449. 


II 


Haif-Tujisters. 


approximately  over  the  spot 
in  the  hay-mow  where  it  is 
wanted. 

The  carriage  frame  is  con- 
nected by  a  spring  catch  to 
a  hook,  which  holds  it  over 
tlie    load   until    the    hay   is 
ufficiently    elevated,     when 
spring    hook   is   raised, 
and  the  frame  runs  along  its 
Hllll     '^IW!^^^^^"'       track  to  convev  its  charge  to 
Ml      ''^'\^  ^  the  mow. 

Hay-Eltvator.  Hay-fork.    (Husbandly.) 

1.   A  hand  fork,  with  two  or 
three  tines,  for  stirring  or  pitching  hay. 

2.  A  fork  elevated  by  a  rope  and  horse,  in  un- 
loading hay  from  a  wagon  to  a  mow,  or  vice  versa. 
See  FoKK. 

Hay-hook.     (Husbandry.)    An  Fig.  2450. 

imiilement  for  pulling  hay  out  of  ^^^ 
a  mow  or  stack,  instead  of  throw-  fp^ 
ing  it  off  the  top,  or  cutting  it  off' 
with  a  hay-knife.  Such  hooks  are 
conunon  in  the  Eastern  States,  but 
not  in  the  West.  Such  a  hook  is 
described  and  pictured,  page  893, 
Tome  5,  "  Encyclopedic  de  I'Agri- 
culteur,"'  Paris,  1S61. 

Hay-knife.  (Hu_.<sbandry.)  The 
hay-knife  has  a  straight  blade,  one 
edge,  and  a  bent  shank,  so  that  the 
hanii  does  not  come  in  contact  with 
the  upright  face  of  the  stack.  The 
I  same  effect  is  obtained  by  placing 
j  the  handle  at  right  angles  to  the 
plane  of  tlie  blade. 

The  hay-spade  has  a  sharp  blade, 
a  handle,  and  a  tread.     One  form  A 
has  a  re-entering  angle  with  sharp-  W 
ened  edges.      It  is  said  to  be  |iecii- 
liarlv  efficient.  Iltii/  Knives. 


J 


HAY-LOAUKK. 


1082 


HAY-RAKE. 


Hay-load'er.  (Uusbaitdri/.)  A  device  attailiRcl 
to  a  Hugoii  to  (■oUect  or  I'uise  the  Imy  fi'oiii  the  swath, 
windrow,  or  cock,  and  deposit  it  on  tin-  wagon. 

There  are  seveml  forms  :  — 

a.  A  rake  trailing  bi'liind  the  wagon  or  alongside 
of  it,  and  a  traveling  liaml  witli  teeth  carrying  up  the 


it  into  the  wagon   lack 

and  : 


liay  and  droppiii 
(See  Fig.  -libS.) 

b.  A  drag-rakc  gathering  the  hay, 
the  wagon  lifting  it  therefrom. 

c.  A  wagon  driven  about  the  tiidd 
from  one  liaycock  to   another,   and 
having  a  crane  which  assLsts  in  rais- 
ing the   whole   bunch  at  ow,  large 
forkful.     In  the  ccaniple,   a  longi- 
tudinally   sliding     bar    under    the 
tongue  is  connected  by  u  rope  to  a 
roller     beneath 
the   bed  ;  from 
this  roller  a  rope 
pa.sses    over    a 


bed. 


Fig.  2451. 


Haij-l^ader. 

crane  to  the  loading-foik.     The  draft  on  the  rope 
applies  the  rubbers  to  the  wheels. 

d.  A  crane  on  wheels  or  a  sled.    A  mast  or  tripod 
on  a  sled. 

Fig.  2452. 


is  driven  through  a  small  chamber  tilled  with  grass. 
In  lifteen  minutes  the  gru.ss  is  converted  into  hay, 
sweeter  and  greener  than  can  be  made  liy  sun-dry- 
int'.  The  a]iparatus  works  in  all  weathers,  and 
dries  grain,  corn,  and  roots  as  well. 

Hay-press,     (fliishinii/ri/.)     A  jiress  for  baling 

loose   hay   for  greater   compactness   in   storage   and 

transportation.     The  old  form  is  the  lever  or  screw  ; 

latterly  much  ingenuity  has  been  exercised  in  this 

direction,    some   machines  being   especially 

intended  for  baling  hay,  others  for  cotton. 

They  are  similar,  and  are  considered  together. 

See  H.\i.i.NG-i'i:nss,  in  which  place  are  cited 

the  various  kinds. 

Hay-rack.  (Husbandry.)  A  frame  mount- 
ed on  tlie  running-gears  of  a  wagon,  and  used 
in  hauling  hay,  straw,  sheaves,  etc. 

Hay-rake.  {Ayrieultitre.)  n.  A  liand- 
tool  for  raking  hay  into  windrow  ready  for 
pitching.      .See  1I.\KK. 

b.  An  implement  drawn  I'y  a  horse  for 
purpose  similar  to  above. 

There  are  several  typi- 
cal forms  :  — 

1.  A  series  of  curved 
teeth  depending  from  a 
bar  behind  an  axle  sup- 
ported on  wheels.  The 
))oints  of  the  teeth  trail 
along  the  ground  and 
gatherthehay,  which  col- 
lects in  the  bend  of  the 
teeth.  To  discharge  the 
collected  load,  the  teeth- 
bar  is  rotated  on  its  a.xis,  lifting  the  points  of  the 
teeth,  while  the  clearer  liars  protruding  Ijehind  the 
axle  sweej)  the  hay  from  the  teeth.  Tliis  motion  of 
the  teeth  is  by  means  of  a  le\'er  which  is  conveniently 
placed  for  the  driver. 

2.  Another  ty]ie  is  that  shown  in  Fig.  2454,  in 
which  the  rake-head  rests  on  the  ground,  the  front 
ends  being  tipped  down  sufficiently  to  catch  the  hay 
as  it  lies  in  the  swath.      When  a  load  has  collected 


Hay-Rack. 

Hay-mak'ing  Fur'nace.  Mr.  Mechi  writes  to 
the  "Ijondon  Times"  that  he  .shall  hereafter  arrange 
to  make  his  hay  by  fnrnaee-heat.  The  apparatus  con- 
sists of  a  coke-furnace,  and  a  fan  by  which  the  heat 

Fig.  2453. 


HorSf  Hay-Ralcf. 


F/op-Over  Hay-Rake.. 

on  the  rake,  the  handle  /f  is  a  little  raised,  causing 
the  front  ends  of  the  teeth  to  catch  in  the  ground 
and  the  rake  to  upset,  the  dependent  catcher  G 
slipping  from  the  teeth,  to  allow  the  rake-head  to 
rotate.     The  operatoi-  walks  behind. 

Fig.    24.55   shows   a   substantially   similar 

rake  mounted  on  wheels,    so  as  to  allow  the 

person  to  ride  and  operate  it. 
Fig.  245t>  is  a  form  in  which  a  frame,  carrying  a 
series  of  rakes  on  an  endless  band,  trails  behind  a 
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Fig.  2455 


Fig.  2458. 


Horse  Hay-Rake 


wagon  so  as  to  rake  uji  from  the  swatli  and  discharge 
it  on  to  the  vehicle.  After  the  wagon  is  loaded  the 
raking-frame  is  detached  and  left  in  the  held,  or  at- 
tached to  another  wagon.     See  al.so  R.\KE. 

Fig.  2456. 


Hizi/'Lonflin^  Halcf. 

Hay  Rak'er  and  Cock'er.  (Iltisliaitilrij.)  An 
implement  for  raking  hay  in  tlie  .swath  and  cocking 
it.  In  the  exam]ile,  the  hay  is  gathered  liy  a  rake, 
carried  up  by  an  endless  elevator,  and  received  in  a 

Fig.  2457. 


Hay  Raker  ami  Cnrk-^r. 

conical  receiver  which  is  inverted  when  tilled,  leav- 
ing the  haycoi-k  upun  the  ground. 

Hay-rak'er  and  Load'er.  {Hitsbandnj.)  An 
implement  for  raking  hay  in  the  swath  and  deliver- 
ing it  on  to  a  wagon.  It  is  usually  attached  to  the 
hind  axle  of  the  wagon,  and  i.s  dragged  in  the  rear, 
a  rake  gathering  up  the  hay  in  the  swath  as  the 
wagon  goes  over  the  ground  ;  ii  traveling  apron  with 
teeth  lifts  the  gathere.l  hay,  carries  it  up,  and  dis- 
charges it  on  to  the  wagon.  AVlien  the  wagon  is 
loaded  the  implement  is  detached. 

Hay-spread'er.  (ffusbandrt/.)  \  machine  for 
scattering  cut  hay  to  expose  it  to  sun  and  air.  A 
ledr/^r.      (See  Fig.  24tin.) 


A  portable  der- 
Fig.  2459. 


Hay  Raker  and  Loader. 

steam-boiler  introduced  liy  Smeaton,  and  shaped 
like  a  kettle  or  a  liaystack,  with  flaring  .sides  and 
roundetl  toj). 

Hay-stack'er.  (ffusbandry. ) 
rick  for  the  suspension  of  tackle 
in  the  use  of  the  horse  hay-fork 
in  stacking.  In  the  illn.stration, 
the  mast  is  braced  by  a  stay  rod 
with  lateral  supports  ;  the  rope 
is  attached  to  a  pivoted  sweep 
and  the  speed  is  nndtiplied  by 
a  pulley  arrangement  whicli  also 
swings  the  crane  arm  toward  the 
stack  iu  unloading  and  back 
again  as  the  fork  descends. 


Hay-  Stacker. 

Hay-ted'der.  (Husbandrij.)  A  machine  to 
scatter  hay  to  the  sun  and  air.  The  hay-tedder 
was  invented  about  1800  by  Salmon  of  Wobum, 
England,  and  is  more  useful  iu  the  humid  climate 
of  that  country  than  in  the  United  States.  Jt  con- 
sists of  a  pair  of  wheels  supporting  a  reel  consisting 

Fig.  2460. 


Hay-  Tedder. 

of  an  open  cylindrical  frame,  foi-med  by 
ceeding  from  it,  and  carrying  bars  set  wi 


Hay'stack-boU'er.     (Slmm.)     A    tall    form   of  I  tines,  pointing 'outward.     This   reel   may 


arms  pro- 

th  curved 

be   lifted 
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Hay-un-load'er. 

Fig.  3461. 


out  of  operative  position  when  going  to  and  from 
work  ill  the  field,  and  when  at  work  is  rotateil  by 
pinion  eoniiection  to  a  spur-wheel  in  the  hub  of  one 
wheel 

{Ilasbandrij. )  A  deviiT  for 
bringing  tlie  power  of  a 
horse  to  bear  in  unloading  a 
Iliad  of  hay  iu  staeking  or 
mowing.  The  i^xaniple 
shows  a  triple  claw  which 
may  be  made  to  grasp  a 
buneh  of  hay,  but  the  horse 
hay-fork  is  tlie  usual  iniple- 
uient.      See  Fiii:K. 

Head.  The  upper  end 
or  portion  of  an  object  or  of 
a  mast,  sail,  page,  eohimn, 
etc.   Theotherend isthe/oy/. 

The  larger  end  of  a  thing, 
as  of  a  nail,  bolt,  screw, 
cane,  etc.  The  other  end 
is  the  point  or  tip. 

The  effective  portion  or 
blade  of  a  tool  or  weapon, 
as  of  a  spear,  axe,  hammer, 
etc.  The  other  end  is  the 
helve,  stock,  handle,  ac- 
cording to  circumstances. 
See  H.iNTiLE. 

1.  (.Unchinrri/,    Forgimj, 
etc.)     II.  The  striking  por- 
tion of  a  hammer,  as  distinguished  from  the  helve. 

b.  The  poll  of  a  hammer,  as  distinguished   from 
the  clam  or  the  pcen,  as  the  case  may  be. 

c.  The  upper  or  steel  portion  of  an  anvil, 
surface  is  t\w  face. 

d.  That   stock   of   a   lathe   containing   the 
spindle.     A  poppet.     The  other  stock  is   the 


Hay-UnloadtT. 


The 

live- 
tail- 


slock,  and  contains  the  daid-.tpindle,  —  as  it  does  not 
rotate.     See  L.4.TIIE. 

2.  {Books,  etc.)  a.  The  top  of  a  standing  book  ; 
sometimes  gilded  to  allow  the  dust  to  be  blown  oft'. 
The  lower  end  is  the  foot. 

h.  The  upper  end  of  a  page  or  column. 

c.  A  ximk-hctid  is  a  blank  portion  at  the  beginning 
of  a  book  or  chapter. 

d.  The  cross-beam  of  a  printing-press. 

3.  (Shipia-igMing  and  Nautical.)  a  The  fou 
part,  heak,  or  stem  end  of, a  vessel,  the  attei  md  be 
ing  the  stern. 

Ii.  A  figure-head, 
or  ornamental  de- 
vice on  the  prow. 
According  to  its 
character,  it  is 
known  as  a  billet, 
head,  bust  -  }iead, 
family-head,  fiddle- 
Iiead,  scroll  -  head, 
etc. 

c.  The  upper  part 
of   a    timber    in    a  _^ 
frame.     The    other 
end  is  the  Itrrt. 

d.  The  part  of  a 
mast  between  the 
hjyuruh  and  the  tup. 

e.  The  forward  end  of  a  bowspiit. 
/.  The  top  or  drum  of  a  capstan. 
g.  The  flatfish  part  of  a  dead-eye  at  the  side 

the  chauuel  or  groove. 

h.   The  upper  edge  of  a  sail.     Tlie  lower  end 
tlie  foot. 

i.  The  lore-foot  of  the  keel.  ' 


[      i.  (Carpentry.)     a.  The  top  of  a  rfoo;-,  itmrfoic,  or 
I  buy  ;  as  a  circular  head. 

b.  The  top-beam  or  ridge-beam  of  a  bridge  or 
trestle. 

c.  The  square  block  which  slips  on  the  stem  of  a 
gage,  and  canies  the  scribe. 

5.  (Fmnidiiicf.)  The  sprue,  sitllagc-piece,  or  riser 
on  a  easting,  wliitdi  is  knocked  ofl". 

6.  {.Uiiiinfj.)  n.  T\\v  enil  of  ijallery  or  drift.  The 
headiiiij  is  a  passage  excavated  in  the  line  of  an  in- 
tended tunnel. 

b.  The  to|i  part  of  a  fuse,  containing  the  priming. 

7.  [Spinniiig.)  The  system  of  rollers  in  a  Di;aw- 
ING-FK.\.MK  (which  see). 

8.  (Hydraulics.)  a.  The  vertical  hight  or  avail- 
able fall  of  water  from  a  dam,  race,  reservoir,  stand- 
pipe,  or  forebay  ;  or  the  difference  between  the 
bights  of  water  inside  and  outside  a  dock -gate  or 
lock-gate.  The  vertical  pressure  usually  expressed 
in  |iounds. 

b.  Tlie  up-stream  end  of  a  canal-lock. 

9.  (Architecture.)  The  capital  (caput,  head)  of  a 
column. 

10.  The  cover  of  an  alembic  or  still. 

11.  (Fortif  cation.)  The  salient  or  advanced  por- 
tion of  a  work.     A  work  covering  the  end  of  a  bridge. 

12.  (Coopering.)  That  whicli  closes  the  end  of  a 
cask. 

13.  The  obverse  of  a  coin  or  medal.  The  opposite 
side  is  the  reverse,  or  t(til . 

14.  Tlie  Clip  of  a  windmill. 

Head-band.  {Boiikbiudiny. )  A  strip  of  plaited 
.silk  over  a  mill-board  core,  or  a  ]irojecting  fillet  of 
fabric  which  serves  as  a  finish  to  the  top  and  bot- 
tom of  the  sheets  inside  the  back.  It  is  only  used 
in  binding  of  superior  character,  as  may  be  seen  by 
comparing  a  tine  calf  binding  with  one  in  ordinary 
cloth. 

Head-bay.  (Hydraulic  Engineering.)  That 
part  of  a  caual-lock  between  the  upper  pond  and 
the  head-gates  of  the  lock.     See  Canal-lock. 

Head-block.  1.  (Sair-mill.)  a.  The  block  on 
which  the  head  —  or  forward  end  —  of  a  log  rests  in 


Fig.  2462. 
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Hmd-Blnrk  far  Sau--M:ils. 


the  ordinary  saw-mill ;  the  other  end  is  the  tail-block, 
and  they  are  parts  of  the  cariiage  on  whicli  the  log  is 
moved  to  the  saw  and  gigged  back. 

b.  One  of  the  pieces  fonning  the  log-bed  in  a  cir- 
cular or  veneer  .saw  mill.  (See  CiiicuLAi:  Saw.)  In 
the  example  the  sliding  knees  d  form  abutments  for 
the  log  which   rests  on   the  head-blocks  /..  and  are 
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moved  by  screws  in  the  luail-lilocks.     On  the  ends  i 
of  the  screws  are  the   wlieels  ii,  wliieh  are  moved 
sinmltaneously  by  the  lever  <j,  roil  m,  and  racks  s  v. 

2.  {J'rhirh's.)  A  |tieet;  ol"  wooil  attached  below  to 
the  upper  ring  of  the  tiftli  wheel  and  above  to  the 
front  sprinf^,  also  liavin^^  the  front  end  of  the  percli 
mortised  through  its  middle. 

Head'er.    \.  (Brickliiiiinr/.)    A  briek  laid  with  its  . 
eml  or  /(cad  in  the  face  of  the  wall.     It  actsjis  a  bond. 
Bricks  laid  lengthwise  are  stretchers.     See  Bond. 

2.   (Husbondry.)     A  form  of  reaper.     See  Head-] 
■  ixi;-MAcniNi;. 

Head-fast.  {XniUical.)  A  rope  by  which  tin' /c.W 
of  a  v.ss.'l  is  made  fast  to  a  ijuay  or  ve.ssel  alongside. 

Head-gate.  (Ili/draulic  Eiiyiiieeriiuj.)  a.  One 
of  thi"   uppi-r   j>air  of  gates  of  a   canal-lock.     See 

CAN.iL-LOCK. 

6.  A  croM'/i-gate,  /toml-gatv,  water-gate,  by  which 
water  is  admitted  to  a  race,  run,  sluice,  etc. 

Head-gear.  (//fOH/s.s.)  The  bridle  of  a  horse. 
The  head-stall  ami  bit. 

Head'ing.  1.  {Mining.)  a.  The  end  of  a  drift  or 
gallery,  as  "the  hrndinij  is  in  solid  rock  and  is 
driven  by  blasting  and  ipiarrying." 

b.  X  gallery,  drift,  or  mlit  in  a  mine  ;  or  in  the 
line  of  an  intended  tunnel,  especially  one  of  relative- 
ly small  size,  whicli  tonus  a  ijullrt  in  which  tlie  work- 
men labor,  ami  which  is  afterwards  enlarged  by  exten- 
sion sideways  and  downward  to  constitute  a  tunnel. 

c.  X  horizontal  |iassage  between  the  shifts  cu- turns 
of  the  working  parties. 

The  illusti'atiou  shows  the  headings  driven  into 
one  of  the  submaiiue  rocks  which  render  the  navi- 

Fk'.  2463. 
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HfaJing.^  of  SuhDwriiif  Krcaralii'/ts  {  East  RIvfr.  i\'.  Y.). 

gation  of  the  East  River,  N.  Y.,  so  dangerous,     ri,  is  i 
the  shaft ;  b,  cotl'er-dam  ;  c,  shore  line.     The  head- 
ings are  all  tunnels,  and  it  is  the  intention  to  blow  np 
the  roof,  all  the  rock  to  fall  back  into  the  cavity. 

2.  {( 'noperiiiij. )    Tlie  pieces  which  compose  a  cask-  i 
head.     The  central  piece  is  called  the  m  iridic,  and 
the  side  pieces  the  rants. 

3.  (Sewing.)  The  extension  of  a  line  of  ruffling 
above  the  line  of  stitch. 

4.  {.Fireworks.)  The  device  of  a  signal-rocket; 
such  as  a  star-heading,  a  bounce-headiny. 

5.  (.Masonry.)  A  course  of  lundcrs ;  the  ends  of 
the  stones  presented  outward. 

6.  (Books.)  n.  An  inscription  at  tlie  head  of  an 
article,  written  or  printed. 

6.  A  running-title  at  the  top  of  a  page. 

Head'ing-chis'el.  A  chisel  for  cutting  down 
the  head  cif  a  mortise.     A  mortise-chisel. 

Head'ing-cir'cler.  {Cnoperiiig.)  A  machine  for 
cutting  down  and  rlressing  the  pieces  to  form  the 
head  of  a  cask.  The  heading  stuff  is  clamped  be- 
tween two  disks,  trimmed  circular  by  a  .saw,  and 
dre.s,sed  by  revolving  cuttere. 


Hrnilins:-  Circler. 

Head'ing-course.  (JJrieklaying.)  A  horizontal 
coursi-  of  bricks  or  njasonry  in  which  the  pieces  are 
laiil  with  their  heads  in  front  ;  that  is,  across  the 
thickness  of  the  wall. 

Head'ing-joint.  1.  (Joinery.)  A  square  or 
butting  joint  of  two  jiieces,  as  of  sections  of  hand- 
railing,  Hoor  boards,  etc.  The  junction  is  secured 
by  dowel,  tongue,  and  groove,  or  otherwise. 

2.  (Masonry.)  The  joint  between  two  voussoirs 
in  tile  same  course. 

Head'lng-knife.  1.  (Saddlery.)  Around-headed 
Uuii'e  uscil  to  cut  out  holes  in  leather,  too  large  for 
tlie  application  of  punches,  and  smaller  than  are 
conveniently  made  by  the  roand-kni/e,  which  is  the 
ordinary  cutting-tool  of  the  saddler. 

2.  The  currier's  knife  with  one  straight  and  one 
cross  handle,  and  a  tnrned-ovei"  edge.  It  is  used  in 
scraping  hides  and  reilucing  them  to  an  even  thick- 
ness.     (Fr.  eonteaa  a  revers.) 

3.  (Coopering.)  A  knife  for  cutting  the  chamfer 
of  the  head  of  a  cask. 

Head'iug-ma-chine'.  1.  (Ayrieulturc.)  A 
iiuuliiiu-  fur  cutting  olf  the  heads  of  grain  in  the 
field,  instead  of  han-esting  the  whole  straw.  The 
machine  was  tried  awhile  in  iriimis,  but  its  use  is 
believed  to  have  been  abandoned  except  in  Califor- 
nia. The  machine  is  now  always  associated  with  a 
traveling  thrasher,  the  rijie  heads  of  grain  being  cut 

Fig.  2465. 
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off,  thrashed,  and  bagged.      Tliese  machines  var)'  in 
their  cutting  apparatus  ;  some  have  the  reciprocat- 
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ing  knife  usual  witli  reapers,  a  reel  sweeping  the 
heads  into  a  well,  from  which  they  are  raised  by  a 
conreyor  to  the  thrashinfj-eyliniler,  ;uid  tlieuee  jjass 
to  the  sieves  and  fiin. 

Another  favorite  form  is  a  cuiuli  witli  long  teetli 
of  a  laiiee  shape  ;  tlie  eonili  presents  its  teeth  to- 
wards the  grain,  the  stalks  pass  between  the  teeth, 
and,  reaching  the  narrow  jiortion,  the  head  is  de- 
tained and  torn  olf,  or  is  cut  oil'  by  a  revolving  brush, 
a  rotating  reel,  or  a  traveling  belt  with  scrapers. 

The  header  is  the  oldest  form  of  reaping-machine, 
and  is  mentioned  by  I'liuy  and  I'alladius.  See 
Hkapkr. 

Clover-seed  is  also  harvc'Sted  in  this  way,  the  ma- 
chine simply  tearing  olf  or  cutting  off  the  heads.  See 
Cluver-hkader. 

2.  (Metal-woikintj.)  A  machine  in  which  bolt 
blanks  are  headed  by  swaging  between  dies,  or  up- 
setting. 

3.  A  machine  for  fonniug  the  heads  of  pins. 

4.  {Coopering.)  A  machine  for  making  heads  of 
casks.     The  middle  piece  and  cants  are  jointed  and 
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Head-light.  (lUiihcay.)  The  light  carried  at 
the  froiit  end  of  a  loco- 
motive, to  illuminate  the 
way  and  act  as  a  signal. 
It  has  usually  an  oil- 
himp,  whose  flame  is  in 
the  focus  of  a  ]iarabolic 
reflector-.  In  the  exam- 
]ile,  tlie  lamp  is  of  the 
Argand  variety,  air  be- 
ing admitted  to  the  con-       ^^^'^ 


ter  and  around  the  tubu 
lar  -wick,  while  the  heat- 
ed air  is  received  from 
the  chimney  by  a  Hue 
above. 

Head-line.  1.  (Print- 
imj.)  Till'  top  line  of  a 
page  in  which  the  run- 
ning-title and  folio  are 
given. 

2.     (Nautical.)      The 

rope  at  the  head 

of  a  sail. 

Head-mold'- 

ing.       {Arc/iilixt- 

iirc.)     A  molding 

n\-ci-    a    door    or 

wiiidow  Locomotive  Head-Ueht. 

Head-plate. 

1.   (ArliUcri/.)     The  plati^  which  covers  the 
breast  of  the  cheeks  of  a  gun-carriage. 

2.     (Haddleri/.)     The   plate   strengthening 
the  point  or  canl/c  of  a  saddle-tree. 

Head-post.     A  stanchion  by  the  manger, 
in  a  stable. 

Head-rail.     (Carpentry.)    The  upper  rail, 
or  hori/outal  piece  of  a  door-frame. 

Head-rest.    A  cushion  or  support  against 
which  to  place  the  head  in  sitting  in  a  car- 
seat  or  chair,  or  when  having 
a   portrait    taken.       The    illustration 
shows  a  portable  head-rest  which  may 
be  attached  to  the  back  of  a  car-seat 


doweled  together  and  placed  between  two  circular 
disks  /  /,  so  arranged  upon  lathe  mandrels  that  the 
stock  from  which  tlie  head  is  to  be  cut  is  placed  be- 
tween the  heads  and  clamped  by  screwing  up  the  :  when  required.     The  jaws  of  the  clamp 
loose  inandi'el  ;   when  the  heads  are  revolved,   the  <  embrace  the  top  of  the  seat  back,  and  it 
heading  passes  between  two  adjustable  arms,  having  I  is  held  in  place  bv  a  stra|i  wliich  is 
the  tools  tliat  cut  the  head  to  the  desired  diameter,  I  passed  around  tlie  "back.      The  pad  is 
and  bevel  the  I'dge  at  the  same  time.     Thes^  "        " "  "     '  


u 


ese  arms 

can  be  changed  to  cut  heads  of  greater  or  less  diame- 
ter by  turning  a  graduating  screw,  or  they 
Pig.  2467.  can  be  expanded  to  work  thicker  stuff  by 
oscillating  a  lever  E  that  works  a  shaft,  to 
which,  on  the  opposite  sides,  are  .short  levers 
pivoted  to  the  iiriHS. 

Head'ing-tool.  (Funjiiig.)  A  tool  used 
in  swaging  heads  on  stems  of  bolts.  The  rod 
is  run  through  the  hole  of  the  re(pured  form 
and  size,  and  the  projecting  portion  is  upset 
or  hammered  down,  forming  a  knob.  This 
is  brought  to  shape  by  a  swage.  A  swage 
with  an  augh-  of  60°  is  used  for  making  hex- 
agonal bolt-heads,      (i'.vi.'  Fig.  2467.) 

Heading-tools  for  nail,  rivet,  and  brad 
forgers  are  made  like  nippers  to  open  and 
release  tlu'  nail,  et(\,  after  the  head  is  swaged 
down. 

Head-knee.     (Shipbuilding.)     A   piece 
of  ciiiupass-tiuiber   fayed   edgeways  to  the 
stem  and  cutwater.      A  cheek-knee. 
Head-ledge.     (Shiphuilding.)     One  of 
_      those  portions  of  the  raised  rim  around  tlie 
HraAing-^^^ii^  "'  •>■  hatchway  which  run  athwart  ship. 
Tools.    The  parts  running  fore  and  aft  are  eoamini/.t. 


adjustable  on  the  bar,  which  is  lunged 
to  the  clamp. 

The  photographic  head-rest  is  a 
c\ishiou  vertically  adjustable  on  a  rod 
su])ported  by  a  tripod. 

Head-rope.  (Nautical.)  That  part   / 

of  :i  bolt-rope  sewed  to  ^ / 

till'  licail  of  a  sail. 

Heads.       (Hoofing.) 
Tiles  wjiich  are  laid  at  the  eaves  of 
a  Iiouse. 

Head-sail.  (Nautical.)  Fore- 
sail. For  purposes  of  maneuvering 
ships,  the  sails  are  distinguished 
into  head,  and  after  sails ;  head-sails 
comprehending  all  sails  whose  centers  lie  before  the 
general  center  of  effort  of  all  the  sails,  and  n/ter-sails, 
all  whose  centers  lie  abaft  that  point. 

Head-stall.  (Menage.)  a.  The  bridle  minus 
the  bit  and  rein. 

b.   The  halter  minus  the  hitching-strap. 

Head-stick.  1.  (Printing.)  A  piece  of  furni- 
ture lorming  the  margin  at  the  heads  of  pages. 

2.  (NaiUiail.)  A  short,  round  stick,  with  a  hole 
at  each  end,  through  which  the  head-rope  of  some 
sails  is  thrust. 
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Head-stock.  1.  {Lathe. \  That  iioition  of  a 
lathe  whii'.h  contains  the-  mandrel  or  Ih-r  spiudle  on 
which  the  work  is  clmckeil  of  to  which  it  is  dogged, 
in  contradistinction  to  the  (ciiV-stock  which  contains 
the  ilc'j.d  spindle.  The  /itr-head  as  distinguished 
from  the  (/«rrf-head. 

2.  The  hcail  which  snpiiorts  the  cutters  in  a  plan- 
iug-niacliine. 

Head-tim'ber.  (Sliipwrighting. )  A  crooked 
timber  in  the  frame  of  a  ship's  head,  to  support  the 
gratings.      \  liiiu;kct. 

Head-valve.  (Stcam-emjin/:.)  The  delivering 
valve.     The  u)i]icr  air-pump  valve- 

Head'way.  1.  The  clear  hight  of  a  passage- 
way, tunnel,  gallery,  doorway,  arch,  etc. 

2.  A  gallery  at  right  angles  to  the  main  passage- 
way to  tin-  shaft  of  a  coal-mine.     A  lieadiiig. 

Healds.  {Lnoui.)  The  harness  for  sAtfrfrfwM;  the 
warp-threads  in  a  loom.  The  heddlc.  The  threads 
are  doubled  in  pairs,  and  arranged  in  sets  so  as  to 
shift  the  warp-threads  as  may  be  required  for  plain, 
twill,  or  tigured  weaving. 

Heal'ing.  (Roofiiig.)  The  covering  a  roof  with 
lead,  tin,  slates,  etc. 

Heap.  1.  (Prinlimj.)  The  pile  of  wet  paper  to 
be  fed  to,  or  of  printed  paper  delivered  from,  a  press. 

2.  (Milling.)  The  refuse  or  sterile  gangue  thrown 
into  a  pile. 

3.  The  pile  of  wood  stacked  for  burning  into 
charcoal. 

Hear'mg-tmm'pet.  An  acoustic  instrument 
to  collect  a  largei-  volume  of  sound  and  conduct  it 
to  the  ear.      See  E.iK-TItrMPET. 

Hearse.  .A.  carri.age  for  the  conve3'ance  of  dead 
bodies.  1  n  the  hearses  of  the  ancient  Egyptians  we 
may  see  traces  of  the  fabled  "  passage  across  the 
lake  "  which  separated  the  land  of  life  from  the  land 
of  death,  and  from  which  the  Greeks  derived  their 
Sty.'L  and  Charon.  The  legendary  custom  wa.s  to 
hold  an  assize  at  the  point  where  the  corpse  was  em- 
barked, to  determine  whether  the  deceased  had  by 

Fig.  2470. 


Egyptian  Hearse. 

his  virtues  or  atonement  merited  the  land  of  rest. 
When  the  determination  was  favorable,  the  bier  was 
placed  on  the  boat,  which  bore  his  remains  to  the  city 
of  silence.  In  after  times,  —  as  itwouhl  seem,  — when 
no  lake  intervened,  the  bier  or  body  of  the  hearse 
was  made  to  represent  a  miniature  boat,  w^th  lili- 
putian  rowers,  and  was  mounted  on  four  wheels,  or 
on  runners.  Instances  of  both  occur  in  the  sepul- 
chral paintings,  and  the  car  is  shown  drawn  by  o.xeu 
or  men,  and  sometimes  by  both.  The  Greeks  pre- 
served a  portion  of  the  legend,  turned  the  practical 
into  the  mystical,  as  usual,  in  time  forgot  all  about 
the  moral,  and  degraded  the  grand  assize  into  a  mo- 
rose old  waterman,  a  great  stickler  for  pennies,  and 
not  afraid  of  ghosts. 

Hearses  in  England  are  not  noticed  till  the  time 
of  James  II.  Previous  to  this  time,  bodies  were  car- 
ried on  men's  shoulders,  on  biers,  or  on  horse-litters. 

Heart.  1.  The  interior,  as  of  wood.  The  solid 
portion  divested  of  sap-wood  or  alburnum. 


1' 


2.  The  central  solid  portion  or  core  of  a  twisted 
column. 

3.  (Xautiad.)  «.  A  dead-eye  of  triangular  shape, 
having  but  one  eye,  whose  lower  edge 

has  scores  for  the  lanyard  wliich  hauls      Fig.  2471. 

taut  the  backstay  occupying  the  outside 

groove. 

Collar-liearts  are  open  at  the  lower 
ends  ;  a  double  score  is  cut  round  the 
outside,  and  two  grooves  on  each  side 
for  the  seizing,  which  keeps  the  collar 
in  the  scores  of  the  heart. 

b.  The  inner  part  of  a  shroud-laid 
rope. 

4.  A  heart-shaped  wheel  or  cam  used  ; 
for  converting  a  rotary  into  a  recipro- 
cating motion.     See  He.\rt-c.\m.                ""^^  '"'^ 

Heart-bond.    (Masonry.)    A  bond        Hearts. 
in  which    no   header  -  stone   stretches 
across  the  wall,  but  two  headers  meet  in  the  middle, 
and  their  joint  is  covered  by  another  stone  laid  header 
fashion. 

Heart-cam.  A  form  of  cam  which  serves  for  the 
conversion  of  uniform  rotary  motion  into  uniform 
rectilinear  reciprocating  motion.  The  principle  of 
its  construction  is,  that  for  each  successive  equal 
part  of  one  half  revolution  of  the  cam,  the  rod  must 
have  been  moved  by  its  peiipheiy  tkrough  a  corre- 
sponding equal  part  of  the  entire  stroke.  If  a  e  rep- 
resent the  stroke  required,  then  divide  the  same  into 
any  number  of  equal  parts,  u-b,  c-d,  d- e,  and  de- 
scribe from  the   center  of  rotation  circles  passing 
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through  these  points  of  division  ;  divide  half  the 
circumference  of  these  into  as  many  corresponding 
equal  parts,  and  draw  radial  lines  through  the 
points  of  division  efg  h  i,  then  u^  a-  «'  a*  will  rep- 
resent the  successive  positions  of  tlie  point  of  the  rod 
as  the  cam  revolves,  and  of  course  for  the  return 
stroke  these  divisions  will  recur  in  the  reverse  order. 
To  lessen  the  friction,  the  rod  is  provided  with  a 
roller,  to  suit  which  two  equidistant  curves  are  made, 
forming  a  groove  in  which  the  roller  runs. 

Hearth.  1.  {MekiUuryy.)  The  floor  in  a  rever- 
beratory  furnace  on  w'hich  ore,  metal,  etc.,  is  ex- 
posed to  the  action  of  the  flame  from  the  furnace. 
The  hearth  ha.s  a  domed  ceiling,  ami  is  divided 
from  the  furnace  by  a  bridge,  over  which  the  flame 
passes.     See  REVEKBEi;.\TORy-FiTK.\.\CE. 

2.   The  floor  of  a  fireplace. 

Hearth-brush.  (Domestic.)  A  small  hair  broom 
for  brushing  up  ashes  and  tidying  around  the  hearth 
of  an  open  grate. 

Hearth-ends.  (.Vrtailurg!/.)  Particles  of  un- 
reduced lead  ore,  e.xpelled  by  decrepitation  and  the 
blast  from  the  lead  smelting  furnace.     This  becomes 
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mixed  with  lime  aiul  fuel  used  in  smelting,  and  is 
eollected  from  time  to  time,  is  vvasheil  to  remove 
earthy  paitieli-s.  and  then  smelted. 

Hearth-plate.  t^MclaUiinjij.)  A  cast-iron  plate 
forming  the  .-sole  of  the  hearth  of  a  forge  or  refinery 
furnace. 

Heart-w^heel.  This  is  one  foim  of  cam-wheel, 
which  acts  by  a  regular  impulse  and  recession  to  re- 
ciprocate tlieol.iject  against  which  it  impinges.  (See 
Hkaiit-l'AM.)  B  shows  a  vertical  bar  or  rod  which 
is  raised  by  the  heart-wheel  as  the  point  of  the  heart 
a-scends,  and  conversely,  returning  by  gravity ; 
keeping  constantly  in  contact  with  the  face  of  the 
cam. 

Heat.  {Forifint/.)  a.  The  mass  or  piece  of  iron 
\indergoing  forging.  Where  it  is  made  from  the 
end  c)f  a  rod  or  bar,  the  latter  is  called  the  ■porter, 
and  forms  the  handle.  When  the  mass  is  heavy,  a 
long  iron  rod  is  welded  to  it  in  continuation  of  its 
a.icis.  The  mass  is  thi-n  swung  from  a  traversing 
eran(^  and  is  guided  by  the  jiorler-bar. 

b.  A  single  exposnre  to  the  tire,  as  "to  make  a 
weld,"  or  "to  shape  a  horseshoe  at  a  single  heat." 

c  Latent  heat  "is  the  heat  which  is  absorbed  by 
bodies  in  passing  from  one  state  to  another,  but  it 
does  not  manifest  itself  by  producing  an  increase  of 
temperature,  and   is   on   this   account    called    latent 

heat A  pound  of  water  at   212°  mixed  with 

a  jiouud  of  water  at  32"  gives  two  pounds  of  water 
at  122',  the  mean  of  the  two  components  ;  if,  how- 
ever, a  pound  of  ice  at  32"  be  nil.\ed  with  a  pomnl 
of  water  at  212°,  we  have  two   pounds  of  water  at 

51°  oidy the  difference  being  eijual  to  that 

required  to  raise  two  pounds  of  water  through  a 
range  of  71°  ....  representing  the  heat  required 
to  liquefy  one  pound  of  ice. "  —  Balfour  Stewakt's 
TrfiUise  on  Heat. 

It  was  discovered  by  Black,  and  was  taught  by 
him  in  1762. 

d.  Sj>ecific  heat  is  the  quantity  of  heat  required  to 
raise  the  temperature  of  a  body  of  a  given  weight 
1° ;  the  unit  of  measure  being  the  quantity  required 
to  raise  the  same  weight  of  water  to  the  same  tem- 
perature. 

Degrees  of  heat  are  noted  by  the  Tiiekmojieteu 
or  the  Pyrometer  (which  see). 

1  n  ]n-actice  the  degree  is  frequently  noted  as  red 
heat,  cherry-red,  white  heat,  weldimj  heat,  and  so 
on.      See  FuSING-l'OINT. 

Heat-en'gine.  A  thermo-dynamic  engine  in 
which  motive  power  is  produced  by  the  development 
of  heat.  Such  are  steam  and  hot-air  engines,  and 
others  which  are  effective  by  the  explosion  of  gas, 
etc.     See  AiR-ENoiNE  ;  Steam-engine. 

Heat'er.  1.  A  stove  or  furnace  for  warming  a 
building,  dry-house,  or  some  portion  of  a  macliine, 
as  a  calendering  apparatus  in  a  paper-mill,  etc.  See 
list  under  Stoves  and  HEATiNG-Ari'LiANCEs. 

2.  A  block  of  iron,  made  red-hot  in  a  fire,  and 
then  placed  in  an  urn  or  smoothing-iron. 

3.  A  pan  in  which  the  juice  of  sugar-cane,  or 
the  water  gathered  from  the  maple,  receives  a  pre- 
liminary heating  before  reaching  the  evaporatiug- 
jKin. 

Heat'ing-ap'pa-ra'tua.  See  specific  list  under 
SriivEs  AND  Hkatixo  Appliances. 

The  various  contrivances  employed  for  warming 
buildings  may  be  classed  under  :  — 

Methods  of   Waiining  independently  of  Ventilation. 

1.  By  close  stoves,  the  heating  Burface  being 
either  of  iron,  earthenware,  or  soapstone. 

2.  By  hot-air  Hues,  passing  under  the  floors,  or 
around  inside  the  walls. 


3.  By  a  system  of  endless  pipes  heated  by  a  cur- 
rent of  hot  water  from  a  boiler,  the  circulation  be- 
ing caused  by  tlii'  c-ooling,  and  consequently  greater 
weight,  of  tile  water  in  tlie  lower  or  returning  pipe. 

4.  By  steam  pipe  and  railiators. 

5.  By  gas. 

Methods  of  Warminy  cuinbined  with  Ventilation. 

t>.    By  open  tires  placed  in  tlie  several  apartments. 

7.  By  causing  air,  which  has  been  previously 
heated,  to  pass  through  registers  into  the  several 
rooms. 

In  the  time  of  Seneca  a  large  stove,  or  several 
smaller  ones,  was  constructed  in  a  cellar  beneath 
the  living-apartments,  and  the  flue  conducted  into 
dining-room  and  bedchambers.  It  is  probable  that 
the  plan  resembled  some  of  our  green-house  arrange- 
ments. It  was  originally  used  by  the  Komans  in 
their  baths,  the  ealidarium  being  heated  by  the 
flues  of  the  fire  by  which  the  waim  baths  were  pre- 
pared. (See  Hvpoi.vrsT.)  These  caliducts  were,  no 
doubt,  of  various  kinds,  the  architects  aiul  engine<'rs 
of  the  Imperial  City  being  very  skillful  and  thor- 
ough ;  but  it  was  no  doubt  true  of  Italy  at  that  day, 
as  it  is  at  the  jm^sent,  that  the  provision  of  means 
fur  artificially  heating  apartments  was  lamentably 
delicient.  Chimneys  were  almost  unknown.  The 
leferences  to  these  are  very  .scant  and  lew.  See 
Chimney. 

The  Italian  architect,  Palladio,  who  wi'ote  at  A.  D. 
1  i>iM,  thus  writes  of  the  heating  arrangements  of  the 
ancient  Eomans :  — 

"  The  Romans  were  sensible  that  a  continual  dame 
and  a  great  heat  from  live  coals  were  hurttul  to  the 
eyes  ;  they  therefore  went  very  wisely  about  finding 
out  a  remedy.  They  found  how  diingerous  it  was 
to  carry  fire  about  the  house  from  one  room  to  an- 
other. Stoves  are  an  abominable  invention  :  they 
cause  a  continual  stench,  swell  the  head,  and  make 
men  drowsy,  dull,  and  lazy.  Most  people  that  use 
them  grow  teiuler  and  weak  :  some  cannot  stir  out 
of  these  rooms  all  the  winter.  The  ancients  used  to 
light  their  firi'  in  a  small  furnace  umler  the  earth. 
Thence  they  i'on\eyed  a  great  many  tubes  of  diifer- 
I'ut  sizes  into  all  the  different  stories  and  rooms  of 
the  house,  which  tubes  or  pijies  were  invisible,  but 
laid  in  the  thickness  of  the  walls  and  ceilings,  just 
like  water-pipes.  Kach  of  these  opened  at  that 
part  of  the  furnace  which  joined  to  the  wall  of  the 
house,  and  through  these  ascended  the  hi'at,  which 
was  let  in  whenever  they  had  a  mind  it  should, 
whether  in  dining-rooms,  bedchambers,  or  closets, 
much  in  the  manner  as  we  see  the  heat  or  steam  of 
water  containeil  in  an  alembic  to  ascend  and  warm 
tlie  parts  most  distant  from  the  fireplace.  The  heat 
in  that  manner  used  to  spread  so  equally  that  it 
wanned  the  whole  house  alike.  It  is  not  so  with 
chimneys  or  hearths  ;  for  if  you  stand  near,  you  are 
scorched  ;  if  at  any  distance,  you  are  frozen  ;  but 
here  a  very  mild  warm  air  spreads  all  around,  accord- 
ing as  the  fire  that  warms  the  pipes  laid  along  the 
wall  opposite  to  the  hearth  is  more  or  less  burning. 
Those  pipes  which  dispensed  the  heat  did  not  ojien 
into  the  furnace  itself,  in  order  that  neither  smoke 
nor  flame  should  get  into  them,  but  only  a  warm 
sti'am  should  enter,  which  they  let  out  again  ;  there- 
by creating  a  continual  moderate  heat.  The  fire  ■ 
needed  not  to  be  large,  provided  it  was  continual, 
to  .supply  those  confined  and  enclosed  pipes  with  a 
sutficieut  power  of  warming.  They  dressed  their 
meat  at  the  month  of  the  furnace  :  and  all  along  the 
walls  were  dis)»)sed  kettles,  or  other  vessels,  filled 
with  hot  water  to  keep  the  meat  warm." 

From  tlds  it  would  appear  that  the  conduits  were 
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actually  hot-air  pipes,  and  not  flues  ;  the  heated 
current  in  the  pipes  proceeding  troin  a  chamber 
around  the  furnace,  but  not  contaminated  by  the 
gaseous  and  sooty  rcsidts  of  the  combustion  of  fuel. 

In  ttie  partially  exhumed  city  of  Pompeii  there 
are  some  traces  of  the  conducting  of  heat  by  pipes 
froui  the  bath-room  to  the  triclinium  and  other 
private  apartments.  Heating  by  braziers  was,  how- 
ever, the  ordinary  practice  when  artiKcial  heat  was 
needed,  and  thei'e  are  many  days  in  the  year  when 
the  climate  of  even  Southern  Italy  is  anything  but 
salubrious. 

The  Chinese  call  a  stove  which  is  heated  by  a 
furnace  a  taHi/;  in  t\ie  ti-kang  the  flue  runs  under 
the  floor  or  pavement  of  the  room  ;  the  kao-kang  is 
u.sed  for  heating  their  sleeping  and  sitting  places. 
In  the  tong-kamj  the  heating  flue  is  carried  along 
the  floor,  with  openings  from  it  at  which  the  heated 
air  and  smoke  ascend  into  the  spaces  of  a  hollow 
wall,  thus  nearly  approaching  the  principle  of  the 
chimney. 

A  tong-kang  was  erected  in  1761  hy  Sir  William 
Chambers  for  heating  the  orangery  at  Kcvv  Palace, 
near  Loudon. 

In  imitation  of  the  f'hinese  method,  he  introduced 
heateil  air  through  an  air-pipe  or  flue  in  contact 
with  the  heating  flues. 

The  method  of  obtaining  warmth  in 
Persia  is  by  means  of  a  large  jar, 
called  a  kourcij,  sunk  in  the  earthen 
floor,  generally  in  the  middle  of  the 
room.  This  is  filled  with  wood,  dung, 
or  other  combustible  ;  and  when  it  is 
suflSciently  charred,  the  mouth  of  the 
vessel  is  shut  in  with  a  square  wooden 
frame,  shaped  like  a  low  table,  and 
the  whole  is  then  covered  with  a  thick 
wadded  quilt,  under  which  the  family, 
ranged  around,  jdace  their  knees  to 
allow  the  hot  vapor  to  insinuate  itself 
into  the  folds  of  their  clothing  ;  or, 
when  they  desire  more  wai-mth,  they 
recline  with  the  quilt  drawn  up  to 
tlieir  chins.  The  immovable  position 
necessary  for  receiving  the  full  benefit 
of  the  glowing  embers  is  inconvenient  ; 
and  the  effluvia  from  the  fuel  is 
nauseous  and  deleterious.  The  kourq/ 
also  serves  for  an  oven,  and  the  pot  is 
boiled  on  its  embers.  This  rude  and 
unwholesome  method  is  adopted  in 
the  noblest  mansions  of  the  cities,  as 
well  as  in  the  dwellings  of  the  poorer 
classes  ;  only,  in  the  ibrmer,  a  more 
agreeable  fuel  is  burnt,  and  the  ladies  sit  from  morn- 
ing till  night  under  rich  draperies  spread  over  the 
wooden  cover. 

The  palace  of  the  Khalif  of  Cordova,  A,  D.  1000, 
was  heated  by  hypocausts  in  the  vaults  below,  the 
warm  and  perfumed  air  being  conducted  by  earthen 
pijpes  or  caliducts  in  the  wall.s,  and  discharged  into 
the  apartments. 

Heating  by  a  circulation  of  hot  water,  proceeding 
from  a  boiler  and  returning  thereto  in  a  com(iarative]y 
cool  condition,  was  invented  by  Bonnemain  in  1777. 
(See  iNCUB.iTOR.)  In  1S16  a  conservatory  at  Bromp- 
ton,  England,  was  thus  warmed.     SeeCALORiFfcUE  ; 

HOT-WATEK  HeATIXG-APPAR ATI's. 

James  Watt,  in  1784,  heated  his  study  by  a  steam 
box  or  heater  made  of  slieet-iron,  the  plates  2J  by  3i 
feet  and  1  inch  apart.  This  box  had  an  air-escape 
cock,  a  steam -induction  pipe,  and  a  water-escape. 
It  was  supplied  by  the  lioiler  of  the  establishment. 

The  experiment  was  repeated  by  a  system  of  cop- 


per pipes,  under  Hoyle's  patent,  1791.  The  steam 
a.scended  to  the  top  of  the  building  and  passed 
downward. 

Lee  of  Manchester  erected  a  heating  apparatus  of 
cast-iron  pijies,  which  also  served  as  supports  for 
the  floor.  This  was  constructed  by  Boulton  and 
Watt  in  1799. 

Fig.  2473  shows  one  form  of  steam-heating  appa- 
ratus, in  which  exhaust  steam  from  the  engine  is 
conducted  to  a  heater  back  of  the  seccmd  fire  bridge, 
and  thence  by  a  stand-)iipe  to  the  sets  of  pipes  on 
the  ditt'erent  stories  of  the  building. 

Gas  has  been  used  for  warming,  sometimes  in  con- 
nection with  plates  exposed  to  the  jets,  and  some- 
times has  been  adapted  to  the  ordinary  fireplaces 
where  the  perforated  coil  is  disposed  in  a  manner  re- 
sembling grate-bars.  Goddard's  gas-heater,  Eng- 
lish, is  of  the  latter  description,  and  asbestus  is 
spread  over  the  bars  so  as  to  afford  a  mass  of  mate- 
rial capable  of  preserving  incandescence,  and  afford- 
ing radiation  without  consumption. 

Warming  a]iartmcnts  by  hot  air,  as  has  been 
stated,  was  practiced  by  the  Romans. 

The  modern  mode  is  by  a  furnace  in  the  basement 
story  ;  air  from  the  outside  is  admitted  to  a  cham- 
ber around  the  furnace  and  conducted  by  pipes  to  the 
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auflitorium  of  the  church  or  to  the  hall  and  apart- 
ments as  the  case  may  be. 

The  effectiveness  of  the  hot-air  current  is  materi- 
ally interfered  with  by  the  ojiening  of  external  doors 
and  windows,  the  circulation  depending  upon  the 
ascent  of  the  rarefied  air. 

In  the  Reform  Club  House  in  Pall  Jlall,  London, 
the  circulation  is  secured  by  a  large  fan  rotating  in 
a  cylindrical  case  and  driven  by  a  steam-engine  of 
5-horse  power  in  the  basement.  11,000  cubic  feet 
of  air  per  minute  are  forced  through  a  tunnel  and 
then  through  a  cellular  steam-heater,  where  it  ac- 
quires a  teiu]ierat>ire  of  from  75°  to  85°  Fah.  From 
a  brick  chamber  it  passes  by  pipes  to  the  various 
apartments,  where  it  is  admitted  by  dialed  registers. 
See  Hot-air  Furnace  ;  Ventilation. 

Dr.  Arnott  calculated  the  quantity  of  heat-radiat- 
ing surface  necessary  to  warm  a  room  in  winter  to 
60°  when  the  external  temperature  is  22°,  to  be  a 
foot  square  of  surface  heated  to  200°  for  every  six 


nE.\TiNi;-r.\N'. 


1090 


HEATING-STOVE. 


feet  of  gloss,  as  much  for  every  120  sciuare  feet  of 
wall  or  ceiling,  and  as  much  also  for  every  six  cubic 
feet  of  air  escaping  per  minute  by  ventilation.  See 
GkATK  ;    FlKKPLACE. 

Heat'ing-pan.  1.  A  flat  pan  with  stirrers,  in 
whicli  linseed  meal  is  warmed  before  being  bagged 
and  pressed. 

2.  The  first  pan  into  which  sugar-water  of  the 
maple,  or  the  juice  of  the  sugar-cane,  is  warmed  be- 
fore dipping'  or  running  into  the  evaporator. 

Heat'ing-stove.  The  stove  of  Russia,  Poland, 
and  Northern  Germany  consists  of  a  combustion- 
chamber  and  a  number  of  reverting  Hues  in  which 
th<!  heated  current  gradually  parts  with  its  caloric. 
The  fire-chamber  is  surrounded  by  a  good  non-con- 
ductor of  heat,  and  the  heated  products  of  combus- 
tion are  retained  within  the  stove  as  long  as  possible, 
in  order  to  communicate  the  greater  part  of  tlieir 
heat  to  the  stove,  and  thence  to  the  air  of  the  room. 

This  is  effected  by  an  arrangement  similar  to  that 
shown  at  A  (Fig.  2474),  in  which  the  lower  space 
represents  the  fiie-chamber,  at  the  back  of  which  is 
an  upward  passage  b  for  the  fiame  and  smoke,  which 
are  successively  diverted  on  their  upward  course  by 
the  partitions  d  e  f  g  c,  passing  through  their  open- 
ings until  discharged  through  the  opening  h,  which 
is  controlled  by  a  damper. 

These  stoves  are  mounted  on  pillars,  are  made  nar- 
rower toward  the  top,  and  are  not  placed  in  contact 
with  the  wall,  so  as  to  expose  their  whole  heated 
surface. 

In  other  casfs  they  are  built  wdthin  partition  walls, 
so  as  to  heat  two  apartments  at  the  same  time.  The 
fronts  of  these  stoves  are  frequently  quite  ornanjental, 
being  built  up  into  several  stories  of  white  porcelain 
in  tasteful  designs,  and  having  polished  brass  doors. 

Beaumont's  English  stove  (B)  acts  by  a  downward 
current.  Two  iron  plates  c  are  laid  upon  the  fo<in- 
dation  rf,  and  between  them  is  a  sliding  plate  which 
covers  the  ash-iiit.  They  are  surmounted  by  a  drum 
lined  with  firebrick  and  having  a  flue  x.  The 
drum  is  covered  with  a  circular  plate  of  cast-iron, 
having  an  opening  for  the  admission  of  fuel  and 
covered  by  a  lid,  pivoted  to  serve  as  a  register.  On 
lighting  the  fire  this  is  slightly  opened,  and  though 
the  smoke  at  first  tends  to  rise  that  way,  ,the  heat 
soon  determines  a  <lownward  current  which  deflects 
it  through  tlie  flue  x  into  the  chimney/. 

The  Cockle  stove  0  (Ger.  Kachd,  a  tile  ;  Kachcl- 
ofcn,  a  tile-stove),  as  made  by  Strutt,  of  Derby, 
England,  has  a  cylindrical  iron  fire-chamber  a  with 
flat  or  dome-shaped  head,  around  which  is  built, 
leaving  a  certain  interval,  a  structure  4  6  of  brick. 

The  fuel  is  fed  at  c,  sliding  down  the  inclined 
plate  s  to  the  grate  g.  d  is  the  ash-pit  and  draft- 
hole.  The  heated  air  between  the  stove  and  its 
casing  is  admitted  into  the  room  through  one  or 
more  apertures  c.  This  is  also  known  as  the 
"Belpre"  stove,  as  the  cotton-factories  of  the  in- 
ventor in  that  town  were  warmed  by  it  in  1792. 

Z3  is  a  stove  erected  by  Sylvester  for  the  Derliy 
infirmary,  on  this  ]iriuciple.  c  c  are  the  openings 
leading  from  the  exterior  of  the  building  and  sup- 
plying fresh  air.  The  cockle  a  is  cubical  in  form, 
and  has  a  groined  arch  dome.  It  is  made  of  iron 
plates  riveted  together.  The  smoke  passes  olf  by  a 
narrow  passage  at  the  base  of  the  cockle  through 
the  Hue  /.  The  brickwork  surrounding  the  cockle 
is  built  with  alternate  openings  between  the  bricks. 
Through  these  apertures  ai'e  inserted  pipes  of 
sheet-iron,  or  jiorcelain,  .so  as  to  extend  witliin  an 
inch  of  the  cockle,  by  which  means  the  air  to  be 
heated  may  bo  thrown  near,  or  in  immediate  con- 
tact,  with  the  surface  of  the  cockle,   if   desirable. 


The  horizontal  partition  d  d  cuts  oH'  the  communi- 
cation between  the  lower  and  the  upper  portion  of 
the  air-chamber,  the  arched  openings  in  the  lower 
half  c  c  being  the  openings  of  tlie  main  air-llue  lead- 
ing from  the  exterior   atmosphere.     The   fire-room 
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and  ash-pit  are  shown  at  b  b,  and  the  fuel  is  intro- 
du<;ed  by  the  opening  at  i. 

The  air  passing  from  the  lower  flues  c  c  through 
the  apertures  beneath  the  horizontal  partition,  and 
coming  in  immediate  contact  with  the  surface  of  the 
cockle,  finds  its  way  into  the  npper  air-chamber  e  c 
through  the  numerous  pipes  or  openings  of  the  npper 
division,  by  which  circuit  its  velocity  will  be  suffi- 
ciently retarded  to  obtain  the  necessary  elevation  of 
temjierature  from  the  heated  cockle. 
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In  tile  plan  submitted  by  Sylvester,  1835,  for 
warming  anil  ventilating  tlie  Houses  of  Parliament 
(A',  Fig.  247-1),  the  fresh  air  was  to  be  admitted 
through  an  underground  channel  a  A  to  a  coekle  c 
beneatli  the  lloor  of  the  building.  It  is  thus  heated 
about  15°  in  winter  or  cooled  a  like  amount  in  sum- 
mer. On  passing  through  the  cockle  it  spreads  into 
the  open  space  d  d,  and  thence  is  distributed  to  all 
parts  of  the  chamber  through  apertures  in  the  Hoor. 
The  ascending  vitiateil  air,  passing  through  openings 

c  e  in  the  ceiling, 
Fig.  2475.  is    discharged 

through  the  turn 
cap/,  the  opening 
of  which  is  al- 
ways opposite  the 
wind.  Heated 
pipes  g  near  the 
roof  were  to  in- 
sure a  sufficient 
upward  draft. 
When  necessary 
to  obtain  a  greater 
heat  the  apertures 
in  the  ceiling  are 
closed,  and  the  air 
escapes  through 
openings  in  the 
walls  h. 

Fig.  2475  is  a 
gas-heater.  The 
cold  air  entering 
through  the  bot- 
tom is  heated  dur- 
ing its  passage  through  the  coil  by  annular  gas-jets, 
and  discharged  into  the  room  through  the  o])ening 
above.  The  products  of  combustion  within  the 
smaller  drum  are  partly  dischargeil  through  a  small 
upward  pipe,  and  the  rest,  in  conjunction  with  a 
small  quantity  of  cold  air  admitted  through  the  aper- 
tures above  the  drum,  is  reverted,  passing  downward 
to  aid  in  keeping  the  larger  drum  warm. 

Heat'ing-sur'face.  {Steam -cncjincering.)  The 
fire-surface  or  amount  of  surface  exposed  on  one  side 
to  fire  and  the  other  to  water.  The  allowance  is 
from  11  to  18  square  feet  per  horse-power. 

Heat'ing-tube.    (SUam.)     A   water-tube  in   a 

.steani-boilrr  surrounded  by  flame  and  connecting  at 

each  end  with  a  water-space. 

Heat-reg'u-la'tor.     A  device  invented  by  Bon- 

nemain,to  keep  up  an  equa- 

Fig.  2476.  ble  heat  in  his  Incubator 

-f^,  (which  see).     An  iron  rod  a 

is  tapped  at   its   lower  end 

into  a  brass  nut  c,  inclosed 

in  a  leaden  box  d,  terminated 

above  by   a  brass    collet  e. 

The  greater  expansibility  of 

the  lead  causes  it,  when  the 

heat    rises    to    the    desired 

point,   to  elevate  the  collet 

c,  which  presses  against  the 

shorter  ai'm  of  the  bent  lever 

/  n,  to   the  longer   arm  of 

which  is  connected  a  rod  /(., 

Brinmmain's  Heat-Rfgu-   "^'^  serves  to  open  or  close 

laior  a   register   that   admits   air 

to  the  fire.     Tlie  instrument 

is  provided  with  a  dial  graduated  to  indicate  if  there 

is  an  excess  or  deficiency  of  heat.    See  Thermostat. 

Heave.     {Nautical.)     a.   To  careen  a  vessel  and 

expose  the  hull  below  the  water-line,  for  the  purpose 

of  cleaning  or  repair.     Known  as  lieaving-down  or 

hxeliiig. 


b.  To  haul  on  a  rope  or  cable. 

c.  To  cast  the  lead  in  sounding. 

The  term  is  frequently  compounded  ;  as,  — 

To  heai-c  in  stays;  to  bring  a  ship's  head  to  the 
wind.     To  heave  down,  to  careen. 

To  licave  astern ;  to  draw  the  vessel  aft. 

To  heave  and  set ;  to  ride  hard. 

To  heave  short ;  to  bring  the  ship  above  the  anchor. 

Heav'er.     {Nautical.)    A  handspike. 

Heck.  1.  {IFcavimj.)  A  device  through  which 
the  yarns  pass  from  the  war))ing-mill  to  the  reel  on 
which  they  are  wound  in  order  for  transference  to 
the  warp-beam  of  the  loom.  The  heck-box  slides 
vertically  on  a  bar  as  the  reel  rotates,  and  thus 
ilisposes  the  warp  spirally  on  the  reel. 

The  hccic  consists  of  a  series  of  steel  pins  with  eyes, 
through  each  of  which  one  thread  passes.  The  heck 
is  in  two  parts,  one  a  little  raised  from  the  other. 
The  eyes  of  the  parts  being  alternate,  bj'  raising  one 
of  them  a  little,  the  bands  of  the  warp  are  sejiarated  ; 
when  the  other  part  of  the  heck  is  raised,  the  jiosition 
is  reversed,  the  ibrnier  upper  band  becoming  the 
lower.  This  produces  the  lease,  which  is  tied  up,  to 
form  a  guide  for  setting  in  the  loom. 

2.  The/?/ of  a  spinning-wheel. 

3.  A  fish-trap. 

Heck-box.  {Weaving.)  A  box  suspended  be- 
tween the  travcrs  on  which  the  bobbins  of  warp 
yarn  are  mounted,  and  the  warping-frame  on  which 
the  yams  are  wound.  Its  duty  is  to  divide  the 
warp  threads  into  two  alternate  sets  or  leas,  one  set 
for  each  hrald  or  hcddle.  Also  called  a  jack.  See 
Warping-mill. 

Heck'le.  A  board  with  sharpsteelwiresover  which 
flax  or  hemp  is  combed,  to  clean,  split,  and  arrangethe 
fibers  in  parallel  order.  See  Hackle. 

Fig.  2477. 


The  object  of 
heckling  is  three- 
fold :  first,  to  dis- 
entangle  and 
straighten  the 
fibers  ;  seconiUy,  to 
split  the  wider  rib- 
bons, to  lessen  them 
and  equalize  their 
size ;  and,  thirdly, 
to  remove  •  the 
shorter  stuff  from 
the  longer,  the  tow 
from  the  liiu. 

Heckles  are  of 
various  grades  of 
fineness,  but  the 
finer  have  shorter  and  more  slender  teeth ;  the 
grades  are  known  as  the  ruffer,  common  8,  .fine  8, 
10,  12,  18  ;  in  allusion  to  the  number  of  pins  in  a 
row.  The  pins  are  driven  through  a  tin-covered 
board,  which  is  clani]ied  to  the  bench  in  a  back- 
wardly  slanting  position,  as  shown  in  the  illustra- 
tion. The  bunch  of  flax,  known  as  a  strick,  is 
thrown  upon  the  heckle  and  drawn  towards  the 
operator,  a  sloping  board  at  the  back  preventing  its 
penetrating  too  far.  One  end  being  dressed,  the 
strick  is  reversed  in  the  hands  of  the  operator,  and 
the  other  end  is  heckled. 


Heckle. 
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From  100  pounds  of  wi'll-cleaned  flax,  45  to  50 
lioiiiuU  of  heckled  litie  are  obtained  by  hand  labor  of 
twelve  hours. 

Heck'ling-ma-cliine'.  A  machine  for  heckling, 
that  is,  se|)aratin«  the  fibers  of  Ha.K.  The  iUustra- 
tiou  (B,  Fig.  2477)  shows  one  of  the  earliest  forms, 
designed  to  imitate  the  process  of  hand-heckling. 
It  consists  of  a  rotating  sijuare  a  with  truncated 
corners,  at  which  the  heckles  b  are  fi.'ced.  A 
strick,  about  four  ounces  of  tla-K,  previously  slightly 
straightened  and  dressed,  is  fi.xed  in  the  holder  c  on 
the  arm  d,  which  is  oscillated  while  the  heckle-carrier 
is  being  rotated.  The  separated  fibers  which  collect 
on  the  heckles  are  removed  by  hand,  and  the  strick, 
when  thoroughly  heckled  on  this,  is  again  lieckled 
on  a  similar  niachiue  with  finer  teeth,  e  e  are  b.ack- 
boards  limiting  the  depth  of  penetration. 

A  niarhine  in  which  the  strick  of  flax  was  made 
to  vibrate  over  fixed  teeth,  so  as  to  heckle  the  two 
sides  at  once,  has  also  been  employed. 

Machines  in  which  the  strick  was  held  over  an 
endless  liand  provided  with  heckle  teeth,  or  drawn 
between  two  such  bands,  have  been  used  to  a  consiil- 
erable  extent.  The  machine  now  in  general  u.se  con- 
sists of  an  exterior  drum,  at  the  periphery  of  which 
are  placed  removable  holders  ;  this  has  a  slow  rotary 
motion,  while  rapid  revolution  is  imparted  to  a 
toothed  drum  within  ;  the  flax  hanging  down  from 
tlie  holders  is,  when  sufficiently  heckled  on  one  side 
by  these  teeth,  removed,  turned,  and  heckled  on  the 
other  side. 

Hed'dle.  ( Weaving, )  One  of  the  sets  of  paral- 
lel   knotted    cords   forming    loops    for   the    war]i- 


Heddles. 

threads  ;  and  by  whose  vertical  reciprocation  the 
warp-threads  are  shifted  so  as  to  make  the  shed  for 
tlie  pass.ige  nf  the  .shuttle.  The  heddle.s,  with  their 
ap]iliances  for  moving,  constitute  the  harness.  See 
li.\UNF..ss. 

Heddles  are  a  necessary  integral  feature  of  all 
looms,  having  sets  of  .strings  for  separating  the  warp- 
threads  into  two  or  three  groups,  between  which  the 
weft  is  ]iassed.  This  is  called  mounting  the  loam, 
and  consists  in  dividing  the  warp  among  the  leaves 
of  healds  or  heddles. 


In  iilain  v;caving  but  two  heddles  are  reiiuired, 
which  raise  and  depress  alternate  threads  ;  but  in 
twills  the  heddles  are  equal  in  number  to  the  num- 
ber of  threads  contained  in  the  interval  between  two 
intersections  of  the  warp  and  weft.  In  blanket  lu-ill 
every  third  thread  is  crossed.  In  finer  fabrics  the 
threads  intersect  each  other  at  intervals  of  4,  5,  6, 
7,  or  8  threads.  In  full  satin  twill  there  is  an  inter- 
val of  15  threads.  With  the  Jacijuard  the  devices 
rise  to  the  highest  order  of  merit.     See  Jacquard. 

In  the  illu.stration,  the  twilling-cam  A'  depresses 
such  one  of  the  set  of  levers  J  as  is  beneath  it 
for  the  time  being.  The  cam  K  is  attached  to  a 
circuniferentially  grooMed  hub  L,  which  slides  on 
the  shaft  y  and  is  controlled  in  its  motions  by  a 
switch,  so  that  the  motions  of  the  heddles  g  g  fol- 
low in  proper  sequence.  The  heddles  are  suspended 
by  cords  which  pass  over  a  roller  D  and  down  to  the 
levers. 

Hed'dle-eye.  (Weaving.)  The  loop  in  a  heddle 
through  which  the  warp-thread  is  pa.ssed. 

A  glass  ring  in  the  eye  is  known  as  the  mail  of 
the  heitflle. 

Hed'dle-hook.  (Weaving.)  A  hook  used  in 
heddlina  the  warp-threads. 

Hed'dling.  (Weaving.)  Drawing  the  warp- 
threails  through  the  healds  or  heddles;  a  weaver's 
harness. 

Hedge-bill.  (Husbandry.)  A  oitting-tool  used 
in  making  .stakes  for  repairing  and  for  trimming 
hedges.     See  Bill-hook. 

Hedge-clip'per.  (Husbandrt/.)  A  favorite  de- 
vii'e  for  dividing  land  into  fields,  especially  where 
lumber  and  stone  are  scarce.  For  obvious  reasons, 
the  thoi-n  has  always  been  a  favorite  for  this  pur- 
po.se  ;  Micah  (vii.  4)  says,  "Sharper  than  a  thorn 
hedge."     It  is  yet  the  ordinary  fence  in  Palestine. 

The  relevancy  of  the  subject  here  arises  IVom  the 
fact  that  tools  and  machines  are  made  for  planting, 
training,  and  trimming  hedges. 

Thorns  for  hedges  were  used  by  the  Greeks  1000 
li.  c.  Homer  represents  Ulysses  as  finding  Laertes 
digging,  anil  preparing  to  plant  a  row  of  i|uick-sets. 

"The  art  of  clipping  trees,"  says  Pliny,  "was 
invented  by  C.  Maitius,  a  friend  of  the  late  Em- 
peror Augustus,  within  the  last  eighty  years" 
(A.  D.  79).  He  had  not  seen  the  beautilul  gardens 
of  Egypt. 

In  some  of  the  principal  apple  counties  of  Eng- 
land, the  hedges  are  made  of  apple  and  jiear  trees 
trimmed  to  the  jiroper  proportions.  In  Brecknock- 
shire, hazel  is  much  used  ;  blackthorn  and  hawthorn 
are  also  common  ;  the  latter  is  more  used  than  any 
other  hedge  .shrub. 

The  osage-orange  {Madura),  honey-locust,  and 
some  varieties  of  thorn,  are  used  in  the  ITnited  Slates 
for  hedges.  Hawthorn  is  the  fa'v'oiite  in  England, 
but  does  not  .stand  our  climate.  Ornamental  hedges 
are  made  in  this  country  of  privet,  althea,  sju'uce, 
arbor  vitie,  rose,  and  occasionally  a  pear  or  other 
trees  and  shrubs.  In  England,  the  laurel,  lauris- 
tinus,  arbutus,  Portugal  laurel,  bay,  and  other  beau- 
tiful evergieens  are  used,  but  they  do  not  so  well 
suit  this  climate. 

Hedges  are  planted  in  single  or  double  rows,  the 
latter  from  eight  to  twelve  inches  apart.  The  plants 
about  the  same,  except  that  in  single  row  tliey  are  at 
a  distance  of  six  inches.  The  maclura  or  osage- 
orange  is  the  favorite,  and  has  a  great  tendency  to 
run  np.  It  must  be  clipped  savagely  to  make  it 
spread  below,  allowing  it  an  extra  three  inches  of 
hight  at  each  of  the  three  clijipings  during  its  first 
year's  growth.  In  succeeding  years  it  may  be  al- 
lowed to  advance  about  a  foot  a  year,  and  at  the  end 
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of  five  years  it  sliouki  be  five  feet  broad  at  bottom 
and  five  feet  high,  slanted  on  each  side  to  a  central 
ridge.  A  first-rate  fence  is  horse-high,  ])ig-tight,  and 
bull-strong. 

Planted  in  a  single  row,  six  inches  apart,  a  mile 
of  hedge  will  take  10,560  jilants.  A  double  row  — 
the  [dants  eight  inches  apart  in  the  rows  —  will  take 
15,8-10  plants.  A  fence  eight  rails  high,  staked  and 
douljle-ridered,  will,  for  the  same  distance,  take  7,680 
rails.    Board  fence,  live  boards  high  and  the  posts  sL\ 
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feet  apart,  will  take  1,173  posts  and  13,200  feet  of 
lumber,  the  boards  being  si.x  inches  wide  and  one 
inch  thick.  To  this  latter  calculation  add  the  value 
of  the  nails ;  and  in  each  mode  of  fencing  consider  the 
first  cost  of  putting  in  order  and  the  subsequent  wear 
and  tear,  and  the  cost  of  renewal  of  the  rail  and 
boaid  fences,  and  of  clipping  the  hedges. 

Hedge-clipping  tools  are  usually  .shears  (see 
Hedge-shears)  ;  but  machines  are  made  which 
pass  alongside  the  hedge  and,  by  their  revolving 
cutters,  ti'im  it  to  the  shape  to  which  the  cutting 
apparatus  is  adjusted,  as  in  Fig.  2479. 

Hedge'hog.  (Hydraulic  Engineering.)  A  ma- 
chine attached  to  the  .stern  of  a  steamboat  or  barge, 

Fig.  24S0. 


and   dragged    along  the 
bottom    of    a    river    or 
watercourse    to    remove 
the  mud  or  accumulation 
on    the   land   side   of  a 
sluice,    by    raising    and 
disturbing  the  mud  and 
silt  so  that  the  current 
will  carry  it  off.     1 1  con- 
sists of  a  frame  with  a 
revolving  reel  armed  with 
shoveLs,   which  dig  into 
the  mild  and  spade  it  up 
as  it  is  dragged  along. 
The   frame  is  of  i  x  6 
oak  scantling,  braced,  and  diagonally  bolted.     The 
spades  are  4  inches  wide,  7  inches  long,  and  7  inches 
apart.     In  some  eases  it  is  hauled  by  capstan  and 
tackle,  or  moveil  by  the  current. 
Hedge-plan'ter.    {Htisbandry.)    A   frame    for 
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holding  plants  in  order  as  to  distance  and  position 
while  being  set  in  the  furrow  prepared  for  them. 
The   plants   are    clamped   and   supported   at    their 


Fig.  2481. 
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proper  relative  distance  between  adjustable  bars 
which  engage  perforated  plates  in  the  posts. 

Hedge-shears. 
(Husliandrii.)         A  ^  Fig  2482. 

large  scissors  for 
trimming  the  ram- 
pant growth  of 
hedges.  In  the  ex- 
ample, the  blades  are 
for  the  shearing  action, 
and  a  more  powerful 
cutter  E  E  is  provided 
for  stray  stalks. 

Hedg'ing-tools. 
{Husbandri/.)  The  im- 
plements for  hedging 
are  thus  enumerated  by 
English  authority.  The 
itenis  may  be  useful. 

A  scuffle  hoe ;  blade 
7  inches  long,  handle  5 
feet  long. 

A  hedging  spade  3J 
feet  long,  blade  6  inches  ' 
wide. 

A  hooked  cutting-tool  ;  blade  9  inches  long,  lA 
inches  broad ;  shaft  2J  feet  long ;  weight,  2| 
pounds. 

A  heavier  bill-hook  for  cutting  stems ;   blade  7 

Fig.  2483. 
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inches  long,  2i  inches  broad  ;  handle  2i  feet  long. 
Tool  weighs  6  pounds. 

A  light  axe  weighing  3  pounds  ;  helve  3  feet 
long. 

Heel.    A  temr  as  opposed  to  toe. 

1.  (Slwcmciking.)  A  block  built  up  of  pieces  of 
leather,  and  serving  to  elevate  from  the  ground  the 
rear  portions  of  the  boot  or  shoe. 
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Hei'ls  are  usually  made  of  several  thicknesses  of 
leather,  called  lifts  or  taps,  which  are  liisteiied  to- 
gether and  to  the  insok  and  quarter  hy  pegs  or 
nails. 

Othi.T  materials  are  used  for  heels,  such  as,  — • 

Wood.  Cast-iron. 

Vulcanite.  Metal.     Plated 

Brass  shells  lilled  with  wooil. 

Shell  of  leather,  filled  with  composition  of  saw- 
dust, waste-leather  scraps,  and  glue  or  resin. 

Pieced  heels  are  made  of  sciraps  appro.ximately  tit- 
ted  together  in  a  mold  having  movahle  sides,  and 
th'n  I'oinpressed  so  as  to  bring  them  to  close  conjunc- 
tioa  and  the  required  form.  See  Bigelow's  jiatent, 
in  wliich  the  blaiik-hcels,  built  up  in  readiness  for 
attachment  to  the  boot,  are  punched  while  in  a  state 
of  coni])ression,  and  have  the  nails  partially  inserted 
ready  for  the  final  driving  which  fastens  them  to 
the  boot.  In  some  cases,  as  a  sulntitute  for  the 
shaved  rami,  the  upper  lift  is  made  basin -shaped 
by  compression.  The  punching  is  done  by  a  gang 
of  awls.  See  also  Ellis's  patent  of  December,  1863, 
reissued,  for  punching  the  lifts  of  boots  and  shoes. 

After  the  blank-heel  has  been  maile,  it  is  placed 
ill  the  socket  of  a  machine  against  the  lioot  in  posi- 
tion, and  a  plunger  drives  the  whole  gang  of  nails 
at  once  through  the  insole  and  counter,  and  clenches 
them  against  the  anvil  which  rests  on  the  insole  of 
the  boot.  Or,  nails  are  forced  through  the  inner 
.sole,  into  the  heel  from  within  ;  also,  from  the;  outer 
or  wearing  surface  ilown  through  the  heel-lifts  by 
means  of  roils  arrangeil  to  jiass  through  nail-plates. 

Julius  Cse-iar  wore  high-heeled  shoes  to  increase 
his  api)arent  stature.     The  shoe  covered  the  foot. 

2.  A  term  as  opposed  to  head. 

(A'aiUical.)     a.  The  after  end  of  a  .ship's  keel. 

b.  The  lower  end  of  a  spar  or  timber,  as  the  heel 
of  a  mast,  of  a  boom,  of  the  bowsprit,  of  the  stern- 
post,  of  the  rudder,  of  a  shore,  of  a  spar  when  used 
as  a  jib  or  shear-pole,  eto. 

c.  The  lower  end  of  a  timber  in  a  frame  ;  the 
other  end  is  the  hecui 

^Carpentry.)  The  lower  end  or  foot  of  a  rafter 
where  it  rests  on  the  wall  or  plate. 

(Firc-'arnii.)  The  upper  end  of  the  butt-end  of 
a  musket  when  in  tiring  position. 

The  tail  of  a  gun-lock  hammer. 

3.  A  lean  or  inclination. 

(iVaatical.)  a.  The  inclination  laterally  of  a  ves- 
sel as  she  careens  under  a  press  of  sail.  Allowance 
for  the  heel  is  made  in  laying  guns,  a  pendulum 
being  used  for  the  purpose. 

In  careening  the  "Royal  George,"  120  guns,  at 
Spithead,  1782,  to  get  at  a  water-pipe  which  dis- 
charged below  the  water-line,  the  vessel  was  sunk  at 
her  moorings. 


"  They  made  the  vessel  heel 
And  laid  her  on  her  side." 


Fig.  2484. 


Ilfrt-Br^nsting  Mnckine. 


h.  Said  of  a 
ship  when  deep  in 
the  water  aft. 
Bij  the  heel,  in 
contradistinction 
to  tnt  the  ln'ofl . 

Heel-blank. 
{Shoeninkintj.)  A 
set  of  lifts  fas- 
tened together  in 
readiness  for  at- 
tachment to  a 
boot.  A  blank 
heel. 

Heel-breast'- 


HteUCalk. 


ing  Ma-chine'.  A  machine  for  cutting  down  the 
straight  front  lace  of  a  boot  or  shoe  heel,  as  in  the 
e.\amplc,  which  has  two  adjustable  jaws  as  a  means 
of  holding  the  heel,  and  a  cutter  and  gage-plate 
combined  with  the'  said  jaws,  and  a  lever  with  pawl 
and  rack  uperating  on  one  of  the  jaws. 
Heel-bur'nish-ing     Ma-chine'.     See     Heel- 

I'OI,lslllN(i   .\1.\(11INE  ;    BURNISIIING-MACHINE. 

Heel-calk.     (Shoeriuikiwj.)    A  roughing  for  a 
heel,    to    ]ireveiit    the 
slipping  of  the  wearer  F'K'  2485. 

on  ice;  or  slijjpery  pave- 
ment. In  the  exam- 
ple, it  consists  of  a 
strip  of  metal  fastened 
to  a  heel  by  making 
two  holes  on  either  side 
of  the  heel.  It  is  armed 
with  points,  and  easily 
removable  on  account 
of  its  elasticity. 

Heel-chain.  (Nau- 
tieiil.)     A  chain  for  holding  out  the  jib-boom. 

Heel-cut'ter.  {Shocmaking.)  One  for  cutting 
out  the  lifts  which  form  the  heel.  In  the  example, 
the     cutters     are 

various  in  size,  and  ^'S-  2*86, 

are  hinged  to  the 
frame,  sothatthey 
can  be  let  down 
over  each  othei-. 
The  heel-lifts  are  [ 
cut  to  graduated  ' 
.size,  and  merely 
recjniii;  beveling 
after  attachment. 
The  leather  is 
place|l  on  the  cut- 
ters and  forced 
down  by  blows  of  a  wooden  mallet. 

Heei-face  Dress'er.  (Shocmaking.)  One  for 
rasping  and  dressing  off  the  lower  face  of  the  heel. 
The  boot  is  held  by  a  clamp,  the  guides  of  which 
enter  the  rand,  and  so  hold  it  parallel  to  the  rotary 
disk-wheel  which  tnies  the  face,  and  a  burnishing- 
wheel  whicli  ])olishes  the  side. 

Heel-1'ron.  (Shocmaking.)  A  plate  on  the  lower 
surface  of  a  boot  or  shoe  heel,  to  increase  the  dura- 
bility. Sonu-tinies  put  on  to  make  a  clattering,  as 
in  some  fancy  dances,  perhaps  the  cracovicmu. 

Heel-ma-chine'.  (Shocmaking.)  The  series  of 
machines  for  this  pjg,  248". 

purpose  are  for 
cutting  out  lifts, 
or  making  them 
up  of  pieces  and 
compressingthem 
to  shape  ;  build- 
ing up  blank -heels 
by  fastening  to- 
gether in  proper 
order  as  to  size 
the  several  lifts  of 
which  a  hei'l  is 
composed  ;  trim- 
ming or  burnish- 
ing the  heels  to 
give  the  required 
curve  ;  breasting, 
that  is,  cutting 
down  the  front ; 
cutting  "the  seat 
for  the  heel  ;  lay- 
ing on  and  securing  the  rands  ;  fastening  the  heels 


Boot-Heel  Culler. 


Heel-Polisher. 


HEEL-PLATE. 
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to  the  boots  ;  dressing  the  heel-faces  ;  polishing  the 
lieels  ;  giving  the  stiteh-niai-ks  on  the  uppei'  .siufiioe 
along  tlie  edge.  These  operations  are  usually  done 
by  separate  machines,  and  with  great  rapidity. 

Heel-plate.  The  plate  on  the  butt-end  of  a  gun- 
stoek. 

Heel-pol'ish-ing  Ma-chine'.  {SJiociimking.) 
One  tor  smoothing  tlie  surface  of  a  heel  after  it  is 
sliaped  and  trinuned.     There  are  several  modes. 

1.  In  the  El- 
Fig  2488.                          lis  and  Glidden 

machine,  trim- 
ming and  bur- 
nishing devices, 
actuated  by  a 
lever,  move 
around  the 
surface  of 
the  heel, 
guided  by  a 
plate  having  the 
form  of  the  fin- 
ished heel. 

2.  The  boot 
is  jacked  and  is 
revolved 
against  a  ro- 
tating burnish- 
er, as  in  Fig. 
2487. 

3.  The  boot  is 
clamped  to  the 
sliding    frame, 

and  the  polisher  reciprocated  over  the  surface  of  the 
heel  by  an  eccentiie,  whose  rod  is  connected  to  the 
oscillating  arm.     (Fig.  2488.) 

4.  The  boot  is  jacked,  the  arm  b  (Fig.  2489)  reach- 
ing down  the  boot-leg  and  holding  tlie  heel  to  its 
seat.  The  heel  is  held  up  to  the  polisher,  and  the 
edge  of  the  heel  against  the  polisher-flange,  which 
prevents  the  outer  lift  from  spreading  away  at  its 

Fig.  2439. 


Heel-seat  Cut'ter.  (Shuonakiiuj.)  One  eni- 
ployi^l  to  cut  out  the  concavity  in  the  heel  to  fit 
upon  the  convexity  caused  by  the  tilling  jiicco  of 
the  shank.  The  invention  combines  with  a  re- 
ciprocating gouge-like  shank  means  for  relative 
adjustment  lietween  the  knife  and  heel-holder, 
adapting  the  same  machine  to  cut  heel-seats  to  tit 
upon  dilterent  shanks. 

Heel-shave.  {Shocmaking .)  A  Iiand-tool  like 
a  sjjokc-shacc,  to  shape  the  heel  after  the  lifts  of 
approximate  shape  have  been  fastened  together. 

The  attaching  screws  of  the  curved  blade  pass 

Fig.  2490. 


Reciprocating  Bttrnisfier- Machine. 


Stationary  Burnisher-Machine. 


edge  while  the  jack  is  being  rocked  to  bring  the  whole 
edge  of  the  heel  under  the  action  of  the  stationary 
polisher. 

Heel-post.     1.   (^Shipbuildiivj.)    The  post  which 
supports  the  outer  end  of  a  propeller  shaft. 

2.  That  stile  of  a  gate  to  which  the  hinges  are 
attached. 

3.  The  post  to  which  a  gate  or  door  is  hung. 

4.  The  i|uiiin-post  of  a  lock-gate. 
Heel-riug.     (Hmbandnj.)     The   ring   which   is 

tightened  by  wedges  and  confines  the  scythe-blade 
to  the  snatli.  , 

Heel-rope.     (Nav.lical.)     A  rope  for  hauling  on 
the  heel  of  the  bowsprit  to  run  it  out. 


Heel-Shave. 


through  slots  in  the  bridge-piece  and  allow  adjust- 
ment of  the  blade.  The  guard-piece  is  removable, 
to  admit  sharpening  of  the  blade. 

Heel-tap.  {Shocmaking.)  One  of  the  pieces  or 
thicknesses  of  leather  of  which  a  heel  is  built.  A 
lift.. 

Heel-tool.  (Metal-turning.)  A  form  of  metal- 
turning  tool  in  which  the  heel  of  the  tool  is  sup- 
ported on  the  rest.     The  helve  has  one  piece  which 


Fig  2491. 


HeeUTool. 

rests  on  the  shoulder,  and  a  handle  whereby  the  cut- 
ting edge  is  adjusteil  as  to  pi;esentatiou  to  the  work. 

Heel-trim'mer.  (Shocmakimj .)  a.  A  machine 
in  which  the  edges  of 
the  lifts  are  pared 
down  so  as  to  bring 
the  heel  to  symmetri- 
cal shape.  1  u  the  ex- 
ample, the  collar 
limits  the  depth  of 
out  made  by  the  bur. 
The  adjustable  table 
board  adapts  the  bur 
cutter  to  the  varying 
depths  of  the  boot- 
heels,  and  the  stud  or 
roller  steadies  and  sup- 
ports the  heel  while 
being  trimmed.  The 
shape  of  tlie  rotary 
cutter  G  determines 
the  contour  of  the 
heel,  which  is  oscil- 
lated on  the  roller  A' 
to  bring  each  part  of 
itssurfaee  to  the  cutter. 

See  also  Heel-polishing  M.\chine.s,  which  differ 
but  slightly  in  construction,  the  principal  variance 
being  in  the  .surface  of  the  roller. 

b.   A  hand-tool  for  shaping  the  curve  of  the  heel. 


Htel-  Trimming  Machine. 


iirxK. 


laoG 
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Fig  M94. 


Heltcograpk. 


rig.  C4D3.  A     curved 

knife  set  in  a 
shank  wliose 
luwer  (!nil  by 
contact  with 
tlie  lower  sur- 
face of  tlie 
In'cl  foims  a 
guide. 
Htrl-Trimmer.  H    e    e   r  . 

(  jrcttri  11;/.  ) 

The  length  of  two  cuts  or  leas  of  linen  or  woolen 
threads. 

Hel'i-cal  Spring.  A  spring  whose  coils  have  a 
gradually  decreasing  diameter,  as  the  mainspring 
of  a  watch.  It  may  lie  in  one  plane  like  a  i'akci  of 
rope,  one  layer  of  i'o[»e  ;is  coiled  up  ;  or  it  may  be 
like  the  architectural  heli.'c  or  the  helix  of  a  shell, 
and  assume  a  conical  form. 

A  spiral  spring  is  a  coil  whose  rounds  have  the 
.same  diameter. 

A  helical  spring  whose  coils  are  in  the  same 
]ilane  is  used  by  alternately  expanding  and  con- 
tracting in  that  plane,  as  with  the  pendulum  spring 
and  mainspring  of  an  ordinary  watch. 

When  the  spring  is  more  or  less  conical,  it  may  be 
used  cither  in  the  way  just  stated  or  by  compression 
in  the  line  of  its  axis. 

Hel'i-co-graph.  An  instrument  for  describing 
helices.  The  small  wheel  ro- 
tates ou  the  screw-shaft  and 
revolves  around  the  fi.\ed 
point,  niovingtowards  or  from 
tlie  said  center,  according  to 
thedirection  of  its  revolution  ; 
the  pencil  describing  a  helix,  the  distances  between 
the  intereectibns  of  an  ordinate  with  the  spiral  are 
equal  to  the  pl/ch  of  the  screw. 

Hel'i-con.  {Music.)  A  form  of  wind-instru- 
ment of  metal,  resembling  a  French-hoin,  but  hav- 
ing keys  and  valves.  They  are  made  rn  suifc,  that 
i.s,  of  various  sizes  and  eompa.ss.      See  HdliN,  e. 

He'li-o-chrome.  (Pholngrdph;/.)  The  name 
given  by  Xitpce  ilc  St.  Victor  to  the  products  of  his 
process  for  photographing  in  the  natural  colors.  A 
consummation  devoutly  to  be  wished,  often  announced 
with  a  flourish  of  trumpets  and  a  new  name,  but 
not  yet  seen.     Sonic  indications. yet  afford  a  hope. 

He'li-o-chro'mo-type.  (Photognipluj.)  A  sun- 
picture  in  the  natural  colors  :  long  desired,  partially 
obtained,  but  always  fugitive  —  so  far. 

He'li-o-graph.  (I'hotogmphy.)  1.  A  sun-pic- 
tnrc.  Hdluiiraphy  is  the  name  given  to  the  art  of 
taking  sim-piclurcs  by  Nicephore  Niepce.  wlio  was 
the  first  to  take  a  permanent  |iicture.  He  used  the 
bitumen  of  .Tudca  ou  tin  and  pewter  plates.  He 
commenced  in  1814,  thus  preceding  Dagnerre,  who 
worked  upon  silver  plati'S  with  the  vapors  of  iodine 
and  mercury.  In  1829  they  became  associated,  and 
thereafter  they  worked  together.   See  Photcigil.\phy. 

2.  An  instrument  constructed  by  De  la  Rue  for 
obtaining  iihotogra|ihs  of  the  sun.  It  is  mounted 
eipiatorially.  The  image  of  the  sun,  0.46fi  inches  in 
diameter  at  the  focus,  is  enlarged  to  nearly  4  inches 
by  means  of  a  secondary  object-glass,  and  this  image 
is  received  on  a  photographic  Jilate.  The  sun's  light 
is  so  intense  that  not  only  has  the  apertui'e  to  be  cut 
down  to  2  inches,  but  an  instantaneous  apparatus  of 
peculiar  construction  has  to  be  employed.  AVhen 
the  ]iicture  is  about  to  be  taken,  an  opening,  j',;  of 
an  inch  wide,  flashes  acro.ss  the  axis  of  the  secondary 
object-glass,  and  the  rays  from  the  dillerent  parts 
of  the  disk  pass  througli  it  in  succession  and  are  de- 
picted on  the  collodion  jilate.  —  Biiande. 


He'li-o-graph ic  Eu-grav'ing.  (Pliotaqroplnj.) 
The  process  of  N  ii'pee  ile  St.  Victor  was  to  coat  a  plate 
with  bitumen  ;  cxi«ise  it  with  an  engraving  over  it, 
tlie  bitumen  being,  by  the  joint  action  of  light  and 
oxygen,  rentlercd  insoluble  V)y  the  usual  solvent. 
The  solvent  then  removes  the  parts  protected  by  the 
lines  of  the  engraving,  and  the  bare  metal  is  etched 
by  an  acid. 

Fo.x  Talbot  coated  the  plate  with  gelatine  and  bi- 
chromate of  potasli,  and  cxiosed  it  under  a  ]  ositive. 
The  gelatine  became  insoluble  where  the  light  acted  ; 
where  the  film  had  been  ]irotected  by  the  lines  of 
the  engraving  it  was  washed  away  by  water,  and  the 
lines  were  hit  in  by  bichloride  of  platinum,  or  ])er- 
chloridc  of  iron,  the  other  parts  of  the  jdate  being 
protected  by  the  film. 

Salmon  and  Garnicr  produced  another  process,  in 
which  a  brass  plate  was  sulijected  to  the  action  of 
iodine  vajior  and  then  exposed  under  a  negative. 
Being  then  rubbed  with  wadding  charged  with 
globules  of  mercury,  the  latter  is  found  to  adhere 
only  to  the  jiarts  corresponding  to  the  blacks  of  the 
negative.  An  ink-roller  being  jia.ssed  over  it,  the 
amalgamated  [:arts  ri'fn.se  the  ink  and  foiin  lights  on 
a  black  ground.  The  variations  in  the  process,  and 
also  those  incident  to  the  difl'crent  proceedings  there- 
after, to  fit  it  to  be  used  as  a  cop]ier-}ilate  by  etching, 
or  in  the  nianner  of  a  lithographic  stone,  cannot  be 
here  detailed.    See  Sutton's  Diet.,  "  riiotograiihy." 

He'li-om'e-ter.  1.  {Ojjtics.)  A  double  object- 
fdass  micrometer  (see  Mickometeu),  called  a  heli- 
ometer  from  its  being  originally  used  for  measuring 
the  angle  subtended  by  the  .sun.  The  telescope,  in 
whose  field  it  is  jilaced,  is  usually  of  large  size  and 
mounted  equatorially  ;  that  is,  having  two  a,\es  of 
motion  at  light  angles  to  each  other  ;  one  ]iaral- 
lel  to  the  axis  of  the  eaa'tli  and  the  other  to  the 
eijuator. 

The  instrument  was  suggested  by  Rocmer  aliout 
1678,  and  brought  into  use  by  Bouguer  about  1748. 
G.  Chambers  credits  its  application  or  im]piovcment 
to  De  Charmeres,  a  French  naval  officer  of  the  last 
century. 

The  object-glass  is  divided  diametrically,  and  the 
parts  are  capable  of  motion  in  their  own  jilanes,  and 


Fig.  2495. 


Helioineter 


through  considerable  intervals  by  means  of  screws, 
and  thus  their  optical  centers  can  be  separated. 
Each  half-glass  forming  a  separate  image  of  any  ob- 
ject, the  two  images  will  be  at  an  angular  distance, 
dependent  on  the  amount  of  separation  of  the  cen- 
ters of  the,  two  half-glasses.  Dolland  called  it  "a 
divided  object-fflass  micrometer." 

2.  A  form  of  dial.     An  instrument  for  ascertain- 


HELIOSCOPE. 
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ing  tlie  solar  time  in  all  latitudes,  and  for  ascertain- 
ing the  latitude  when  the  apparatus  is  set  at  noon 
according  to  the  date.  Also  lor  ascertaining  the  date 
and  length  of  day,  sunrise  and  sunset,  otherconditions 
being  established.  Also,  the  dirt'erences  of  time  be- 
tween two  places,  the  position  of  the  earth's  a.xis  in 
relation  to  the  level  at  the  point  of  observation, 
etc.     It  does  not  admit  of  a  biief  description. 

Heli-o-scope.  (Ojilics.)  The  name  given  by 
Scheiner  {1625)  to  an  instrument  of  his  own  inven- 
tion for  observing  the  sun  without  hurting  the  eye. 

Such  instruments  have  a  semi-opaque  medium  ; 
shut  otf  the  givater  portion  of  the  rays  ;  or  have  re- 
flectors which  transmit  but  a  small  portion  of  the  rays. 

Huyghcus,  in  making  a  comparison  of  the  inten- 
sities of  the  solar  light  and  that  of  Sirius,  em|iloyed 
upon  the  former  a  tube  having  a  very  small  ajierture 
at  one  end,  into  which  was  inserted  a  minute  globu- 
lar lens,  which  allowed  only  ytsoT  Pf"'t  of  the  solar 
disk  to  be  seen.  He  found  this  portion  afforded  a 
light  equal  to  that  of  Sirius,  and  concluded  that 
Sirius  Wiis  27,664  times  more  distant  than  the  sun. 

He'li-o-stat.  (Optics.)  An  instrument  invented 
by  Grave.saud,  1719,  by  which  a  sunbeam  may  be 
steadily  directed  to  one  spot  during  the  whole  of  its 
diurnal  period.  Improved  by  JIalus,  Foucault,  and 
Dubosq. 

The  object  of  the  instrument  is  to  make  a  sunbeam 
apparently  stationary  for  purposes  of  experiment, 
obviating  the  inconvenience  arising  from  the  contin- 
ual change  of  direction  of  the  solar  rays. 

It  consists  of  a  plane  metallic  mirror,  having  a 
vertical  and  horizontal  movement,  and  of  a  clock, 
the  index  of  which  moves  in  a  yilane  parallel  to  that 
of  the  equinoctial.  The  extremity  of  the  index  is  con- 
nected by  a  rod  attached  liehimi  the  mirror  in  the 
line  of  its  axis.    See  Heliotrope  ;  SoLAR-c.\MEr.A. 

He'li-o-trope.  (Optics.)  a.  A  geodetical  instru- 
ment used  to  n-Hect 

a  ray  of  light  to  a  Fig.  2496. 

distant  station. 

The  heliotrope 
used  in  the  British 
triangulation  has  a 
silvered  disk,  and 
has  been  seen  at 
one  hundred  miles  x>\\ 
distance,  from  Cum-  V 
berland  to  Ireland. 


b.  The  helio- 
trope is  used  to 
illuminate  neg- 
atives in  the 
solar-camera  in 
making  enlarged 
jiiccuree.  The 
object  is  to  keep 
the  a.xis  of  the 
instrument  in  di- 
rect solar  presen- 
Htliotrope.  tation  by  instru- 

mental means. 
In  the  example,  the  optical  a.xis  of  the  instrmuent 
is  brought  parallel  with  the  sun's  rays,  and  kept 
coincident  therewith  by  the  adjustments  described, 
a  motor  and  a  pendulum,  or  other  time-keeper. 

c.  The  ancient  Greek  jxilos  or  hcliotrophioii  was  a 
basin  in  the  middle  of  which  was  a  perpendicular  staff 
or  finger,  whose  shadow  indicated  on  lines  the  twelve 
parts  of  the  day  ;  so  it  was  a  kind  of  dial. 


He'li-o-type.  (P/wtogrnplii/.)  S]ieaking  gen- 
erally :  any  process  for  obtaining  pictures  by  the 
actinic  power  of  the  sun's  rays  on  a  prepared  surface, 
from  which  to  print  in  fatty  inks.  Specifically,  the 
Edwards  process  developed  step  by  step  in  the  fol- 
lowing way. 

The  action  of  hot  water  on  gelatine  is  to  dissolve 
it  ;  the  action  of  cold  water  is  not  to  di.ssolve  it,  but 
to  fill  up  the  pores  and  swell  it  up,  just  as  in  the 
case  of  a  sponge.  As,  after  exposure  to  light  in 
pi-esence  of  a  bichromate,  hot  water  will  no  longer 
dissolve  gelatine  ;  so,  after  exposure,  cold  water  will 
no  longer  expand  it,  — can  no  longer  jienetrate  the 
pores.  The  light  has  had  the  eflect  of  closing  the 
pores,  and  thus  rendering  the  gelatine  water-proof. 
If  a  plate  be  covered  with  bichromated  gelatine,  and 
exposed  to  light  under  a  negative,  certain  pores 
will  be  completely  closed  ;  the  medium-tones  will 
have  the  pores  partly  closed  ;  and  in  the  unlighted 
parts  the  condition  of  the  gelatine  will  be  un- 
changed. If  this  plate  be  steeped  in  cold  water, 
some  portions  of  it  —  those  w heie  light  has  not  acted 
—  will  absorb  water,  and  others  will  refuse  to  do  so, 
having  been  water-proofed  by  light.  On  rubliing 
grease  over  the  plate,  the  result  will  be  that  where 
the  pores  are  full  of  water  —  that  is,  where  the  light 
has  not  acted —  the  grease  will  not  touch  the  gela- 
tine ;  but  where  the  light  has  acted,  the  irores  are 
closed,  there  is  no  water,  and  grease  attaches  itself 
readily  ;  where  the  light  has  partly  closed  the  pores, 
the  small  quantity  of  water  absorbed  does  not  pre- 
vent a  small  quantity  of  grease  attaching  itself. 
Lithogra|phic  ink  is  simply  grease  to  which  coloring 
matter  has  been  added  ;  and  a  lithogra|ihic  roller 
charged  with  such  ink,  and  rolled  over  such  a  plate, 
speedily  reveals  the  light-produced  image. 

This  method  was  discovered  by  Poitevin,  and 
patented  by  liim,  as  early  as  1855.  The  process  was 
not  imnjediately  successful,  owing  to  the  spongy 
and  delicate  nature  of  gelatine,  the  difficulty  of  ob- 
taining intensity  in  the  inking  of  the  depressed  por- 
tions, and  the  lack  of  sharpness. 

Du  ilotay  and  JIarechal  used  a  very  thin  film  in 
working  by  the  Poitcnin  method,  but  failed  to  make 
the  gelatine  withstand  the  pressure.  They  also  sub- 
stituted alkaline  tnchromates  for  acid  bichromates, 

and  jiroposed  the  addition  of  leducing  agents. 
Herr  Albert  of  Munich  next  produced  some  re- 
sults by  a  similar  method.  His  plan  of  working  is 
somewhat  as  follows  :  instead  of  a  lithogiaphic 
stone,  a  glass  plate  is  enqiloyed,  of  considerable 
thickness.  On  this  is  placed  a  layer  of  gelatine  and 
bichromate,  which,  when  dry,  is  hardened  through 
the  glass  from  the  back,  by  exposure  to  light.  On 
the  top  of  this  is  jilaced  a  second  thin  coating  of 
gelatine  and  bichromate ;  and  this  is  exposed  to  light 
under  a  negative,  and  then  hardened  b}'  chemical 
means.  In  this  manner  a  compound  printing  film 
is  olitained,  having  the-necessarj'  thickness  to  stand  a 
certain  amount  of  wear  and  tear,  whilst,  from  its 
consti-uction,  the  difficulty  of  the  swelling  of  the 
gelatine  is  to  a  great  extent  got  over  ;  the  plate  is 
then  inked  and  printed  in  the  usual  way.  This  is 
known  as  ALBEirrvrE  (which  see.) 

Edwards  added  to  the  known  data,  producing  a 
film  which  is  movable.  By  the  addition  of  alum, 
more  esjiecially  chrome  alum,  to  the  gelatine,  a  film 
can  be  produced  consisting  of  a  tough,  tawny,  in- 
soluble substance,  like  leather  or  parchment,  ca- 
pable of  standing  an  apparently  unlimited  amount 
of  rough  usage.  Edwards  discovered  that  gelatine 
might  be  converted  into  this  substance,  but  tliat  it 
still  retained  its  property  of  being  acted  on  by  light 
in  presence  of  a  bichromate,  and  of  receiving  and 
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refusini;  greasy  ink.  The  practice  is  to  produce 
by  liglit  on  a  slieet  of  bichromatizeil  gclatini',  by 
means  of  ii  jihotograplue  negative,  the  same  result 
that  is  (irodiiccil  in  lithography  by  drawing  on  a 
stone  with  a  greasy  ink  ;  that  is  to  say,  where  the 
light  has  acted,  jnst  as  wdiere  greasy  ink  has  bi'cn 
used,  water  is  repelled  ;  where  light  has  not  acted 
water  is  absorbed  and  grease  repelled,  ami  where 
light  has  partly  acted,  as  in  the  half-tones  of  a  nega- 
tive, water  is  partly  absorbed  and  grease  jiartly  re- 
pelled. Ordinary  gelatine  is  dissolved  in  warm  wa- 
ter, and  a  sulticient  ipiantity  of  bichromair  of  potash 
is  added  to  reriiier  it  sensitive  to  light,  and  of  alum 
to  make  it  very  hard  and  durable.  This  is  poured 
on  a  level  plate,  previously  rubbed  over  with  wax, 
and  is  drieil  in  tlie  dark  by  means  of  heat.  As 
soon  as  dry,  or  when  reipiired  for  use,  the  sheet  of 
gelatine  is  stripped  from  the  plate,  and  printed  under 
a  photographic  negative  ;  the  side  of  the  gelatine 
which  has  been  ne.xt  the  glass,  and  which  is  conse- 
quently fi'ce  from  dust,  etc.,  being  that  on  which 
the  image  is  obtained.  When  the  picture  appears 
sufficiently  plain,  the  sheet  of  gelatine  is  taken 
from  under  the  negative,  and  made  to  adhere  to  a 
metallic  plate.  The  method  of  adhesion  used  is  that 
of  atmospheric  pressure.  The  sheet  of  gelatine  and 
the  metallic  plate  are  put  together  under  water  ;  as 
much  of  the  water  as  possible  is  got  rid  of  tVom  be- 
tween the  two  surfaces,  the  gelatine  absorbs  the 
remainder  so  that  a  vacuum  is  created,  and  the  pic- 
ture is  thus  att;\ched  to  the  plate  by  the  weight  of 
the  atmosphere.  The  superfluous  chemicals  are 
soaked  out  with  water,  and  the  plate,  with  the 
printing-surface  of  gelatine  attached,  is  placed  on  an 
ordinary  platen  printing-press,  and  inked  up  with 
ordinary  lithographic  ink.  As  in  lithography,  it  is 
necessary  after  every  impression  to  damp  the  jdate 
with  water.  A  mask  of  paper  is  used  to  secure 
white  margins  for  the  prints,  and  the  impression  is 
then  pulled  and  is  ready  for  issue.  Two  or  more 
inks  are  sometimes  used  in  the  proiluction  of  one 
picture,  as  it  is  found  that  where  the  light  has 
acted  deeply  a  stiff  ink  is  reipiired,  but  where  it  has 
acted  not  so  deej>ly  —  that  is,  in  the  half-tones  —  a 
thinner  ink  may  be  used.  So  that  a  stiff  ink  is 
first  used  for  the  shadows,  and  a  thinner  ink  after- 
wards for  the  half-tones.  In  this  manner  .several 
inks  may  be  used  in  printing  one  impression.  The 
effect  of  India  or  other  colored  tint  is  obtained  by 
using,  instead  of  ordinary  water  for  dampening  the 
plate,  water  with  some  color  in  it.  The  paper  ab- 
sorbs a  certain  amount  of  water  out  of  the  plate,  and 
with  it  the  desirable  amount  of  color.  The  ordinary 
rollers  are  not  found  to  be  satisfactory,  and  a  nii.x- 
ture  of  gelatine,  glycerine,  and  castor-oil  is  used. 

Edwards's  process  is  worked  in  the  United  States 
by  .James  R.  Osgood  &  Co.,  publishers,  of  Boston, 
whii  own  the  patents. 

He'lix.  1.  A  curve  generated  by  winding  a  line 
around  in  a  coil  of  gradually  increasing  radius,  and 
maintaining  the  same  plane  ;  or  by  winding  the  line 
on  a  cone  on  which  it  ascends  in  winding. 

The  Hat  watch-spring,  or  the  fakes  of  rope  in  a 
tier,  are  instances  of  the  fiat  heli.r. 

The  conienl  Mi  e  is  shown  at  w  x  (Fig.  1 1 43),  and  is 
common  a-s  a  spring  in  heil-bottoras  and  upholstery. 

2.  (Architeeture.)  The  volute  under  the  abacus 
of  the  Corinthian  capital. 

The  words  hrlir,  coil,  and  spiral  should  not  be  used 
as  if  they  were  mere  synonyms.  Preferably,  foil  is 
the  generic  word,  and-signifies  a  winding  ;  a/«7(.cisa 
flat  or  conical  coil,  as  j\ist  describcil ;  a.  spiral  is  a  coil 
which  ad  vances  in  the  direction  of  the  length  of  its  axis, 
like  a  wire  wdiich  is  wound  around  a  cylinder  main- 


taining contact  therewith  throughout  the  length  of 
the  wire  so  wound,  and  progivssing  in  the  length  of  its 
axis  ;  the  spiral  is  see\i  in  the  chronometer-balance 
(Fig.  .532)  and  in  the  car-springs  »!  to  v  (Fig.  1143). 

Hel-len'o-type.  {I'hototjraphij.)  .  A  picture  in 
which  two  finished  photographs  are  used.  One  is 
taken  very  light,  the  ]iaper  made  translucent  by  var- 
nish, tinted  on  the  back,  and  laiil  the  stronger  print, 
so  that  there  is  a  combination  of  efl'ects. 

Helm.  {Xautical.)  The  rudder  and  its  opera- 
tive ]>arts  ;  such  as  tiller  or  wheel. 

"The  ships.  .  .  .  are.  .  .  .  turned  about  with  a 
very  small  h,elm,  whithersoever  the  governor  listeth." 
—  J.v.MF.s  iii.  4. 

When  the  helm  is  a-starhourd  the  tiller  is  over  to 
the  right  side,  the  helmsman  looking  forward. 

A-porl ;  it  is  to  the  left  side. 

Up  ;  it  is  to  the  weather  side. 

Down  :  it  is  to  the  lee  side. 

Helm-port.  Tlie  opening  in  the  counter  through 
whicli  tlic  head  of  the  rudder  passes. 

Hel'met;  Helm.  a.  Defensive  armor  for  the 
head.  Casque,  head-piece,  morion,  are  other  names 
for  the  same  thing.  It  was  anciently  formed  of  skins, 
leather,  lirass,  iron,  and  still  survives  in  the  metallic 
and  leather  helmets  of  Euro]iean  armies. 

Dr.  Abbott's  collection  in  New  York  has  the  hel- 
met of  Sheshonk  or  Shishak,  with  his  cartouche 
upon  it. 

Herodotus  states  that  "the  Carians  were  the  in- 
ventors of  three  things,  the  use  of  which  was  bor- 
rowed from  them  by  the  Greeks  ;  they  were  the  first 
to  fasten  crests  on  helmets,  to  put  devices  on  shields, 
and  handles  on  shields." 

Herodotus  describes  (Book  VII.)  the  following 
head-dresses  of  the  nations  forming  the  motley  army 
of  Xerxes  ;  — 

"  The  Assyrians  had  helmets  of  bronze  or  iron." 
Layard  found  some  of  the  latter  metal  at  Nineveh. 

The  Scythians  had  "tall,  stifl'  cajis,  rising  to  a 
point."     They  were  probably  of  felt. 

The  Ethiopians  "  wore  upon  their  heads  the  scalps 
of  horses,  with  the  ears  and  mane  attached  ;  the 
ears  were  made  to  stand  upright,  and  the  mane 
served  as  a  crest." 

The  Paphlagonians  had  leather  helmets. 

"The  Thracians  wore  skins  of  foxes  upon  their 
head.s." 

"The  Chalybes  had  brazen  helmets,  and  above 
these  they  wore  the  eai's  and  horns  of  an  ox  fashioned 
in  brass.     They  had  crests  on  their  helms." 

"  The  Milyfeans  liad  skull-caps  of  leather." 

The  Moschians  and  Colehians,  wooden  helmets. 

The  Mares  had  plaited  leather  helmets. 

The  Persians,  soft  caps. 

The  Lycians,  hats  with  plumes. 

Some  of  the  Ass)Tian  contingent  wore  fillets  round 
the  head,  —  perhaps  turbans. 

b.  A  diver's  helmet  is  made  of  thin  slieet-copper, 
furnished  with  eye-holes,  the  glass  of  which  is  ]>ro- 
tected  by  brass  wire.  It  comes  well  down  over  the 
breast  and  back,  and  is  fastened  by  rivets  to  a 
water-proof  canvas  jacket,  so  tightly  that  no  water 
can  penetrate. 

To  the  helmet  are  attached  the  elastic  tubes  by 
whiih  vital  air  is  supplied  to  the  diver  and  the  ex- 
hausted air  removed.  The  supply-jiipe  communi- 
cates above  with  the  barrel  of  an  air-pump,  and  the 
fresh  air  from  above  is  made  to  impinge  upon  the 
inside  surface  of  the  glasses  so  as  to  evaporate  the 
moisture  condensed  from  the  breath  of  the  diver. 
See  AinKili,  S[rRM.A.niNF.  DiVEIt's,  page  714. 

Helve.  1.  The  handle  or  shaft  of  a  chopping-tool, 
such  as  an  axe,  adze,  or  hatchet.     See  H.\NDLE. 
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2.  A  tilt-liammi-r,  used  for  shingliug  the  balls  as 
they  come  IVorn  tlie  imdiUing-funiace. 

Helve  - ham'mer.  A  poiideious  blacksmith's 
hammer,  tii|>lied  by  the  helve  aud  oscillating  on 
bearin;^.s.      A  friji-hai)iin':r, 

Hem'a-drom'e-ter.  (Surgical.)  An  instrument 
for  inc-asuring  the  velocity  of  the  blood  ill  the  arte- 
ries. 

Hem'a-dyn'a-mom'e-ter.  {Surgical.)  An  in- 
strument for  measuring  the  force  of  tlie  currant  of 
blood  in  the  arteries,  by  ascertaining  the  hight  to 
which  it  will  raise  a  column  of  niercOry. 

Hem'i-spheres  of  Mag'de-burg.  Devised  by 
Otto  Guericke,  1654,  to  illustrate  the  pressure  of  the 
atmos|ihere.     See  M.\GDEBrnG-ilF.MisPHERF.s. 

Hem'mer.  An  attachment  to  a  sewing-machine 
for  turning  over  the  edge  of  a  piece  of  fabric  or  a 
garment,  in  order  that  the  flap  may  be  stitched 
down.    As  the  fabric  is  fed  along,  the  edge  is  turned 
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over  in  a  curved  path, 
and  is  then  flattened  by 
the  presser-foot  ready  for 
stit  dung  by  the  nee  lie. 

Hem'or-rhoid'al- 
syr'inge.  (Surgical. )  X 
form  of  injection-syringe 
for  the  treatment  of  piles. 
In  the  example,  the  nip- 
ple on  the  bulb  enters  the 
rectum,  and  a  stream  of 
cold  water  is  pass'd 
through  the  bulb,  and 
circulates  within  the 
closed  portion  within  the 
rectum. 

Hemp.  Hemp  is  not  mentioned  in  our  transla- 
tion of  the  Hebrew  Scriptures,  and  but  sjiaringly  in 
the  Greek  classics. 

Hesiod  and  Homer  make  no  mention  of  hemp, 
is  first  mentioned  by  Herodotus  :  — 

"  Hemp  grows  in  Scythia  ;  it  is  very  like 
flax  ;  only  it  is  a  much  coarser  and  taller 
plant ;  some  grows  wild  about  the  country, 
some  is  produced  by  cultivation.  The  Thra- 
cians  make  garments  of  it,  which  closely  re- 
semble linen." —  Herodotl-s,  IV.  74.  He 
elsewhere  states  that  they  buy  it  of  the  North- 
ern people. 

Hesychius  says  the  Thracian  women  made 
sheets  of  hemp.  The  people  of  that  country 
yet  wear  tunics  of  hemp,  ami  some  are  em- 
ployed in  towing  t!ie  boats  on  the  Danube 
between  Pesth  and  Vienna. 

Hempen  ropes  were  used  on  board  the  ' '  Syra- 
cusia,"  built  for  Hiero,  as  recorded  by  Mos- 
chion.  There  are  many  other  notices  of  hemp 
by  later  authors.  It  was  imported  in  the  hank 
or  bale  from  the  country  of  the  Hhdrtauivis, 
which  empties  into  the  Vistula.  The  Greeks 
and  Romans  used  tow  for  calking  the  seams  of  their 
vessels,  but  did  not  cultivate  it  before  the  Christian 
era. 

Hemp  was  known  to  the  Roman  naturalists,  but 
does  not  seem  to  have  been  used  as  a  fiber  plant. 


It  was  known  to  the  Auglo-Sa.xous,  and  the  mode 
of  preparing  and  beating  it  is  given  by  Strutt. 
Hempen  cloth  Ix'came  coiumoii  in  Middle  and  South- 
ern Europe  in  the  thirteenth  century. 

For  specific  list  of  appliances  in  the  treatment  and 
manufacture  of  hemp  and  other  fiber,  see  Cotton, 
Fl.\x,  Wool,  Hejip,  etc.,  Appli.^nles. 

Hemp— brake.  A  machine  in  which  rotted  and 
subsec|Ueiitly  dried  hemp-stalks  are  beaten  to  remove 
the,  bark  and  cellular  pith  from  the  fiber.     Among 
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Hemp-Brake. 

the  foi-ms  of  the  machine  may  be  noticed  the  simple 
sword  or  slats  driven  between  two  slats  set  edge  up  ; 
the  hemp  is  laid  crossways  of  the  slats,  and  is  ^-iolent- 
ly  bent  by  the  blow,  cracking  off  the  scale  of  bark  and 
powdering  the  pith. 

In  Fig.  2499  the  slats  of  the  reciprocating  portion 
and  of  tlie  bed  are  arranged  in  gangs,  to  break  the 
stalks  which  are  laid  cro.ssways  between  them.  The 
brake  is  in  a  gate  which  moves  in  guides  b}'  means 
of  a  jiitman  from  a  wheel  above. 

Other  forms  of  brakes  have  rotatory  motion.  A 
series  of  fluted  roUei-s  whose  projections  interlock 
like  cogs.  Slatted  interlocking  cylinders.  Planetary 
systems  of  fluted  rollers,  operating  on  beils  of  fluted 
rollers.    In  the  example,  the  hemp  is  passed  between 
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braking  rollers  and  thence  is  carried  forward  by  and 
between  endless  .slatted  carriers,  where  it  is  broken 
by  the  action  of  oscillating;  beaters  above  and  below, 
whose  teeth  strike  it  in  concert  between  the  bars  of 
the  carriers. 
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Hemp-har'veat-er.  (AgriculHirc.)  A  rcapiiig- 
nmcliim-  lui  lu'iu|i.  Hcmp-liarvesters  reseiiiMe  those 
for  corn  in  tlu'iiadii|itatioii  to  opt'iatf  upon  tall  top- 
lieavv  stalks,  but  a^  the  stalk  of  tlif  hi'Hi|i  is  the 
valuahle  portion,  the  machine  is  luade  to  cut  low. 
One  form  of  the  liiachinu  is  a  puller  wliiuli  firasps 
the  stalks  near  the  ground  and  uproots  them. 
Among  the  varieties  of  machines  may  be  eited  a  low 
jilatform  on  wheels,  with  a  cutter-bar  in  front,  a  reel 
to  gather  them  to  the  knife  and  direct  them  over  into 
a  cradle  where  they  are  collected  in  a  bunch.  In 
another  form,  the  stalks  are  caught  liy  an  arm  till  a 
shock  is  collected.  In  another,  the  stalks  fall  on 
an  obliquely  traversing  apron  which  conducts  them 
laterally  and  discharges  them  upon  the  ground  out 
of  the  way  of  the  horees  the  next  time  round.  A 
stalk-puller  consists  of  a  pair  of  revolving  disks  on 
axes  set  at  an  obtuse  angle  with  each  other,  so  as  to 
grip  the  stalks  which  are  conducted  between  them 
at  the  lowest  part  of  their  revolution,  and  then  open 
as  they  rotate  and  allow  the  stalks  to  fall  into  a 
cradle  or  on  to  the  ground. 
Hen's-nest.     A  box  which  furnishes  a  place  for 

a  fowl  to  lay  her 
Fig.  2501.  eggs.       Contriv- 

ances have  been 
suggested  more 
curious  than  use- 
ful, and  some  so 
complicated  that 
onlywell-trained 
hens  could  be  ex- 
pected  to  occupv 

I 1)  %  them,     and    not 

1nV^\\\\\\v\\\Vvx-..xvx-.V,^\v\\\^\^-.--.^ \\\v'  i  then  if  iu  a  hur- 
Hen'sNat.  ry.      The    exam- 

ple has  a  pivoteil 
or  suspended  door,  counterpoised  and  arranged  in 
such  a  manner  that  but  one  hen  can  enter  and  sit 
upon  the  nest  at  once.  The  object  is  to  prevent 
hens  laying  eggs  in  the  ne.sts  of  setting  hens,  and  also 
to  prevent  one  hen  from  driving  another  olf  the  nest. 
Her-ba'ri-um.  A  collection  of  dried  plants. 
Aristotle  is  considered  the  founder  of  the  jihiloso- 
phy  of  botany,  347  B.  c.  The  '•  Historia  Planta- 
rum  "  of  Theoiihrastiis  was  written  about  320  B.  c. 
Authors  on  botany  were  numerous  at  the  close  of  the 
fifteenth  century.  The  Botanic  Gardens  of  Padua, 
Leyden,  and  Leipsic  were  established  respecti\'ely  iu 
1645,  1577,  1580  ;  the  Jardin  dcs  Plantes,  in  Paris, 
in  1624  ;  Oxford,  1632.  The  system  of  Linnaeus  was 
made  known  in  1750  ;  and  .lussieu's  system,  founded 
on  Tournefort's,  and  called  the  "natural  system," 
in  1758.  The  latter  is  now  accepted  by  such  author- 
ities as  Lindley  and  Loudon.  The  Linnajan  was 
founded  upon  sexual  ditl'erences,  the  classes  being 
determined  by  the  number  of  stamens,  the  orders  by 
the  number  of  pistils.  The  natural  system  of  ,Tns- 
sieu  is  founded  upon  moiles  of  growth  and  fructifica- 
tion. At  the  death  of  Linnteus,  the  number  of  .spe- 
cies described  was  11,800.  The  number  of  species 
now  recorded  is  jirobably  nearly  100,000.  See  Lou- 
don's "  Enoyclopjedia  of  Plants,"  1829. 

Amateur  collectors  may  be  interested  iu  bearing 
the  statement  of  a  German  naturalist,  that  the  cata- 
logue of  useful  plants  has  risen  to  about  12,000,  but 
that  others  will  no  doubt  be  discovered,  as  the  re- 
searches yet  made  have  been  comjileted  only  in  por- 
tions of  the  earth.  Of  these  plants  there  are  1,350 
varieties  of  edible  fruits,  berries,  and  seeds  ;  108 
cereals  ;  37  onions  ;  460  vegetables  and  salads  ;  40 
species  of  palms  :  32  varieties  of  arrowroot ;  and  31 
different  kinils  of  sugars.  Various  drinks  are  ob- 
tained fiom   200  plants,   and  aromatics  from   266. 


There  are  50  substitutes  for  coffee,  and  129  for  tea. 
Tannin  is  present  in  140  plants,  caoutchouc  in  96, 
gutta-percha  in  7,  rosin  ami  balsamic  gums  in  387, 
wax  in  10,  and  grease  and  essential  oils  in  330  ;  650 
contain  dyes,  48  soaji,  260  weaving-libers  ;  365  fibers 
used  in  paper-making ;  48  give  roofing-materials, 
and  100  are  employed  for  hurdles  and  cop.ses.  In 
building  740  plants  are  used,  and  there  are  615  poi- 
sonous plants.  Some  of  these  groups  are  evidently 
underestimated. 

Her'is-son.  (Fortification.)  a.  A  beam  armed 
with  iron  spikes  and  used  as  a  barrier  to  block  up  a 
passage. 

h.  A  barrier  of  the  nature  of  a  turnstile. 

Her-maph'ro-dite.  (Xautiail.)  A  form  of  vessel 
having  tlie  forward  mast  and  bowsprit  of  a  brig  and 
the  after  mast  of  a  schooniT,  each  with  its  proper 
pro])ortions,  station,  lig,  and  sails. 

Her'ni-al  Sup-port'er.    See  Tr.i'ss. 

Her'rlng-bone.  ].  {Masonry.)  Rows  of  stone  or 
paving-blocks  sloping  in  dirt'erent  directions  in  al- 
ternate rows.     See  Masonuv. 

2.  (Building.)  Strutting-piecesbetween  thin  joists, 
diagonally  from  the  top  of  one  to  the  bottom  of 
another,  to  prevent  lateral  defiection. 

3.  (Seiriny.)  A  cross-stitch  in  which  the  threads 
ai'c  laid  diagonally  in  rows. 

Her-schel'i-an  Tel'e-scope.  A  form  of  reflect- 
ing telescope  having  no  seconil  minor,  but  a  specu- 
lum placed  in  an  inclined  position  so  as  to  bring 
the  focal  image  near  the  edge  of  the  tube,  where  it 
is  viewed  directly  by  the  eye-piece,  without  ma- 
terially interfering  with  the  light  entering  the  tele- 
scope fi'om  the  object  observed. 

The  magnifying  power  is  equal  to  the  focal  length 
of  the  object-mirror  divided  by  that  of  the  eye-glass. 
See  Telkscopk. 

Herse.  1.  (Fortificatiou.)  (From  French  hcrsc, 
a  harrow.)  a.  A  gate  with  cro.ss-bars  and  spiked, 
and  serving  to  obstruct  a  passage-way,  on  occasion. 
A  portcullis. 

b.  A  frame  with  spikes,  acting  as  a  c/teval-de-frise, 
to  impede  an  advance.     A  hersillon. 

c.  An  openwork  gaie  which  obstructs  passage 
along  a  ditch  or  watercourse,  or  a  sally-port  trav- 
ei'sable  by  boats. 

2.  A  rectangular  frame  made  of  four  bars,  and 
having  pegs  on  which  aie  wound  the  straining 
stiings  attached  to  the  edges  of  a  skin  which  is 
stretched  in  the  frame,  to  remove  its  wrinkles  and 
hold  it  while  being  scraped.  Skins  for  parchment 
are  thus  stretched  for  fleshing,  scraping,  and  grind- 
ing.     See  P.\RCHMENT. 

Her'sil-lon.  (Fortification.)  A  beam,  frame,  or 
plank  set  with  sjiikes  to  stop  a  breach  or  way.  A 
hcr^e  ;  a  chcval-de-frise. 

Hesp.  (  Wcavintj.)  The  length  of  two  hanks  of 
linen  threads. 

Hete-rod^o-mous  Lev'ers.  The  windlass, 
caj'stan,  winch,  crank,  crane,  etc. 

He'wn-stone.  Stone  blocks  in  which  the  faces 
are  lianniier-ilressed  to  shape. 

Hex'a-chord.  A  musical  instrument  with  six 
.strings. 

Hey's  Saw.  A  saw  invented  by  the  celebrated 
surgeon  whose  name  it  bears.  It  has  one  curved  and 
one  straight  serrated  edge. 
Used  in  making  exsections, 
operating  on  the  cranium, 
and  removing  carious  bones 
from  ileep-seated  jilaces. 

Hide.  A  flayeil  skin  of 
an  animal.  For  specific  in- 
dex see  LeaTHEI!.  Ha/s  Sam 


Fig.  2502_...yv^^ 
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HIDE-WORKER. 


The  ancient  Scythians  made  quiver-covers  of  tlie 
skins  of  the  right  arms  of  their  enemies.  The  nails 
were  left  hanging  to  them.  "Now  the  skin  of  a 
man  is  thick  and  glossy,  and  in  whiteness  surpasses 
almost  all  other  hides.  Some  even  tlay  the  entire 
body  of  the  enemy,  and,  stretching  it  upon  a  frame, 
carry  it  about  with  them  wherever  tiiey  ride."  — 
Hrkodotus,  IV'.  64. 

Cambyses  killed  and  flayed  a  venal  judge,  after- 
wards cutting  his  skin  into  strips  for  a  chair-seat. 


partially  rotated  after  each  movement  of  the  knife 
to  bring  a  fresh  portion  of  the  hide  into  the  proper 
jio-iition  to  be  scraped. 

Hide-shav'ing  Ma-chine'.     (Leather.)    A  ma- 
chine   having 

a    cutting,        ^ .^         Fig.  2505 

shaving,  or 
scraping- tool 
which  recip- 
rocates   above 


a.s  a  reminder  for  the  son,  the  subseriuent  occupant    an  inclined  ta- 


of  the  chair  and  office.     See  Cn.\li:. 

The  skin  of  the  Silenus  Marsyas,  Hayed  by  Apollo, 
as  the  Phrygian  story  goes,  was  hanging  in  the  mar- 
ket-place of  Celaenffi  in  the  time  of  Herodotus.  It 
was  still  .shown  there  in  Xenophon's  time. 

The  sides  of  hides  are  the  flesh  side  ;  and  the 
grain  or  hair  side. 

De|iilation  is  known  as  unh^iring. 

Piling  is  nnhairing  by  hanging  in  a  damp  heat. 

Fleshing  is  pari.ig  to  a  smooth  surface  by  removal 
of  fat  and  integuments. 

Swelling  is  puffing  it  out  by  stuffing,  etc. 

Dressing  embraces  a  number  of  operations  in  pre- 
paring the  tanned  hide  for  the  use  of  the  shoemaker, 
caddler,  etc.     See  list  under  Lr.^TMER. 

Hide-hand'ler.     A  machine  or  vat  in  which 

Fig.  2503 


Hide-Shaving  Machine. 


ble  on  which 

the     hide     is 

stretched.     In 

the    example, 

the    tool    has 

also  a  rotary  motion  imparted  to  it  by  means  of  a 

band. 

Hide-stxetch'er.  (Leather.)  A  frame  on  which 
a  hide  is  stretched  to  bring  it  to  shape  and  remove 
wrinkles.  In  Fig.  2506,  the  hide  is  laid  over  a 
beam,  and  the  edges  of  its  depending  sides  are  de- 
pressed by  clamps  and  toggles,  which  are  opeiated 

Fig.  2506. 


HiJe-Handlins:  Vat. 


hides  are  moved  in  the  liquor  to  expose  them  to 
the  liquid  in  circulation,  and  sometimes  alternately 
to  the  air  and  the  liquor. 

Hide-rope.  Rope  made  of  strands  of  cow-hide 
plaited.  It  is  used  for  wheel-ropes,  traces,  purchase- 
ropes,  etc.     See  Rawhide. 

Hide-scrap'er.  (Leathr.r.)  One  to  perform  by 
machinery  the  business  of  scraping  the  flesh-side  of 

Fig.  2504. 


Hide-Scra-per. 

hides.  In  the  example,  below  the  reciprocating 
scraping-knife  is  a  drum,  upon  which  the  hide  to  he 
scraped  is  secured.  The  drum  may  be  vertically  ad- 
justed to  the  knife  by  means  of  eccentrics,  and  is 


Hide-Strelcher. 


by  rack -bars  and  pinions,  the  adjustment  of  the 
latter  being  maintained  by  pawls. 

In  Fig.  2507,  the  pivoted  nippers  are  tightened 
on  the  hide  by  the  straps  that  suspend  it  within  the 


Hide- Stretching  Frame. 


frame.     The  latter  is  expanded   by  screws  at  the 
comers. 

Hide-'work'er.  A  machine  for  performing  that 
part  of  the  currying  operation  which  consists  in 
evening  the  thickness  by  means  of  knives,  which,  in 
the  hand-operation,  are  applied  to  the  hide  w-hile 
lying  upon  a  slanting  post  called  a  beam.     SeeClfR- 

F.YINfJ. 

In  the  machine  (Fig.  2508)  the  table  moves  in  a 
frame  and  is  covered  successively  with  cork  or  vul- 


HIGH-FURNACE. 
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caiiizi-d  rubber,  felt,  and  cow-hide  ;  it  ()asscs  under  a 
roller  armed  with   two  set.s  of  .spiral  blades  wliieh 


Fig.  2508. 


i 


Hide-Worker. 


commence  at  the  middle  of  the  roller  and  e.xtend  to 
its  ellil^. 

High-fur'naoe.  {.\fcta!hi.rijii.)  A  smelting- fur- 
nace of  full  hi^'ht,  in  cnutradistiiietion  to  a  certain 
smaller  fiirn.ic;  known  as  the  half-hi'jh  farivicc. 

High-pres3'ure  A-larm'.  The  object  of  this 
device,  as  th,^  namj  indicates,  is  to  ^\ve  notice  and 
prevent  an  explosion  of  a  .steam-generator.  It  con- 
sists mainly  of  two  classes  :  1.  Fusible  plugs  in  the 
side  of  the  boiler,  which  give  way  when  a  certain 
heat  is  attained,  and  a'llow  the  steam  to  escape.  2. 
Valves  which  open  when  the  pressure  becomes  exces- 
sive, and  allow  exit  to  steam,  which  blows  an  alarm- 
whistle.  The  first  d.^pend  upon  temperature,  thi 
second  upon  pressure.  Pressure  and  temperature 
bear  a  certain  ratio  to  each  other. 

1.  Ashcroft's  patents  of  M.irch  19,  1850,  and  Feb- 
ruary IS,  1S51,  refer  to  methods  for  the  protection 
and  insulation  of  the  plug  whifh  is  destined  to  give 
way  at  a  certain  temperature  and  relieve  the  boiler. 

Tlie  patent  of  C.  Evans,  May  8,  1831,  describ.-s 
the  use  and  opsration  of  the  fusible  plug,  which  is 
composeil  usually  of  lead  and  tin,  with  the  addition, 
in  some  cases,  of  bismuth.  The  ingredients  are  so 
proportioned  as  to  melt  at  the  heat  at  which  it  is 
desired  that  notice  shall  be  given.  It  is  used  as  a 
low-water  detector,  as  well  as  to  indicate  high  press- 
ure, and  for  protection  of  the  boiler  may  be  placed 
at  that  portion  which  is  most  likely  to  be  unduly 
heated  when  the  water  is  low.  See  Fusible  Alloys, 
p.  62. 

2.  The  alarms  acting  by  pressure  are  of  the  nature 
of  the  axfely-viloe  ;  the  noise  of  the  escaping  steam 
or  its  impingement  upon  a  whistle  causing  an  audi- 
ble alarm.  Sec  Lo\v-\v.\TER  Alarm  ;  Safety- valve. 

High-pre33'ure  En'gine.  (Steam.)  A  steam- 
engine,  conilensing  or  non-condensing,  in  which  the 
safety-valve  is  loadjd  with  a  weight  erpiivalent  to  a 
boiler-pressure  of,  say,  fifty  pounds  to  the  sijuare 
inch.  In  England,  above  twenty-five  pounds  to  the 
sijuare  inch  is  sometimes  consiilered  as  high  press- 
ure. This  is  but  an  indefinite  definition,  but 
customs  vary.  Low-pressure  engines  are  usually 
condensing,  high-pressure  engines  on  locomotives, 
saw-mills  of  moderate  size,  and  Western  steam- 
boats, are  non-coiidcnsiiu/ ;  but  the  question  of  con- 
densing is  not  necessarily  one  of  pressure.  Things 
took  their  names  early,  and  it  is  not  easy  to  bring 
modern  forms  under  an  old  nomenclature.  All  the 
engines  of  Newcomen  and  the  early  ones  of  Watt 
were  single-acting  and  condensing,  and  steam  much 
over  a  temperature  of  212°  Fah.  was  considered 
hi"h  pressure  ;  the  use  of  steam  being  merely  to  ex- 
pal  the  air  from  below  the  piston,  in  order  that  the 
atmospheric  pressure  may  be  availed  when  the 
steam  is  (-ondensed.  This  was  all  the  use  of  steam 
in  the  Newcomen  jieriod  and  the  early  patents  of 
Watt,   which    concerned    the    separate  condenser, 


parallel  motion,  four-way  cock,   puppet-valves,   and 

some  other  features  of  the  engine  now  known  as  the 

Cornish  (which  .see).      Watt 

subsequently      used      actual 

jiressure  of    steam,    was  the 

tirst  to  u.se  it  expan.sively  by 

>h  cutting  oft'  at  a  part  of  the 

ej  stroke, 


and  also  invented 
rfoitWe-aetion  engines  in 
which  the  .steam  was  ad- 
mitted to  alternate  sides  of 
the  piston,  making  both 
motions  effective.  He  made 
drawings  for  this  in  1774, 
and  exhibited  it  in  1782.  He 
called  it  a  "double-engine," 
which  must  not  be  confounded  with  the  double- 
cylinder  engine  of  Ilornblower  of  Penryhn,  patented 
in  1781,  revived  by  Woolf,  and  much  improved  by 
Wortliiugton.      See  plate  opposite  page  763. 

Oliver  Evans  of  Philadelphia  has  hardly  had  suffi- 
cient credit  for  his  part  in  the  matter,  but  he  strug- 
gled for  many  years  to  make  his  townsmen  believe 
that  the  high-])ressure,  double-acting  engine  was  to 
be  the  engine  of  the  futui'e,  both  on  roads  and  boats. 
He  was  active  in  the  running  of  his  hobby  from 
1787  to  1803,  and  in  the  former  year  obtained  a 
patent  from  the  State  of  Maryland  for  steam-carriages 
on  common  roads.  His  town.smen  thought  him 
crazy,  and  he  could  obtain  no  patent  in  Pennsylva- 
nia. He  exhibited  his  engine  running  in  1803,  saw- 
ing wood  and  stone,  and  grinding  plaster.  He  put  it 
on  wheels  and  made  it  move  itself  to  the  Schuylkill, 
put  it  on  board  a  scow,  and  made  it  diive  a  stern- 
wheel,  working  down  the  river  to  tlie  junction  with 
tlie  Delaware,  and  then  up  the  latter  to  the  city  of 
brotherly  love  but  weak  faith.  This  was  some  years 
before  Fulton.  He  had  no  backers,  and,  having 
spent  all  his  money,  he,  at  the  age  of  fifty,  turned 
his  excellent  talents  into  a  more  lucrative  channel, 
and  was  rewarded  with  success  in  business.  He 
does  not  seem  to  have  been  such  a  fretful  genius  as 
Fitch  and  some  others  of  his  contemporary  invent- 
ors ;  his  portrait  shows  a  comfortable  and  genial 
man,  who  letired  from  the  unequal  contest  before  he 
lost  his  own  self-respect  and  became  a  bore.  "The 
time  "  was  "  out  of  joint,"  and  he  could  not  convince 
the  folks  against  their  will.  Seventy  years  after- 
\\;ard  the  "  Penn.sylvania"  steamed  down  the  river, 
but  the  intervening  time  might  count  for  centuries 
if  measured  by  the  ]irogress  made.  It  may  be  re- 
marked that  Evans  used  a  cylindrical  flue-boiler. 

Next,  perhaps,  we  shouhl  state  the  work  of  the 
man  who  has  done  more  thai)  any  other  one  man  to 
make  the  locomotive  what  it  is  :  Kichard  Trevethick 
of  Merthyr  Tydvil,  in  South  Wales.  He  had  not 
got  over  the  idea  of  the  necessity  for  something 
more  than  the  weight  of  the  engine  to  give  frac- 
tional adherence  to  the  rails,  and  used  a  cog-wheel 
and  rack  rail.  (See  Locomotive.)  He  used  a  blast 
of  exhaust  steam  in  the  chimney,  patented  his  loco- 
motive in  1802,  and  it  was  in  use  on  the  Merthyr 
Tydvil  Railway  in  1804. 

Trevethick  and  Vivian  patented  the  application 
of  high-pressure  steam  to  engines.  Trevethick  is 
described  in  the  Catalogue  of  the  South  Kensington 
Museum,  Loudon,  as  "the  inventor  and  constructor 
of  the  first  high-pressure  steam-engine,  and  of  the 
first  steam-carriage  used  in  England."  Blackett 
improved  on  Trevethick,  and  used  smooth  wheels  on 
a  plate-way. 

The  multitubular  boiler  is  stated  to  have  been  used 
by  Rumsey,  and  subsequently,  in  1790,  in  England. 
It  was  used  by  John  Co.\  Stevens  of  New  Jersey, 
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1791-1807;  EiiijUsli  patent,   May  31,   1805.     He 

used  a  Watt  engine,  cylinder  4J  inches  diameter,  9 

inches  stroke.    Boiler  2  feet  long, 

15   inches    \ride,  and  12  inches 

high,  with  81  copper  tubes  1  inch 

in  diameter.     Boat,  25  feet  long, 

5  feet  beam  ;  tried  in  May,  1804  ;  velocity,  4 

to  8  miles  per  hour. 

Not  desiring  to  anticipate  what  should  be 
said  under  Locomotive  and  Steamboat, 
suffice  it  to  say  that  William  Hadley's  loco- 
motive "Puffing  Billy"  was  built  in  1813, 
and  had  a  long  career  of  usefulness.  Stephen- 
son's first  locomotive  was  built  after  seeing 
Trevethick's,  as  improved  by  Blackett  for 
Lord  Kavensworth's  colliery,  in  1814,  and 
had  grooved  sheaves  to  increase  adherence. 
Locomotives  on  Stephenson's  plan  were  used 
ou  the  Stockton  and  Darlington  Railway,  opened 
in  1825.  Stephenson's  "Rocket"  was  successful 
over  three  other  competitors  in  the  trial  on  the  rails 
of  the  Liverpool  and  Manchester  Railway,  1829. 
It  used  the  multitubular  lioiler  by  the  suggestion  of 
Mr.  Booth  of  that  railway  company,  also  the  exhaust- 
blast  in  the  chimney,  invented  by  'Trevethick.  Hack- 
worth's  "Sauspareil"  had  a  cylindrical  flue-boiler 
on  the  Evans  plan,  and  a  very  effective  exhaust- 
blast  in  chimney.  The  "Rocket's"  competitors 
broke  down  at  various  points  in  the  trial.  Stephen- 
son was  an  excellent  workman.  The  very  insincere 
book  called  the  "  Life  of  Stephenson  "  ignores  most 
of  these  facts,  and  pettifogs  the  whole  case  ;  it  is 
about  as  one-sided  an  affair  as  Abbott's  Life  of  Saint 
Napoleon,  but  has  done  much  less  harm,  as  it  is  only 
ungenerous  and  unfair,  and  does  not  debauch  the 
judgment  of  the  rising  generation. 

High-re-lief.  The  projection  of  a  sculptured 
figure,  half  or  more,  from  the  plane  surface.  Called 
also  alto-rilievo.     S.^e  Rilievo. 

Hight.  \.  (Hydraulic  Enyinecring.)  The/aUof 
a  body  of  water.     The  head. 

2.  (Skipwri'jIUiiig.)    The  distance  between  decks. 

Hight-board.  (Carpentry.)  A  carpenter's  gage 
for  tread  and  risers  of  a  wooden  stairway. 

Hight-staff.  (Shipbuilding.)  A  rod  having 
marked  uiion  it  the  bights  above  the  keel  of  all  the 
framps  at  the  beam-line  of  the  ship. 

High-warp  Loom.  (Jfeaving.)  A  tapestry 
loom  in  which  the  warp-frame  is  vertical  and  the 
weaver  works  standing,  thus  being  able  to  constantly 
inspect  his  work  as  it  proceeds,  an  advantage  whirh 
he  does  not  possess  in  the  basss-lisse  or  low-warp 
tapestry  loom  in  which  the  warp  is  horizontal. 

Hill'o-type.  (Photography.)  A  process  invented 
by  L.  L.  Hill,  of  Westkill,  New  Vork,  and  much 
debated  in  tlie  photogr.aphic  journals  of  twenty 
years  ago  and  since.  He  claimed  —  see  "Photo- 
graphic Art-Journal,"  October,  1832  —  to  have  dis- 
covered "a  method  of  heliotyping  the  colors  of 
objects  truthfully,  brilliantly,  and  imperishably. " 
The  correspondence  is  voluminous,  .some  of  it 
acrimonious  ;  the  colors  certified  to  have  been  pro- 
duced heliotypically  in  the  pictures  are  rosy,  red, 
blue,  green,  orange,  \-iolet,  buff.  The  process  is 
not  explained  in  these  articles.  Xiepce  worked  long 
at  this  object,  and  called  the  products  heliochromes. 
And  yet  we  wait. 

Hiil'side-plcw.  (Husbandry.)  One  which  has 
a  turning  share,  so  as  to  plow  on  side-hill  or  sidling 
places,  returning  in  the  last-made  furrow  and  throw- 
ing down  hill  each  way.  The  plow  shown  in  the 
example  is  turned  at  the  headland  or  end  of  the  fur- 
row, and  by  the  movement  of  a  lever  the  share  is 
turned  over  and  one  breast  is  put  into  its  proper 


position  for  work  while  the  other  is  raised  and  car- 
ried clear  on  the  land-side.     The  colter  is  moved  by 
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Side-mU  Plow. 

a  separate  lever.  Such  plows  in  England  are  called 
turn-wrrst  plows. 

Hind-car'riage.  (Vehicle.)  The  rear  part  of 
the  running-gears  of  a  four-wheeled  vehicle.  The 
hind  wheels  and  axle,  with  or  without  the  coupling. 

Hinge.  A  means  of  connecting  a  door,  casement, 
or  leaf,  with  its  frame  or  an  object,  so  tliat  it  will 
swing  thereon. 

The  ancient  Eg>-ptian  hinges  were  crude  affairs, 
and  were  similar  in  construction  to  those  made  in 
our  early  Western  log-cabins.  A  pin  projecting 
from  the  upper  edge  of  the  door  was  socketed  in  a 
vertical  hole  made  in  a  bracket  attached  to  the  wall, 
and  a  similar  pin  on  the  lower  edge  of  the  door  was 
stepped  into  a  socket  in  the  floor  or  threshold.  The 
illustration  a  (Fig.  2510)  is  from  a  model  house  found 
by  Mr.  Salt  in  Egj-pt,  and  now  in  the  British  Museum. 
When  found,  it  contained  a  supply  of  grain  in  the 
little  store-room,  but  this  was  eaten  by  a  rat  when 
tlie  model  was  at  the  Lazaretto  in  Leghorn,  on  the 
route  for  England.  The  grain  remained  in  apparent 
good  order  tor  over  3,000  years,  and  was  then  con- 
sumed by  a  modern  rat  while  the  little  hou.se  was  in 
quarantine.  The  doors  of  Eg}-pt  were  either  single 
or  double,  and  were  secured  by  bars  and  bolts,  as 
sei'n  in  the  figure.  The  hinge-pieces  were  made  of 
bronze  in  many  eases.  The  accompanying  figures 
b  c  show  the  upper  and  lower  door-pins  and  the 
sockets  in  which  the  edge  of  the  door  is  received, 
and  in  which  it  is  secured  by  bronze  pins.  The 
projection  on  the  upper  piiece  was  to  keep  the  door 
from  striking  against  the  wall. 

0  shows  tne  general  form  of  a  door  in  remains 
of  stone,  marble,  wood,  and  bronze.  ^  is  a  bronze 
hinge  in  the  Egyptian  collection  of  the  British  Mu- 
seum, q  is  the  plan  of  the  threshold  of  an  ancient 
temple  with  the  arrangement  of  the  folding-doors. 
r  s  are  four  Roman  hinges  of  bronze  now  in  the 
British  Museum. 

The  term  cardo  (Lat.),  a  pivot  or  hinge,  was  ap- 
plied to  the  North  and  South  poles,  ou  which  the 
earth  was  supposed  to  turn.  £nst  and  IFcst  being 
added,  made  the  quatuor  cardincs  orbis  tcrrarum, 
the  term  yet  surviving  in  our  cardinal  points. 

Several  bronze  hinges,  remains  of  ancient  Egypt, 
are  in  the  British  JIuseum.  One  of  them  is  7  iuches 
high  and  11  inches  long.  The  basalt  sopket  of  the 
lower  one  is  also  in  the  same  museum.  They  are 
from  the  granite  sanctuary  of  the  gi'eat  temple  of 
Karnak. 

The  doors  of  the  temple  of  Solomon  had  hinges  of 
golil.  The  temple  seems  to  have  been  remarkable 
rather  for  lavish  expenditure  of  gold  and  ornaments 
than  for  architectural  beauty.  Of  the  contemporar)' 
styles,  the  Egyjitian  and  Doric,  the  former  is  the 
more  likely  to  have  been  copied,  as  the  Israelites 
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are  not  siipiiosed  to  have  originated  any.  Tliey  had 
been  for  .several  centurie.s  in  a  .state  of  transition 
from  a  nomadie  to  a  settled  life.  The  popular  i-ep- 
resentations  of  the  Corinthian  order  in  the  temple 
are  anaehronisnis,  for  the  teniiile  wa3  built  560  yeai's 
before  Calliniaehus. 

There  are  several  beautiful  examples  of  hinge 
constructors  in  the  natural  world.  Aniong  them 
we  may  cite  the  mason-spider  of  the  tropics  and  of 
Southern  Europe.  The  subterranean  cell  of  this  an- 
imal is  tapestried  with  silk  and  closed  by  an  earth- 
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kneaded  door,  hung  upon  a  silken  hinge  and  .self, 
closing  with  an  elastic:  spring,  after  each  entrance 
and  exit  of  the  cavern's  occupant. 
Hinges  are  known  by  purpose,  as,  — 


Hlind-hinge  (i). 
Carriage-hinge. 
Chest-hinge. 
Door-hinge. 


Gate-hinge  (g  h  k). 
Hasp-hinge  (([). 
Reaper-hinge. 
Table-hinge  (f). 

Or  by  some  structural  peculiarity  or  shape,  as, 

Back-flap  hinge. 
Butt-hinge  (/). 
Cross-garnet  hinge  (m), 
Dovetail-hinge 


Hook  and  eye  {k  k). 
Loose-joint  hinge  (i). 


Screw  and  strap  (g). 
Screw  hook  and  eye  (h). 
Self-shutting  hinge  (j). 
"pring-hingp. 


Strap-hinge  (m). 
T-hinge  (c). 


The  knuckle  receives  the  pin. 

The  leaves  are  straps. 

The  rising  hinge  has  a  spiral  groove  winding 
round  the  knuckle  fo  as  to  lift  the  door  when  it  is 
swung  open,  and  thus  clear  the  carpet. 

Hinge-joint.  A  junction  of  parts  allowing  a 
flexure  and  extension  in  a  certain  plane.  The  parts 
are  usually  coiinected  )>y  a  pintle  or  ligature. 

Hinge-mak'ing  Ma-chine'.  In  the  Evrard 
and  Boyer  machine  the  sheet-metal  is  placed  in  the 
machine  in  coils,  there  being  two  coils  of  sheet-brass 
for  the  two  halves  of  the  hinge-body,  and  a  coil  of 
wire  to  supply  the  connecting  bolt  or  rivet.  The 
material  is  ilrawn  off  from  the  coils  as  it  is  wanted, 
the  wings  of  the  hinge  are  stamped  out  by  punching 
dies  to  the  [u-oper  sliape,  the  salient  parts,  which 
ai'e  to  form  the  tube  for  the  connecting  bolt,  are 
formed  upon  the  wire  itself  which  is  to  furinsh  the 
bolt,  and  this  is  then  cut  off  to  the  proper  length. 
Before  the  hinge  is  dismissed,  the  screw-holes,  by 
which  it  is  to  lie  secured  to  the  wood,  are  formed 
and  countersunk  to  the  form  of  the  screw-head. 
The  machine  completes  a  hinge  every  second. 

Butt-hinges  are  usually  molded  on  malch-platcs. 

Hink.     {AgricuUure.)     A  reaping-hook. 

Hip.  {Building.)  1.  The  external  angle  formed 
by  the  meeting  sides  ol'  a  roof. 

2.  A  truncated  gable.     See  Hip-koof. 

3.  A  timber  which  forms  the  angle  of  a  hipped 
roof,  and  against  which  the  rafters  are  laid. 

Hip-knob.  {Building.)  The  finial  at  the  apex 
of  a  gable,  or  on  the  toji  of  the  hips  of  a  roof. 

Hip-poc'ra-tes  Sleeve.  A  strainer  hag  made 
by  folding  a  scpiare  of  flannel  diagonally,  and  sew- 
ing it  along  the  meeting  edge,  so  as  to  make  it  of  a 
funnel  shape.     Or,  — 

By  uniting  the  opposite  angles  of  a  square  piece 
of  cloth. 

Hip-raft'er.  (Carpentry.)  The  rafter  at  the  an- 
gle of  a  roof.  Its  two  outer  edges  are  sloped  to  range 
with  the  rafters  on  each  side  of  the  roof. 

Hip-roof.  {Itoof. )  An  obtuse  angle  fomied  by 
the     meeting     of 

two  portions  of  a  ^P|       Fig.  2511. 

roof   of   different  WM 

slant,  as  in  the 
case  o( a  Mansard, 
eurh,  or  French 
roof.  See  ClTKE- 
KOOF. 

A  short  portion 
of  a  roof  over  a 
truncated  gable, 
as  at  a,  b. 

One    having    a 
double   slope   (c), 
the  rafters  at  the 
exterior  angles  be- 
ing in  two  pieces, 
meeting  at  an  ob- 
tuse angle. 
Hip-strap. 
( Ham  CSS. ) 
One    (E    E) 
whicih  cross- 
es  the    hut-  ' 
tocks     of     a 
horse       and 
supports  the 
breeching  B, 

or  th(^  traces  merely,  according  to  the  style  of  har- 
ness. It  gives  the  name  to  one  form  of  harness, 
called  hi]i-strap  harness,  having  no  breeching.  It  is 
used  for  lead  harness,  in  which  the  horses  are  not 
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called  on  to  hold  back  in  descending  hills,  or  to 
back  the  wagon. 

Hip-tile.  (Roofing.)  A  saddle-shaped  tile  to 
cover  a  hip.     A  comer  tile. 

Hirst-frame.  {Forging.)  The  frame  of  a  tilt- 
haiimifr. 

Hitch.     1.    (Nautical.)   A  species  of   knot  by 
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which  a  rope  is  bent  to  a  spar  or  to  another  rope. 
There  are  various  kinds  knows  as  :  — 

a,  Blackwall-hitch. 

b,  clove-hitch. 

c,  half-hitch. 


h,  harness-hitch. 

i,  midshipnian's-hitch. 

j,  rolling-hitch. 

k,  carrick-bend. 

/,  hawser-bend. 

m,  sheet-bend. 


d,  two  half-hitches. 

e,  timber-hitch. 
/,  magnus-hitch. 
g,  marlinspike-hitch. 

2.  (Mining.)  A  small  slip  where  the  dislocation 
does  not  exceed  the  thickness  of  the  vein. 
Hitch'er.    (Xautical.)    A  boat-hook. 
Hitch 'ing-clamp.      (Mcnngc.)      A    device    for 
holding  the  strap  of  a 
Fig.  2.514.  Fig.  2515.  bridle  'or  halter.       In 

the  example,  the  strap 
is  held  beneath  a  tnrn- 
ing  cam,  so  as  to  bind 
the  tighter  the  hai-der 
the  horse  pulls  upon  it. 
Hitch'ing-post. 
(Menage.)   A  post  with 
convenient  means  for 
the  attachment  of  the 
iJtrap  of  a  horse's  hal- 
trr  or  bridle.     In  the 
■  x.unple,     it     has     a 
Wright  to  take  up  the 
slark,  but  allows  a  cer- 
Hitching-ClaTnp.        Hitrhmg-  tain  freedom  of  motion, 
"■'''■      as   the  weighted    tie- 
chain  travels  in  the  hollon-  ]iost.      The  weight  forms 
a  stop  to  airest  the  extraction  of  the  chain  from  the 
post. 


Hive.  [Hushandry.)  A  box  or  basket  for  a 
swarm  of  bees  to  live  in.     See  Bkehive  ;  Apiary. 

Hoard;  Hoard'ing.  (Building.)  A  temporary 
screen  of  boards  enclosing  a  building-site,  where 
erections  or  repairs  are  proceeding. 

Hob.  1.  The  flat,  iron  shelf  at  the  side  of  a 
grate. 

2.  A  hardened,  threaded  spindle,  by  which  a 
comb  or  chasing-tool  may  be  cut.     A  hub. 

Hob'by.  The  old  English  name  of  the  veloci- 
pede.     "  Every  one  rides  his  own  hobby." 

Ho'bit.  (Ordnance.)  An  old  form  of  mortar  of 
six  or  eight  inches'  bore,  mounted  on  a  carriage. 

Hob'nail.  A  short,  thick  nail,  with  a  jiointed 
tang,  a  large  head,  and  with  pendent  claws,  which 
pierce  the  boot-sole. 

The  caliga,  or  coarse  shoe,  of  the  Koman  soldier, 
was  thickly  studded  with  hobnails. 

Hod.  (Bricklaying.)  1.  A  box  with  two  sides 
and  an  end,  set  on  edge,  and  with  a  handle  by  which 
it  is  carried,  a  padded  cushion  resting  on  the  shoul- 
der. 

2.   A  coal  scuttle  or  box.     A  coal-hod. 

Hod-el'e-va'tor.  A  hoisting  device  to  raise 
hods  loa(h>d  with 
bricks  or  mortar  to 
the  building  bight  on 
a  building,  and  return 
the  empty  ones.  In 
the  illustration,  it  is 
a  traveling  ladder 
which  runs  over  a 
drum  above,  —  not 
shown,  —  and  is  driv- 
en by  a  winch  below. 
The  hods  are  hooked 
on  to  the  rounds. 

Ho-dom'e-ter.  A 
way-measurer.  See 
Odometer. 

Hoe.  1.  (Agricul- 
ture.) A  tool  with  a 
flat,  thin  blade  used 
to  cut  weeds  or  stir 
the  earth  around 
plants.  In  its  ordi- 
nary sense,  it  is  the 
familiar  tool  attached 
at  a  convenient  angle 
to  a  straight  handle, 
and  whose  duty  is 
defined  above.  In 
England,  hoes  are  at- 
tached to  machines,  but  the  function  remains  the 
same,  for  the  hoes  follow  in  the  balks  between  the 
rows  of  plants.  The  same  devices  are  here  denomi- 
nated shares. 

The  hoe  may  be  fairly  assumed  to  have  been  the 
first  implement  of  the  husbandman,  in  its  form  of  a 
pointed  stick  for  stirring  around  the  roots  of  a  plant. 
Next  comes  the  crotch  a  sharpened  to  a  point,  as  at 
i,  in  which  form  it  might  be  used  as  a  hoe  or  plow, 
according  to  size,  c  d  e  represent  the  hoes  used  by 
the  ancient  Egj'ptians,  the  two  former  being  drawn 
fi'om  actual  hoes  which  liave  been  preserved  in  tlie 
tombs,  and  the  latter  (c)  being  a  copy  of  a  picture  at 
Beni  Hassan.  Their  hoes  were  made  of  wood,  the 
handle  was  about  three  feet  long,  the  blade  be- 
ing mortised  thereto  at  the  junction  and  bound  by 
a  twisted  rope  or  thong,  as  clearly  shown  in  d,  which 
represents  two  hoes  in  the  Berlin  collection.  One  is 
also  to  be  seen  in  the  Abbott  collection,  New  York. 
/"  shows  the  Egyptian  plow,  and  is  introduced  to  ex- 
hibit the  similarity  in  shape  of  the  hoes  b  c  and  plow 
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/,  a  crotch  of  a  tree  being  the  original  of  each.  The 
team  being  hitched  to  the  long  end  of  the  crotch  b, 
the  shorter  end  forms  a  share  or  tusk,  and  the  back 
portion  projects  for  a  handle.     See  Plow. 

With    their  wooden  hoes  the  peasants  of   Egypt 
covered  the  .seed  which  was  scattered  broadcast  over 
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Hoes  and  Hoeing. 

the  surface  of  the  land  yet  glistening  with  the  mud 
left  by  the  retiring  Nile.  Plows  were  also  used  for 
this  purpose,  and  not  unfrequently  the  seed  was 
buried  by  driving  herds  of  sheep  or  goats  over  the 
land. 

The  hidens  or  two-pronged  hoe  was  a  common 
tool  in  Roman  agriculture.  It  was  also  common  in 
Greece  in  the  form  shown  at  h  (Fig.  2517).  Homer 
describes'  Laertes  as  hoeing  when  found  by  Ulysses. 

The  Romans  hoed  their  grain  crops,  wheat,  spelt, 
and  barley.  Once  in  early  winter,  a  second  time  in 
spring,  before  jointing.  The  wheat  was  sowed  on 
the  top  of  ridges  made  by  a  double  mold-board  plow, 
and  was  consequently  in  rows.  It  was  not  uncom- 
mon to  hoe  up  the  earth  to  the  young  plant  at  the 
first  hoeing. 

g  (f  (Fig.  2517)  are  the  hoes  of  Pacific  coast  In- 
dians,    jr  is  a  scapula  ;  rf  a  walrus  tooth. 

Fig.  2518  shows  four  Japanese  hoes  in  the  collec- 
tion of  tlioSmitlisonian 
Fig.  2518.  Institution,  "Washing- 

ton. The  clumsiness 
of  the  two  larger  ones 
is  .sometliing  fearful  to 
contemplate.  The  hoe 
or  mattock  is  the 
usual  implement  for 
cultivating  the  land 
in  Japan.  The  plow 
is  also  iised. 

The  hoes  of  Poly- 
nesia, when  first  dis- 
covered, were  the 
shells  of  the  oyster  or 
a  large  kind  of  pinna  ;  a  bone  from  the  back  of  a 
turtle  ;  or  a  plate  of  tortoise-shell.  Tiie  hoe  was 
used  witli  a  thrust  motion,  like  our  Dutcli  hoe. 

The  hoe  of  the  Fegee-lslanders  is  a  blade  of  tor- 
toise-shell or  the  valve  of  a  large  oyster.  These 
may  be  (^onsidered  a  type  of  maritime  substitutes  for 
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metal.  Obsidian,  fiint,  hard  wood,  and  various  other 
substitutes  have  been  employed,  the  latter  by  the 
ancient  Egyptians. 

The  Feejees  are  very  ingenious  in  finding  suhsti- 
tutes  for  metal.  A  hard  stone 
ground  to  an  edge  forms  an 
axe.  A  blade  of  tortoise-shell 
attached  to  a  handle  is  their 
knife.  The  spines  of  echini 
are  their  boring-tools.  Rats' 
teeth  set  in  wood  are  gravers 
and  chisels.  The  mushroom 
coral  answers  for  a  tile,  and 
pumice-stone  for  sand-paper. 
The  axes  and  hatchets  pf 
America,  and  the  knives  and 
chisels  of  England,  are  fast 
superseding  their  primitive 
tools.  They  can  now  cut  up 
their  bakolu  or  long-pig— as 
they  term  the  edible  human 
body  —  with  more  civilized 
implements. 

The  broad  and  thin  metallic 
blade  is  quite  a  modern  con- 
trivance, and  was  never  well 
made  until  made  in  the  United 
States.  It  is  now  a  scientific 
tool,  sharp,  light,  and  shiny. 
Hoes  should  be  .selected  for 
covering  or  cutting  ;  the  latter 
have  a  less  angle  with  the 
handle.  Clean  your  hoes  always  before  putting 
them  away,  and  you  may  always  resume  your  work 
in  good-hi)mor. 

Hoes  were  formerly  made  by  forging,  but  now 
they  are  more  often  cut  out  as  blanks  and  then 
struck  in  dies. 

The  blade  being  extended  and  the  eye  formed  by 
hand,  the  heated  blank  is  placed  on  the  anvil  and 
secured  with  the  pin  ;  the  drop  being  released  falls 
thereon,  shaping  and  finishing  the  face  of  the  hoe. 

Hoes  are  made  in  specific  forms  for  various  pur- 
poses. 

n  is  a  hoe  for  marking  out  fine  drills. 

b  a  hoe  for  marking  small  ridges. 

c  a  hoe  for  woi'king  two  sides  of  small  plants. 

d  a  hoe  for  drawing  a  pair  of  paiallel  ridges. 

e  a  combined  hoe  and  rake,  a  very  common  imple- 
ment in  the  Netherlands,  and  u.sed  in  the  United 
States  by  amateur  gardeners. 

/  has  a  serrated  blade  ;  g  a  sectional  one. 

h  ij  k  are  Dutch  hoes,  known  as  scuffle  or  thrust 
hoes,  operated  by  pushing  instead  of  striking  or 
imlling.  They  are  useful  in  extirpating  weeds  un- 
der bushes,  and  loosening  the  soil  around  growing 
plants. 

I  shows  a  mode  of  attaching  the  blade  to  the  tang. 

m  of  wedging  it  in  a  ferrule. 

n  0  have  mcan.s  of  adjusting  the  angular  presenta- 
tion of  the  blade. 

p  has  a  reversible  blade. 

2.  {Dentistry.)  A  dentist's  excavating  instrament, 
having  a  blade  attached  to  a  shank  and  shaped  like  a 
miniature  hoe. 

Hoe'ing  Ma-chine'.  (Agriculture.)  An  im- 
plement tor  tending  drilled  or  dibbled  crops.  It 
was  invented  by  Jethro  TuU,  the  introducer  of  the 
system  of  diilled  crops  into  England,  and  was  de- 
signed to  diminish  the  expense  of  cultivation  by 
substituting  horse  labor. 

TuU's  implement  was  comparatively  rude,  and  it 
was  successively  improved  by  a  number  of  inventors, 
among  whom  we  notice  the  names  of  Blackie,  the 
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two  Wilkies,  Weir,  Hayward,  Grant,  Ganett,  How- 
ard, and  others  in  Britain. 

The  history  merges  into  the  history  of  cultiva- 
tors, in  the  United  States  our  husbandry  being  dif- 
ferent. 

The  great  breadth 
planted  to  corn  and 
cotton,  and  the  neces- 
sity for  frequent  plow- 
ings,    have     given    a 


row,  tending  the  crop  to  his  right  hand  each  time. 
This  is  very  different  from  the  hoeing  of  wheat,  and 
also  from  the  hoeing  of  turnips. 

The  horse-haes  (b)  of  Britain  have  a  range  of 
shares  spaced  like  the  drills,  so  as  to  work  in  the 
intervals  between  the  rows  of  plants,  such  as  wheat 
and  turnips.  Others  of  their  horse-hoes  are  for  the 
culture  of  plants  requiring  a  greater  width,  such  as 
mangel-wurzel,  cabbages,  and  beans. 

The  English  horse-hoes  a  c  have  caster  wheels  in 


Hoes. 

different  form  to  the  tool,  as  the  distance  between 
the  rows  renders  it  convenient  for  the  horse,  imple- 
ment, and  man  to  follow  the  balk,  going  twice  in  a 


lioeing-Machines. 

front  and  rear,  a  broad  middle  share,  and  two  or 
more  side  shares.  The  rear  share  may  be  curved 
or  flat,  as  shown  at  c  and  a  respectively.  It  is  what 
we  should  call  a  cultivator,  but  there  is  more  of  it 
than  we  regard  convenient.  If  the  tool  be  well  pro- 
portioned, and  the  animal  hitched  to  it  rightly,  it 


HOG. 
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iieed.s  no  wheel.  For  turning  at  the  end  of  a  row  of 
corn  or  potatoes  it  is  too  long.  A  man  would  need 
12  feet  of  ground  to  come  out  on  to  turn,  and  it  is 
not  necessary  to  withdraw  so  large  a  jnarginal  strip 
of  the  field  tor  such  a  purpose.     See  CuLTiVATon. 

Bucknalls's  horse-hoe  b  (English)  has  a  gang  of  10 
shares  in  a  frame,  adjustable  by  a  lever  as  to  hight, 
and  also  as  to  angular  presentation  of  the  shares  to 
the  ground.      It  is  intended  for  hoeing  wheat. 

An  implement  used  for  chopping  gaps  in  drilled 
rows  of  plants  was  described  by  Skirving  of  Fife- 
shire,  Scotland,  in  1778,  and  constructed  by  Huck- 
vale  some  25  years  since  id.  Fig.  2521).  It  was  de- 
signeil  for  turnip  culture,  and  is  also  used  in  cotton 
culture.  In  each  case  the  seed  is  sown  somewhat 
abundantly  in  drills,  and  requires  to  be  thinned 
after  having  attained  such  size  as  to  bear  culture. 
The  practice  with  cotton  has  been  to  cut  gaps  in  the 
rows  with  a  hoe,  leaving  the  plants  in  square 
bunches,  wliieh  are  afterward  thinned  out  to  a  few 
plants,  and  eventually,  when  the  contingencies  of 
insect  enemies  are  overpast,  leaving  the  most  likely 
plant  in  full  pos.se.ssion  of  the  hill. 

Tliis  horsc-lioe  is  designed  for  chopping  gaps  in  the 
rows,  and  has  a  set  of  revolving  hoes  on  a  shaft  par- 
allel witli  the  line  of  draft,  and  driven  by  bevel 
gearing  from  the  main  axle  of  the  machine.  As  the 
machine  advances,  the  hoes  chop  transversely  across 
thi  row  of  plants,  making  intervals  therein  equal  to 
the  lengths  of  the  blades.      See  CoTTON-CIIOPPER. 

Hog.  1.  {Papcr-makinrj .)  A  revolving  stirrer  in 
a  chest  of  paper  pulp  which  agitates  the  pulp  so  as  to 
keep  it  of  uniform  consistence  as  it  Hows  to  the 
paper-making  midline.  See  P,\peu-making  Ma- 
chive. 

2.  (N'aiitical.)  A. scrub-broom  for  .scraping  a  ship's 
bottom,  under  water. 

Hog-chain.  {Shipbuilding.)  A  chain  in  the 
nature  of  a  tension-roil  passing  from  stem  to  stern  of 
a  vessel,  and  over  posts  nearer  amidships  ;  designed 
to  prevent  the  vessel  from  drooping  at  the  ends. 

Hog-el'e-va'tor.  A  hoisting  device  used  in 
large  slaughter-houses  for  raising  hogs  whicli  ha\'e 
been  killed,  scalded,  and  scraped,  to  the  position  for 
gutting  and  cleaning. 

Hog-frame.  ,  (Slvipwriyhting.)  A  fore-and-aft 
frame,  forming  a  truss  in  the  main  frame  of  the 
vessel  to  prevent  vertical  llexure. 

The  term  "hog- frame"  has  been  adopted  into  car- 
I'entry  and  engineering  in  some  forms  of  trusses  for 
roofs  and  bridg's. 

Hog'ger-pipe.  {Mininrf.)  The  upper  terminal 
pipe  with  delivi'ry  hose  of  the  mining-pump. 

Hog'ger-pump.  {Mining.)  The  top  pump  in  the 
siukiii;:,'-]iit  of  a  mine.    The  lower  is  the  sump-punip. 

Hog'ging.     {Xautical.)     Said  of  a  ship's  shape 


when  the  head  and  heel  of  her  keel  are  drooped  ; 
the  middle  portion  curving  upwardly.  Sagging  is 
the  opposite  curvature. 

In  other  structures  than  nautical  the  term  has  tlie 
same  relation,  as  the  drooping  of  the  ends  of  a  truss, 
or  the  ends  of  a  pivot  bridge  or  table. 

Hog-hook.  One  used  in  handling  hogs  in  scalding. 

Hog-scald'ing  Tub.  {Domestic.)  A  means  for 
scalding  hogs,  consisting  of  a  large  boiler  and  fur- 
nace, or  a  tub  (t  ig.  2522)  to  hold  heated  stones  which 
are  thrown  in  to  raise  the  temperature  of  the  water  to 
.scalding  heat.  In  the  example  (Fig.  2523)  the  hog  lies 
in  a  cradle  within  the  tub,  whose  contents  are  heated 
by  the  furnace  below.  The  hog  is  removed  and  tipped 
out  on  to  a  bench,  by  vibrating  the  cradle  on  its 
hinges. 

Fig.  2523.  ^,         ^  Fig.  2624. 


Hog- Scalding  Tub. 


Nose-Rht^. 


Hog's-nose  Trim'mer.  A  pair  of  cutting  for- 
cejis  or  nippers,  to  remove  the  protuberant  cartilage 
from  a  hog's  snout  to  discourage  him  from  rooting. 

Hog-ring.  A  ring,  or  wire  bent  into  other  form, 
clas]iing  the  snout  cartilage  of  a  hog.  In  the  exam- 
ple, the  pivoted  extensions  of  the  ring  penetrate  the 
hog's  snout,  and,  turning  back,  clinch  roimd  the^ring. 

Hoist.  1.  The  term  applied  to  the  elevating  ma- 
chinery of  a  factory,  mine,  or  hotel. 

2.  tlic  perpendicular  bight  of  a  flag  ;  the  length 
from  the  s)iar  outwards  is  the.//y. 

Hoist-bridge.  A  form  of  drawbridge,  in  which 
the  leaf  or  |)latforin  is  raised.     See  Bascule. 

Hoist'ing-en-gine.  A  steam-engine  for  hoist- 
ing at  a  mine,  or  in  a  warehouse,  factory,  etc. 

Hoist'ing-jack.  A  contrivance  by  which  hand- 
power  is  applied  to  lifting  an  object  by  working  a 
screw  or  lever.  A  list  of  the  different  kinds  is  given 
under  Jack.  Several  varieties  are  described  under 
Carriage-jack,  Wagon-jack,  Jack-.sckf.w,  etc. 


Fig.  2525. 


Tfnn-  Tannic 


Hoisting  Jack. 

One  form  here  shown  operates  by  crank, 
pinions,  cog-wheel,  and  rack. 

The  other  is  a  suspensory  jack,  de- 
pending from  an  eye-bolt  in  a  ceiling- 
joi.st  and  used  to  lift  an  object  a  short 
distance,  so  as  to  get  it  on  to  a  store  truck. 
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Suspeiuory  Lever-Hoist. 


The  bars  slide  longitiulinally  upon  each 
other,  and  are  supported  by  a  connecting 
cliaiii  which  passes  over  a  pulley.  A  lever 
on  one  bar  acts  by  raising  and  returning 
stirrups  upon  the  rack  teeth  of  the  otlier  toi 
raise  and  depress  them  relatively,  and  the 
rack-bar  actually.  The  lever  is  locked  by 
a  stop  wliich  restrains  its  motions. 

Hoist'ing-ma-chine'.     A   machine   for 
hoisting  ore,   ineirhamlise,   miners,  passen- 
gers, etc.,  in  mines,  warehouses,  hotels,  etc. 
A  primitive  hoisting-machine,  which  re- 
seraliles  the  modern  Ciipstan,  is  used  in  the 
Convent  of  St.  Catharine,  at  the  foot  of  Mt. 
Sinai,  to  raise  travelers  to  a  door  in  the  sec- 
ond story.     This  is  a  somewhat  inconven- 
ient and  tedious  operation,  but  is  used  in  a 
land  where  rob- 
Fij.  2.J26.  bers  go  on  horse- 

back.   It  is  also 
wortliy    of    re- 
ty  ^\      mark,  that  the 

<^  ^^^  people    of    the 

land  have  no 
ideaof  the  value 
of  time,  and  so! 
set  si.t  men  to 
help  anotlier  in 
at  the  door.  The  convent  was  founded  in 
the  early  ages  of  the  Christian  Cliurch,  and 
the  chapel  was  built  by  Justinian  in  the  si.\th  cen- 
tury. It  is  a  vast,  straggling  building,  surrounded  by 
a  high  wall,  and  is  believed  by  its  residents  to  occupy 
the  place  whereon  the  Lord  ap- 
peare<l  to  Moses  in  aburning  bush. 
The  obelisks  in  ancient  Egypt 
may  have  been  rai.sed  by  grad- 
ually lifting  the  apex  and  scotch- 
ing up  by  introducing  earth  be- 
neath them. 

The  Stonehenge  blocks  were 
probably  raised  in  the  same  way. 
The  blocks  were  moved  from 
the  quarries  on  rollers  by  animal 
or  man  power.  They  were  jier- 
haps  raised,  at  the  pyramids,  for 
instance,  by  a  rocking  motion 
on  midway  blocks,  a  rather 
thicker  block  from  time  to  time, 
at  each  rock.  Or  they  may  have 
been  raised  on  an  incline  ot 
earth,  afterwards  removed. 

When  Chersiphon  built  the 
Temple  of  Ephesus,  in  the  time 
of  Amasis  of  Egypt,  he  raised 
the  architrave  by  surrounding 
the  columns  with  bags  of  earth, 
whichserved  as  an  inclined  plane. 
Fig.  2528  shows  forms  of  hoist- 
ing-machines for  coal-mines  and 
factories. 

^  is  a  general  elevation  of  the  machinery  for  hoist- 
ing, screening,  and  loading  coals,  which  will  be  read- 
ily understood  by  merely  citing  the  parts,  a  a  are 
the  rope-drums,  driven  by  the  engines  in  the  house 
c  ;  b  the  pit-head  pulley  ;  k  the  cage  which  lifts  the 
folding  boards  of  the  hatchway,  and  then,  allowing 
them  to  drop,  rests  upon  them.  The  car  is  then  run 
out  upon  the  track  /,  its  load  dumped  upon  the 
screen  </,  and  received  in  the  wagons  h.  On  the  re- 
turn of  the  empty  car  on  to  the  cage,  the  hatches  are 
lifted  by  the  engine-man  by  means  of  the  rods  iii  m. 
B,  0,  D,  show  the  safety  apparatus,  by  which,  if 
the  hoisting-rope  break,  the  cage  is  prevented  from 


Fig  2527. 


Hoisting-Machine    Si    C  zthar  i 

[From  Harper  ) 


the  wooden  conductor  n.     The  eccentrics  are 


upon, 
con- 


Fig.  2528. 


nectedwith  spi- 
ral springs, 
which  tend  to 
rotate  them, 
and  bring  the 
toothed  part 
against  the  con- 
ductor n  ;  but 
so  long  as  the 
roperemainsin- 
tact,  the  work- 
ing faces  of  the 
eccentrics      are 


Mine  and  Factory  Hoists. 
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diuiu  together  with  the  up-and-down  pulleys,  and 
the  middle  loose  pulley. 

Fig.  2530  exhibits  the  hoisting-machine  with  the 
steam-engine  by  which  it  is  driven.  This  is  a  dou- 
ble-cylinder, and  reverses  by  a  single  movement  of 
the  valve  lever  at  the  front.  The  platform  moves  at 
a  speed  of  from  10  to  150  feet  per  minute,  and  has 
safety-ratchets  wliich  instantly  lock  it  to  the  stand- 
ards "if  the  rope  break.  The  drum  on  whii-h  the  wire 
rope  is  wound  has  a  spiral  gioove  in  which  succes- 
sive coils  of  the  rope  are  kept  sepaiate.  The  car 
stops  automatically  at  certain  limits,  or  by  hand  at 
intermediate  points.     See  Ropf>ELEVATOU. 

See  also  under  the  following  heads  :  — 


Sellers's  Hoisting-Machine. 

firaily  held  by  the  chains  p  fi'oni  contact  with  the 
conductor,  t  is  a  trigger  which  releases  the  cage  in 
case  of  overwinding. 

i!  is  a  factory-hoist  like  the  modern  elevator  so 
much  used  in  hotels.  It  i.s  known  in  the  North  of 
England  as  a  tcaglc  (?  tackle). 

Sellei-s's  hoisting-machine  for  warehouses  or  ho- 
tels is  shown  at  Fig.  2529.    It  exhibits  the  wire-rope 


Balance-crane. 

I>arton. 

Block. 

Bracket-crab.. 

Brake. 


Cant-hook. 

Capstan. 

Cargo-jack. 

Catadrome. 

Cat-head. 


Brick  and  mortar  eleva-  Cat-tackle. 

tor.  Check-hook. 

Bricklayer's  hoist.  Chevrette. 

Bucket.  Chinese  windlass. 

Cage.  Claw      for      suspending 
Can-hook.  tackle. 


Fig.  2530. 


Miller's  Hoisiing-lMachint. 
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Cog  and  rouud. 

Lift-hammer. 

Cottou-elevator. 

Lifting-apparatus. 

Crab. 

Lifting-jack. 

Crampoons. 

Lifting-screw. 

Ci-aue. 

Loader. 

Cuddy. 

Lock.     Canal 

Davit. 

JIan-engine. 

Derrick. 

JIasting-shears. 

Differential  windlass. 

llouliue. 

Dolly. 

Movable  ladder. 

Draft-engine. 

Needle. 

Drop. 

Overhead-crane. 

Drop-table. 

Parbuckle. 

Elevating-block. 

Plate-hoist. 

Elevating-clutch. 

Pneumatic  hoist. 

Elevating-screw. 

Portable  derrick. 

Elevator. 

Pulley. 

Field-derrick. 

Purchase. 

Fork. 

Rigger. 

Foundry-crane. 

Rotary  crane. 

Furnace-hoist. 

Sack-hoist. 

Gibbet. 

Sack-lifter. 

Gin. 

Safety-cage. 

Gipsy-winch. 

Sheer. 

Glosso-conion. 

Sheer-hulk. 

Grain-elevator. 

Sheers. 

Gripe. 

Side-winch. 

Hay. 

Skid. 

Hay-loader. 

Sliding-puUey. 

Hod-elevator. 

Slings. 

Hog-elevator. 

S  tacking-  derrick. 

Hoist. 

Steam-crane. 

Hoisting-apparatus. 

Steam-hoist. 

Hoisting-boats. 

Steam'winch. 

Hoisting-macliine. 

Stump-extractor. 

Horns. 

Sweep. 

Horse-run. 

Tackle. 

Hydraulic  crane. 

Traveler. 

Hydraulic  elevator. 

Traveling-crane. 

Hvdraulic  hoist. 

Traveling-denick. 

Hydraulic  lift. 

Traversing-elevator. 

Hydrostatic  press. 

Triangle. 

Ice-elevator. 

■\Vater-crane. 

Inclined  plane. 

Well-bucket  elevator. 

Jack. 

Whimsev. 

Jeers. 

Whin. 

Jib.                            , 

Whip. 

Jib-crane. 

'WTiip-crane. 

Jigger. 

Whip- windlass. 

Lever-hoist. 

Winch. 

Lewis. 

Winding-engine. 

Lift. 

Winding-tackle. 

Lift-canal. 

Windlass. 

Among  the  modern  facilities  for  taking  care  of 
farm  produce,  the  horse  hay-fork  suspended  by 
tackle  from  an  elevated  beaiu  in  the  barn  deserves 


Fig.  2531. 


Ha}/- Hoisting  Ar>paratits. 


a  special  mention.  For  the  varieties  of  the  fork, 
see  FoKK.  This  device  is  usually  suspended  by 
tiickle  from  the  beam  by  means  of  a  clutch  or  tongs. 
(See  Clutch.)  The  clutch,  however,  is  not  the  only 
means  of  suspending  the  tackle  and  fork  ;  in  stack- 
ing hay  a  derrick  is  used,  and  in  some  barns  a  still 
more  complicated  device.  When  the  load  has 
reached  its  elevation,  a  pawl  is  raised  which  allows 
the  carriage  to  traverse  on  the  track  and  transport 
the  load  horizontally  and  return  when  the  load  is 
discharged.  The  brake  moderates  the  rate  of  the 
hoisting-rope  in  running  over  the  pulleys. 

In  another  form  of  hoisting-machine,  a  platform, 
provided  with  rollers  at  its  bottom,  rests  upon  a 
large  worm-wheel  wliich  meshes  eijually  into  two 
vertical  worm-racks  or  .segmental  screws.  Motion 
is  imparted  to  the  worm-wheel  by  a  small  gear- 
wheel niesliing  with  a  toothed  rack  on  the  lower  sur- 
face of  the  worm-wheel. 

Under  this  head  may  also  be  mentioned  a  device 
for  lifting  bricks,  nioitar,  etc.,  to  the  top  of  build- 
ings in  course  of  erection.  In  this,  buckets  for  the 
elevation  of  building  material  are  h.\ed  upon  an 
endless  chain.  The  chaui  is  worked  by  a  windlass 
at  its  upper  end. 

Hoist'ing-tack'le.  A  rope  or  chain  and  pulley 
used  for  lioisting.  The  simjilest  form  of  tackle  is 
the  irhip,  then  follow  the  uhip-on-whip  and  other 
forms  of  tackle  cited  in  the  list  above.  The  form 
shown  in  Fig.  2533  is  a  differential  tackle,  and  con- 
sists of  two  shafts,  on  each  of  which  is  a  sprocket 
and  a  gear-wheel,  the  two  latter  meshing  with  each 
other.     The   proportion   between  the  diameters  of 


Fig.  2532. 


Fig.  2533. 


Worm-Wheel  Tackle. 

the  gear  and  sprocket  wheel  on  one  shaft  _ 

ditt'ers  from  the  proportion  between  the  KJ    \\c5j; 
diameters    of    the    gear    and     sprocket 
wheels  on  the  other  shaft,  in  order  that 
by  overhauling  the  endless  chain  which  'U 

is  connected  with  the  teeth  of  the  two  Di/rereniiat 
sprocket-pulleys,  the  block  bearing  the  ^jl^^lde' 
weight  to  be  raised  and  connected  by  the 
chain  with  the  sprockets  may  be  raised  or  lowered 
as  desired.  The  lower  sprocket-wheel  is  applied  so 
that  it  may  be  thromi  out  of  connection  with  the 
upper  one  and  locked  so  as  to  prevent  retroaction. 

Fig.  2532  has  a  large  wheel  A  on  which  is  a  worm 
C  gearing  into  the  chain-wheel  D.  Such  a  tackle 
will  hold  its  load  at  any  point  at  which  the  power 
ceases  to  be  applied,  and  will  not  allow  it  to  come 
down  "on  the  run."  The  threads  of  a  screw  act  as 
a  stop  or  check  to  the  windlass  wheel. 

Hold.     {Shipwrighting.)     The  interior  part  of  a 
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ship,  in  wluch  the  cargo  of  a  muichaut  vessel  or 
the  provisions  ami  stores  of  a  man-of-war  are  stored. 
Tlie  portions  are  distinguished  as  tlie  fote,  nuiiu, 
and  ii/'fcr  holds. 

Hold-back  Hook.      {Vclildc.)     A   projection 
on  a  earriage-shaft  to  which  the  breechiug-strap  of 


I'ig.  2531. 


Hold- Back. 

a  horse  is  connected,  to  enaljle  tlie  animal  to  hold 
back  the  vehicle. 

Hold-beam.  (Skipbuildimj.)  One  of  those 
whicli  siipiiort  the  lower  deck  in  a  merchantman  ; 
the  or/"/)  ileck  in  a  man-of-war. 

by   which   something   is 
clamped  to  another. 
The  bench  hold-fast  is 


Hold-fast.     A   means 
Fig.  2535. 
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Hold- Fasts. 


an  arched  bar,  whose  shank 
passes  through  a  mortise 
in  the  bench,  the  rf(W/ ]  iress- 
ing  upon  the  work  to  be 
held.  See  Bench-clamp. 
A  wall  hold-fast  is  a 
spike,  which  is  driven 
into  the  wall,  and  has  a 
Hat  head  through  wliicli 
a  nail  is  driven  into  the 
object  to  be  attaclied. 
Hold'ing-down  Bolt. 
(Ste'iiu-cnijinc.)  One  of 
twelve  or  more  strong 
bolts,  which  are  passed 
from  the  outside  of  a 
steam-vessel  through  the 
^  lloor  -  timbers,  sleepers, 
foundation  -  plate  of  the 
>  engine,  and  the  bosses  on 
the  cylinders,  condensers, 
and  side-frames,  and  are 
secured  by  strong  nuts. 
The  bolts  are  of  copper  or 
tinneil  iron,  to  resist  the  action  of  sea-water. 

Hold'iug-up  Ham'mer.  .\  hammer  held  by  the 
assistant  against  the  lii'ad  of  the  rivet  while  it  is 
being  riveted.     See  R[VEriNO. 

Hole.     A  depression  made  to  hohl  a  blast. 
Sinking,   boring,  ptimpinj,    drilling,    are    terms 
made  use  of. 

Loading  or  charging  the  hole  is  the  putting  in  of 
the  powder. 

Tamping   is  the  packing  of  material   upon  the 
powder. 
Hole-board.   ( IFeaviiig.)   See  Compass-board. 
Hol'iilg.    1.  (Uiniiuj.)   The  under-cutting  of  coal 
by  means  of  a  pick  wielded  by  a  man  lying  upon  his 
side.     The  making  of  vertical   cuts  at  the  sides  is 
called  shearing,  and  when  these  are  made  the  stratum 
of  coal  is  broken  down  by  wedges  driven  in  above. 
2.   {Itnnfiiuj.)     Piercing  slates  for  holding  nails. 
Hol'ing-axe.     A  narrow  axe  for  cutting  mortises 
in  fciicc-posts,  for  a  pnst-and-rail  fence. 

Holland.  (Fabric.)  Linen  or  linen  and  cotton 
goods,  wliite  or  self-colored,  and  with  a  glazed  sur- 
face. Used  for  linings.  As  originally  imported 
from  Holland  (whence  its  name),  it  was  closely 
w'oven  linen  elt)th. 

Hollow.   A  depression  or  unoccupied  space,  as — 


a.  The  empty  portion  of  a  bastion. 

b.  The  jiart  of  a  cantle  under  the  crupper-loop. 

c.  The  gullet  of  a  saddle  under  the  pommel. 

d.  The  depression  in  an  anvil-face  or  fuUering- 
tool  used  in  forging  round  work. 

c.   A  cavetto  or  recess  bead  in  molding. 

/.  The  seat  of  the  shot  in  a  counterbored  gun.  A 
dent. 

Hol'low-adze.  {Coopering. )  A  howel ;  a  tool 
having  a  curved  ))lade  to  chamfer  the  chine  on  the 
inside  of  a  c!isk  end. 

Hol'lcw-au'ger.  One  for  making  round  tenons 
in  cluiir-wnrk,  on  spokes,  etc. 

Tlie  end  nf  the  spoke  or  other  piece  of  wood  on 
which  a  round  tenon  is  to  be  cut,  is  inserted  into 
the  tubular  portion,  whose  throat  has  several  radial 
rests  and  a  radial  cutter.  The  tool  is  revolved,  and 
the  blank  is  fed  Ibrward  on  the  rests.  The  length 
of  the  tenon  is  gaged  by  the  adjustable  stop  at  the 
rear  end  of  the  tube. 

Fig.  2537. 
Fig.  2536. 


HoUow-Atiger. 


Tenon-Auger. 


Fig.  2537  is  a  form  in  winch  the  auger  cuts  a 
tapering  tenon  and  a  shoulder  upon  the  spoke 
simultaneously. 

Honowr-au'ger  Bit.  A  wood-boring  tool 
adapted  to  be  used  in  a  brace.  It  is  of  a  hollow 
cylindrical  form,  and  has  cutters  presented  inwardly 
which  make  a  cylindrical  tenon  on  the  end  of  the 

Stulf.       See  HoLLOW-AUGEK. 

Hol'low-drift.  1.  A  tubular  tool  for  driving  a 
hole.      See  DniET. 

2.    A  tool  used  in  filUng  signal-rockets. 

HoI'lowr-edge  File.  A  file  with  a  concave  edge 
for  dressing  teetli  of  small  gear  wheels  and  jiinions. 

HoHow-ing  and  Back'ing-ma-ohiiie'. 
(Cnipt'^iig.)  A  machine  for  rounding  staves,  giving 
the  outer  eonvexitv  and  inner  concavity. 

Hol'low-ing-knife.  (Coopering.)  A  drawing- 
knife  lur  working  on  concave  surfaces. 

Hol'low-ing-plane.  (Carpentry.)  A  plane  with 
a  ronml  cnn\Tx  sole. 

Hol'low-joint  Wire.  Small  tubes  employed  in 
making  joints,  as  in  the  casing  of  watches. 

Hol'low-man'drel  Lathe.  One  for  small  round 
stuff,  sui'h  as  broom-hainlle.s,  seythe-.snaths,  stuff 
for  clothes-pins,  chair-rounds,  round  pickets,  rails,  etc. 
The  stutf  is  fed  by  grooved  rollers  into  the  trumjiet 
mouth  of  the  revolving  hollow  mandrel.     The  tool 
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lirojeeting  from  the  internal  periphery  of  the  man- 
drel turns  the  blank  into  shape.  The  spring  forms 
a  stop  for  the  strip,  and  its  position  indieates  the 
time  for  its  insertion  berween  the  feed-roller's.     The 


Fig.  25ii8. 


The  aneroid  of  Vidi,  and  the  bent  tube  of 
Bourdon,  are  examples  of  holoslcric  barometers,  but 
the  word  is  sometimes  used  speciheally  to  denote  the 
former.     The  barometer  constructed  on  the  principle 

Fig.  2540. 


Hollow- Mandrel  Lathe. 

rollers  which  draw  out  the  turned  stick  have  cir- 
cumferential depressions,  which  contain  grooved 
annuli  of  rubber,  which  press  with  an  adjustable 
force  on  the  handle. 

Hol'lo-wr-uew'el.  Tlie  well-liole  or  opening  in 
the  center  of  winding  stairs.  Open-mwcl,  in  con- 
tradistinction to  soUd-ncvjcl  or  corkscrew  staircase. 

Hol'loTW-plane.  A  inoldiug-plane  with  a  con- 
vex sole.      A  roinid-soJc  plane. 

Hollo'W-punch.  {Saddlery  and  Shoemaking.) 
The  hollow  punch  is  employed  to  make  holes  for 
rivets  in  leather  ;  holes  for  eyelets  in  paper,  leather, 
or  fabric  ;  holes  for  laces  in  slioes  and  stays,  and  on 
other  occasions  where  a  smooth,  round  hole  is  to  be 
cut  out  of  a  yielding  material.  It  is  also  known  as 
an  eyelciing-Tpanch  from  its  use  as  a  means  for 
punching  holes  for  eyelets. 

In  a  modified  form,  as  the  punch-pliers,  it  is  used 
for  punching  cardboard  tickets,  tags,  and  papers  for 
filing.     A  lickcl-punch. 

A  inid-cutfcr  is  also  a  hollow  punch. 
Hol'lo'w-quoin.   (Hydraulic  Engineering.)  One 
having  a  vertical  recess  for  the  hanging-post  of  a 
lock-gate  to  abut  against. 

Hol'low-rail.  A  tubular  railroad  rail,  steam 
heated  to  prevent  the  accretion  of  snow  and  ice. 
Grime's  English  patent,  1831. 

In  Woodhouse's  English  patent,  1803,  the  rail 
forms  a  water-pipe. 

Hol'lowrs  and  Rounds.     (Joineri).)     C'oncave 
and  convex  ydanes,  respectively  for  working  mold- 
ings.    The  illustration  shows  the  use  of  hollows  and 
rounds,  in   the   mold- 
Fig.  253^  ing  of  a  panel   door. 
They    are     made     in 
pairs,  and  as  many  as 
iiyliti'cn  pairs  to  a  .set. 
Hol'loTW-'ware. 
Cast-iron  culinary  ves- 
sels,   such     as     pots, 
kettles,  skillets,  etc. 
Ho-lom'e-ter.  An 
instrument  for  taking  measurements.     .See  Mktf.r. 
Hol'o-pho'tal  Light.    (Optics.)    A  name  applied 
to  such  forms  of  lighting-apparatus  for  lighthouses 
as  utilize  the  whole  of  the  available  light,  by  sub- 
jecting it  all  to  the  corrective  action  of  the  instru- 
ment ;  as,  for  instance,  Thomas  Stevenson's  Cata- 
DioPTitic  LiniiT  (which  see). 

Hol-o-ster'ic  Ba-rom'e-ter.  One  made  of  solid 
materials,  so  as  to  show  variations  of  atmospheric 
pressure  without  the  intervention  of  liiiniils. 


Hollow  and  Round  Work. 


of  the  balance  is  de- 
scribed in  Leupold. 
See  B.iiiOMETEK. 

Hol'ster.  1.  A 
leather  case  by  the 
saddle-bow  to  liold  a 
pistol. 

2.     A    pistol-case  Vertical  Hominy-Mill. 

carried  on  the  person. 

Ho'ly-stone.    A  large  stone  used  with  sand  for 
scouring  a  ship's  decks. 

Hom'i-ny-mill.    A  machine  in  which  shelled 
corn  is  subjected  to  a  grating  or  beating  action  which 


removes  the  cuticle 
and  the  germ,  and, 
by  persistent  and 
sufficiently  energetic 
action  may  break 
the  grain  as  small  as 
may  be  wanted.  The 
sizes  are  graded  by 
sifting. 

In  Fig.  2540  the 
corn  is  fed  in  above, 
and  is  subjected 
to  the  action  of  a 
series  of  beaters  on 
the  rotating  ver- 
tical shaft.  A  fan 
in  the  case  below 
blows  out  the  dust, 
bran,  and  powdered 
genu. 


Horizontal  Hominy-Mili. 
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In  Kig.  2J41  the  mill  consists  of  ii  double  case, 
the  inner  shell  of  which  is  pvoviiled  with  semi-annu- 
lar iilates  or  partitions.  Within  the  case  is  a  revolv- 
ini,' hollow  scouring  and  blowing  shaft,  having  an  air- 
gathering  cup  or  scoop  upon  one  of  its  ends,  and  at  the 
opposite  end  is  a  discharge-spout  and  a  blast-passage. 
Koughened  scouring  and  smooth  conveying  blades 
arc  set  spiially  around  the  hollow  blowing-shaft. 

Hone.  A  flat  slab,  usually  of  some  description 
of  slaty  stone,  used  for  giving  a  keen  edge  to  a  cut- 
ting-tool after  shai-pening  on  the  grindstone.  Vari- 
ous kinds,  diH'ering  greatly  in  texture  and  hardness, 
are  emi)loyed.  Norway  ragstone,  water-of-Ayr,  blue- 
stone,  German-hone,  and  many  other  varieties,  have 
a  more  or  less  extended  reputation  for  their  adap- 
tation to  special  renuirements,  being  used  either  dry 
or  moistened  with  water  or  with  oil.  The  Tarkcij 
oil-stone,  which  comes  from  Asia  Minor,  is  generally 
known,  and  is  employed  for  imparting  an  edge  to 
chisels,  plane-bits,  and  all  the  tiner  varieties  of  cut- 
ting-tools. It  is  usually  cemented  in  a  slab  of  wood 
ami  provided  with  a  wooden  cover. 

The  linest  variety  of  stone  suitable  for  hones  is 
found  in  Arkansas,  and  is  also  known  as  Washita. 

The  metallic  hone  is  a  small  round  bar  of  steel, 
with  fine  longitudinal  striations.  For  use  it  is 
moistened  with  oil  and  sprinkled  with  rottenstone 
or  other  fine  abradant. 

Fayrer's  swing  hone  is  a  strip  of  brass  pivoted  at 
each  end,  so  as  to  adjust  itself  to  the  edge  of  the 
razor.  An  abrading  powder  mixed  with  oil  is  ap- 
plied upon  one  side,  on  which  the  lazor  is  roughly 
sharpened,  when  the  brass  slip  is  turned  and  a  keen 
edge  imparted  by  the  other  side,  moistened  with  a 
finer  composition  and  oil. 

Artilii'ial  stones  and  emery-charged  leather  are 
also  used  as  hones.   See  GitiNDlNG  AXD  Polishing. 

Hon'ey-conib.     A  ilaw  in  a  casting. 

Hon'ey-strain'er.  A  device  for  separating  the 
honey  from  the  comb.  In  a  common  form  the  comb 
is  cut  up  and  placed  in  a  tub  or  tray  to  allow  the 
honey  to  drain  from  the  broken  cells.  In  other 
cases  it  is  pressed.  The  e.xample  is  an  application 
of  the  centrifugal  filter  to  this  purpose.     After  the 

Fig.  2542 


Hoiieij-Strainer. 

cap  has  been  cut  off  the  comb,  it  is  placed  in  a  wire- 
gauze  basket  which  is  rapidly  rotated.  The  honey 
is  thrown  out  by  centrifugal  force.  The  di-ainell 
combs  are  returned  to  the  hives  to  be  again  filled 
with  honey. 


Hon'i-ton-lace.  (Fabric.)  A  variety  of  lace 
made  liy  jjlacing  a  perforated  pattern  upon  a  pillow, 
and  then  so  twisting  and  interweaving  the  thread  by 
means  of  l)obbins,  pins,  and  spindles,  as  to  produce 
the  re(|uired  pattern. 

Hood.  ].  (Mechanical.)  A  dome-shaped  projec- 
tion or  canopy  over  a  discharging  or  receiving  orifice 
in  a  structure,  as  of  a  fireplace,  chimney,  or  ventilator. 

A  cowl  over  a  chimney,  ashore  or  aboard. 

2.  (Wear.)  A  soft  covering  which  shrouds  the 
head.  Some  are  attached  to  a  cloak.  "  With  any 
that  wears  a  hood."     "  A  corded  monk." 

3.  (Vehicles.)  A  carriage-top  which  may  be  ele- 
vated or  depressed. 

i.  (Hydraulic  Ewjineeriiig.)  The  capping  of  the 
piles  of  a  starling. 

5.  The  top  of  a  pump. 

6.  The  co)i}}xinion  of  a  hatchway. 

7.  {Naitlical.)  a.  A  covering  for  a  companion- 
hatch,  scuttle,  chain-pump,  or  skylight.  A  cowl 
tor  the  galley  chimney. 

b.  One  of  the  foremost  or  aftermost  planks  of  a 
strake.  The  hood-ends  fit  into  the  labbets  of  the 
stem  and  stern  posts. 

8.  (Saddlery.)  The  leathern  shield  in  front  of  a 
wooden  stirrup,  which  serves  to  protect  the  foot  of 
thi^  rider. 

9.  (Sportint/.)  The  blinding  cap  on  the  head  of  i\ 
hawk  to  make  liim  sit  quietly  on  his  perch.  Said 
to  have  been  invented  by  the  Arabians. 

Falconry  was  an  ancient  cu.stoni  in  Tartary  ;  Cte- 
sias,  eontem]ioraiy  of  Alexander  the  Great,  mentions 
that  hares  ami  foxes  were  hunted  in  India  by  fal- 
cons. Aristotle  speaks  of  the  practice  in  Thrace. 
It  was  common  in  Italy  in  the  time  of  Martini. 

It  attained  its  climax  in  Europe  in  the  twelfth 
century. 

Hood'ing-end.  (Shipbuilding.)  The  end  of  a 
hood  or  cmhiiost  plank  of  a  complete  strake.  The 
hood inij -ends  fit  into  rabbets  of  the  stem  and  stem 
posts. 

Hood-mold'ing.  (Architecture.)  A  crown- 
molding.      .V  /(("(/-molding. 

Hood-quar'ter.  (Vehicles.)  One  of  the  side 
pieces  of  tlie  back  ]iortion  of  a  hood. 

Hoof-pad.  (.Menage. )  A  device  attached  to  the 
hoof  of  a  horse  to  keep  the  foot,  or  the  shoe  of  the 
foot  to  which  it  is  attached,  from  cutting  the  fellow 
foot  or  the  fetlock.     .\  device  to  prevent  interfering. 

Hoof-par'ing  Knife.  (Farriery.)  A  knife  with 
a  recurved  blade,  used  for  paring  hoofs,  to  fit  horse- 
shoes thereon  ;  the  sharply  curved  portion  enables 
the  knife  to  act  as  a  seorpcr  in  the  fisstires  between 
the  frog  and  sole.      See  g.  Fig.  2545. 

Hoof-spread'er.  (Farriery. )  A  device  for  ex- 
panding Uicchanically  the  hoof  of  a  horse  suflfering 
from  ccmtraction  of  the  foot. 

Hook.  1.  A  curved  piece  of  metal  (usually)  by 
which  an  object  is  caught  or  susjiended.  A  tool 
having  a  shape  similar  to  the  foregoing.  See  under 
the  following  list  :  — 


.\xlc-hook. 

Bench-hook. 

Bid-hook. 

Bill-hook. 

Rloom-hook. 

Boat-hook. 

Boot-hook. 

Breast-hook. 

Button -hook. 

Cambrel. 

Can-hook. 

Cant-hook. 


Cat-hook. 

Chain-hook. 

Check-hook. 

Chiraney-hook. 

Clasp-hook. 

Clothes-line  hook. 

Clives. 

Clove-hook. 

Coat-hook. 

Cotton-hook. 

Cottrel-hook. 

Creeper. 


HOOK. 
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Crochet-hook. 

Davit-fall  hook. 

Draft-hook. 

Drag. 

Dung-hook. 

Eccentric-hook. 

Fall-block  hook. 

Fire-hook. 

Fish-hook. 

Fle.sh-hook. 

Fore-hook. 

Gab-hook. 

Gate-hook. 

Grapple. 

Grappling-hook. 

Gullet-hook. 

Harness-snap. 

Hat-hook. 

HedJle-hook. 

Hog- hook. 

Hold-back  hook. 

Hook  ami  butt. 

Hook  and  eye. 

Hook-block. 

Hook-ljolt. 

Hook-butt. 

Hooked  tool. 

Hooking-fnime. 

Hook-motion. 

Hook-rope. 

Hook-scarf. 

Hook.     Sewing-machine 

Hook-tool. 


Hook-wrench. 

Hose -hook. 

Ice-hook. 

Laying-hook. 

Slaich-hook. 

Sleat-hook. 

Mousing-hook. 

Pad-hook. 

Placenta-hook. 

Plank-hook. 

Pot-hook. 

Pruning-hook. 

Pulley  suspension-hook. 

Rack-hook. 

Reaping-hook. 

Safety-hook. 

Sewing-machine  hook. 

Shave- hook. 

Sheep-hook. 

Shell-hook. 

Shutter-hook. 

Sister-hook. 

Snap-hook. 

Spring-hook.  • 

Suspension-hook. 

Tackle-hook. 

Tenaculum-hook. 

Tenter-hook. 

Tow-hook. 

Trace-hook. 

Wail-hook. 

Watch-chain  hook. 


Besides  these  are   many  which  come  under  the 


Fig.  2543. 


name  of  hardware,  and  whose  names  indicate  their 
purpose  :  — 


ordinary    fastening    of 
Fig.  2544. 


2.  (Shipbiiitdi)ig. )  A  knee  or  strengthening  frame 
conforming  to  the  inner  shape  of  the  vessel  and  sup- 
I>orting  the  bow  or  forward  ends  of  the  decks.  See 
Stem. 

3.  (KniUing-maehine.)  The  barbed  extremity  of 
the  needle,  which  retains  the  yarn.     The  beard. 

Hook  and  Butt,  A  mode  of  scarfing  timber  so 
that  the  parts  resist  tensile  strain  to  part  them.  A 
hook-scarf.     See  Sc.iUF. 

Hook   and   Eye.     An 
ladies'     dresses.      Wade     of 
flattened  wire  and  bent   to 
form,  as  in  the  example. 

Hook-block.  A  pulley- 
block  strapped  with  a  hook,  '       ^_^ 
in  contradistinction   to  one  Os^^ 
with  an  i-jjc  or  a  tail.     See 
cut  of  Brp.TON". 

Hook-bolt.  A  bolt  with 
a  hook-head.  Used  on 
board  ship  to  fasten  lower- 
deck  ports. 

Hook-butt.  (Carpcn- 
trij. )     \  mode  of  scarfing  timber. 

Hooked-bolt.     One  with  a 
boards  on  to  a  ship's 

Hooked-tool. 


Hook  and  Eye. 


See  Scarf. 
lip  used  to  fasten 
;  frame  or  a  wharf. 
1 .  A  marble-worker's  chisel  (a), 


Fig.  2545 


Awning-hook. 
Bird-cage  hook. 
Cabin-door  hook. 
Clothes-hook  (/  a  b  c). 
Cotton-hook. 
Dressing-glass  hook. 
Harness-hook  (/). 


Head-board  hook  (;■). 
Hook  and  eye  (rl). 
Horse-hitching  hook. 
Lamp-hook. 
.School-house  hook. 
Screw-hook  (li). 
'Wardrobe-hook  (a  b  c). 


Hooked  Took. 


the  end  bent  to  a  right  angle,  and  used  in  positions 
where  the  square  chisel  cannot  be  readily  emjdoyed. 

2.  Wood-turning  tools  of  the  nature  of  scoi-pers 
(b  c  d  e). 

3.  A  bent  iron  rod  (/)  forming  three  sides  of  a 
square,  one  end  being  ]>roIonged  for  a  handle.  Used 
in  talcing  the  twist  out  of  a  bar  whUe  forging. 

4.  A  hoof-paring  knife  (</). 

Hook'er.  (Xnulieat.)  A  one-masted  merchant 
vessel  of  the  English  and  Dutch  waters.    A  lioirkcr. 

Hooke's  Gear'ing.  A  kind  of  gearing  in  which 
the  teeth  are  somewhat  obliquely  across  the  face 
of  the  wheel,  so  that  the  contact  of  each  tooth 
commences  at  its  foremost  end  and  terminates  at  the 
aftermost  end  ;  the  jntch  of  tlie  spiral  is  such  that 
the  contact  of  one  pair  of  teeth  does  not  terminate 
until  that  of  the  next  pair  has  commenced. 

Hooke's  stepped  gearing  is  of  a  somewhat  similar 
design. 

Hooke's  Joint.  A  universal  joint.  A  Gimbal- 
JoiNT  (which  See). 

Hook'ing-frame.  A  frame  with  hooks  upon 
which  cloth  is  measured  and  sus]>ended,  being  folded 
back  and  forth  until  the  required  quantity  is  reached, 
when  it  is  cut  off  and  removed  to  be  packed. 

Hook-mo'tion.  (.S'Icayn-cnginc.)  A  valve-gear 
having  hooks  for  actuating  and  reversing. 

Hook-rope.  (Xautical.)  One  .six  or  eight  fath- 
oms long,  with  a  hook  and  thimble  spliced  at  one 
end  and  whijiped  at  the  other.  It  is  used  to  drag 
chain  and  for  similar  purposes. 

Hook-6carf.  (Carpentry.)  A  mode  of  fastening 
timbers  together  endways,  so  that  they  lock  to  each 
other.     See  Scarf. 
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Hookin^-Frame. 

Hook-tool.  (LiUhe.)  a.  A  form  of  hand-tool 
used  in  niL'tiil  tiiruiiig,  which  is  of  a  hook  shape, 
and  is  suiiported  on  a  rest  below  and  beyond  which 
it  extends.     A  Hanoing-tocil  {which  see). 

b.  A  wood-tnrniiif;  tool  having  a  bent  portion 
xised  for  bottoming  boxes,  or  lids,  or  other  hollow 
work.     See  Fig.  2545. 

Hook-'wrench.  A  form  of  spanner  which  has 
a  bent  end  adapted  to  grasp  a  nut  or  coupling  piece 
and  turn  it.     See  Fig.  2545. 

Hoop.  1.  (Coopcrincj.)  A  strip  of  metal  or  wood 
united  at  the  ends  and  driven  around  a  cask  to  hold 
the  staves  together. 

Hoops  for  cssks  are  known  as  :  — 

BiiUjc-Xioof  ;  tlie  hoop  nearest  the  swell  of  a  cask. 

Chiiic  or  chime  hoop  ;  or  ltfad-\mo\> ;  the  hoop 
nearer  to  the  end  or  chhtc. 

Flaf.-]\oo\i ;  a  tliin  hoop  ;  flat  on  both  sides. 

Half-round  hoop  ;  a  hoop  whose  outside  is  the 
undressed  exterior  of  the  pole. 

Qaartcr-hoop  ;  an  intermediate  hoop  between  the 
bulge  and  chine. 

ynjss-hoop  ;  a  stout  hoop  of  wood,  used  before 
or  preliminary  to  the  tinal  liooping. 

2.  (Naulical.)  a.  One  of  the  rings  to  which  the 
weatlier-kach  of  a  fore-and-aft  sail  is  bent,  and  by 
which  it  sliiles  on  the  mast  or  slay  as  the  sail  is 
hoisted  or  lowered.      A  hank. 

b.  A  banil  on  a  wooileu  anchor  stock. 

3.  (Milling.)  a.  Tlie  enclosing  case  of  a  run  of 
stones.  It  stands  on  the  husk,  a  is  the  runner,  b 
the  bed-stone. 

Fig.  2547- 


Grindin^-Mitl. 


b.  A  metallic  band  around  a  mill-stone. 

4.  A  strap  around  an  eccentric. 

5.  (Apjmrcl.)  a.  A  thin  strip  (usually  of  steel  and 
covered  with  braid),  used  in  expanding  the  skirts  of 
ladies'  dresses. 

b.  A  frame  made  of  pliable,  steel,  braid-covered 
hoops,  united  by  vertical  tapes  and  adapted  to  ex- 
pand tile  skirt  of  a  lady's  dress.  Frames  of  similar 
shape  but  ditlerently  constructed  were  in  use  in  the 
time  of  I'lipe  and  of  Queen  Bess, 

Hoop-beiid'ing  Ma-chine'.  (Coopering.)  A 
m.'icliine  for  ('iirving  hoops  ;  geneially  consisting  of 
a  set  of  three  rollers  between  which  tlie  hoop  is 
passed,  the  upjier  roller  acting  against  and  between 
the  two  lower  ones,  and  having  its  lower  surface  de- 
[U-essed  below  the  upjier  line  of  the  two  lower  ones. 

Hoop-coil'ing  Ma-cbine'.  (Cooper imj.)  A 
machine  by  whicli  s)ilit,  .sawn,  or  cut  hoop-.stnff  for 
barrels  is  wound  upon  a  drum  so  as  to  be  secured 
in  a  coiled  condition  ibr  shipment  and  use. 

Hoop-cramp.  (Coopering.)  A  ring-clutch  for 
holding  the  ends  of  a  hoop  which  are  lajiped  over 
eaidi  other. 

Hoop  -  crimp'ing  Ma-chine'.  (Coopering.) 
One  for  giving  the  bend  to  hooii-stulf  to  render  the 
hiiojts  tractable  in  fitting  to  bairels  and  casks. 

Hoop-cut'ting  Ma-chine'.  (Coirpcring .)  One 
for  cutting  IVom  tlie  log  or  from  the  edge  of  a  board 
a  slat  for  a  hoop.  When  made  from  the  log,  the 
latter  is  rotated  between  each  cut,  and  the  knife 
juakes  an  incision  a  deiith  eipial  to  tlie  width  of  the 
hoop,  which  is  removed  by  another  cutter.  In  cut- 
Fig.  2548. 


Hoop-Cuttmg  Machine. 

ting  from  a  board,  a  reciprocating  knife  C  cuts  hoops 
fiom  the  edge  of  a  plank  resting  on  a  table  which 
is  alternately  raised  and  lowered  by  a  cam  i  to  im- 
part an  edgewise  taper  or  bevel  to  the  hoops. 

Hoop-dress'ing  Ma-chine'.  (Coopering.)  A 
machine  for  dressing  rived  lioops  to  an  even  thick- 
ness. In  the  example,  the  lioops  are  dressed  by 
means  of  a  revolving  cutter-wheel,  in  connection 
with  a  guide-block  and  pressure  and  feed  roller. 
The  lower  jiart  of  the  figure  .show^s  the  operation  more 
in  detail,  the  hoop  passing  between  the  rotary  cutter 
B  and  the  bend-block  //.     L  is  the  feed-roller. 

Hoop-driv'er.  {Coopering.)  a.  A  hand-tool 
which  is  rested  on  the  edge  of  the  hoop  and  beaten 
liy  a  hammer  or  mallet  to  force  the  hoop  on  to  the 
cask. 

b.  A  machine  by  which  the  hoops  are  forced  on 
simultaneously. 
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Fig.  2349. 


Fig,  2550. 


Hoop-Driving  Machine, 


Hoop-Dresser, 


Attached  to  a 
screw-shaft  re- 
volved by  gearing 
is  a  head  to  which 
are  pivoted  pen- 
dant drivers,  which 
are  adjusted  to  the 
side  of  the  cask  by  a  cam-disk  with  projections  on 
the  peripliery  that  force  the  drivers  outward  as  it  is 
turned,  ami  by  revolving  the  screw-shaft,  tlie  head 
is  depressed  and  drives  the  hoops  upon  the  cask. 

Hoop'ing.    (Founding.)    The  iron-work  around 
a  niolding-hox. 
Hoop-iron.     Flat,  thin  bar-iron. 
Hoop-lock.      1.   {Coopering.)     a.  A   mode   of 
connecting  the  ends  of  the  split  pole  or  slat  which 
forms  a  hoop. 

b.  One  of  the  interlocking  notches  near  the  ends 
of  a  barrel-hoop. 

Machines  are  made  for  cutting  hoop-locks,  having 
descending  cutters  shaped  to  the  curved  form  of 
the  notch  rcfpiired. 

2.  A  fastening  for  the  ends  of  hoops  ;  used  in 
baling  hay  or  cotton.     See  B.\Lr.-TiE. 

Hoop-plan'ing  Ma-chine'.  (Coopering.)  A 
machine  for  thinning  down  and  dressing  the  surface 
or  surfaces  of  hoop-pole  stuff,  or  of  stuff  sawed  or 
cut  for  hoops.     See  Honv-Dr.EssiNG  Machine. 

Hoop-punch'ing  Ma-chine'.  (Coopering.)  A 
machine  for  punching  rivet-holes  in  iron  hoops  for 
casks. 

Fig.  2551 

1^"- 


Hoop-rack'ing    Ma-chine'. 

(Coopering.)  One  lor  forcilily  bend- 
ing rived  lioops  to  make  them  tracta- 
ble in  jilacing  them  around  casks. 

Hoop-riv'ing Ma-chine'.  {Coop- 
ering.\  A  machine  in  which  the  bar 
of  wood  to  be  rived  is  sawed  out  of 
a  proper  width  for  the  hoop  refjuired, 
and  the  end  checked  by  a  gang  of 
circular  saws.  Tlie  end  is  then  placed 
between  the  guiding  friction  wheels 
and  advanced  to  the  groove  of  the 
wheel,  where  it  is  seized  by  the  bite 
of  the  upper  pressure  disk,  and  pass- 
ing along  is  deflected  upwards  by 
another  wheel  emerging  from  be- 
tween the  latter  wheel  and  the-  itp- 
per  disk  in  a  riven  condition. 

Hoop-saw 'ing  Ma-chine'. 
(Coopering.)  a.  A  niacldne  in  which 
gaged  stuff  is  fed  to  a  gang  of  cir- 
cular saws  and  reduced  to  dimensions 
for  making  hoops.  In  the  example, 
the  saw-shaft  has  journal  bearing 
either  above  or  below  the  guiile-roU- 
ers.  The  guide-rollers  are  kept  in  their  journals  by 
pins  traversing  the  upwardly  projecting  sides  of  the 
said  journals. 

b.   A  machine  which  removes,   by  .successive  ac- 
tions, a  thin  strip  for  the  edge  of  a  board. 

Fig.  2552. 


Hoop-Sawing  Machine. 

c.  A  machine  which  saws  hoops  from  a  log,  which 
is  rotated  between  each  cut,  the  thickness  of  a  hoop 
plus  the  kerf ; 


Hoop-Riving  Machine. 


the  saw  cutting 
down  into  the 
log  the  width 
of  a  hoop,  and 
a  second  saw  or 
a  cutter  remov- 
ing the  hoop  so 
cut. 

H  o  o  p  - 
shav'ing  Ma- 
chine'. ( Coop- 
ering.) One  for 
reducing  the 
thickness  of 
hoop  stuff,  and 
dressing  the 
edge  which  lies 
againstthecask. 
See  Hoop- 
DREssixo  Ma- 
chine. 


Fig.  2553. 


Hoop- Skirt 
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Hoop-skirt.  The  I'aidiiigale  of  t}ie  time  of 
Qiu'i'n  Kli^abetli.  See  also  the  "  Tatler,"  January  5, 
1710. 

The  nioilern  hoop-skirt  is  formed  of  braiil-covereil 
flat  steel-wire  lioops,  united  by  tapes  and  slia]ied 
upon  a  former.  Various  ingenious  devices  are  adopted 
for  making,  tempering,  covering,  marking,  and  siz- 
ing the  wire,  for  clasping  the  spangles  which  unite 
the  tapes  and  wires  at  their  intersections. 

Hoop  Splay'ing  aud  Bend'ing  Ma-chine'. 
{Cooper inij.)  A  maidiine  for  spreading  lioo[i-irou  on 
one  siile  so  as  to  enable  it  to  set  snugly  on  the  bilge, 
and  at  the  same  time  bending  the  hoop  to  the  curve 
of  the  cask. 

Hoop-split'tiiig  Ma-chine'.  {Coopering.)  A 
machine  to  rive  hoops  from  stuff  properly  prepared. 
See  Hodi'-uivtNO  M.\CHINE. 

Hop-back.  (Breimng.)  The  vessel  beneath  the 
copper  which  receives  the  infusion  of  malt  and 
hops,  and  has  a  perforated  bottom  which  strains  otf 
the  hops  from  the  unfermented  beer. 

Hop-dry'er.  A  chamber  in  which  hops  are  ar- 
tificially ilricd.  In  the  example,  a  tilting  drying- 
frame  runs  on  a  track  extending  through  the  drying 


Hop-Dryer. 

and  store  rooms,  so  that  the  hops,  after  drying  above 
the  furnace  in  the  former  room,  may  be  deposited  in 
the  latter. 

Also  called  an  oast,  or  hop-kiln. 

Hop-frame.  (Agriculture.)  A  trellis  on  which 
hops  are  supported  while  growing.  Hops  are  usu- 
ally grown  on  poles,  which  are  piilled  out  of  the.  ^ 

ground  and  laid  across  trestles  for  the  convenience^ 

of  the  hop-pickers.  Hop-frames  are  some  of  them 
made  to  recline  to  bring  them  within  reach  of  the 
pickers. 

Hop'per.  1.  (Machinery.)  A  chute  for  feeding 
any  material  to  a  machine.  It  is  generally  of  an  in- 
verted frustal  .shape,  as  in  brick-machines  for  feed- 
ing clay  to  the  pug-mill  ;  in  winnowing-machines, 
for  feeding  the  grain  and  chaff  to  the  upper  riddle  ; 
in  grinding-niills,  for  feeding  grain  to  the  stones. 
Its  name  is  derived  from  the  latter,  as  it  used  to  be 
shaken  by  a  damsel  (projection)  on  the  spindle,  in 
order  to  keep  the  grain  fed  down  into  the  throat. 
It  now  feeds  the  grain  into  a  shaking  shoe,  which  is 
agitated  by  the  damsel.     See  Grindino-mill. 

The  term  is  also  applied  to  the  reservoir  which 
contains  the  grain  in  seeding-machines,  planters, 
drills,  etc. 

The  term  is  also  applied  to  a  feeder,  such  as 
the  fuel  reservoir  of  a  stove. 

The  holder  of  blanks  in  a  machine,  as  the 
screw-blanks  in  a  screw-cutting  machine.     The 
planchets  in  a  coining-machine,  eyelets  or  spangles 
in  machines  using  those  articles,  and  many  others 
too  numerous  to  mention. 

2.  The  basin  of  a  .water-closet. 

3.  (Glass,)  A  conical  vessel  suspended  from 
the  ceiling,  containing  sand  and  water  for  the  use 
of  the  glass-cutter. 


Big.  2ooo. 


4.  (Music.)  A  jointed,  upright  piece  attached  to 
the  back  of  a  key  in  a  piano-forte  movement,  to  lift 
the  hanmier,  instead  of  the  stiff  wire  or  lifter  iised 
formerly.  It  is  an  arrangement  for  allowing  the  key 
to  impel  the  hammer  and  then  escape  from  it,  so  that 
the  hammer  is  free  to  fall  away  from  the  string  im- 
mediately. It  is  a  feature  of  the  double-action 
piano-forte  movement.     See  PiAKO-FonTE. 

Hop'per-boy.  A  device  in  a  grinding-mill,  con- 
sisting of  a  revolving  rake  drawing  the  meal  over  a 
discharge  opening  in  the  floor.  Invented  by  Oliver 
Evans. 

Hop'per-cock.  A  valve  for  water-closets,  etc. 
In  thecx.ample, 
pressure  on  the 
seat  depresses 
the  stem  £  with 
itsvalve,  allow- 
ing the  water  to 
pass  through 
and  out  of  the 
opposite  educ- 
tion opening. 
When  the  pres- 
sure is  relieved 
the  \veight  N 
on  the  lever  M 
attached  to  the 
rod  E  lifts  the 
valve  again 
into  its  seat. 

Hop-pick'- 
er.  {Husban- 
dry.) A  ma- 
chine  for 
picking  hops. 
The  branches 
are        stripped  Hopper.  Cock. 

from  the  vines  and  passed  into  the  machine  between 
Fig.  2666. 


Hop-Picker. 


HOPPLE. 
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the  feed-rollers,  when  they  encounter  the  teeth  of  the 
picker,  which  detach  the  hops  from  the  vines  and  pass 
both  through  the  trough  into  the  screen,  wherefrom  the 
hops  drop  into  the  shaker,  whence  they  are  conveyed 
by  the  elevator  to  .sacks. 

The  figures  are  re.spectively  a  side  elevation  and 
longitudinal  vertical  section. 

Hop'ple.  (Menage.)  A  device  for  confining  the 
legs  of  horses  so  as  to  hamper  their  motion  and  thus 
restrain  their  wandering.     A  hobble. 

The  devices  are  principally  mode.s  for  shortening 
their  step  and  thus  reducing  their  speed,  as  well  as 
lessening  their  inducement  to  stray,  owing  to  the  in- 
convenience of  motion  and  unaccustomed  restraint. 

a  is  one  intended  for  training.  The  pads  are 
strajiped  around  the  pastern  and  above  the  knee  re- 
spectively, and  are  connected  to  each  other  by  a 
rubber  band  rove  through  a  staple  on  the  upper  pad, 
and  regulated  as  to  length  by  the  buckles  on  the 
lower  pad. 

b  is  Captain  Eagle's  hopple,  in  which  the  coup- 
ling-strap ling  moves  in  staples  in  the  fetlock  straps, 
and  does  not  tend  to  rotate  the  latter  and  thus  gall 
the  limb. 

c  has  coupling-loops  which  divide  the  abrasive 
motion  between  them. 

d  has  a  strap  which  slips  through  the  ring  instead 
of  turning  the  leg-band. 

Hop-pole.  (Husbandry.)  A  training-pole  for 
hops.     It  consists  of  little  but  a  simple  sapling  or 


Fig.  2557. 


Fig.  2553. 


Hop-Press. 


platform  (cr,  lower  figure),  with  raised  sides,  and 
legs  arranged  for  leveling.    A  gla.ss  roof  protects  the 


Fig.  2559. 


Hopples 


trunk  of  one  of  the  lighter  trees,  the  wood  depend- 
ing upon  the  means  and  kinds  at  hand. 

Hop-pres3.  (Brctcing.)  A  machine  for  ex- 
pressing the  liquid  from  hops  after  boiling. 

In  the  press  shown,  a  rapid  rotation  of  the  screw 
in  the  early  part  of  the  operation  is  obtained  through 
the  bevel  gear  X  M  by  turning  the  hand-wheel. 
When  the  resistance  becomes  great,  the  hand-wlieel 
is  thrown  out  of  gear  and  a  worm-wheel  connected, 
which  by  turning  cranks  R  gives  a  slow  but  power- 
ful impulse  to  the  screw. 

Ho-ri'zon,  Ar-ti-fi'cial  (Optics.)  A  rectangular 


Lant^s  Artificial  Horizon. 

mercury,  which  is  poured  upon  the  platform  and 
forms  the  horizon. 

Lane  has  a  method  of  detennining  the  artificial 
horizon  for  sextants,  etc.  To  a  sextant  b  of  the 
usual  construction,  with  an  index-glass,  horizon- 
glass,  and  eye-piece,  is  added  a  vertical  niirror  or 
reflecting  .surface  a,  the  plane  of  which  is  perpen- 
dicular to  a  continuarion  of  the  visual  ray  passing 
from  the  eye-piece  and  intersecting  a  hair-line  b,  or 
its  equivalent,  which  is  placed  in  the  frame  of  the 
horizon-glass,  or  at  any  point  between  the  mirror  a 
and  the  eye,  where  it  can  be  seen  by  the  latter,  with 
or  without  the  aid  of  a  lens. 

The  plane  of  the  horizon  is  a  tangent  to  the  cur- 


HORIZOX-GLASSES. 
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viitiu'e  of  tile  earth  at  any  jilace,  ami  is  assunieil 
very  nearly  by  the  surface  of  a  tjuieseent  liquid, 
whiuli  tluis  bci.'onies  an  artitiiial  horizon  from  wliii'h 
tint  allituile  —  of  a  heavenly  body,  for  instance — may 
Ik  ineasurerl.  From  the  law  of  the  reflection  of 
light,  it  follows  that  the  angle  subtended  at  the  eye 
of  an  oUs  'rver  by  a  star  and  its  image  as  seen  re- 
llcrted  from  such  a  licjnid  surface  is  twice  that  of  the 
altitude  of  the  star  aljove  the  horizon.  On  account 
of  its  high  reliecting  power,  mercui-y  is  the  liijuid 
generally  used  for  an  artilicial  horizon. 

A  horizontal  spinning  speculum  was  adopted  by 
Lerson,  of  England,  and  tliis  was  improved  by 
.Smeaton,  who  used  a  polishsd  metallic  speculum 
about  three  and  a  half  inches  in  diameter  enclosed 
in  a  circular  rim  of  brass,  so  fitted  that  the  center 
of  gravity  of  the  whole  shall  fall  near  the  spot  on 
which  it  spins.  This  is  the  end  of  a  steel  a.\is  run- 
ning through  the  center  of  the  speculum,  above 
which  it  linishes  in  a  sipiare  for  the  convenience  of 
fitting  a  roller  on  it,  bearing  a  piece  of  tape  wound 
round  it.     It  spins  in  an  agate  cup. 

Ho-ri'zon-glass'es.  (Optics.)  The  two  specu- 
lums  on  one  of  the  radii  of  a  quadrant  or  sextant. 
The  one  half  of  the  tore  horizon-glass  is  silvered, 
while  the  other  half  is  transparent,  in  order  that 
an  object  may  be  seen  directly  through  it.  The  back 
horizon-glass  is  silvered  above  and  below,  but  has 
a  transparent  stripe  across  the  middle,  through  which 
the  horizon  can  b'  seen. 

Hor-i-zon'tal  Di'al.  Oue  with  a  plane  parallel 
to  the  horizon,  having  its  gnomon  elevated  according 
to  the  latitude  of  tile  place. 

Hor-i-zon'tal  Drill.  {Ufachiner;/.)  A  boring- 
m.ichine  whose  drill-arbor  works  horizontally  and 
parallel  with  the  bed  to  which  the  work  is  dogged.  It 
lias  variable  feed  and  quick  hand  traverse  to  boring- 
spindle,  arranged  so  as  to  be  changed  instantly  from 

Fig.  2560. 


friction.  The 
)iarts  are  delicate 
and  hard  to  re- 
pair. The  cylin- 
der has  been 
made  of  a  ruby, 
but  at  great  ex- 
pense. 

Hor-i-zon'- 
tal Lathe.  A 
irrtical  turiiing 
and  boring  ma- 
chine.  The  one 
illustrated  is  set 
up  in  the  Boston 
Navy-Yard,  and 
is,  perhaps,  the  i. 
largest  in  use,  be- 
ing of  such  a  size 


Fig.  2561. 


b'ellfrs's  Horizontal  Brilt. 

one  to  the  other ;  compound  tables  arranged  to 
move  vertically,  with  horizontal  movement  at  right 
angles  and  parallel  to  drilling-spindle  ;  the  arbor 
which  carries  the  drilling-npindle  is  arranged  with 
face-plates,  so  that  the  machine  can  be  used  as  a 
face-lathe. 

Hor-i-zon'tal  Es-cape'ment.  One  in  which 
the  impulse  is  given  by  the  teeth  of  a  horizontal 
wheel  acting  on  a  hollow  cylinder  on  the  axis  nf  the 
balance.     It  was  invented  by  Graham,  about  1700. 

The  diagram  shows  the  action,  the  cjdinder  being 
representeil  in  two  positions  at  different  portions  of 
its  oscillation.  The  pallets  a  h  c  nn  the  wheel  rest 
alternately  on  the  inside  and  the  outside  of  the  cyl- 
mder,  their  beveled  edges  sliding  against  the  edges 
of  the  cylinder,  to  communicate  an  impulse  thereto. 
It  is  a  dead-beat  escaiicmcnt.     There  is  considerable 


Horizontal  Escapement. 


that  a  monitor  turret  can  be  turned  in  it  entire. 
The  work-table,  instead  of  traveling  in  .slides,  is 
circular,  and  revolves  like  a  face-plate  on  a  vertical 
axis.  The  tools  are  held  in  heads  on  a  cross-slide, 
which  is  fitted  to  two  uprights  resting  on  cheek- 
jiieces  bolted  to  the  main  casting  or  foundation- 
piece. 

On  the  under  side  of  the  revolving  table  is  a  bevel- 
gear  driven  by  a  pinion,  which  may  be  backed  out 
of  gear  by  means  of  a  hand-wheel  on  a  thread  on  the 
horizontal  shaft.  Thehubof  thispinion,  beingsliglitly 
larger  in  diameter  than  the  pinion  itself,  isu.sed  as  a 
journal,  by  means  of  which  the  pinion  is  caused  to  re- 
volve with  great  steadiness,  and  when  out  of  gear  the 
pinion  is  within  the  pillow-block.  This  is  required 
when  a  quick  motion  is  given  to  the  table  by  means  of 
a  pair  of  miter-gears,  one  of  which  is  attached  to  the 
lower  end  of  the  table-bearing.  One  of  the  heads  on 
the  cross-slide  is  fitted  for  drilling,  the  spindle  being 
4i  inches  diameter,  with  a  travel  of  18  inches,  inde- 
j)endent  of  the  cross-slide.  Tliis  drill-.spindle  is 
driven  by  means  of  miter-gears  and  shafting  from  a 
cone  placed  on  the  top  of  the  npjier  cross-brace. 
The  revolving  table  is  driven  by  means  of  a  6-inch 
belt  running  on  a  5-speeded  cone,  the  smallest  pulley 
of  which  is  17  inches  diameter,  the  largest  34 
inches,  strongly  back-geared  in  such  manner  as 
to  allow  20  diilereiit  speeds.  The  conical  bear- 
ing of  the  revolving  table  is  lined  with  Babljitt 
metal.  By  placing  the  uprights  with  cross-slide 
near  the  revolving  table,  the  drill  may  be  placed  at 
any  point  within  the  .surface  of  a  diameter  of  12 
feet ;  while  in  the  same  po.sition  the  other  head  may 
be  used  for  the  purpose  of  boring,  facing,  or  turning 
anything  of  the  same  size.  By  moving  back  the 
uprights  near  the  ends  of  the  cheek-pieces  the  ma- 
chine is  capable  of  boring,  facing,  or  turning  any- 
thing up  to  24  feet  diameter.  The  main  casting,  in 
which  the  table  revolves,  is  10  feet  4  inches  square 
by  24  inches  deep,  except  at  the  center,  where  a 
projection  receives  the  lower  end  of  the  bearing ;  at 
this  point  it  is  9^  inches  deeper.  This  casting 
weighs  26,000  pounds  ;  weight  of  circular  table, 
13,000  ;  weight  of  the  cheek-pieces  on  which  the 
uprights  move,  14,000  pounds  each.  These  jiieces 
are  21  feet  long,  24  inches  high,  3  inches  wide  ;  the 
cross-slide  l.'i  feet  long,  33  inches  high,  deepest  part 
of  arched  back  22  inches.  This  is  cast  hollow.  The 
two  uprights  are  connected  at  their  ujiper  ends  by 
means  of  a  cross-brace  11  feet  4  inches  long  by  36 
inches  deep.  The  tool-holder  slide  weighs  1,000 
pound.s,  and  is  fitted  with  rack  and  pinion  for  quick 
movements,  and  screw  for  self-feed.  The  cross-slide 
is  raised  or  lowered  by  means  of  screws  and  worm- 
wheel  driven  by  power.     The   uprights,  with  the 
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cross-slide,  may  also  he  moved  to  and  fro  on  the 
cheek-pieces  by  means  of  power  applied  to  screws 
working  in  nuts  at  their  lower  ends. 


Fig.  2562. 


Hor-i-zon'tal  Mill.     A  mill  in  which  the  acting 
surfaces  are  in  a  horizontal  plane  at  right  angles  to 


the  vertical  a.vis  of  the 


rotating  stone  or  stones. 
The  term  is  in  contradis- 
tinction to  the  edge-mill, 
otherwise  known  as  the 
Chilian  mill.  Arrastras, 
amalgamating-pmis,  and 
grain-grinding  mills  are 
instances  of  the  horizontal 
mill.  Seelist  under  Mill. 
Hor-i-zou'tal  Stecun- 
en'gine.  (Slaim.)  One 
the  a.xis  of  whose  cylinder 
is  horizontal.  A  very 
usual  form  in  factories, 
mills,  and  Western  steam- 
boats. 

Hor-i-zon'tal  Wa'- 
ter-Tvheel.  {H)/draiilic 
Eiiginrrring.)  a.  One  run- 
ning ou  a  vertical  axis,  as 
do  the  turbines  generally. 
The  term  is,  however, 
specifically  applied  to  a 
wheel  having  radial  floats 
upon  which  a  stream  of 
water  is  da.shed,  usually 
from  a  considerable  eleva- 


Hinizontal  Lathe. 


tion.     The  floats  may  be  .set  .spirally,  so  as  the  better 
to  receive  the  impact  of  the  water. 

This  form  of  wheel  has  but  little  prominence  in 

this  country,  but 
Fig.  2563.  is  used  in  Central 

Americaand  some 
other  places  where 
a  small  body  of 
water  with  a  con- 
siderable head  is 
available,    and 
the      mechanical 
appliances     at 
hand  will  not  fur- 
nish  a  better 
arrangement. 
h.  A  turbine,  as  it  is  usually  arranged. 
Horn.     1.   A  hard  projection  from  the  heads  of 
certain  animals,  cattle,  sheep,  and  goats.     Mechani- 
cally and  chemically  speaking,  the  hor7is  of  these 
animals  must  not  be  confounded  with  the  antlers  of 
the  various  species  of  deer,  which  are  more  nearly 
allieil  to  bone  and  ivory.     The  finer  varieties  of  horn 
71 


Horizontal  Waler-Wieet. 


have  but  2  or  3  per  cent  of  earthy  matter,  wliile 
bones  have  over  50  per  cent.  If  we  seek  for  other 
articles  nearly  allied  to  true  horn,  we  shall  find  them 
in  tortoise-shell,  hoofs,  claws,  nails,  quills,  whale- 
bone. 

The  bony  core  of  the  horn  being  removed,  the  next 
process  is  to  cut  off  with  a  saw  the  tip  of  the  horn,  that 
is,  the  whole  of  its  solid  part,  which  is  used  by  the 
cutlers  for  knife-handles,  is  turned  into  buttons,  and 
is  applied  to  sundry  other  purposes.  The  remainder 
of  the  horn  is  lel^t  entire  or  is  sawn  acro.ss  into 
lengths,  according  to  the  use  to  which  it  is  des- 
tined- 
Next,  it  is  immersed  in  boiling  water  for  half  an 
hour,  by  which  it  is  softened  ;  and  while  hot  is 
held  in  the  flame  of  a  coal  or  wood  fire,  taking  care 
to  bring  the  inside  as  well  as  the  outside  of  the 
horn,  if  fioni  an  old  animal,  in  contact  with  the 
blaze.  It  is  kept  here  till  it  acquires  the  tempera- 
ture of  ^lelting  lead  or  thereabouts,  and  in  conse- 
quence becomes  veiy  soft.  In  this  state  it  is  slit 
lenifthwise  by  a  strong  pointed  knife  like  a  pruning- 
knife,  and  by  means  of  two  pairs  of  pincers,  applied 
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Fig.  2664. 


HorTrK. 


one  to  t'licli  edge  of  the  slit,  the  cylinder  is  opened 
nearly  ihit. 

Thi'  degree  of  compression  is  regulated  hy  the  use 
to  which  the  horn  is  afterwards  to  be  applied  ;  when 
it  is  intended  for  leaves  of  lanterns,  tlie  pressure  is 
to  be  sufficiently  strong  (in  the  language  of  the  work- 
men) to  break  the  grain  ;  by  which  is  meant  sei)aiat- 
ing  in  a  slight  degree  the  laminse  of  which  it  is 
composed,  so  as  to  allow  a  round-pointed  knife  to  be 
introduced  between  them  in  order  to  effect  a  com- 
plete separation.  Tlie  ]ilates  are  laid  one  by  one  on 
a  board  corered  with  hide,  and  being  fastened  down 
;ne  sera]jed  with  a  draw-knife  ;  when  reduced  to  a 
proper  thickness  and  smoothed,  they  are  poli.shed  hy 
a  woolen  rag  dipped  in  charcoal  dust,  adding  a  little 
water  from  time  to  time  ;  they  are  then  rubbed  with 
rottenstone,  and  polished  with  horn  shavings. 

For  combs,  the  plates  of  horn  should  be  pressed 
as  little  as  possible,  so  that  the  teeth  may  not  split 
at  the  points.  They  are  shaped  chielly  by  means  of 
rasps  and  scrapers  of  various  forms,  after  having 
been  roughed  out  by  a  hatchet  or  saw  ;  the  teeth  are 
cut  by  a  doulile  saw  fixed  in  a  hack,  the  two  blades 
being  set  to  different  depths,  so  that  the  first  cuts 
the  tooth  only  half-way  down,  and  is  followed  by  the 
other  wliich  cuts  to  the  full  depth  ;  the  teeth  are 
then  finished  and  pointed  hy  triangular  rasps.  Ar- 
ticles too  large  to  be  made  from  a  single  plate  of  hoi-n 
are  made  by  joining  two  or  more  jjlates  together 
by  heating  them  sufficiently  to  melt,  but  not  to  de- 
compose, the  horn,  and  subjecting  them  to  pressure  ; 
when  well  done  the  juncture  cannot  be  perceived. 

If  a  work  in  horn,  as  a  large  comh,  is  required  to 
be  of  a  curved  or  wavy  figure,  it  is  finished  flat,  and 
is  then  put  into  boiling  water  until  it  becomes  soft, 
when  it  is  transferred  to  a  die  of  liard  wood,  in 
which  it  is  pressed,  and  there  remains  until  cold. 

Horn  is  colored  by  boiling  it  in  infusions  of  colors. 
Imitations  of  tortoise-shell  are  made  by  applying  hot 
a  solution  of  pearlash,  quicklime,  litharge,  and  drag- 
on's blood.  This  is  laid  on  in  streaks  and  blotches 
to  imitate  the  shell,  and  a  second  application  gives 
the  darker  spots.  Horn  drinking-cups  are  made  hy 
cutting  the  horn  into  lengths,  softening,  expanding 
the  horn  on  a  wooden  mold,  turning,  polishing,  bot- 
toming, and  mounting.  The  bottom  is  cut  out  hya 
croimi  saw,  and  is  pushed  into  a  gi'oove  near  the  bot- 
tom of  the  cup,  the  softened  horn  allowing  it  to 
pass,  and  contracting  to  hold  it  safely. 

Horn  for  knife-handles  is  sawn  into  blanks, 
heated,  pared,  and  partially  shaped  ;  then  heated  in 
water  and  jii'pssed  between  dies.  It  is  afterwards 
scraped,  biitfed,  and  polished. 

Deer-horns  are  worked  like  hone  or  ivory. 

2.  {Music. )  A  wind  instrument  of  metal,  of  which 
many  elegant  and  excellent  instruments  maybe  con- 
sidei-ed  as  varieties.  The  name  (liorn)  suggests  the 
article  first  used  for  the  purpose  :  — 


Bugle. 

Clavicor. 

Cornet. 

Cornopean. 

Duplex-pelitti. 

French-horn. 

Helicon. 

Hunting-honi. 

Kent-bugle. 


Key-bugle. 

Opliicleide. 

Post-horn. 

Sarrusophone. 

Saxhorn. 

Saxophone. 

Trombone. 

Trumpet. 

Tuba. 


The  French  horn  is  a  brass  musical  instrument,  of 
a  complex,  spiral  form,  increasing  in  diameter  to  its 
end  or  mouth.  The  tone  is  governed  hy  pistons, 
or  by  crooks  which  change  the  pitch,  and  the  char- 
acter of  the  tone  hy  the  hand  inserted  into  the  mouth 
or  pavilion. 
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The  horn  of  the  wild  bull,  tipped  with  silver  and 
slung  by  a  silver  chain,  was  the  buijh  horn  of  the 
hunter  in  former  times. 

The  "  echo  "  attachment  of  the  horn  or  bugle  is  a 
switch  on  one  of  the  convolutions  of  the  instrument, 
by  which  the  sound  is  conducted  through  a  small 
pipe,  and  a  diminuendo  effect  produced,  resembling 
an  echo. 

The  tuba  is  a  bass  horn,  —  name  from  its  shape. 

Some  of  these  instruments,  as  those  marked  a,  b,  c, 
d,  e,f,  h,  j,  in  the  accompanying  cut,  are  made  en 
suite,  of  sizes  and  compass  to  take  different  parts  in 
concerted  pieces  of  music,  and  arg  known  as,  — 

Soprano.  Bass. 

Contralto.  Double-bass,  or 

Tenor.  Contra-bass,  etc. 

Baritone. 

Or  by  the  pitch  of  the  key  of  the  instrument,  as  :  — 

E-flat.  B-fiat,  etc. 

The  accompanying  cut  shows  several  varieties  :  — 

a  Sarrusophone.  g  Clavicor. 

b  Saxophone.  h  Trombone, 

c  Duple.K  pelitti.  i  Trumpet. 

d  d  comets  a  pistons.  j  Ophicleide. 

,e  Helicon  <l  pistom.  k  Hunting-horn. 

///  Saxhorns.  /  Post-horn. 

3.  (Mechinic^.)     A  projecting  portion  of  an  object. 

4.  (Saddlery.)  a.  The  high  pommel  of  a  Spanish 
or  lialf-Spanish  saddle.     Sometimes  made  of  horn. 

b.  The  projections  on  the  forward  jiart  of  a 
woman's  saddle,  between  which  the  right  leg  is 
placed.  The  inside  one  is  the  small-horn,  the  outer 
the  larrjc-twrn. 

5.  (Forgiar/.)  The  6cafc  of  an  anvil  around  which 
objects  are  bent. 

6.  (yautic'xl.)     a.  The  arm  of  a  cleat  or  kevel. 

b.  One  member  of  the  jaw  of  a  boom. 

7.  (Mining.)  A  .spoon  or  .scoop  of  horn,  in  which 
washings  are  tested  in  prospecting. 

8.  {Milling. )  One  of  the  points  of  a  driver,  on  the 
summit  of  a  millstone  spindle,  and  which  project 
into  the  cqflins  of  the  runner  to  convey  the  motion 
of  the  spindle  thereto. 

9.  One  of  the  prongs  or  cratches  of  an  elevating 
screw  or  jack. 

10.  A  curved  projection  on  the  forepart  of  a 
plane. 

11.  A  powder-fl.isk,  of  horn. 

Horn,  Ar-ti-fi'ciaL  a.  An  artificial  horn  for  lan- 
terns was  made  some  70  years  since  in  France,  con- 
sisting of  bra.ss  gauze  dipped  repeatedly  in  dissolved 
isinglass  and  varnished. 

h.  Gelatine  from  bones,  tanned  by  the  ordinary 
process.  It  is  used  for  the  same  purposes  as  horn  or 
tortoise-shell.  It  is  softened  by  boiling  in  a  solu- 
tion of  potash,  when  it  may  be  pressed  into  shape 
and  dried  between  molds.  It  may  be  inlaid  while 
in  the  soft  state,  and  stained  or  striped  to  resemble 
fancy  woods. 

c.  Caoutchouc,  sulphur,  gutta-percha,  vulcanized 
by  heat ;  gypsum,  resin,  or  lead  may  be  added,  or 
matter  for  coloring. 

d.  Take  linseed-oil  10  pounds,  protochloride  of 
sulphur  1  pound,  bisulphide  of  carbon  3  pounds. 
Of  the  product  take  10  pounds ;  asphaltuni,  4 
pounds  ;  flowers  of  sulphur,  2  pounds  ;  crude  gutta- 
percha, 4  pounds.  Put  in  heater  and  raise  temper- 
ature to  300°  to  350°  F. 

e.  Horn  as  a  substitute  for  whalebone  :  — 

Boil  ox-horns  in  water,  then  in  oil,  press  while 
hot,  and  cut  into  shape  by  circular  saws. 


f.  Towers's  patent.  Rawhide  is  dipped  in  melted 
sulphur,  and  molded  while  in  a  heatcil  condition. 
See  also  Pyroxyline  ;  IvoRY,  Artificial. 

Horn-book.  A  primer  of  the  fifteenth  century. 
The  alphabet,  vowels,  and  Lord's  Prayer  were 
printed  on  a  slip  of  paper,  which  was  covered  with 
a  thin  layer  of  horn  to  keep  it  from  being  torn. 

Horn-card.  A  graduated  drafting  scale  or  pro- 
tractor, made  of  horn. 

Horn-drum.  {Hydraulic  Engineering.)  A 
water-raising  wheel  divided  into  sections  by  curved 
partitions.  It  resembles  one  form  of  Tympanum 
(which  see). 

Homr-Iead.  {Mining.)  Native  chloride  of  lead. 
So  called  from  its  consistence. 

Hom-mer'cu-ry.     See  Horn-quicksilver. 

Horn'pipe.  {Music.)  A  'Welsh  wind-instru- 
ment, having  a  wooden  pipe  with  holes  at  intervals, 
and  a  horn  at  each  end. 

Horn-plate.  {Railroad  Engineering.)  The  a3;?c- 
guard  or  vertical  frame  in  which  an  axle-box  slides 
up  and  down  as  the  springs  dilate  and  contract.  A 
pedestal. 

Hom-quick'sil-ver.  {Mining.)  Native  bi- 
chloride of  mercury  or  calomel. 

Horns.  (Mining.)  The  guides  for  the  ropes  on 
the  drum. 

Horn-sil'ver.  (Mining.)  Native  chloride  of 
silver.  So  called  from  its  conduct  under  the  cutting- 
tool.     Fused  chloride  of  silver. 

Horn-tip.  (Husbandnj .)  A  button  or  knob 
placed  on  the  end  of  the  horn  of  an  animal  of  the 
cow  kind.  It  is  usually  put  on  to  render  the  horn 
le.ss  dangerous,  sometimes  for  ornament. 

Horn-'work.    (Fortification.)   A  work  consisting 
of  two  ho  If -hast  ions  and  a  cnr- 
tain,  with  two  long  sides  called  F'B'  2565. 

icings,  which  connect  it  with 
the  main  work,  by  which  it  is 
commanded. 

It  is  an  extended  defensible 
position  to  occupy  advantageous 
ground  or  to  command  ground 
otherwise  unseen. 

Hor'o-loge.  A  timepiece  ;  a 
clock     or     watch.         See     next  Horn-Work. 

article. 

Hor'o-log'ic-al  In'stni-ments.  Time-meas- 
urers.    See  — 


Alarm-clock. 

Alarm-watch. 

Astronomical  clock. 

Balance. 

Barrel. 

Calendar-clock. 

Cannon-clock. 

Case- winding  watch. 

Center-seconds  watch. 

Chime-barrel. 

Chronograph. 

Chronometer. 

Clepsydra. 

Clock. 

Clock -movement. 

Clock-pillar. 

Compensation-balance. 

Compensation-pendulum. 

Count-wheel. 

Cuckoo-clock. 

Curb-pins. 

Dial. 

Dial-work. 

Ding-dong- 


Electric  clock. 

Electric  pendulum. 

Electric  time-ball. 

Electro-magnetic  clock. 

Ecjuation-watch. 

Escapement. 

Fusee. 

Flying-pinion. 

Globe-clock. 

Gnomon. 

Going-barrel. 

Going-wheel. 

Gridiron-pendulum. 

Hair-spring. 

Half-minute  glass. 

Hammer. 

Hammer-tail  spring. 

Hand. 

Hawk's  bUl. 

Heliotrope. 

Hour-glass. 

Hunter-watch. 

Hydraulic  clock. 

Hydroscope. 
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lUuniiiiating-clock. 
ludepenJeiit        seconds' 

watch. 
Jewel.     Watch 
Lepine-watch. 
Lid-winding  watcli. 
Lifting-piece. 
Log-ghis,s. 
Mainspiiiig. 
Micronometer. 
Minute-ghuiS. 
Minute- liand. 
Miniite-jack. 
Motion. 
Movement. 
Musical  clock. 
Panto-chronometer. 
Pendant. 

Pendant-winding  watch. 
Pendulum. 
Polar-clock. 
Polar-dial. 
Potence. 
Prill-piece. 
Rack. 

Rack-hook. 
Rack-tail. 
Regulator. 


RciK-ating-watch. 

Rolling-pendulum. 

Sand-glivss. 

Sidereal  clock. 

Snail. 

Solar-chronometer. 

Star-wheel. 

Stem-winding  watch. 

Stop-watcli. 

Stop-work. 

Strike  or  silent. 

Sun-dial. 

Telegraph-clock. 

Time-ball. 

Time-piece. 

Train. 

Turret-clock. 

Verge. 

"Warning-piece. 

Watch. 

Watch-alarm. 

Watch-case. 

Watch-clock. 

Watchmaker's  fdes. 

Watch-regulatoi'. 

Watch-screw. 

Watch-spring. 

Water-clock. 


Ho-rom'e-ter.  An  instrument  for  measuring 
time,  as  a  clepsydra,  clock,  dial,  wcUch.  See  previous 
article. 

Hor'o-scope.  A  species  of  planisphere  invented 
by  .'can  I'aduaiuis.     See  Pl.vni.sphere. 

Horse.  1.  {NtmticiU.)  a.  A  foot-rope  attached 
by  slirnips  beneath  a  yard  for  the  seamen  to  stand 
on  in  reefing.     A  foot-rope. 

b.  A  brea.st-rope  in  the  chains  to  secure  the 
leadsman. 

c.  An  iron  bar  across  a  boat  for  a  stay-sail  sheet 
or  boom-sheet  to  travel  on. 

d.  A  rope  reaching  from  the  knight-head  to  the 
upper  part  of  the  bowsprit-cap,  for  the  safety  of  the 
men  walking  out  upon  the  bowsprit  in  rough  weather.  ' 

2.  A  wooden  bar  or  frame  with  legs,  used  for  sup- 
porting something.  As  a  clothes-horse  for  clothe."! ;  a 
aaw-lwrse  for  a  board  or  timber  while  lieing  sawed  ; 
a  frame  to  hold  a  saddle  ;  a  trestle  for  joiner-work  to 
rest  upon  while  being  keyed  up. 

A  shaving-lwrse  is  a  beam  supported  by  leg.s,  and 
having  a  jaw  which  is  closed  by  the  pressure  of  the 
feet  against  the  treadle  below,  and  is  thereby  caused 
to  hold  a  shingle,  axe-handle,  spoke,  or  other  article 
while  being  shaved  by  a  drawimi-knifc. 

3.  {Leatlier. )  The  trestle  or  sloping  board  of  the 
currier  on  which  he  spreads  his  skins  while  currying. 

i.  {Printing.)  A  slanting  board  at  the  end  of  the 
bank  or  table,  to  hold  a  supply  of  paper  for  a  press. 

5.  {Miniiu).)  A  mass  of  earthy  matter  interven- 
ing between  the  branches  of  a  vein  of  ore  or  coal. 
The  vein  straddling  on  each  side  of  the  non-metal- 
liferous rock  is  said  to  take  horse. 

6.  (Hydraulic  Enginecrin(j.)  That  on  which  the 
mooring  of  a  ilying-bridge  rides  and  traverses,  and 
which  consists  of  two  masts  with  horizontal  beams 
at  their  heads. 

7.  A  hook-shaped  tool  used  for  hammered  or  raised 
work. 

8.  A  vaulting-block  In  a  gymnasium. 
Horse-ar-til'ler-y.     Flying  artillery.    Gunners 

mounted  on  liorseliack  and  on  the  limber. 

Horse-boat.  A  ferry-boat  moved  by  horses. 
The  horxe-pciwiT  may  be  applied  to  paddles  or  to  a 
rope  stretcliing  across  the  stream. 


Horse-box.  {Itailway.)  The  English  term  for 
a  horse-car  used  in  shipping  gentlemen's  horses  be- 
tween town  and  country  as  the  seasou.s  come  and 
go  ;  sending  hunters  on  to  the  ineet  that  they  may 
be  ircsh  for  a  start ;  forwarding  animals  to  exhibi- 
tions, to  market,  etc. 

Horse-brush.  {Menage.)  One  for  grooming 
horses.  Such  are  usually  elliptical  in  shape,  but 
have  been  made  long  and  flexible  with  a  handle  at 
each  end  to  lap  around  the  legs. 

Horse-cap'stan.  A  vMm.  A  capstan  worked 
by  horses  for  I'aising  ore,  water,  etc. 

Horse-clip'ping  TooL  A  form  of  shears  in 
which  a  pair  of  serrated  knives  reciprocate  over  each 


Fig.  2666. 


Clipping-  Tool. 


other,  cutting  off  the  hairs,  which  are  cut  as  they 
come  between  tin;  teeth. 

Horse-ool'lar.  A  roll  of  leather  stuffed  with 
straw,  husk,  or  sponge,  and  jslaced  around  the  neck 
of  a  horse  and  against  tin;  shoulder,  to  pull  by.  It 
has  two  creases  to  hold  the  hame.     See  Collak,  4. 

Horse  Perry-boat.  One  in  which  paddles  or  a 
rope  reaching  ac'ross  the  river  are  worked  by  a  horse 
on  hoard  the  Itoat. 

Horse-gear.  The  English  term  for  the  horse- 
power, applied  to  thrashing-machines,  pumps,  etc. 
See  House- POWER. 

Horse-hair.  The  hair  of  the  manes  and  tails  of 
horses,  used  in  making  haircloth,  etc.  See  Haeii- 
CLorii. 

Horse  Hay-fork.     See  Fork  ;  Hay-fork. 

Horse-hoe.  The  English  name  for  the  cultiva- 
tor for  crops  in  rows.     See  Hoeino-machine. 

Horse-hitch'ing  Hook.  {Menage.)  A  snap- 
hook  on  a  short  chain  or  strap  attacked  to  a  post  or 
wall.  The  hook  is  snapped  into  the  bit-ring,  and 
the  arrangement  saves  the  trouble  of  carrying  a 
hitch-strap. 

■  {Hfenage.)   A  stocks  or  slinging 


Horse-hold'er. 

frame  for  unruly 

horses  while  shoe-  Kg-  2567. 

ing,  or  for  sick  or 

disabled  horses. 

In  theexample, 
the  horse  is  I'ai.sed 
by  a  wide  belly- 
band  that  is  con- 
nected to  and  op- 
erated by  pulleys 
above.  The  foot 
to  be  .shod  is  se- 
cured to  a  sliding 
post  that  runs  in 
a  groove  on  the 
floor. 

Horse-i'ron. 
(  Shipwriffhting .  ) 
A  calking-iron  of 

large       size.        A  Horse-Holder. 

makiiui-iriin. 

Horse  -  lifter.       {Vehicle.)      A   palanquin   or 
stretcher  resting  on  poles  and  borne  by  two  horses. 
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Horse-milL  A  mill  turned  by  a  horse.  See 
Grixiiim;-.mill  ;   Mill. 

Horse-nail.  A  nail  with  a  thick,  strong  head  ; 
used  ill  securing  shoes  to  the  feet  of  horses.  See 
Horse-shoe  Xails. 

Horse-path.  {Hydraulic  Engineering.)  Tlie 
towtnj-i)rttk  of  a  canal. 

Horse-pow'er.  1.  The  measure  of  a  steam-en- 
gine's power,  as  originally  settled  liy  James  Watt. 
A  lifting  power  eijual  to  33,000  pounds  rai.sed  one 
foot  high  per  minute.  This  was  taken  by  Mr.  Watt 
as  the  average  [tower  exerted  by  a  mill-horse  travel- 
ing at  tlie  rate  of  2.V  miles  an  hour  (or  220  feet  a 
minute),  and  raising  a  weight  of  150  pounds  by  a 
lope  passing  over  a  pulley. 

When  a  steam-engine  is  declared  to  be  of  such  or 
.such  a  horse-power,  the  e.vpressiou  must  be  under- 
stood in  a  qualified  sense.  Thus  it  is  assumed  that 
the  furnace  is  worked  in  a  certain  average  manner, 
and  that  a  proportional  evaporation  takes  place  in 
the  boiler.  An  engine  whose  nominal  [tower  is  that 
of  100  horses  may,  by  urging  the  furnace  in  an  ex- 
traordinary manner,  be  made  to  produce  an  effect 
raucli  greater  than  that  of  its  nominal  [tower  ;  or,  ou 
the  other  hand,  by  keeping  tlie  furnace  low,  it  may 
be,  and  frequently  is,  worked  considerably  under  its 
nominal  power. 

For  every  horse- power  which  the  engine  is  ex- 
pected to  e.'cert,  a  pawer  of  evaporating  one  cubic  foot 
of  water  per  hour  is  provided  in  tlie  boiler. 

For  the  consumption  of  the  fuel  necessary  to  pro- 
duce this  effect,  one  square  foot  of  grate  surface  per 
horsj-])ower  is  provided. 

The  boiler  requires  15  to  18  square  feet  of  heating 
surface  per  horse-power.  These  are  average  esti- 
mates, the  Cornish  boiler  and  tlie  locomotive-boiler 
being  the  extremes  at  each  end  of  the  scale. 

Many  circurastanc ?s  of  arrangement,  the  perfec- 
tion with  which  the  fuel  is  burned,  the  draft,  mode  of 
feeding,  character  of  coal,  etc.,  modify  these  results. 

The  power  of  water-wheals,  etc.,  is  expressed  in 
horse-power. 

Mr.  Tredgold  compiled  a  table  showing  the  maxi- 
mum quantity  of  labor  that  a  horse  of  average 
strength  is  capable  of  performing  at  different  veloci- 
ties, in  drawing  boaU  ou  canals,  and  carriages  on 
railways  and  turnpike-roads  respectively  :  — 


at  Woburn  and  Ashridge,  under  the  observation  of 
some  distinguished  agriculturists. 

In  connection  with  the  subject  of  Iwrse-power,  it 
may  be  well  to  notice  that  the  terms  power  and  duty 
are  not  synonymous,  but  opposite,  terms. 

Puwcr  means  the  quantity  of  work  that  can  be 
[lerformed  in  a  given  time. 

Duty  signifies  the  amount  of  work  that  can  be 
performed  with  a  given  expeuditnie  of  fuel. 

To  obtain  the  full  amount  of  poivcr,  the  steam  is 
worked  at  full  pressure  the  whole  of  the  piston- 
stroke. 

To  obtain  the  highest  duty,  it  is  used  exftansively. 

A  cheap  engine,  unprovided  with  the  expansion 
arrangement,  will  exhibit  a  gicater  power  than  a 
more  expensive  engine  worked  expansively,  other 
things  being  ecjual ;  but  the  latter  will  be  the  more 
economical  in  running. 

To  repeat :  [lower  has  no  reference  to  tlie  quality 
of  an  engine,  but  to  the  cajtacity  of  its  cylinder  in 
connection  with  a  stated  pressure  of  steam.  Econ- 
omy or  waste  of  steam  in  working  does  not  enter 
into  the  question. 

Duty  disregards  time,  and  the  size  or  [xtwer  of  the 
engine.  It  merely  inquires  how  much  work  Ls  done  by 
a  given  expenditure  of  fuel.     See  Cut-off  ;  Duty. 


Fig.  2568 
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The  average  force  exerted  by  a  horse  at  a  plow,  at 
a  rate  of  2J  miles  per  hour,  and  with  an  exertion 
ivhich  he  is  capable  of  sustaining  for  the  usual  hours 
per  day  and  every  working  day,  as  deduced  from 
dynamometrical  experiments  at  eight  plowing- 
matches,  at  each  of  wliicli  from  5  to  7  teams  were 
employed,  was  163  pounds. 

The  number  of  horses  subjected  to  the  test  was 
144,  and  the  observations  were  made  bv  Mr.  Bevan 


Horse- Powers. 

2.  A  machine  in  which  the  power  of  horses  is  ex- 
erted to  drive  other  machinery. 
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Horse- Poivers. 


A  (Fig.  25G8)  is  one  which  the  horses  walk  upon  a 
traveling  phxtform,  whicli  slijis  beneath  their  i'eet  as 


the  animals  pull  upon  a  bar  iit  the  rear  of  the  ma- 
chine. It  is  shown  in  connection  with  a  small 
tlirashing-madiine. 

li  is  a  similar  machine  without  its  tenants,  and 
exhibitinj;  the  parts  more  clearly. 

C  is  an  oniinary  horse-power,  siu'h  as  is  used  for 
tlirashing-machines,  drag-saws,  clover-huUers,  and 
corn-sheMers.  It  is  dismounted  from  the  wagon,  se- 
I'ured  by  stakes  and  chain.s,  and  levers  placed  in  tlie 
sockets,  wliich  in  this  case  are  four  in  number,  in- 
tenilcd  for  two  hoi-ses  to  each  lever. 

The  diameter  of  tlie  jiath  should  be  '2h  to  30  feet. 
The  horse  woiks  to  best  advantage  at  '1\  miles  per 
hour  of  220  feet  in  a  minute.  Tlie  force  is  estimated 
at  22,000  pounds  raised  one  foot  high  per  minute, 
which  is  06  per  cent  of  the  power  exerted  in  draw- 
ing in  a  direct  Mm:. 

D  (Fig.  2.509)  is  an  arrangement  of  horse-power 
for  working  a  ]iump. 

E  is  an  arrangement  for  driving  a  cutting-box, 
griuding-inill,  and  corn-sheller,  for  either  of  which 
a  hominy-mill  or  apple-grinder  may  be  substituted 
when  ilesired. 

F  is  an  English  arrangement,  in  wliich  the  crown- 
wheel drives  a  lantern  pinion. 

Fig.  2r>70  shows  the  English  horse-jiower  as  applied 
to  a  straw-.stacker,  placed  at  the  deliiery  end  of  the 
straw-carrier  of  a  thraslnng-machine.  It  has  a  mas- 
ter-wlieel  and  pinions,  and  the  power  is  conveyed  by 
belting  ami  shafting  to  an  endless  apron  witli  tines. 

Fig.  2571  shows  an  American  mounted  horse- 
power, tliat  is,  one  which  is  used  without  dismount- 
ing from  the  wheels,  by  which  it  is  moved  liom 
place  to  ))lace.  Power  can  be  ap|)lied  from  botli 
sides  and  both  ends  at  tlie  same  time,  or  from  eitlu'r 
point  alone,  as  desired.  U  are  tlie  levers  to  which 
the  horses  aie  attached  ;  C  is  the  master-wheel, 
driving  the  pinions  on  shaft  F,  which  carries  tin; 
wheels  />  G  ;  the  latter  convey  motion  to  the  pinions 
on  till'  inner  ends  of  the  tumbling  .shafts. 

Horse-rail'road.  A  railroad  for  city  or  suburban 
use,  whose  cars  are  drawn  by  horses. 

The  Hrst  railroads  were  iu  mines,  and  for  can-ying 
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Fig.  2671. 


The  Syrians  ami 
Hittites  were  sup- 
plied with  Egj-p- 
tian  liorses  by 
Solomon,  who 
turned  an  honest 
penny  by  this 
means. 

Aristotle  and 
Pliny  mention  the 
eovering  of  horse'.s 
feet  in  stony  places 
to  protect  the  hoof 
from  breakage  and 
wear,  but  it  is 
probable  that  such 

Fig  2573. 


Mounted  Horse-Power. 

coal  to  the  seaboard.  These  are  yet,  many  of  them, 
worked  by  horse-power.  See  Railway;  Street- 
Kailway  ;  Locomotive. 

Horse-rake.  .V  hay  or  stubble  rake  drawn  by 
horse-powir.     See  Rake  ;  Hay-hake. 

Horse-run.  -\  device  for  drawing  loaded  wheel- 
banows  up  an  inclined  plane  in  making  e.Kcavations. 

Kg.  2572. 


Horse-Run. 

It  consists  of  a  rope  passing  over  two  pulleys.  The 
horse  is  hitched  to  the  fall  and  the  wheelbarrow 
hooke<l  to  the  other  end  of  the  rope. 

Horse'shoe.  1.  (,M(naric.)  Horses  were  not 
shod  in  Egy^it,  A.'isyria,  or  Palestine.  The  latter 
countiT  was  supplied  with  horses  by  the  Egyptians. 
Solomon  paid  150  shekels  of  silver,  equal  in  value 
to  $  75,  for  each  horse.  This  was  a  high  price,  the 
difference  in  relative  value  of  the  shekel  and  a  given 
weight  of  wheat,  meat,  or  other  necessary,  being 
considered. 

Isaiah  speaks  of  hoi"ses  whose  "hoofs  shall  be 
counted  like  flint,"  —  a  valuable  quality  where  they 
were  shoeless. 


Japanese  Horseshoe. 

covering  was  a 
bandage  or  boot, 
and  was  used  prin- 
cipally on  long 
journeys.  Suetonius  refere  to  the  dismounting  of 
Vespasian's  muleteer  to  shoe  his  mules.  "Wrappings 
of  plaited  fiber,  such  as  hemp  or  spartium  (broom), 
were  u.sed,  as  was  also  leather. 

In  .Japan  the  horses  have  clogs  of  twisted  straw, 
of  which  a  large  sujiply  is  caiiied  on  a  journey. 
I  When  worn,  another  is  immediately  applied.  Our 
plan  would  no  doubt  appear  a  bai'barous  custom  in 
their  minds.  The  Siberians  and  Kamtschatkians 
use  traveling-socks  for  their  dogs.  Captain  Cook 
refers  to  them. 

Camels  in  old  times  were  similarly  provided,  as  we 
leani  from  Aristotle  and  Pliny.  These  boots  were 
drawn  on  over  the  feet,  and  it  does  not  ayipear  that 
iron  or  other  metallic  plates  were  naUcd  to  the  hoofs. 
Such  boots  were  shod  with  metal  for  the  rich.  The 
mules  of  Nero  were  shod  with  silver ;  those  of  his 
wife  Popptea  with  gold.  Xeno]ihon,  Arrian,  Arte- 
midorus,  refer  to  these  boots.  For  less  stately  pur- 
poses mules  were  shod  with  iron. 

"  Ferream  at  soleam  tenaci  in  vargine  mula." 

Catullus. 

Homer  mentions  brazen-footed  steeds  (Iliad,  VIII. 
41,  and  XIII.  24),  probably  a  merely  metaphorical 
expression  im|ilying  strength.  Mithridates  and  -Al- 
exander experienced  great  difficulty  with  their  cav- 
alry, owing  to  the  soreness  of  the  unprotected  feet 
of  the  horses  in  long  marches.  Pollux,  in  his  dic- 
tionary, does  not  mention  horseshoes  of  metal. 
The  first  certain  mention  of  shoes  nailed  to  the 
hoofs  is  in  the  works  of  the  Emperor  Leo,  ninth 
centurv.  The  practice  of  shoeing  horses  is  said  to 
have  been  introduced  into  England  by  "William  I. 

The  principal  parts  of  a  horseshoe  are  :  the  two 
fdcrs,  upper  and  lower  :  the  two  cdffc.t,  inner  and 
outer ;  the  toe,  or  front  part ;  the  quarters,  between 
the  toe  and  the  heels  ;  the  calls,  projections  from  the 
lower  part  of  each  heel ;  steel  calks  are  also  fre- 
quently added  to  the  toe  ;  the  fullering,  or  crease 
in  the  lower  face,  in  which  the  nail-holes,  generally 
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eight,  are  iiiaJe  ;  the  clip,  a  kind  of  claw,  usually  at 
the  upper  edge  of  the  toe,  for  protecting  the  hoof 
and  assisting  to  keep  the  shoe  iu  place. 

The  upper  face  is  beveled,  or  luade  slightly  con- 
cave, to  prevent  the  iron  from  resting  on  the  arch 
of  the  sole  of  the  foot. 

Horseshoes  nuule  by  machinery  are  now  generally 
employed.  They  are  made  of  five  sizes,  and  are  num- 
bered from  1  to  5,  tlie  first  being  the  smallest  and 
the  latter  the  largest.  Nos.  3  and  i  are  those  most 
commonly  required. 

"  In  two  respects,"  says  Loudon,  "  the  shoeing  of 
Holland  differs  Irom  ours.  1.  To  prevent  splitting, 
the  fore  hoofs  are  ]iared  away  at  the  toe,  and  the 
shoe  so  fitted  that  the  toes  do  not  touoh  the  ground 
when  the  foot  stands  flat  ;  the  weight  resting  on  the 
middle  and  the  heel  of  the  shoe.  2.  The  shoe  is 
nailed  on  jierl'ectly  flat  and  close  to  the  foot,  which 
is  flattened  to  receive  it  ;  the  iron  is  thereby  de- 
prived of  all  spring,  and  the  hold  of  the  nails  is  uu- 

Fig.  2674. 


Horseshoes. 

disturbed."  The  frog  comes  in  contact  with  the 
ground.  This  mode  of  shoeing  may  not  commend 
itself  to  our  farmers  and  teamsters,  but  the  Dutch 
liave  good  horses,  use  them  well,  work  them  hard, 
and  their  practice  is  worth  considering. 

A  bar-nhoc  is  one  in  which  the  shoe  is  continued 
round  below  the  heel.  It  is  used  on  hoofs  liable  to 
contraction  at  the  heel,  its  purpose  being  to  keep 
them  spread. 

A  stijlc-shoe  is  one  with  a  round  bar,  convex  side 
downward,  giving  it  an  unsteady  foundation  on  the 
ground.  It  is  jilaced  on  the  foot  of  the  well  hind 
leg,  so  as  to  compel  or  induce  the  animal  to  throw 
the  weight  of  the  hind  (piarters  on  the  other  foot  to 
reduce  the  luxation  or  weakness  at  the  stifle-joint  of 
the  leg. 

In  1810,  Rotch  obtained  an  English  patent  for  an 
elastic  horseshoe,  consisting  of  a  sheet-iron  sole  at- 
tached to  an  india-rubber  upper,  which  was  slijiped 


upon  the  foot,  clasping  the  crown  and  encircling  the 
pastern.  A  regular  shoe  was  riveted  to  the  sheet- 
iron  sole  of  the  boot  when  required.  The  upper  or 
caoutchouc  band  was  prolonged  upward  as  far  as 
deemed  necessary,  and,  in  case  of  inUrfcring  horses, 
v,>a.s  made  to  cover  the  fetlock.  He  also  applied  the 
caoutchouc  bands  to  the  knees,  as  knee-caps. 

Charlier  substitutes  for  the  ordinary  shoe  an  iron 
band,  let  into  a  rectangular  gi'oove  scooped  from  the 
outer  circle  of  the  horse's  foot.  This  band  is  fas- 
tened with  seven  rectangiilar  nails,  driven  into  oval 
holes.  The  soles  of  the  foot  and  the  frog  are  thus- 
allowed  to  touch  the  ground. 

Dudley's  cast-iron  horseshoe,  English  patent, 
1823,  was  east  in  a  mold  modeled  from  the  foot  of 
the  horse,  and  subsequently  rendered  malleable  in 
a  furnace. 

Besides  the  construction  of  the  shoe  proper,  there 
are  certain  attachments  thereto,  .such  as,  — 

Snow-pads,  which  fit  within  the  shoe  and  prevent 
the  accretion  of  snow  or  ice  therein. 

Movable  calks,  which  may  be  attached  at  any  time, 
if  the  ground  freeze  or  become  sleety  during  a  jour- 
ney. 

a  represents  an  early  Ara-  /,  an  old  English  shoe, 
bian  shoe.  </,  a  racing-plate. 

b,  an  Arabian  shoe  of  mod-  h,  a  tip-shoe. 

ern  date.  i,  a  three-quarter  shoe. 

c,  a  Moorish  shoe.  j,  a  jointed  shoe. 

d,  a  Persian  shoe.  k,  a  screw-shoe. 

e,  a  Portuguese  shoe.  I,  a  calked  shoe. 

Fig.  2575  illustrates  various  horseshoes. 

1.  The  bifurcated  .springs  a  a  clip  the  hoof,  and 
are  attached  to  the  shoe  by  bolt  and  nut. 

2.  Countersunk-headed  screws  parallel  to  the  wall 
of  tlie  hoof  are  employed  for  fastening  the  shoe. 


Horseshoes, 

3.  Ridges  and  indentations  are  formed  >ipon  the 
sole  of  the  shoe.  Goodenough's  horseshoe  has  an 
indented  ridge  on  its  under  side,  perforated  for  th« 
insertion  of  nails. 

4.  For  contracted  hoofs.     By  means  of  the  screw 
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a  and  nuts  between  the  heel-clips  the  branches  of 
the  shoe  may  be  spread  and  maintained  the  proper 
distance  apart. 

5.  A  supplemental  roughing  shoe  is  attached  to 
the  upper  slioe  by  clips  a  a  and  a  sliding  screw-block 
b.     Pins  at  the  rear  prevent  lateral  displacement. 

6.  Tlie  shoe  is  hinged  at  the  toe,  and  is  designed 
to  be  permanent.  It  is  beveled  on  its  upper  inner 
edge,  to  receive  the  flange  of  a  removable  false  shoe, 
that  is  expanded  outwardly  by  a  screw,  so  as  to  fit 
snugly  to  the  permanent  shoe,  and  sustain  all  the 
wear. 

7.  A  double-shoe.  The  upper  one  is  hinged  at 
the  toe,  and  has  a  joiuted  cross-bar  at  the  heel ; 
curved  clips  a  a  b  h  tit  the  walls  of  the  hoof  and 
secure  the  shoe  in  place.  To  this  the  lower  plate  c 
is  secured  by  screws. 

8.  The  shoe  is  attached  to  the  hoof  by  pieces  of 
leather  at  the  front  and  (Quarters  secured  by  con- 
necting straps. 

9.  The  shoe  has  a  toe-caji,  is  jointed  at  the  sides, 
and  has  clips  and  pivoted  catch  or  connecting  bar  at 
the  rear,  dispensing  with  nails. 

10.  Rear  clips  n,  toe-cap  i,  and  strap  c,  held  by  a 
button  on  the  toe-cap,  hold  the  shoe  to  the  hoof. 

11.  The  removable  toe  and  heel  calks  a  b  are 
dovetailed  into  plates  c  d,  which  are  fastened  to  the 
shoe  by  screws. 

VI.  The  toe  and  heel  calks  are  adjustably  fastened 
to  the  shoe  by  screws. 

See  Fleming's  "  Practical  Horseshoer"  ;  "Rational 
Horseshoeing,"  N.  Y.,  1873. 

Refractory  animals  are  confined  in  a  brake  while 
shoeing.  The  brake  for  cattle  is  represented  under 
Ox-shoes  (which  see).  The  brake  for  horses  consists 
essentially  of  an  arrangement  of  straps  to  bear  the 
weight  of  the  animal,  and  to  prevent  his  lunging  for- 
ward, backward,  or  rearing ;  also  of  posts  or  bars  to 
which  his  hind  or  fore  feet  are  lashed  while  shoeing. 

2.  {Lathe.)  A  movable  support  for  varying  the 
gearing  and  the  velocity  of  the  screw  which  moves 
the  slide. 

Horse'shoe-an'viL  One  which  corresponds  in 
shape  and  size  to  the  hoof  of  a  horse,  and  has  shanks 

Fig.  2576. 


Calk'Sivaging  Anvil. 

which  permit  its  adjustment  in  the 
socket-hole  of  the  anvil,  in  either 
Wilklnson^s  Anvil,    a  natural  or  a  reversed  jiosition.  It 
affords  a  means  of  making  and  fit- 
ting the  bands  and  clasps  by  which  the  removable 
horseshoes  are  attached,  in  place  of  nails. 

The  calk-swaging  anvil  has  a  groove  across  its  face, 
in  which  a  bar  of  metal  is  swaged  to  the  level  of  the 
plane  surface  of  the  anvil,  thereby  acquiring  a  trian- 
gular shape  in  cross-section,  and  forming  a  rod  from 
which  sharpened  calks  may  be  cut. 
See  An-vil,  i.p.  121,  122. 

Horse'Bhoe-cIamp.  {Shipbuilding.)  An  iron 
strap  by  which  the  tjripc  and  fore-foot  are  attached. 
See  Stkm. 

Horse'shoe-ma-chine'.     A  machine  in  which 


bar-iron  is  converted  into  horseshoe  blanks  or  horse- 
shoes. 

Burden  of  Troy,  New  York,  jiatented  a  machine 
for  this  purpose  in  November,  1835,  which  had  seg- 
mental reciprocating  dies  to  shape  a  straight  blank 
by  giving  it  tlie  requisite  thicknesses  at  the  respective 
parts,  and  the  crea.ses  for  the  nail-heads.  The  piece 
rested  on  a  rocking  anvil-bed.  His  patent  of  Sep- 
tember 10,  1843,  described  a  reciprocating  rectilin- 
ear movement,  cutting  off  from  a  heated  rod  a 
straight  blank  and  impressing  by  dies,  which  made 
the  fullering  and  nail-holes.  His"  patent  of  June  20, 
1857,  was  reissued  Jiine  3,  1865,  and  extended  in 
1871.  In  it  the  motions  are  lotary  and  continuous. 
The  red-hot  bar  is  introduced  at  the  side  of  the  ma- 
chine, and  a  sufficient  piece  cut  off  by  a  descending 
cutter.  It  passes  between  guides  to  a  stop,  and  is 
held  in  place  tOl  a  bending-piece  on  a  roller  comes 
against  it  and  carries  it  along.  This  piece  corre- 
sponds to  the  inner  shape  of  the  shoe,  and  with  this 
as  a  former  the  blank  is  carried  past  a  series  of  dies 
which  press  it  to  shape,  thinning  the  inner  edge, 
thickening  the  heels,  }nnching  in  the  heels,  making 
the  creases  by  dies  and  the  nail-holes  by  punches, 
in  succession.  After  flattening,  the  shoe  is  dropped 
from  the  machine. 

Other  forms  of  machines  have  circular  beds,  car- 
rying formers  which  pass  the  blank  between  dies 
which  act  successively  upon  the  edges  and  face  to 
give  the  required  proportions  and  contour,  as  well  as 
the  creases  and  nail-holes. 

Another  form  pinches  the  heated  blank  between 
a  center  former  and  two  posts,  while  top  rollers 
shape  it  vertically  and  side  lollcrs  lap  the  heels 
around  the  receding  portion  of  the  former,  which  acts 
as  a  die. 

In  another,  the  bar  is  fed  in  between  the  shears 
until  it  butts  against  the  adjustable  gage-plate.  Be- 
ing severed  by  the  shears,  the  bender  advances  and 
diives  it  between  a  pair  of  rollers,  giving  it  a  proxi- 
mate horseshoe  shape.  The  heels  of  the  shoe  fall 
into  a  depression,  and  as  the  bender  retires  the  shoe 
is  drawn  from  it.  The  creasing  and  nail  punch  are 
on  an  oscillating  lever,  and  the  latter  acts  upon  and 
in  conjunction  with  a  lower  lever,  which  perfects 
the  perforation. 

In  one  rotary  form  of  machine,  the  former  which 
carries  the  blank  is  rotated  first  between  two  friction 
rollers  placed  on  and  under  a  stationaiy  bridge,  then 
under  a  reducing-roll,  a  guide-roll,  finishing  bend- 
ing device,  and  hammering-rolls,  the  shoe  being 
discharged. by  a  pin  thrown  up  by  a  cam. 

Horse'shoe-mag'net.  An  artificial  iron  mag- 
net of  a  horseshoe  foim. 

Horse'shoe-nail.  A  nail  made  of  superior  soft 
iron  and  used  to  fasten  on  horseshoes.  It  has  a 
flat  pointed  tang,  and  a  relatively  heavy  counter- 
sunk head.     See  Nail. 

Lengths  of  horseshoe  nails  :  — 

No.  5 .  .  li  inches.  No.  8 .  .2  inches. 
No.  6       .       If      "  No.    9       .       2i      " 

No.  7  .         .15"  No.  10 .         .  2J      " 

Horse'shoe  Nail-ma-chine'.  One  in  which 
roils  of  iron  are  shaped  into  nails  for  the  purpose 
stated. 

In  one  form  of  this  machine,  the  nail-rod  is  fed 
downward  tin-ough  a  heating  furnace  in  front  of  a 
stationary  anvil  by  means  of  a  cam  geared  to  make 
one  movement.  As  each  finished  nail  is  cut  ofl'  at 
right  angles  to  the  face  of  this  anvil,  two  sliding 
hammei-s,  having  faces  of  the  contour  the  reverse  of 
the  sides  of  the  finished  nail,  are  forced  against  the 
sides   of    the    blank    simultaneously  by    means    of 
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springs  ;  a  third  liiiinmer  works  pprpendicularly  to 
the  face  of  the  anvil,  alternately  with  the  other  two, 
by  which  the  nail  is  forged.  W^hen  the  nail  has 
been  sufBcieiitly  hammered,  it  is  cut  off  by  a  knife 
moved  against  it  at  the  top  of  the  anvil  by  a  cam. 

In  another,  the  nails  are  made  directly  from  the 
rod  by  a  continuous  operation,  the  blank  from  which 
the  nail  is  to  be  made  being  lirst  cut  from  the  rod 
and  then  passed  successively  through  a  series  of  re- 
volving dies  operating  in  pairs,  by  which  it  is 
gradually  drawn  down  and  linished. 

Horse'shoe-rack.  (Nautical.)  A  sweep  curv- 
ing from  the  tiitt-heads  abaft  the  mainmast  carry- 
ing a  set  of  nine-pin  swivel-blocks,  as  Win  fair-leaders 
of  the  liglit  running-gear,  halliards,  etc. 

Horse-tail.     1.   Dutch  rush,  used  for  .scouring. 

2.  A  Turkish  standard,  the  number  indicating  the 
rank  of  a  commander. 

Hors'ing-block.  A  frame  to  raise  the  ends  of 
wheeling-plauks  in  e.^jcavating. 

Hors'ing-i'ron.  (Nautical.)  A  calker's  chis(d 
attached  to  a  witliy  handle,  and  used  with  a  beetle 
in  driving  oakum  into  a  vessel's  seams. 

Hors'ing-up.  (.^hijnvrighling.)  The  final  driv- 
ing of  oakum  into  the  seams  between  the  planking 
of  ships.     See.  M.\KiNG-iRON. 

Hose.  1.  Fle.xihle  tubing,  usually  for  the  con- 
veyance of  wat(>r,  especially  for  fire-engine  service. 
Smaller  hose  is  used  for  street-watering,  for  gas  ser- 
vice with  drop-lights,  for  acoustic  instruments, 
stems  of  hubble-bubbles,  hookahs,  etc. 

Various  are  the  materials  :  — 

Fabric  covered  with  leather. 

Wire,  cement,  and  intestine. 

Paper  saturated  with  paraffine. 

Fabric  saturated  with  carbolic  acid  and  copper 
salts. 

Woven  tubes  of  filjrous  material  saturated  with 
caout(dione, ;  or  treated  with  corrosive  sublimate, 
chloride  of  lime,  pyrolignite  of  iron,  resinous  mate- 
rials. 

Fabric  coated  or  lined  with  caoutchouc  or  gutta- 
percha in  solution. 

Leathern  hose,  treated  with  beeswax,  linseed-oil, 
and  pitch. 

Rings  or  spiral  twist  of  hard-rubber,  in  or  outside 
of  hose,  and  vulcanized  all  together. 

Intern.al  and  external  rubber  tubes  ;  intervening 
concentric,  seamless  tube,  woven  or  braided ;  all 
vulcanized  together. 

India-rubber  or  gutta-percha  tube,  around  which 
is  woven  or  braided  a  netting  of  cord,,  yarn,  or 
wire. 

Hose  is  made  by  longitudinal  extension  through 
dies,  or  of  a  seamless  fabric  by  knitting  or  braiding, 
by  winding  in  spiral  slips,  or  by  lapping  around  a 
man<lrel  as  long  as  the  sections,  which  are  afterwards 
coated.  Different  materials  require  vaiious  treat- 
ment. 

Another  mode  of  making  hose  is  by  feeding  a  tube 
of  fabric,  leather,  or  other  material,  through  systems 
of  revolving  bobbins,  which  braid  upon  the  tube  a 
cord  or  twine  covering.     See  Fig.  2584. 

Fig.  2578  shows  a  number  of  kinds  of  hose,  the 
dilferences  being  in  the  modes  of  winding,  joining, 
material,  character,  and  succession  of  the  folds,  etc. 

a  is  a  flexible  hose  of  woven  and  lapped  tubes 
and  water-]iroof  linings. 

b  is  a  similar  hose  with  the  waterproof  material  as 
a  coating. 

c  is  a  flexible  pipe  made  of  woven  fabric  with  a 
water-proof  lining,  and  riveted. 

d,  a  tube  of  rubber  or  gutta-percha,  or  of  fabric 
coated  with  the  gums,  closely  wound  with  twine. 


e,  a  hose  made  of  two  or  more  concentric  seamless 
tubes  of  fiber,  the  inner  one  lined  with  caoutchouc. 

/  has  a  cemented  strip  over  the  seam. 

g  is  stitched  through  and  through  with  several 
rows,  and  the  sections  joined  with  diagonal  rows  of 
stitches.     A  welt  covers  the  mitside  of  the  join. 

h  has  a  fibrous  covering,  rubber  lining,  and  riveted 
junction. 

i  has  a  double  row  of  rivets  along  the  seam,  and  a 
spiral  doubly  riveted  welt  lapping  the  obliciue  junc- 
tion of  sections. 

j  is  made  of  strands  of  fibrous  material  soaked  in 
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gutta-percha  or  rubber  cement,  and  then  woven  or 
braided. 

/■,  an  outer  tube  of  wire  or  twine,  is  woven  or 
braided  upon  an  inner  tube  or  lining. 

/,  hydraulic  ho.se  whose  meeting  edges  are  inter- 
locked; so  as  to  present  a  fourfold  thickness  to  the 
rivets. 

m  has  a  lapped  seam  sewed  with  leathern  thongs. 

)!  is  leathein  hose  with  a  spiral  metallic  lining. 

0  is  a  suction-hose  having  a  spirally  laid  Hat  wire 
lining  and  a  .seamless  textile  fabric  covering  treated 
with  waterjiroof  material. 

p  p'  are  two  views  of  a  suction-hose  showing  a 
stiflener  made  of  two  spiral  bands  which   engage 
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each  other  by  means  of  inward  and  outward 
flanges. 

q  is  a  vulcanized  rubber  suction-hose  composed  of 
an  e.\terior  liody,  an  interior  lining,  and  an  inter- 
mediate spirally  coiled  metallic  strengthening  rib. 

Fla.'i  or  hempen  hose  woven  without  a  seam,  and 
payed  with  waterproof  material,  was  used  generally 
on  the  continent  of  Europe  previous  to  the  intro- 
duction of  india-rubber  hose. 

Leather  was  used  in  England  and  in  the  United 
States,  and  still  maintains  its  ground  for  some  pur- 
poses. Leathern  hose  was  first  sewn  with  wa.xed 
twine,  then  copper  wire  was  substituted,  and  finally 
riveting. 

Leathern  hose,  made  in  detaehaVile  sections,  for 
application  to  fire-engines,  was  invented  by  Heide,  a 
Dutchnum,  in  1672,  and  was  common  in  the  Neth- 
erlands soon  after. 

The  spiral  coil  of  wire  inserted  throughout  the 
length  of  suction-hose,  to  keep  it  from  collapsing, 
was  used  with  the  Newsham  fire-engine,  London, 
about  1780. 

Rubber  hose  is  made  by  wrapping  Rubber-cloth 
(which  see)  around  a  tube  of  the  re(piired  size,  the 
number  of  plies  depending  upon  the  required 
strength.  The  tube  is  then  placed  in  a  heater  and 
subjected,  for  a  sufficient  time,  to  a  steam  pressure 
of  80  pounds  to  the  square  inch  =  280°  F.,  which 
melts  the  sulphur  and  vulcanizes  the  gum. 

The  tube  is  then  withdrawn  from  the  hose. 

Or  a  sheet  of  ruliber  wrapped  on  a  tube  and  cov- 
ered by  several  webs  of  cloth,  saturated  with  pre- 
pared rubber,  and  eventually  by  a  sheet  of  rubber. 
The  hose,  when  formed,  is  taken  to  a  steam-boiler 
of  great  length,  where,  while  still  remaining  upon 
the  iron  pipes,  it  is  heated  and  cured  by  a  process 
similar  to  that  before  described  ;  after  which  the 
rubber  is  drawn  off  from  the  pipe,  and  it  is  ready 
for  the  market. 

Among  the  earliest  mention  of  hose  is  the  follow- 
ing passage  in  Herodotus  (450  B.  c).  It  refers  to 
the  mode  of  watering  the  hosts  of  Cambyses  the 
Persian,  during  his  passage  of  the  desert  to  attack 
Psammenitus,  the  son  of  Amasis,  the  Pharaoh  of 
Egypt  :- 

"There  is  a  great  liver  in  Arabia,  called  the 
Corys,  which  empties  itself  into  the  Erythrtean 
[Red]  Sea.  The  Arabian  king,  they  say,  made  a 
j)il>e  of  the  .skins  of  oxen  and  other  beasts,  reaching 
from  this  river  all  the  w-ay  to  the  ilesert,  and  so 
brought  the  water  to  certain  cisterns  which  he  had 
had  dug  in  the  desert  to  i-eceive  it.  It  is  a  12  days' 
journey  from  the  river  to  this  desert  tract.  And 
the  water,  they  say,  was  brought  through  3  separate 
pi]>cs,  t»  as  many  dirt'erent  places."  —  Book  III.  c.  9. 

He  adds  that  it  is  an  improbable  story,  but  that 
he  will  not  pass  it  by  altogether.  The  idea  certainly, 
so  far  as  we  are  concerned,  is  as  old  as  the  recorder, 
who  wrote  about  2300  years  ago. 

2.  (Printing-press.)  A  case  connected  by  hooks 
with  the  platen,  for  guiding  and  raising  it. 


Fig.  2579. 


Hose-bridge.  A  bridge  for  carriages  or  street- 
cars to  allow  them  to  cross  fire-engine  hose  laid  in 
the  street. 

One  form  of  it  was  patented  by  Demarest  in  1853. 
The  example  shown  is  to  bridge  hose  which  lies 
across  a  street-railway. 

Hose-car'riage.  A  reel  on  wheels  to  carry  hose 
for  tire-engine  service.     In  the  example,  a  fuel-box 
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Hose-  Carriage . 

for  the  boiler-supply  is  supported  on  the  same  frame. 
The  front  wheels  turn  beneath  the  elevated  perch. 

Hose-car'ri-er.    A  tongs  for  gripping  hose  in 
liyliting   up  full   hose  when   in 
service.  Fig.  2581. 

Hose-coup'ling.      A  joint-  ,= — - — :Z~"~\ 
piece  or  pair  of  interlocking  con- 
necting pieces,  by  which  ends  of 
hose-sections  are  joined  together 
in  line.     There  are  many  forms. 

a  has  a  swivel  which  fits 
against  a  collar  on  the  nipple, 
and  its  flanges  are  engaged  by 
the  sleeve,  which  al.so  screws 
upon  the  back  sciew  on  the  other 
nipple,  pressing  the  ends  of  the 
sections  against  the  intervening 
annular  packing. 

In  b,  the  segmental  rib  and 
projected  screw-block  of  the  outer 
coupling-piece  enter  a  circumfer- 
ential groove  of  the  other  piece. 

In  another  ordinary  form,  the 
sections  of  hose  are  bound  with 
wire,  or  thimbles  upon  collar- 
pieces,  one  of  which  has  a  thread- 
ed exterior  and  the  other  a 
threaded  sleeve,  which  screws 
upon  the  former.  A  spanner  or  wrench  is  used  to 
tighten  the  connection. 

Ill  f,  a  portion  of  the  threads  on  the  screw  and 
socket  are  cut  away  to  enable  the  parts  to  be  slipped 
past  each  other,  and  lock  by  a  partial  revolution, 
when  the  undivided  threads  catch  and  complete  the 
joint. 

d.  The  two  parts  are  slid  together  and  the  pins 
enter  their  respective  grooves  at  the  opposite  sides  ; 
the  handle  is  then  turned,  and  the  cam-head  locks 
the  parts  together. 

c  The  packing-ring  is  formed  to  enter  two  rec- 
tangular aimular  grooves  in  one  part  of  the  coupling 
and  a  V-shaped  annular  groove  in  the  other  part. 

/.  The  projections  on  the  outer  cylinder  interlock 
with  a  groove  in  a  collar  on  the  inner  cylinder.  Ex- 
pansible packing  is  enclosed  between  collars  and  is 
forced  against  the  outer  cylinder  by  comjiression. 
The  hose  is  brought  over  the  convex,  circumferen- 
tially  grooved  ends  of  the  coupling  and  confined  by 
a  screw-threaded  ring. 

In  the  Westinghouse  coupling  for  air-brake  pipes 
of  railway-cars,  the  parts  are  connected  by  a  spring- 
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hook  fastening.     Each  half-coupling  contains  a  pup- 
pet-valve wliioh  seats  outwardly.      Guiding  wings 


Fig.  2582. 


Hose-  Couplings. 


are  m.ide  on  the  valve-stems,  and  the  stems  project 
outwardly  such  distance  that  when  the  hose  are 
coupled  up,  the  stems,  conung  end  to  end,  will  each 
unseat  the  other  valve.     Hence,  when  the  cou})lings 


are  united,  the  valves  will  always  be  open,  and  vice 
versa.     See  Bhake. 

Hose-fit'tings.  The  various  parts  by  which 
hose  are  attached  .section  to  section,  or  a  section  of 
the  hose  to  tlie  engine  or  the  nozzle. 

Tlie  nozzles  are  of  various  kinds.  The  cut  sliows, — 

A  braiich-pipc,  with  jet  or  nozzle. 

A  strainer  for  the  end  of  the  supply  or  suction 
hose,  which  is  let  down  into  a  cistern. 


Fig.  2583. 


Hose-Fittings. 

A  sprcaeler  jet. 

Couplinys  or  hose-unions. 

A  leathern  fire-bucket.  These  are  also  made  of 
canvas  or  galvanized  iron. 

A  section  of  leathern  hose,  copper  riveted,  and 
having  coupling  sections  at  each  end. 


Fig.  2584. 


Hose-H/Iaking  Machine. 

Hose-hooks.  1.  The  hooks  by  which  the 
platen  of  a  printing-press  is  suspended. 

2.  A  tongs  for  carrying  hose.  See  Hose-cak- 
RiF.n. 

Hose-jump'er.  For  street  railroads.  A  hose- 
bridf/e. 

Hose-mak'ing  Ma-chine'.  A  machine  for 
winding  or  weaving  a  rtexiblc  tube  of  textile  and 
rubber  fabrics. 

Fig.  2584  shows  a  machine  adapted  to  this  pur- 
pose. A  layer  of  rubber,  or  cloth  saturated  with 
rubber,  is  wound  around  a  mandrel  which  extends 
the  full  length  of  the  machine.  As  the  fabric  moves 
along  from  left  to  right  it  is  wound  with  thread  or 
wire  from  the  first  set  of  bobbins  t  t.  Before  it 
reaches  the  second  set  of  bobbins  for  another  coating 
or  ply,  it  may  receive  a  set  of  longitudinal  cords, 
threads,  or  wires  from  the  intermediate  reels.  It  is 
then  again  wound  by  tlie  second  set  of  bobbins  /  t, 
and  finally  receives  a  coating  of  cloth,  tin-foil,  or 
other  material  from  the  spool  /(',  and  is  then  ready 


transvei'se  binders 
with  rubber.     See 

Hose-pro- 
tect'or.  A  hose- 
bridge  to  enable 
vehicles  to  cross 
hose  without  com- 
pressing or  cut- 
ting it.  See 
Hosk-Bkidoe. 

Hose-reel.  1. 
A  carriage  to  car- 
ry hose  for  the 
service  of  a  fire- 
engine.  SeeHosE- 

C.\nRIAGE. 

2.  A  reel  to  car- 
ry hose  for  gar- 
den, stable,  or 
other  domestic 
uses. 


Inr  \uli'aniza- 
tion.  The  lin- 
ing or  cloth 
first  wound 
upon  the  man- 
drel is  gener- 
ally coated 
with  nibber  in 
a  sticky  state, 
and  tilt  lon- 
gitudinal or 

may  be  so  coated,  or  satjuated 

India-rubber. 

Fig  2585. 


Hrelfor  Garifen-Hnse. 


HOSE-SHIELD. 


1133 


HOT-BLAST  FURNACE. 


Hose-shield.  A  hose-protector.  See  Hose- 
bridge. 

Hose-trough.  {Blasting.)  A  wooden  tunnel 
for  the  )io\vder-hose  to  fire  the  charges  of  mines. 

Hos'pi-tal-wag'on.  A  carriage  on  four  wheels, 
having  four  or  six  springs,  used  for  carrying  the 
wounded  of  an  army.     An  ambulance. 

A  wagon  carr}'ing  surgeons'  supplies  and  instru- 
ments, or  bedding,  food,  and  other  supplies  for  a 
field  hospital.  The  Prussian  hospital-wagons  are 
fitted  up  with  combination  cases,  in  which  are 
jracked  everything  supposed  to  be  necessary  in  a 
hospital  for  wounded,  including  bandages,  splints, 
drugs  and  anaesthetics,  blankets,  and  an  amputating- 
table,  besides  an  a-ssortment  of  tags,  on  one  of  which 
the  surgeon  writes  his  orders  as  to  what  is  to  be  done 
in  each  case,  attaches  it  to  the  patient,  and  leaves 
him  to  the  care  of  others.  Five  ambulances,  three 
supply-wagons  (carrying  food,  bedding,  and  tents), 
and  two  surgeons'  wagons  constitute  a  hospital  train 
for  a  division,  and  will  accommodate  200  patients, 
requiring  13  surgeons  and  H  men  for  their  care. 

Hot-air  En'gine.  One  driven  by  the  heating 
of  a  body  of  air  admitted  to  the  cylinder.  They  are 
of  two  kinds  :  — 

First,  those  which  draw  their  supplies  directly 
from  the  atmosphere,  and  discharge  them  into  the 
atmosphere  again  after  they  have  produced  their 
effect.  Such  are  the  Ericsson,  Stilhnan,  Roper, 
Baldvrin,  Messer,  Wilcox  engines,  described  on  pp. 
40  -  43.  See  also  Dr.  Barnard's  report  on  the 
French  Exposition,  pp.  34-40,  and  plate  1. 

Second,  those  which  employ  continually  the  .same 
air,  which  is  alternately  heated  and  cooled,  but 
which  is  not  allowed  to  escape.  Such  are  the  Glaze- 
brook  (1797),  Parkinson  and  Crosley  (1827),  Lau- 
bereau  ^1849*,  Schwartz,  described  on  jip.  43,  44. 

These  and  other  distinguishing  features  are  de- 
scribed under  Air-exgixe  (which  see). 

Hot-air  Fur'nace.  One  in  which  air  is  heated 
for  warming  houses,  or  for  purposes  of  drying, 
usually  the  former.     The  arrangements  are  various, 

Fig.  2586. 


around  through  D  £,  into  the  auxiliary  radiator 
G,  down  by  the  V-shaped  driving  flues  I  K  L,  and 
so  to  the  exit.  The  air  circulates  around  each  of 
the  flues  in  chamber  F,  and  against  the  plates  of 
the  funiace. 

In  Fig.  2587,  a  series  of  concentric  annular  air- 
flues  are  placed  above  the  combustion-chamber  and 
communicate  with  the  external  atmosphere  through 

Fig.  2587. 


Hot-Air  Furnace. 

but  a  common  kind  is  a  form  of  stove  in  a  brick 
chamber,  the  air  coursing  around  the  stove  and 
among  certain  pipes  and  chambers  in  which  cir- 
culate the  volatile  piodncts  of  combustion.  In  the 
example  (Fig.  2586)  the  furnace,  with  the  excep- 
tion of  its  face-plate,  is  inclosed  in  an  air-chamber. 
The   caloric   current    passes   from   the   furnace  A 


Hot-Air  Furnace. 

pipes  extending  into  each  flue  near  its  bottom.  The 
external  jacket  of  the  furnace  is  filled  with  coal- 
ashes.  A  water-pan  above  the  fire-pot  is  fed  from 
an  external  communicating  vessel. 

Hot-bed  Frame.  The  structure  of  sides  and 
ends  on  which  the  sash  of  a  hot-bed  rest. 

Hot-blast.  A  blast  of  air  heated  previous  to  its 
introduction  into  the  smelting-furnace. 

The  process  was  invented  by  Nielson,  of  Glasgow, 
Scotland,  and  patented  in  1828. 

In  1845,  Budd  patented  in 
England  the  utilization  of  the 
heated  gases  from  the  blast- 
furnace for  heating  the  blast. 
By  means  of  the  hot-blast,  an- 
thracite coals  were  used  suc- 
cessfully in  smelting  iron  in 
Wales,  in  1837,  and  at  Mauch 
Chunk,  Pennsvlvanin,  in  1838, 
1839. 

Hot-blast  Fur'nace.  The 
temperature  of  the  air,  jirevi- 
ous  to  its  being  thrown  upon 
the  charge  in  the  funiace,  is 
raised  to  about  600°  in  an  outer 
chamber  or  in  a  series  of  pipes. 
These  are  variously  airanged. 

In  that  illustrated  (A,  Fig. 
2588),  the  air  is  first  condensed 
in  an  exterior  chamber,  whence 
it  is  forced  into  the  pipe  a 
within  the  reverberatory  fur- 
nace b.  Branches  from  this 
pipe  terminate  in  the  tuyeres 
on  each  side  of  the  furnace, 
which  has  a  separate  fireplace. 

In  Staff'ordshire,  the  hot-air  apparatus  is  at  the 
mouth  of  the  furnace,  and  consists  of  an  exterior 
and  interior  tube,  the  former  closed  and  the  latter 
open  at  each  end.  The  annular  space  between  them 
is  connected  by  cross-pipes  ;  through  these  the  air 
is  impelled  and  pa.sses  thence  to  the  tuyeres. 
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1831  1838 

450°  F.  612°  F. 

As  coke.  Id  raw  state. 

86  40 

A  8 

7  U 

98  59 


In  1834  M.  Dufrenoy  reported  to  the  French 
government  the  results  reached  at  the  Clyde  iron- 
works, which  were  as  follows  :  — 

For  the  year     .  .    1829 

Temperature  of  blast    .       Cold 
Coal  used  per  too  of  iron .  As  coke. 
For  fusion,  cwt.     ,         .  133 

For  lieating  air,  raw  coal         nil 
For  blowing  engines, coal         20 

153 

Cwt.  limestone  per  ton  of 
iron      ....        lOi  9  7 

Besides  this  advantage,  the  make  was  increased 
by  more  than  one  third,  and  a  blowing  engine, 
which  only  supplied  three  furnace.s  with  cold  blast, 
was  eciual  to  four  when  the  air  was  heated. 

Player's  stove  (B,  Fig.  2588)  for  heating  furnace- 
blasts       (Eng- 
Fig.2588.  lish)  is  so  con- 

structed as  to 
use  the  waste 
gases  from 
blast  -  furnaces, 
drawing  them 
by  means  of  a 
steam-jet  into  a 
stove,  where 
they  are  con- 
sumed to  heat 
the  air-blast. 

The     stove 
consumes      tlie 
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gas  in  a  .sepa- 
rate chamber 
from  that  con- 
taining the 
pipes  to  be 
heated  ;  air  to 
support  com- 
bustion is 
allowed  to  en- 
ter, and  the 
heated  fumes 
cape 
through  a 
series  of  nar- 
row slots  into 
an  air-tight 
chamber  hav- 
ing a  damper 
on  the  top 
and  contain- 
ing a  series  of 
vertical  re- 
verting pipes 
through 
which  passes 
the  blast  to 
be  heated.  As 
the  highly 
heated  fumes 
will  not  again  ignite  without  a  fresh  supply  of 
o.\ygen,  the  cast-iron  blast-pipes  remain  uninjured 
under  a  heat  of  1100°  or  1200°. 

An  auxiliary  fireplace  for  burning  coal  is  shown 
attached  to  the  hot-blast  stove.  From  this  fireplace 
a  Hue  conducts  the  flame,  smoke,  and  gases  from 
the  blast-furnace  into  the  chamber  where  the  com- 
bustion is  completed.  Attached  to  the  end  of  this 
fireplace,  and  connected  with  flues  at  the  furnace- 
top,  is  a  branch  gas-pipe  with  a  small  steam-jet 
placed  near  its  orifice  to  create  a  partial  vacuum. 
This  draws  the  gases  down  from  the  furnace-top  and 
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forces  them  into  the  stoves,  where  they  are  burned. 
The  gas-pipe  and  jet  may  be  placed  at  the  bottom 
end  of  the  combustion-chamber  of  the  hot-blast  stove. 

The  arrangement  of  pipes  is  in  six  treble  rows, 
each  stove  contains  18  pipes,  8  inches  in  diameter 
by  14  feet  high,  giving  about  1,000  square  feet  of 
heating  surface.  The  pipes  are  disposi'd  three  in  a 
row  ;  the  blast  thus  passing  up  and  down  three 
times,  discharging  into  connecting  chambers  in  the 
roof  of  the  combustion  chamber  below. 

Since  1840,  the  blast  has  been  gradually  made 
hotter  and  hotter,  and  the  means  of  economically 
and  regularly  giving  the  air  a  temperature  of  1,000 
or  more  degiees  have  attracted  much  attention. 

Cowper's  patent  is  founded  on  the  Siemens  regen- 
erative principle,  a  cellular  mass  of  brick-work  being 
first  raised  to  a  high  heat,  and  this  heat  then  im- 
parted to  the  blast,  which  is  made  to  pass  through 
it,  while  a  similar  mass  of  brick-work  is  being 
heated,  ready  for  use  as  soon  as  the  first  shall  have 
become  partially  cooled.  Whitwell  makes  his  brick- 
work into  large  compartments  instead  of  cellular. 
It  is  claimed  that  the  blast  can  be  heated  to  1800° 
by  this  stove,  and  a  regular  working  heat  of  1400° 
be  steadily  maintained.  To  estimate  properly  the 
great  importance  of  improved  devices  for  heating  the 
blast,  it  should  be  remembered  that  for  every  ton  of 
materials  charged  in  at  the  tunnel-head  at  least 
three  tons'  weight  of  air  is  blown  in  at  the  bottom 
througli  the  tuyeres  ;  it  can  therefore  be  readily  un- 
derstood how  desirable  it  is  that  this  air  should  be 
put  into  the  furnace  already  heated,  instead  of 
throwing  the  work  of  heating  it  upon  the  fuel  in  the 
furnace,  which  should  find  abundant  emiiloyment  in 
smelting  the  ore  only. 

In  McDowell's  apparatus  (Fig.  2589),  the  air-en- 
gine  and   air-pump 

pistons  are  connect-  F'g-  2689. 

ed  to  opposite  ends 
of  a  walking-beam ; 
both  have  double 
action,  and  are  con- 
nected to  a  serjien- 
tine  pipe  in  a  cham- 
ber at  the  top  of  the 
cupola  and  commu- 
nicating therewith. 
The  pump  and  en- 
gine have  suitable 
valves,  and  commu- 
nicate respectively 
with  the  outer  air 
and  the  blast-pipe. 
See  also  Blowing- 
apparatus. 

Fig.  2590  repre- 
sents Sturtevant's 
hot-blast  apparatus 
for  drying  timber 
and  other  materials. 
In  this,  air  is  drawn 
in  by  a  suction  fan, 
and  passed  through 
a  series  of  longitudi- 
nal tubes  inserted  in  a  cylinder  heated  by  exhaust 
steam  from  the  engine,  whence,  at  a  temperature  of 
150°  to  200°,  it  is  conducted  to  the  drying- room. 

See  Ll'MBKR-DRYER. 

Hotch'ing-tiib.  {Metallurgy.)  A  tub  and  sieve 
in  which  lead  ore  is  agitated  in  water  to  separate 
the  metallic  and  refuse  parts.  It  is  preliminary  to 
the  huddle.     See  Hutch. 

The  cuttings  are  detained  by  the  sieve  ;  the  smed- 
dum  passes  through  into  the  bottom  of  the  box. 
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Slurttvant's  Hot-B'.ast  Apparatus, 


Hot-clos'et  1.  One  attached  to  a  stove  to  keep 
victuals  or  plates  warm.  That  shown  has  ledges  R 
E  for  shelves  in  the  closet. 


2.  (JCandle-makiiig.)  A  chamber  in  which  candle- 
molds  are  kept  at  a  heat  of  150°  Fah.,  previous  to 
pouring,  to  prevent  the  chilling  of  the  stearic  acid. 
The  steam  heat  is  applied  dry. 


Kg.  2592 


HoUl  Car. 


Ho-tel'-car.  One  arranged  for  affording  meals  to 
passengei-s  on  board  while  on  a  journey.  Closets  K 
are  arranged  between  each  pair  of  windows.  A 
water-tank  B  is  placed  at  the  upper  part  of  one 
side,  to  which  also  tables  G  are  attached,  and  part 
of  the  car  is  j>artitioned  off  as  a  kitchen,  with  a  cook- 
ing-range. A  provision  chamber  E  is  attached  be- 
neath the  floor  of  the  car. 

Hot-flue.  A  chamber,  heated  by  hot-air  pipes, 
in  whii;h  printed  calicoes  are  dried. 

A  lirying-chamber  for  cloths  or  paper,  starch,  etc. 
Hot-gild'ing.      A    name    applied    to    amalgam 
gilding,  in  which  the  mercury  is  driven  off  by  heat. 

Hot-house.  1.  (Poltcnj.)  A  room  where  strong 
heat  completes  the  drying  of  green  ware,  previously 
to  placing  in  seggars  and  Snug  in  a  kiln. 

2.  (Horticulture.)  A  plant-house  where  a  rela- 
tively high  artificial  temperature  is  maintained  in 
order  to  facilitate  vegetablf  growth. 

The  botanic  gardens  of  Pi.sa,  Padua,  and  Bo- 
logna, established  from  1544  to  1568,  did  not  con- 
tain hot-houses.  In  the  thirteenth  centurv",  how- 
ever, Albertus  Magnus,  who  was  equally  active  and 
influential  in  promoting  natural  knowledge  and  the 
study  of  the  Aristotelian  philosophy,  possessed  a 
hot-house  in  the  convent  of  the  Dominicans  at  Co- 
logne. This  celebrated  man,  who  had  already 
fallen  under  the  suspicion  of  sorcery  on  account  of 
his  speaking-machine,  entertained  the  king  of  the 
Komans,  Wilhelm  of  Holland,  on  the  6th  of  Janu- 
ary, 1249,  in  a  large  space  in  the  convent  garden, 
where  he  kept  up  an  agreeable 
warmth,  and  preserved  fruit- 
trees  and  plants  in  warmth 
throughout  the  winter.  This 
entertainment  was  exaggerated 
into  a  tale  of  wonder  in  the 
chronicle  Joannisde  Beka,writ- 
ten  in  the  fourteenth  century. 

There   is   no  evidence  that 
forcing-houses  were  used  in  an- 
cient horticulture.     The  con- 
duction of  heat  by  caliducts  for  baths  and  apartments 
was  well  known,  but  it  does  not  appear  that  these 
facilities  were  u.sed  for  florieultural  purposes. 
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Regular  liot-liouse.s  are  of  late  introduction  in  our 
botanic  gardens.  Ripe  pineapples  were  first  ob- 
tained in  Europe  at  the  end  of  the  seventeenth  cen- 
tury. Linn:eus  states  that  the  first  banana  which 
flowered  in  Europe  was  in  Vienna,  in  the  garden  of 
Prince  Eugene,  in  1731. 

The  accordant  accounts  of  Hernando  Cortes,  in 
his  reports  to  the  Emperor  Charles  V.,  of  Bernal 
Diaz,  Gomara,  Oviedo,  and  Hernandez,  leave  no 
doubt  that  at  the  time  of  the  conquest  of  Montezu- 
ma's empire,  there  were  in  no  part  of  Europe  me- 
nageries and  botanic  gardens  wliich  could  be  com- 
pared to  those  of  Hua.xtepec,  Chapultepec,  and  Tez- 
cuco. 

Hot-preas.  (Paper.)  A  means  of  calendering 
and  smoothing  paper  by  subjecting  it  to  heavy  press- 
ure between  glazed  boards  ;  a  hot  iron  jdate  is 
placed  at  every  20  sheets  or  so,  to  heat  the  pile. 

Hot-saw.  A  buzz-saw  for  cutting  up  hot  bar- 
iron,  just  from  the  rolls,  into  bars  or  into  pieces  for 
being  piled,  reheated,  and  rerolled. 

Hot-short.  (Metal-work  iwj.)  Iron  which  is 
disposed  to  crack  or  break  when  worked  at  a  red 
heat,  and  is  difficult  to  weld,  is  said  to  be  hot-short. 
It  is  frequently  the  presence  of  sulphur  to  the  extent 
of,  say,  0.033  percent,  which  makes  it  brittle. 

Hot-shot.  Cannon-balls  made  red  hot  in  a  fur- 
nace in  order  to  fire  wooden  structures  into  which 
thev  are  thrown. 

Hot-Wcdl.  A  wall  with  incluiled  flues  to  assist 
in  ripening  the  fruit  of  trees  trained  against  it. 

In  some  cases  the  wall  is  traversed  by  a  number 
of  flues  leading  from  a  furnace  or  furnaces  ;  in  others 
the  entire  wall  is  double,  the  included  space  being 
crossed  occasionally  by  ties  which  keep  the  two 
walls  together. 

Its  use  is  principally  in  northern  countries  in 
ripening  fruits  which  do  not  mature  in  the  natural 
temperature  of  the  latitude,  such  as  the  peach,  nec- 
tarine, and  apricot  in  England. 

Hot-wa'ter  Fau'cet.  The  faucet  of  a  bath, 
tank,  beck,  vat,  or  wash-basin,  which  admits  the 
hot  water,  for  scalding,  infusing,  washing,  leaching, 
or  other  purpose. 

Hot-wa'ter  Heat'ing-ap'pa-ra'tus.  A  means 
of  heating  by  the  passage  of  hot  water  through  pipes 
in  rooms. 

Bonneniain  appears  to  have  been  the  first  to  in- 
troduce the  circulation  of  hot  water  in  a  system  of 

pipes,  as  a  means 
Fig.  2593.  \i»-^  °^    warming 

-^  II  Im  apartments   and 

buildings.       He 
devised     it     in 
1777,  in  connec- 
tion with  his  in- 
cubator.       See 
CalorifIsre  ; 
Incubator.  The 
egg-chamber  had 
several  stories,  and  each  was  trav- 
ersed by  one  or  more  bends  of  the 
pipes,  which  were  so  aiTanged  as 
to  have  a  constant  inclination,  by 
which  the  cooler  water  descended 
to    the    boiler.       The  velocity   of 
the    current     depends    upon     the 
dilference   in    temperature    of   the 
ascending     and     descending     col- 
umns. 
^   This  is  shown  at  A  (Fig.  2593). 
"^'^IflO    Hot-water  heating-apparatus  on 
the  low-promure  system  employs  a 
Hood's  Healer      heat  at  or  below  the  boiling  point. 


d 


By  the  high-pressure  system  the  heat  is  increased  to 
350°,  and  the  water  has  a  tendency  to  form  steam  of 
70  pounds  pressure  to  the  .square  inch. 

lionnemain's  system  was  of  the  low-jiressure  kind, 
and  this  class  of  heaters  has  been  much  improved  by 
Hood  ;  see  his  "  Practical  Treatise  on  the  Warming 
of  Buildings  by  Hot  Water "  (Loudon,  third  edi- 
tion, 1855). 

Hood's  apparatus  for  heating  (B,  Fig.  2593)  had 
several  variations,  but  the  main  features  are  similar 
to  those  of  Bonneniain.  It  consi-sted  of  a  boiler  a 
and  ascending  pipe  b  c,  with  branches  to  each  story, 
regulated  by  faucets  d  e.  The  descending  pipes/ 
carry  back  the  cooler  water.  By  another  system, 
each  story  has  its  own  ascending  and  descending 
I)ipes,  with  separate  connection  to  the  boiler.  An 
air-faucet  at  top  is  necessary  to  allow  escape  of  air 
from  the  ])ipes  when  starting  up. 

The  boiler  must  be 
sufliciently  strong  to  bear  f  >B-  2594. 

the  hydrostatic  pressure 
of  the  column  of  water. 
A  boiler,  3  by  2  and  2 
feet  deep,  with  a  pipe  28 
feet  high  proceeding  from 
it,  will  sustain  a  pressure 
of  66,816  pounds. 

The  size  of  the  boiler 
will  depend  ujion  the  ex- 
tent and  size  of  pipe,  but 
one  square  foot  of  boiler 
fire-surface  is  allowed  to 
every  50  feet  of  4-inch 
pipe,  the  temperature  of 
which  is  to  be  kept  140° 
above  that  of  the  sur- 
rounding air. 

The  quantity  of  pipe 
is  thus  stated  in  his  work 
above  referred  to  :  — 

"  Allowing   3J    cubic 
feet  of  air  for  each  per- 
son in  the  room  or  hall, 
as  the  quantity  jier  min- 
ute which  is  to  be  warmed, 
and  one   cubic   loot  per 
minute  as  the  quantity 
cooled    by   eacli    square 
foot    of     window-glass ; 
then  ascertain 
the     whole 
quantity  of  air 
that   is  to   be 
heated,       and 
apply  the  fol- 
lowing rule  ; 

"  Multiply 
1 25  (the  excess 
of  temperature 
of  the  pipe 
above  the  sur- 
rounding air) 
by  the  differ- 
ence between 
the  tempera- 
ture at  which 

the  room  is  to  be  kept  when  at  its  maximum,  and  the 
temperature  of  the  external  air ;  and  divide  this  prod- 
uct by  the  diti'erence  between  the  temperature  of  the 
pi[)es  and  the  proposed  temperature  of  the  room  ;  then 
the  quotient  thus  obtained,  when  multiplied  by  the 
number  of  cubic  feet  of  air  to  be  warmed  per  minute, 
and  this  product  divided  by  222  (the  number  of 
cubic  feet  of  air  raised  1°  per  minute  by  1  foot  of  4- 
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i:ii'h  pipi'),  will  give  the  number  of  feet  in  length,  of 
jiipe  4  inelies  in  diameter,  which  will  iirodiiee  the 
desired  effect."  For  3-ineh  pipes  inultiiily  tlie  said 
number  by  1.33  ;  lor  2-ineh  pipes  multiply  by  2. 
The  given  iliameters  of  the  pipes  aie  outside  meas- 
urement. Small  pipes  have  a  relatively  larger  area 
of  heating  surface. 

Perkins's  liigh-pre.ssure  hot  water  heating-ai>pa- 
ratus  {A  B,  Fig.  2594)  eon.sisted  of  a  ccnitinuous 
wrouglit-iron  pipe,  which  formed  a  coil  a  in  the  fur- 
nace, and  passed  from  story  to  story  of  the  building, 
being  ampliKed  into  coils  at  special  jioiiits,  as  in  the 
apartments  to  be  warmed.  The  pipe  was  i  inch  in 
internal  diameter  and  J  inch  thick,  and  about  J  of 
the  length  of  the  ]iipe  formed  tlie  furnace  coil.  The 
heated  water  in  the  coil  a  becomes  charged  with  mi- 
nute globules  of  steam  and  ascends  in  pipi^  b,  frcnn 
whence  it  is  distributed  right  and  left  to  the  apart- 
ments by  branch  pipes  c  and  coils  d.  The  ilescend- 
ing  pipes  carry  the  hot  water  to  the  storj'  below, 
wdu're  it  heats  the  apartments  by  means  of  other 
coils  d,  which  discharge  into  the  descending  Jiipes, 
by  whiL-h  the  water  again  I'eaches  the  furnace  coil. 

A  common  arrangement  is  shown  at  B  in' the  fig- 
ure ;  the  pipe  is  coiled  around  the  inner  ca.sing  of 
the  furnace,  coming  in  contact  with  the  tire  only  in 
front  ;  this  casing  and  the  top  of  the  furnace  are 
composed  of  fire-brick,  the  fire-grate  being  in  the 
center  and  elevated  a  foot  or  so  from  the  lloor  ;  fuel 
is  supplied  through  a  hole  in  the  top.  The  smoke 
passes  through  the  chambt^r  containing  the  pipes, 
ami  esca]ies  through  a  hole  in  the  back. 

Hot-'wra'ter  Pipe.  (Slcam.)  The  pipe  which 
receives  the  hot  water  from  the  hot-well  and  dis- 
charges it. 

Hot-wa'ter  Pump.  (Steam-enr/ine.)  A  pump 
■which  raises  water  from  the  hot-well  of  a  condensing 
.steam-engine  and  discharges  it  into  the  feed-water 
cistern,  whence  it  passes  in  graduated  quantities  to 
the  boiler.     See  also  Feed-watek  AppAU.vrus  ;  I.N- 

JECTOf!. 

Hot-well.  A  comiiartment  in  the  cistern  in 
which  the  condenser  and  air-pump  of  a  condensing- 
engiiie  are  submerged,  and  from  which  the  warm 
water  is  drawn  for  the  supply  of  the  boiler. 

The    submergeil    injcdion-chambrr    and    the    air- 
pump  connect  by  a  passage,  whose  valve  o]iens  dur- 
ing the  ascent  of  the  piston  and  idoses  during  its 
descent.    The  uncondensed 
Fig.  2595.  steam,  the  air,  and  the  wa- 

ter of  condensation  pass  liy 
this  passage  to  the  air- 
pmnp,  through  the  bucket 
of  the  latter  as  it  descends, 
and  are  ejected  into  the 
hol-wcll.  The  heated  wa- 
ter is  drawn  thence  to  sup- 
ply the  boiler.  See  Air- 
pump  ;    COHNISH    Steam- 

ENGIXE. 

Hoiigiulte.  Hou-guette'.  The  etch- 

ing-needle of  the  marble- 
worker.     Fig.  2595  shows  several  ditferent  forms. 

Hound'ing.  {Xauliail.)  That  portion  of  a  mast 
between  the  deck  and  the  top  of  the  hounds. 

Hounds.  \.(VchicU\)  Side  bars  which  strength- 
en certain  portions  of  the  running-gears  of  a  vehicle. 

a,  tongue-hounds.  d,  coupling  pole  or  reach, 

h.  hou'iids.  e,  toiiguc. 

c,  hind-hounds. 

In  wagons,  the  hounds  of  the  fore-axle  pass  for- 
ward and  on  each  side  of  the  tongue,  to  which  they 
are  secured  by  the  tongue-bolt. 


Fig.  2596. 
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The  hounds  of  the  hind-a.xle  unite  and  are  fas- 
tened to  the  coupling-pole  by  the  coupling-pin. 

2.  (Nautical.)  Projec- 
tions on  the  ma-st-head  to 
support  the  trestle-trees  and 
top.  Cheeks  fayed  to  the 
sides  of  the  mast-head. 

Hoar-oir'cle.  (Globes.) 
A  small  Ijrass  circle  fi.xed  to 
the  north  pole,  divided  into 
twenty-four  hours,  and  fur- 
nished with  an  index  for 
jiointing  them  out. 

Hour-glass.  A  glass 
having  two  bulbs  and  a  con- 
necting o]iening  through 
which  the  sand  in  one  bulb 
runs  into  the  other.  The 
amount  of  sand  ami  size  of 
the  opening  are  such  that  a 
given  amount  of  time  is  con- 
sumed in  the  ptosage. 

On  an  ancient  bas-ri4ief  at  Rome  an  hour-glass  is 
])laced  in  the  hands  of  Jloipheu.s,  and  Athenajus 
says  tliat  the  ancients  carried  portable  hour-glasses 
with  them  as  measurers  of  time. 

Glasses  of  this  desciijiticn  are  yet  used  for  marking 
small  periods  of  time  ;  such  as,  — 

1.  The  three-minute  glass,  or  egg-glass,  in  which 
the  sand  jiasses  in  the  time  mentioned. 

2.  The  half-minute  glass  used  in  ascertaining  the 
rate  of  a  ship  by  the  log. 

The  line  is  knotted  at  such  intei-vals  that  the 
spaces  bear  the  sftme  relation  to  a  nautical  mile  that 
the  half-minute  does  to  an  hour.  That  is,  they  are 
-[i^  of  a  nautical  mile  apart,  —  about  60i\^  feet. 

The  line  Vicing  on  a  leel,  the  chip  is  thrown  over- 
board, and,  catching  in  the  water,  cau.ses  the  line  to 
rtm  oil'  the  reel.  AVhen  the  stray-line  has  run  out, 
the  half-miinite  glass  is  turned,  and  the  number  of 
knots  on  the  string  which  pass  through  the  seaman's 
hand  indicates  the  number  of  nautical  miles  per  hour 
that  the  vessel  is  sailing. 

Theuscofthehour-glassincalculatinga.ship'scourse 
is  much  older  than  that  of  the  log,  the  rate  being 
estimated  by  the  eye.  The  hour-glasses,  aiiipolrt/ns, 
nsed  in  the  expedition  of  Columbus,  ran  out  in  half 
an  hour,  .so  that  the  interval  of  a  day  and  a  nijlit 
was  reckoned  at  4S  ampolcttas,  and  so  the  journal 
—  log-book  —  recorded.  The  log  is  not  mentioned. 
It  was  used  in  the  Pacific  by  Magellan.     See  Log. 

The  horoscopus  in  the  Efyjitian  processions  car- 
ried with  him  the  nica.surer  of  time,  an  hour-glass. 

The  "  Surya  Siddh.anta,"  a  Sanscrit  treatise  on 
astronomy,  treats  of  the  "stringed  ."and  rece])ta- 
cles  "  for  measuring  time  ;  these  were  doubtless  of 
the  general  character  of  c\ir  hour-glasses. 

Hour-glasses  were  unknown  in  China  formerly, 
and  of  late  are  mentioned  by  them  as  of  importation 
from  the  ^A'est. 

A  tradition  of  the  Middle  Ages  relates  that  the 
sand-glass  (sablier)  was  invented  by  Liutprand,  a 
monk  of  Chartres,  who  reinvented  the  art  of  making 
glass  after  the  secret  had  been  lost  for  ages. 

Shortly  after  receiving  the  famous  clepsydra  from 
Harouu  al  Raschid,  Charlemagne  caused  a  monster 
sablier  to  be  made,  which  required  turning  but 
once  in  12  hours.  It  had  the  horary  divisions 
marked  upon  the  outside. 

The  hour-glass  or  half-hour  glass  was  a  regular 
part  of  pulpit  furnitine  in  the  sixteenth  century,  to 
denote  to  the  preacher  when  it  was  time  to  close. 
It  was  used  in  JIassachusetts  two  centuries  since  for 
the  same  purpose. 
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Hour-hand.    (Horology.)   Tlmt  one  wliich  shows 
the  hiiur  on  :i  wateh-dial,  jiei'fonning  its  revolution 
in  12  lioms. 
House-bell.     A  form  of  bell  for  doors  of  houses  ; 
Fig.  2597.  formerly    a     bell 

susj)eiiaea  by  a 
coiled  strip  whieh 
gave  it  the  re]ieti- 
tive  action  when 
the  wire  was  once 
pulled  ;  now  more 
usually  a  form  of 
gong  which  gives 
a  .single  sound. 
In  the  example, 
the  bell  is  screwed 
to  a  central  i>ost 
and  the  clapper 
is  fastened  to  an 
oscillating  block 
which  is  moved 
""~;rr;'-''  by  a  rod  anil  re- 

tracted liy  a  siiring. 
Hctse.BeU.  House-boat. 

A  boat  used  as  a  dwelling.     Common  in  China,  and 
once  common  on  our  Western  rivers. 

House-line.  (Nautical.)  Or  hoitsiiig.  A  fine 
line  having  three  stramls,  snialler  than  rope-yarn 
and  used  for  .seizings,  fastening  thimbles  of  sails  to 
their  ropes,  etc. 

House-mov'ing.  The  operation  of  removing 
small  or  moderate-sized  frame  structures  from   one 

locality 
Fig  2598.  to   another   is 

a  task  of  com- 
parati  ve  ly 
easy  aecom- 
p  1  i  s  h  m  e  n  t . 
The  house  is 
su]iported  on 
beams  laid  in 
the  direction 
to  be  taken, 
beneath  which 
^rollers     are 

jl  placed    and 

&=•  ■  th(!   power   of 

tackle  or  of  a 

capstan  a]iplied  to  a  rope 

properly   secured    to   or 

around  the  house. 

The  case  of  brick  build- 
ings, especially  those  of 
large  dimensions,  pre- 
sents more  dilticulty. 

A  foundation  is  first 
prepared  on  the  new  site. 
A  trench  is  next  cut 
around  the  outside  of  the 
liouse,  and  the  earth  is 
also  removed  from  the 
interioi',  so  as  to  expose 
the  foundation.  Through 
thi.s,  openings  are  made, 
into  which  are  in.serted,  at  intervals  of  aliout  three 
feet,  at  right  angles  to  the  direction  that  the  house 
is  to  be  moved,  stout  beams  a  which  project  about 
three  feet  beyond  the  walls  at  each  end.  Under 
each  of  tliese  projecting  ends  a  screw-jai'k  is  placed, 
resting  on  a  firm  foundation,  and,  by  the  operation 
of  these,  the  beams  a  are  brougiit  up  into  close  con- 
tact with  the  superstructure,  the  intermediate 
masonry  being  removed.  .Wiove  aiul  resting  upon 
the  beams  a  are  placed  beams  b,  througli  openings 
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made  in  the  walls  for  the  purpose,  and  below, 
transvijrsely  to  them  and  in  the  direction  the  house 
is  to  be  moved,  two  beams  c  d  are  placed  under  each 
end  wall ;  the  lower  of  these  has  a  tongue,  and 
serves  as  a  guide  for  the  u]iper,  which  is  grooved, 
and  slides  ujion  it.  The  two  stirfaces  of  contact  are 
greased,  and  a  powerful  screw-jack,  butting  against 
the  beams  c,  is  fixed  horizontally  to  eat-li  of  the 
beams  d,  and  operated  until  tlie  structure  is  moved 
the  distance  whi(di  the  limit  of  motion  of  the  screw- 
jacks  allows.  They  are  then  unfa.stened  and  the 
operation  repeated.  Ky  successive  additions  to  the 
length  of  the  lower  beams  rf,  this  may  be  continued 
until  the  house  is  moved  any  required  distance. 

House-lifting  by  screw-jacks  is  now  an  important 
liusiness. 

This  process  requires  great  care  and  attention,  as 
it  is  obvious  that  an  inequality  in  the  movement  of 
the  numerous  screw-jacks  tends  to  crack  the  walls. 

Hous'ing.  1.  (Kaihray.)  One  of  the  plates  or 
g\iards  on  the  railway  carriage  or  truck,  which  form 
a  lateral  sujiport  for  the  axle-boxes,  and  in  which 
they  slip  \\\\  and  down  as  the  springs  alternately  con- 
tmet  and  expand.  Also  caWvd  pedestals,  horn-plates, 
'lurs,  a.rlf'-ffuards. 

2.  The  framing  holding  a  journal-box  ;  as,  one  of 
the  staniliirds  holding  the  journal-boxes  of  the  rolls 
in  a  rolling-mill. 

3.  The  njirights  sujiporting  the  cross-slide  of  a 
planer. 

4.  (Car]>cntry.)  The  notches  in  an  object  for  the 
insertion  of  another  piece  ;  as,  — 

a.  (Stair -bvihl ivy.)  Notches  in  the  string-boards 
for  the  ends  of  the  steps. 

b.  (Artillery.)  A  prismatic  groove  in  the  axle- 
tree  of  a  gun-carriage  for  the  cheeks  of  the  transom. 

Notches  in  the  brackets  to  fit  on  the  axletree  bed, 
and  .so  on. 

5.  (Nautical.)  a.  That  portion  of  a  mast  which 
is  included  between  the  keelson  and  the  surface  of 
the  ujiper  deck. 

b.  A  covering  or  protection,  as  of  a  ship's  deck, 
when  laid  up  in  ordinary  or  under  stress  of  weather, 
as  in  the  Arctic  regions. 

c.  A  cord  made  of  three  small  yarns  and  used  for 
seizings. 

6.  (Saddlery.)  a.  A  cloth  extending  rcarwardly 
from  the  saddle  and  covering  the  loins  of  the  horse. 

b.  The  pad  of  a  collar. 

c.  A  hood  or  covering  piece  for  the  collar. 
Hous'ing -bear'ers.      (Metal  -u-orkivy.)     The 

frame  in  which  the  rollers  of  an  iron-rolling  mill 
are  set.      Houiiiiy-frames. 

Hov'el.  (I'tircclain.)  A  conoidal  structure  of 
brick,  40  feet  in  diameter  and  35  feet  high,  around 
which  the  ovens  or  firing-kilns  arc  clnstered. 

Hoiw'el.  (Coopcriny.)  A  plane  with  a  convex 
sole,  used  for  smoothing  the  insides  of  barrels  and 
casks,  making  the  smooth  circle  at  the  croze,  and 
also  the  chamfer  on  the  inside  of  the  chine. 

HoTv'it-zer.  A  cannon,  difl'ering  from  ordinary 
guns  in  being  shorter  and  lighter  in  jiroportion  to 
its  bore,  and  used  for  throwing  hollow  projectiles 
with  comparatively,  small  charges.  A  6-pdr.  gun 
weighs  100  pounds  more  than  a  12-iidr.  howitzer. 
Their  charge  of  powder  for  a  12-pdr.  field  howitzer 
is  J  pound  of  powder  ;  that  for  a  12-pdr.  mountain 
liowitzer  is  \  pound  of  powder.  A  smaller  chamber 
at  the  bottom  of  the  bore  receives  the  powder. 

a,  mountain-howitzer. 

b,  field-liowitzer. 

c,  siege-hovvitzei-,  model  of  1850. 

d,  the  siege-howitzer,  1861,  has  a  chamber  the 
size  of  the  bore.     See  Mountain-howitzeu. 
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Ho'w'ker.  (Vessel.)  A  Dutch  vessel  with  two 
mast.s.     Tlie  hooker  is  an  Irish  fishing-smack. 

Hoy.  (Vessel.)  A  one-masted  coasting-vessel, 
used  before  the  era  of  steamboats  for  conveying  pas- 
sengers and  goods  between  place.s,  or  as  a  tender 
ujHin  larger  vessels  in  port. 

Hub.    1.  A  tinted  screw  of  hardened  stSel,  adapted 


Fig.  2(3(X). 


to  be  placed  on 
a  mandrel  be- 
tween the  cen- 
ters of  a  lathe, 
notched  to  pre- 
sent cntting- 
edges,  and  to  be 
u.sed  in  cutting 

screw-tools,  chasing-tools,  etc.  The  chasing-tool,  for 
instance,  is  laid  on  the  rest  and  pressed  forcibly 
against  the  hub.     (Fig.  2600.) 

2.  {Die-sinkuig.)  A  cj'lindrical  piece  of  steel  on 
which  tlie  design  for  a  coin  is  engraved  in  relief. 
The  engraving  is  done  while  the  steel  is  soft,  and, 
after  hardening,  the  hub  is  used  to  make  malrixcs, 
from  which  are  made  punches  which  impress  the 
(/(■<■«  used  in  coi/«)M/.  (See  Matrix  ;  Punch;  Dik.) 
Tlie  hub  or  the  punch  is  pressed  upon  the  softened 
steel  blank  in  a  powerful  screw-press  ;  and  the  matrix 
or  die  is  removed,  annealed,  and  replaced  several 
times,  as  the  pressure  ha.s  the  efiect  of  hardening. 

3.  (Vehicles.)     The    central   portion  of  a   wheel 


Fig.  2601. 


Carriage  and  Wagon  Huhs. 


which  is  slipped  npon  the  arm  of  the  axle,  and  in  I  chariot,  found  in   Eg>'pt,  and   now  in  a  European 
which  the  spokes  are  set  radially.     The  nnve.  \  museum,  probably  that  of  Berlin.     It  is  supposed  to 

A  bronze  hub,   -with  peripheral  sockets  for  the  i  have  been  carried  to  Egvpt  as  a  trophy  by  a  con- 
reception  of  the  spokes,  is  in  an  ancient  Scythian    queror  of  that  nation.     See  Ch.^riot. 
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HUB-BORING  MACHINE. 


a  is  a  lull)  liaving  a  circumferential  gi-oove,  in 
which  the  shoulders  form  a  continuous  hanJ,  while 
the  tenons  of  the  spokes  set  in  mortises  in  the  bot- 
tom of  the  groove. 

b  is  a  metallic  hub,  one  portion  of  which  forms 
the  a.xle-bo.'i  arounil  whicli  are  the  nuts  on  the  inner 
ends  of  tlic  duulile  set  of  iron  spokes. 

c  has  two  circumferential  metallic  bands,  between 
which  tile  sjiokes,  forming  a  solid  circular  series,  are 
clamped  and  bolted  ;  tlie  clamps  also  holding  the 
W'ooden  sleeves  around  the  axle-box. 

(I.  Around  the  hollow  axle-box  are  clamped  two 
hollow  disks,  which  have  projecting  lugs  to  form 
the  spoke  mortises. 

e  has  a  metallic  shell  having  a  de|)ressed  center, 
in  wliicli  the  spoke  mortises  are  formed,  and  has 
tubular  cases'driven  in  from  the  ends. 

/  has  rubber  disks  around  the  axle-box  at  each  end 
of  the  hub. 

g  has  a  central  disk  forming  the  spoke-sockets, 
and  this  is  clamiied  by  two  outer  disks  with  inter- 
vening hollow  cones. 

h  has  two  hollow  shells  with  T-shaped  lugs,  which 
interlock  to  form  spoke-sockets. 

i  has  two  overlapping  mortised  hub-bands. 
j  has  two  metallic  disks,  with  projecting  lugs  to 
form  spoke-mortises  ;  the  disks  are  drawn  together 
with  bolts. 

k  has  a  grooved  hub  with  alternate  projecting  lugs 
to  form  dodging  mortises. 

I  has  a  soft  metal  or  [dastic  material  run  in  be- 
tween the  axle-box  and  the  .shell  of  the  hub. 
m  resembles  the  previous  in  some  resjiects. 
71.  Tile  iuib  has  a  dovetail  mortise  and  wedges  to 
prevent  the  withdrawal  of  the  spokes,  and  beveled 
metallic  bands  to  form  seats  for  tlie  spokes. 

0  has  a  mortised  hub  and  metallic  bands  to  clamp 
the  spokes,  which  form  an  arch  around  the  hub. 

p  has  a  liub-liand  with  staggering  metallic  sockets, 
and  hub  with  mortises  for  the  spoke-tenons. 

q  has  wedges  against  the  inner  ends  of  the  spokes  ; 
these  are  driven  outward  by  the  inner  hub-band, 
which  screws  on  the  sleeve  of  the  outer  portion  of 
the  hub-baml. 

r  has  a  metallic  shell  with  staggering  mortises  and 
projecting  lips  to  support  the  spokes. 

s  has  a  metallic  hub  formed  in  three  parts,  —  the 
axle-liox  and  inner  hub-band,  the  outer  hub-band, 
and  the  clamping-nut.    The  circular  spoke-groove 
has  a  dovetail  form. 

t  has  a  metallic  band  with  beveled  mortise. 
u.  The  end  Hanges  are  screwed  on  tlie  axle-arm.  (f' 

The  inner  ends  of 
Fig.  2602.  IJ     the  spokes  are  se- 

cured  in    a  mor- 
'  tised   flange-ring, 
between        which 
and  the  hub-flanges  are  anti-fric- 
tion rollers. 

V  has  a  metallic  hub-shell 
within  which  is  a  spoke-sock- 
et formed  by  sleeve,  nut,  and 
projecting  lips. 

io,  a  mortised  metallic  band 
on  a  wooden  hub. 

X  has  a  metallic  band  whosi 


Hub'ble-bub'ble.    An  onomatopoetic  word.    A 
]iipe  in  which  the  smoke  is  drawn  through  water. 

Hub-bor'er.  (U'/uclivrii/hting.)  An  im|]lement 
or  macliiiie  for  boring  hubs  for  the  boxing  or  the 
sjiokes.  That  in  Fig.  iCiOi  is  for  the  former  ]iur])ose. 
Clamps  at  each  enil  of  the  liulj  form  guides  lor  the 
central  shaft,  which  has  a  box  to  carry  the  cutter, 
who.se  iirogiession  is  obtained  by  the  thread  on  the 
shalt.  Tlic  cutter  has  a  threaded  shank,  and  is  fed 
outward  to  eulai'ge  the  diameter  of  the  bore  by  the 
rotation  of  the  tube, 
whieli   has  a  crown-  Elg.2603. 

wheel  engaging  a  pin-  n 

ion-nut  on  the  tool-  fT=^ 

shank. 

Fig.  2003  shows 
two  machines ;  one 
for  boring  hubs  for 
spokes,  the  lower  one 
for  boring  fellies. 

A  tool  operated  by 
a  suitable  tiaiidle  is 
arranged  to  slide  lon- 
gitudinally in  bear- 
ings  secured   to   the 


face  of  a  disk,  which  may  be  so 

adjusted  as  to  hold  the  tool  at 

any  desired  angle.     The  lower 

figure  shows  a  sliding  cross-jiieee  jaovided  «ith  two 

arms  which  areailjusted  to  hold  the  felly  }'in  J>osition 

wliile  being  liored  by  a  set  screw  having  a  handle. 

Hub-bor'ing  Ma-chine'.    The  machine   (Fig. 
2604)  bores  the  hub  by  thi'  rotation  of  the  latter  ra- 
ther than  of  the  former.     The  boring-tool  is  mounted 
Fig.  2604. 


Hiib-Bonr 


mortises  receive  the  spokes  in 
clusters. 

y  has  a  metallic  hub  which 
forms  the  axle-box,  and  has  a 
"ubricating-chamber  and  spoke- 
clamps. 

4.  A  block  for  scotcliing  a 
carriage  or  car  wheel. 


upon  a  horizontal  bed,  which  is  susceptible  of  an  os- 
cillating motion  about  a  center  for  the  purpose  of  al- 
lowing the  tool  to  be  set  at  any  desired  angle.  With 
this  bed  is  combined  a  laterally  adjustable  tool-holder 
and  a  longitudinally  adjustable  carriage.  The  car- 
riage is  provided  with  a  contrivance  for  throwing  it 
in  and  out  of  gear,  with  a  feeding-screw  for  the  pur- 
pose of  feeding  the  tool  up  to  its  work  with  a  slow 
motion,  and  retracting  with  a  quicker  motion. 


HUB-CENTERING  MACHINE. 
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HULLING-MACHINE. 


Hub-cen'ter-iag  Ma-chine'.  (  Wheel-making. ) 
A  uiacliiiie  iu  whifli  u  hub  is  chuckeil  while  the  hole 
for  the  axle-bo.Y  is  reamed  out  eonceiitrio  with  the 
outside  shajie.  A  similar  mode  is  adopted  for  hold- 
ing the  hub  while  setting  the  boxes  therein. 

Hub-lathe.  {JVIiedirrig]dii(g.)  A  form  of  lathe 
for  turning  carriage  and  wagon  hubs.     In  the  e.\am- 


Fig.  2605. 


Hub-Lathe 

pie,  the  cutter  is  held  and  fed  to  its  work  by  a 
double  slide,  and  its  lateral  movement  is  regulated 
by  the  adjustable  stop  attached  to  the  cross-head  of 
the  double  slide. 

Hub-mor'tis-ing  Ma-chine'.  {Whcclwright- 
hig. )  A  machine  iu  which  a  wheel-huli  is  held  upon 
a  mandrel  or  stake,  so  disposed  that  a  reei])rocating 
chisel  may  cut  therein  the  mortises  for  the  spokes. 
The  hub  is  dogged  or  clamped  so  as  to  prevent  rota- 
tion while  the  mortise  is  Vicing  cut,  and  is  then  ro- 
tated a  determinate  numlier  of  degrees  to  present 
the  next  spot  to  the  cutting-tool. 

Hub-tnirn'ing  Ma-chine'.     {Whedwriqhting.) 
k  form  of  lathe  s|iccially  adapted  for  turning  hubs 
for  vcliiide  wheels. 
Huck-a-back.    {Fubric.)    A  table  linen  or  tow- 
eling having  the  weft  alter- 
nately crossed,  so  as  to  ni.ake 
'  it  thick  at  certain  points  to 
roughen  the  surface  by  jiro- 
dnclng  a  raised  pattern. 

Huf'fliug.     .A.   process   of 
orn:unenting  gilded  leather. 

Hulk.  \Xautiml.)  Tlie 
hull  of  a  vessel  not  seaworthy, 
and  moored  in  port  for  hos- 
pital, guard,  convict,  quaran- 
tine, custom-house,  storage, 
victualing,  or  other  purposes. 
A  s'tscr-hulk  is  one  fitted 
with  slii-rrs  for  ma-sting  and 
dismasting  vessels. 

Hull.  {Shipbitilding.)  The 
body  of  a  vessel,  exclusive  of 
its  masting,  rigging,  etc.     A 
dismantled /t«i/  is  a  hulk. 
_     _^_^__  Hull'er.  See 

^.  ^=|==r  HrLLING-MA- 

o'  .|^      jl '■         CIIIXF,. 

HuU'ing- 
ma-chine'. 

(Jgriciiltiiir.) 
A  device  for 
removing  the 
cuticle  from 
grain,  and  for 
breaking  it 
without  redu- 
cing it  to  the 
condition      of 


i'i. 


■l4# 


therein  to  assist  the  trituration.  Foreign  substances, 
iucluding  the  husk  and  bran, 'were  removed  by  sift- 
ing. For  this  purpose,  the  Egyptians  used  .sifters 
made  of  papyrus  and  rushes,  the  ancient  Spaniards 
of  flax,  and  the  Gauls  invented  sieves  of  horsehair. 

The  Scotch  pearl-barley  mill  is  shown  in  Fig. 
2606,  A  being  a  .section  of  the  cylinder,  and  B  a  per- 
spective of  the  machines  in  operation.  It  consists 
of  a  drum  a,  which  is  rotated  by  gearing,  and  within 
which  a  circular  grindstone  h  is  caused  to  revolve 
moie  rapidly  by  belting.  The  grain  is  fe<l  through 
a  hopper  c  opening  axially  into  the  drum,  and  is 
removed  by  a  sluice  at  its  side.  The  drum  is  lined 
with  sheet-iron,  jierforated  with  small  holes,  which 
serve  to  remove  the  skin  and  a  portion  of  the  outer 
substance  of  the  grain,  bringing  it  to  a  spheroidal 
shape  ;  whence  the  name  .of  pearl  barley.  Pot 
barley  has  merely  the  outer  skin  removed. 

Kg.  2607. 


Hutlmq-Mill. 

Fig.  2607  illustrates  a  machine  in  which  the 
hulling  process  is  effected  between  two  horizontal 
stones  adjustable  relatively  to  each  other,  so  as  to 


give  the  requisite 
trituration  without 
pulverizing  the 
grain. 

The  machine 
shown  in  Fig.  2608 
lias  a  revolving 
wire-gauze  cylin- 
der, provided  with 
rough  -surfaced 
shelves  E  E,  on  to 
w  Inch  the  grain  is 
successively  con- 
ducted by  conduits 
d,  in  its  down- 
ward passage  from  _ 
the  hopper.  An  .'_j,_ 
internal  fan  elinii-  '- — 
nates  the  liusk, 
etc.,  during  the 
process. 

There  are  some 
other  varieties  of 
machineswhich  de- 
pend partly  upon 
percussion,  an  ex- 
am pie  of  which  has 
a  series  of  the  or- 
dinary triangular 
saw-files  projecting 
radially  from  an 
axis     rotating     at 


Fig.  ii60t> 


BarUy-Hulkr. 

meal.     In  the  time  of  Pliny  a  mortar  was  employed 

for  this  purpose,  sand  or  pieces  of  brick  being  placed  ]  iny-jiachise. 


HuUmg-MiU. 
high  speed  within  a  cylindrical  casing.     See  HoM- 
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HURDLE. 


Human,  and  other  Aiiimal,  Farts  and  Fea- 
tures represented  ib  MechciniCB. 

Poll. 

Rib. 

Seat. 

Shank. 

Shoulder. 

Side. 

Skin. 

Sole. 

Spine. 

Step. 

Teat. 

Throat. 

Toe. 

Tongue. 

Tooth. 

Tnmk. 

Tusk. 

Vein. 

Waist. 

Wrist. 


HumTjug.  {Menage.)  A  nippers  for  grasping 
the  c:utilnge  of  the  nose.  Used  with  bulls  and  other 
refraetoiy  boviires. 

Hum'hum.     (Fabric.)      A  plain,  coarse,   cotton 
cloth,  iiiadf  in  Imtia. 
Hum'mel-ing-ma-chine'.  A  machine  for  break- 
ing ott'  the  awns  of 

Fig.  2609.  ,  barley.      It  consists 

of  a  vertical   shaft 
provided    with 
several    beaters     at 
lllliiii.  Illllli.         several     different 

levels  and  revolving 


Ankle. 

Gullet. 

Arm. 

Gum. 

Hack. 

Hair. 

Beard. 

Hand. 

Bellv. 

Head. 

Body. 

Heart. 

Bosom. 

Heel. 

Breast. 

Hip. 

Breech. 

Jaw. 

Butt. 

Joint. 

Cheek. 

Knee. 

Claw. 

Knuckle 

Crown. 

Leg. 

Diaphragm. 

Lip.  ^ 

Ear. 

Lug.  * 

Elbow. 

Mouth. 

Eye. 

Muzzle. 

F.ace. 

Nail. 

Finger. 

Neck. 

Foot. 

Nipple. 

Gland. 

No.se. 

Groin. 

Palm. 

JIatid-Humjnelers. 


rapidly  in  a  cylindrical  case  so  as  to  beat  the  grain 
as  it  falls. 

The  operation  is  also  performed  in  a  thrashing- 
machine  by  putting  the  grain  through  a  second 
time,  substituting  for  the  ordinary  cover  a  tin  case 
Avith  teeth  made  by  punching  holes  through  it  fiom 
the  outside.  Hand-hununclers  or  aveling-machincs 
(Fig.  2609)  are  used  upon  the  grain  spread  on  the 
barn  Hoor,  being  either  rolled  or  dragged. 

The  Japanese  hummel  their  rice  in  a  mortar  made 
of  a  section  of  a  large  tree  hollowed  out. 

Hun-ga'ri-an  Leath'er.  (Leatlier.)  A  white 
leather  originally  made  in  and  imported  from  Hun- 
gary, but  now  manufactured  in  other  countries. 

Mineral  salts  are  substituted  for  vegetable  ex- 
tracts. The  hides  are  fii-st  treated  with  aniixture  of 
alum  and  common  salt,  by  which  a  portion  of  the 
sulphate  is  converted  into  the  chloride  of  aluminium. 
An  excess  of  salt  keejis  the  hides  sui^ple.  The  flesh- 
ing and  scraping  processes  are  proceeded  with  as  in 
the  ordinary  modes  of  tanning,  but  the  hair  is  re- 
niovnl  by  shearing  instead  of  liming. 

The  first  alum  bath  has,  alum  7  pounds,  salt  4A 
pounds,  water  8  gallons,  for  each  hide  of  8,5  jiound-s"' 
weight.  The  temperature  is  raised  to  120°  F.,  and 
the  sides  aie  extended  in  the  bath,  hair  side  up. 
They  are  tramped  while  in  the  bath  ;  this  is  three 
times  repeated  in  warm  liijuor,  the  strength  of  the 


liquor  being  maintained.     The  skins  then  lie  8  days 
in  the  menstruum. 

The  skins  are  taken  out,  stretched,  and  shaken, 
and  then  treated  by  a  saline  bath  as  before,  but  only 
lying  24  hours  in  the  liquor  at  the  conclusion  of  the 
repeateil  trumping  processes.  The  hides  are  then 
drained,  partially  dried,  stretched,  s\ispended  by 
their  edges,  and  exsiccated.     See  Tawing. 

The  skins  are  tramped  and  rolled  till  rendered 
suiq>le,  and  are  then  ready  for  tlie  oiling  process. 

The  oiling  material  is  a  mixture  of  tallow  and  fish- 
oil,  the  ordinary  dubbing  of  the  American  currier  ; 
this  is  spread  by  a  mop  on  the  fie.sh  and  the  hair  sides 
of  the  .skins,  which  are  made  into  a  pile  tie.sh  side  up. 

.\n  open  charcoal  fire  is  then  lighted  in  the  room, 
which  is  clo.seil  air  tight,  and  after  an  interval,  and 
the  opening  of  the  door  for  the  escape  of  carbonic 
acid,  the  workmen  enter,  and  grasping  a  skin  by 
the  ends  hold  it,  flesh  side  down,  ovei'  the  charcoal 
fire,  at  the  same  time  .stretching  it  in  all  directions. 
As  each  side  is  flamed,  it  is  laid  on  a  table,  the  ])ile 
of  warm  and  greasy  hides  being  covered  with  a 
cloth  and  left  to  mellow,  absorbing  the  oil  and 
equalizing  the  heat  throughout  the  mass. 

The  hides  are  then  wiped  of  superfluous  grease  ; 
laid  aci'oss  poles,  fle.sli  side  oi;t  ;  dried,  weighed, 
stamped,  and  marketed.  The  result  is  said  to  be 
excellent,  no  acid,  alkali,  fermentative,  or  othei-  de- 
structive ap]ilication  or  jirocess  detracting  from  the  " 
weight  or  injuring  the  cohesion  of  the  tissues. 

Hun-ga'ri-an  Ma-chine'.  (Hydraulic  Engi- 
nariiiij.)  The  Chenuiitz  jire.^.snre  engine.  See  AlK 
AS  A  WaTEII  Pj.EVATOll,  Fig.  58. 

Hunt'er's  Screwr.  A  differential  screw  ;  named 
after  its  inventor.  Dr.  John  Hunter.  See  Differ- 
ential SciiEW. 

Hunt'ing-cog.  (Gearing.)  A  tooth  in  a  cog- 
wheel which  is  one  more  than  a  number  divisible  by 
the  number  in  the  pinion  with  which  it  engages. 
If  tile  pinion  contains  8  leaves  and  the  wlieel  65 
teeth,  the  65tli,  or  bunfing-coy,  prevents  the  recur- 
rence of  each  leaf  of  the  }iinion  with  every  8th  cog 
of  the  wheel,  which  would  be  the  etVect  were  the 
relative  numbers  8  and  64.  When  the  numbers  are 
8  and  65,  the  wheel  will  revolve  8  times  and  the 
pinion.  65  times  before  the  same  leaves  and  teeth 
will  be  again  engaged. 

Hunt'ing-horn.  (Music.)  a.  A  bugle  used  in 
the  chase. 

b.  A  wind-instrument  of  metal,  usually  with  a 
circular  tube.     See  Hokn,  k. 

Hunt'ing--watch.  (Horology.)  A  watch  with 
a  metallic  case  over  the  crj'stal  for  its  jirotection. 

Hur'dle.  1.  (Husbandry.)  A  rectangular  frame 
of  vertical  stakes  and  interwoven  withes  of  hazel,  elm, 
oak,  or  other  suitable  saplings.  Hm'dles,  about  6 
feet  long  and  3  feet  high,  are  used  in  husbandry  in 
making  temporary  enclosures  and  fences,  each  sec- 
tion being  secured  by  a  ring  to  a  driven  stake. 

Oinamental  hurdles  for  screens,  fences,  etc.,  are 
made  of  iron,  either  cast  or  wrought.  Each  hurdle 
forms  a  panel,  and  is  secured  at  its  ends  to  sTakes. 
Cast-iron  hurdles  consist  of  the  marginal  frame  and 
an  ornamental  filling,  according  to  the  taste  of  the 
designer.  Wrought-iron  hurdles  have  a  frame  of 
bar-iron,  and  interlacing  work  of  wire  resembling 
network. 

2.  In  fm'tification,  hurdles  are  smaller,  and  are  used 
as  revetments  in  embrasures  to  strengthen  the  para- 
pet. The  gahion  commonly  used  for  this  ]nnpose 
is  a  crate.,  diflering  from  a  hurdle  only  in  being 
cylindrical.     See  Gabion. 

A  rectangular,  flat  structure  made  of  stakes  and 
withes,  used  in  an  emergency  to  stop  breaches. 


HURDLE-NAIL. 
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HYDRANT. 


3.  (Hnl-mnking.)  A  grid  of  wood  or  wire,  on 
which  a  bunuh  of  felting  hair  is  laid  for  bowing. 

Hur'dle-nail.  A  tough  flat-headed  nail  used  in 
sec'.irini,'  tlie  ]wrts  of  a  hurdle  together. 

Hur'dy-gur'dy.  I..ifusic.)  A  stringed  instru- 
ment having  a  lute-shaped  body  and  neck.  The 
strings  are  regulated  on  the  latter  by  the  fingers, 
and  are  viljrated  by  a  revolving  wheel. 

Hurl.  (Haltinri.)  The  table  on  which  the  ma- 
terial for  a  luit-body  or  the  fur  for  a  nap  is  bowed. 

Hur'ri-cane-deck.  (Shipbailding.)  1.  The  up- 
per deck  of  an  American  river  or  lake  steamboat 
above  the  cabins. 

2.  A  raised  platform  on  an  ocean-going  steam-ve.s- 
sel,  extending  from  side  to  side,  above  deck  amid- 
ships.    A  station  for  the  otticer  in  command. 

Hur'ries.  A  staith  or  timlier  framing,  on  to  which 
coal-cars  are  run,  and  from  which  they  discharge  their 
loads  by  means  of  spouts  to  the  holds  of  the  .ships. 

Hurst.  The  ring  or  collar  of  a  trip-hammer  helve 
on  whirh  are  the  trunnions  on  wliicli  it  oscillates. 

Hur'ter.  1.  {ForlJfication.)  a.  .\  timber  placed 
at  tlie  font  of  tlie  interior  slope  as  a  revetment,  to 
prevent  the  injury  of  the  parapet  liy  the  wheels  of 
the  gun. 

6.  (Of  a  qun-carriagc.)  Pieces  of  wood  or  iron  at 
the  front  of  the  chassis  to  (irevent  the  top  i.-arriage 
from  running  olf  when  "in  battery."  The  counter- 
hui'ter  is  a  similar  piece  at  tile  rear  of  the  chassis  for 
checking  the  recoil  of  the  carriage. 

2.  (Vehicles.)  A  hutting-piece  on  an  axle.  A 
strengthening  piece  placed  against  a  shoulder  of  an 
a.xle. 

Hus'band-ry.  For  list  of  machines,  imple- 
ments, and  tools,  see  AoRicuLTtritAL  Implements 
aad  Hi'sBANiJUY,  pp.  23-25. 

Hush'ing.  (Mining.)  a.  A  term  applied  to  one 
moile  of  exposing  and  collecting  ore.  In  a  ravine 
where  surface  ore  is  exposed  or  but  lightly  covered, 
a  body  nf  water  is  dammed  and  then  allowed  to 
flaih  through  the  ravine,  tearing  up  the  earth  and 
stones  and  exposing  new  surfaces,  from  whence  the 
ore  is  gathi'red.  The  word  is  pi'ohably  a  corruption 
from  flashing,  which  signities  a  copious  dash  of 
water,  as  flushing  a  seioer.     See  Flu.shin'g. 

b.  A  process  of  clearing  water  from  the  surface  of 
ore,  in  stream  works,  by  diverting  and  <lirecting 
streams  of  water  thereon. 

Husk.  (Milling.)  The  supporting  frame  of  a 
run  of  iiiillstoncs. 

Husk'er.  An  implement  or  a  machine  for  re- 
moving the  shucks  from  ears  of  corn.  See  Corn- 
husk  er. 


Fig.  2610. 
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Husk  -  hack'ler. 

A  marhiiie  tor  tear- 
ing corn-husks  into 
slireds  for  stuffing  for 
mattresses,  pillows, 
cushions,  etc. 

Fig.  2610  shows  a 
hackling-machine  in 
wliicli  the  toothed 
cylinders  are  driven 
at  iliti'erent  rates  of 
speed,  whereby  a 
splitting  anil  comb- 
ing action  isobtained, 
as  tlie  husks  are  fed 
through. 

Husk'ing-glove. 
A  glove  with  claws 
or  prongs,  adapted  to 
grasp  tlie  ear  of  corn 
and    tear    the   husk 


therefrom.  Some  of  these  implements  have  also 
cutting  jaws  to  sever  the  butt  of  the  ear  from  the 
stalk. 

Husk'ing-peg.  A  jiin  or  claw  worn  upon  the 
hand  and  used  to  assist  in  tearing  ojien  the  shuck 
when  husking  ear  corn.  Ingenuity  is  apparently 
exhausted  in  contriving  convenient  rings  and  rests 
for  the  fingers,  and  mode  of  attaching  to  the  hand. 

Hut.  The  back  end  or  body  of  the  breech-pin  of 
a  musket. 

Hutch.  1.  (Mining.)  a.  A  low-wheeled  car 
adapted  to  run  on  a  track  in  the  gallery  of  a  mine, 
to  be  lifted  on  the  cage  to  the  surface,  and  then  run 
oti'  to  the  dumping  chute,  by  which  its  contents  are 
carried  to  wagons. 

b.  A  cistern  or  box  for  washing  ores. 

2.  (Milling. )  The  case  of  a  flour  bolt.  A  bolt- 
ing-hutch. 

.3.   A  kneading-trough. 

Hutch'ing.  (Mining.)  A  separation  of  ore  in  a 
sieve,  wliich  is  suspended  from  a  lever  or  held  in 
the  hands,  and  agitated  in  a  vat  of  water.   See  JiGGER. 

Huy-ghen'i-an  Eye-piece.  (Optics.)  The  nega- 
tive egc-jnccc,  named  alter  its  distinguished  inventor, 
Christian  Huj'ghens,  a  Dutch  astronomer  (1629- 
169o).  This  wonderful  man  excelled  in  mathemati- 
cal and  mechanical  science  and  art.  He  improved 
the  telescope  ;  discovered  the  ling  of  Saturn  (a.s 
.such)  ;  reajiplied  the  pendulum  to  beating  time, 
and  first  accurately  adapted  it  ;  invented  the  nii- 
crometer  ;  and  in  his  various  coninumications  to  the 
Academy  of  Sciences  in  I'aiis  and  the  Royal  Society 
of  London  illuminated  all  he  undertook. 

He  was  one  of  the  emigi-ant.s  driven  from  France 
at  the  revocation  of  the  Edict  of  Nantes,  and  ex- 
changed the  friendship  of  Louis  XIV.  for  that  of 
Newton.     See  Neg.a.tive  Eve-piece. 

Hy-al'o-graph.  A  n  instrument  for  tracing  a  de- 
sign on  a  transparent  .surface. 

Hy-al'o-type.      (Fhotog-  Fig.  2612. 

rajilni. )        A       idiotographic 
positive  on  glass. 

Hy'drant.    A  valve  and 

Fig.  2611. 
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spout  c'Oiinfctiiij;  with  a  wati'i'-niiiiii,  ami  by  which 
water  niiiy  bu  dniwii  fVom  the  Uittfr.  In  the  ilo- 
iiiestii:  rmiii,  iis  usual  in  the  yards  of  our  city 
liouses,  the  .spout  is  elevateil  sulKeiently  to  allow  it 
to  ilischarge  into  a  tub  or  bucket,  the  valve  being 
0|jerateil  by  a  handle.  Provision  i.s  also  made  foi' 
allowing  the  contents  of  the  discharge-iiipe  to  run 
back  out  of  the  way  of  frost.  In  the  example,  Fig. 
2611,  the  depression  of  the  goose-neck  foi-ces  a  piston 
into  a  chamber  whicli  eni[ities  itself  tlirough  the  dis- 
charge-pipe ;  the  end  of  llie  pipe  depresses  a  valve 
and  allows  the  water  to  flow  continuously  from  the 
main.  Tlie  elevation  of  the  goose-neck  closes  the 
valve,  and  the  rising  of  the  ]iiston  empties  the  dis- 
charge-pipe into  the  ])istou-eli!unbei'. 

In  Fig.  21)12,  the  water  is  let  on  or  off  by  rotating 
the  tube,  which  o])ens  or  c-lo.ses  the  foot-valve  /  by 
means  of  a  stud  on  the  tubi'.  Near  the  lower  end 
of  the  tube  is  a  perforation  which  may  be  brought 
into  coincidence  with  a  wasti'way  wlien  the  valve  is 
clcsed,  and  tluis  empty  the  .stand-]iipe. 

A  large  kind  of  hydrant,  liaving  a  larger  .serviee- 
pipo  from  the  main,  anil  useil  for  connection  of  hose 
for  street  washing  or  in  case  of  tire,  is  known  as  a 
firc-jilitrt. 

Hy'dra-pult.  A  garden  syringe.  A  force-pump 
on  a  ]ioi'tidilc  scale. 

Hy-drau'lic  Belt.  An  endless  woolen  band  for 
raising  water.  I'lie  lower  l)ight  is  innnersed  in 
water,  and  the  upper  bight  jiasses  over  a  roller. 
Tile  belt  travels  aliout  1,0'>0  feet  per  minute,  and 
discharges  at  its  upper  turn. 

Hy-drau'lic  Block.  (Shi/ibui!dhuj.)  An  hy- 
draulic lifting-pi'ess  occupying  the 
Kg.  2613.  ]ilac,e  of  a  baililiiui-hlock  beneath 
the  keel  of  a  vessel  in  a  repairing- 
dock.  Being  adjustable  as  to 
hight,  it  is  useful  for  straighten- 
ing a  sliip  that  has  become  Iwijgcd 
or  Sii'iiiril. 

Hy-drau'lic  Brush.  One  hav- 
ing a  hose  connection  through  its 
handle  so  as  to  disiOiarge  water 
upon  the  surface  or  olyeet  being 
scrubbed.  The  one  sliown,  in- 
tended tor  washing  windows,  has 
vanes  in  the  stock,  and  the  force  of 
the  water  causes  the  Inush  to  re- 
volve and  the  water  to  spray  upon 
the  window. 

Hy-drau'lic  Cane.  This  pump 

consists  of   a  vertical    J'ipe  whose 

lower  end  has  a  valve  tipcning  u[»- 

wiudly  and  plungeil  in   the  wati-r 

of  the    cistern   or   well.      A   rapid 

\ertical   reciprocation   is  given  to 

tile  tube,  and  the  water  is  caused 

to  ascend  therein  ;  jiositively  as  the 

lower  end  plunges  into  the  water 

j    raising  the  valvi-,  and  relatively  as 

llhh'ui'!'  r,n:s'i.    the  water  slips  in  the  tulx'  as  the 

latter  di'scends  (piiekly.      An   air- 

chaiiilicr  above  rnakis  tlie  discharge  continuous. 

Hy-drau'lic  Ce-ment'.  A  cement  which  pos- 
sesses the  property  of  hardening  under  water  and 
resisting  decomposition  liy  that  element.  Various 
substances,  mi.xed  with  sand,  have  been  em|)loyed 
for  this  ] impose,  luUilling  more  or  less  perfectly  the 
reipiired  condition.s. 

•Septaria  are  used  where  readily  procunible. 
The  Romans  used  pozzuolana,  volcanic  ashes  con- 
taining a  considerable  pro|iorti(m  of  clay  and  o.\ide 
of  iron.      A  similar  product  called  trims,   found    in 
large  ipiaiitities  on  the  Lower  Rhine,  is  used  in  Ger- 


many. For  lining  their  reservoii-s,  the  Romans  em- 
ployed pure  lime  and  finely  pounded  lirick. 

'The  ]irincipal  supply  is,  however,  derived  from 
various  limestones  which  contain  in.soluble  matters, 
as  silica,  alumina,  magnesia,  and  o,\ide  of  iron,  in 
varying  ]iroportions.  These  ai'c  burned,  causing 
chemical  changes  and  combinations  in  the  constitu- 
ents of  the  mass,  wliiidi  is  then  pulverized  lor  use. 

The  so-called  "  Roman  "  cement,  )iateiite(l  in  Eng- 
land by  Parker  in  171)6,  is  jirejiared  IVoiii  nodular 
concretions  of  limestone,  u.sually  containing  veins  of 
calc  spar,  found  in  beds  of  clay. 

Portland  cement,  which  ranks  among  the  highest 
in  point  of  tenacity  and  durability,  is  made  from  the 
deposits  formed  in  tin'  beds  of  some  rivers  wliieli 
flow  through  chalk  and  clay  formations,  mi.xed  with 
a  pi'oportion  of  carbonate  of  lime.  Tln-se  are  incor- 
porated under  water,  burnetl,  ami  grcmnd. 

Several  varieties  of  hydraulic  cement  are  prepared 
in  the  United  States,  where  it  is  also  very  generally 
known  as  "water  lime."     See  Cement. 

Hy-drau'lic  Clock.  An  ancient  form  of  time 
measurer.  It  was  described  by  <'tesihus.  One  was 
presented  by  Haroun  al  Riuscbiil  to  Charlemagne 
about  A.  n.  801.      See  Cl.KI'SYlHl.V. 

Hy-drau'lic  Con-dens'er.  (Has.)  The  eham- 
bcr  into  which  gas  fniin  the  retorts  is  eoiiveyeil 
bv  tlic    ilip-]iipes    to    be    cooled.      See    HYDRAULIC 

M,M\. 

Hy-drau'lic  Crane.  (Hoist i;i(i.)  An  applica- 
tion of  till'  hydraulii'  press  to  lifting.  See  Hy- 
iii;.\ri,ir  Ei.EVAi'on,  Hoist,  Lift,  etc. 

Hy-drau'lic  Dock.  An  ajiparatns  (J,  plate  op- 
posite jiagc  ll.'iO)  by  which  a  vessel  is  raiscil  clear  of 
the  water  for  e.'caminution  and  repairs.  The  ves.sel 
is  l)rought  over  a  platform  which  is  slung  betwes^ 
the  frames,  being  suspended  by  the  reipiisite  number 
of  chains,  say  20  on  each  side,  which  ]iass  over  cast- 
iron  pulleys  supported  on  the  top  of  the  wooden 
framework.  The  lower  ends  of  the  chains  are  fixed 
to  the  platform,  and  the  u]iper  ends  to  a  horizontal 
beam  of  wood,  which  is  attached  by  means  of  a  cross- 
head  to  the  ram  of  an  hydraulic  engine.  AVlieii  the 
ram,  therefore,  which  is  jilaced  in  a  horizontal  jiosi- 
tiim,  is  niovi'd,  by  the  injection  of  water  into  the 
ca.st-iron  cylinder  in  which  it  work.s,  the  motion  is 
eonimunicated  to  the  horizontal  beam,  and  thence, 
by  the  sus]iending  chains,  to  the  )ilatform  bearing 
the  vessel,  wliicli  is  thus  slowly  laised  to  the  sur- 
face. 

The  longitudinal  and  the  end  view  of  the  platform 
and  vessel  will  explain  the  operation  of  the  appa- 
ratus. Ill  both  of  these  views,  v.  represents  the 
]ilatform  ;  A,  the  .sus]ieiidiiig  eliains  ;  r,  the  pulleys 
on  which  they  run  ;  il,  the  horizontal  beam  to  which 
the  chains  are  attached  ;  c,  the  hydraulic  engine  : 
and/,  the  injection-iiijie  by  which  the  water  is  forced 
into  the  ram. 

The  fixtures  of  the  cylinder  are  embedded  in  a 
large  mass  of  masonry,  so  as  to  render  it  quite  im- 
movable. 

Then-  are  several  racks  attached  to  the  apparatus, 
for  su]iporting  the  platform,  and  taking  part  of  the 
weight  olf  the  ram  after  the  ves.sid  is  sus]ien(led. 
When  she  is  ready  to  be  lowered,  these  racks  are 
unshipped,  and  the  water  being  permitted  to  escape 
through  a  small  aperture  provided  in  the  cylinder 
for  that  ])urpose,  the  vessel  slowly  descends  into  the 
water.  The  per|)endicular  lift  of  one  of  these  docks 
in  Xew  York  Harbor  is  ten  feet. 

Hy-drau'lic  El'e-vator.  {Hoisting.)  A  plat- 
form lift  worked  by  hydraulic  power. 

A  .strong  rectangular  frame  having  a  hydraulic 
ju'ess  at  each  corner.      These  are  operated  b\"  a  larger 
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and  a  smaller  jmmii.  On  the  plungers  of  the  pumps  I  solid  metal  to  connect  the  end  of  the  cylinder  with 
rest  two  additional  frames,  arranged  to  liave  a  truly  I  the  body.  Thus  the  water  is  admitted  to  the  inte- 
vertical  motion.  The  njachine  is  adapted  for  trans-  |  rior  from  all  sides.  To  facilitate  this,  the  cylinder 
ferring  railway-carriages  from  one  line  of  track  to  is  entirely  enveloped  by  a  second  cylinder,  with  a 
another,  and  "for  this  purpose  is  jilaced  under  the  !  space  intervening  between  the  two,  which  is  tilled 
carriage,  and  the  larger  pump  worked  until  the  !  with  the  water  of  induction.  The  extreme  portions 
frames  are  brought  to  bear  under  the  a.xles  ;  the  I  of  the  working  cylinder  are  turned  very  smooth  ex- 
operation  of  the  smaller  pum|)  then  lifts  the  Hanges  [  ternally  in  a  lathe,  and  the  ends  of  the  enveloping 
of  the  wheels  clear  of  the  rails.  When  the  carriage  I  cylinder  are  here  contracted,  and  turned  likewise  on 
is  transferred,  the  water  is  allowed  to  flow  back  from  !  the  inside,  so  as  to  make  a  joint  as  nearly  as  possi- 
the  pumps  to  the  cistern,  and  the  carriage  lowered  >  hie  water-tight.     Both  these  cylinders  are  enveloiied 


into "  place   on   the  rails.      See  also   Figs.  J,   plate 
opposite  page  lliO,  and  L,  page  1157. 

In  181-2,  Bramah  patented  a  plan  for  laying 
water-mains  in  cities,  the  water  to  be  under  heavy 
pressure  from  force-pumps,  and  to  be  used  for  ex- 
tinguishing fires  and  for  operating  hydraulic  ma- 
chines in  factories,  warehouses,  etc.,  for  elevating 
heavy  weights,  goods,  etc. 

The  Ascenseur  Edoux  of  Paris  consists  of  a  cylinder 
66  feet  long,  sunken  perpendicularly  into  the  earth, 
with  a  jdunger 
descending  in- 
to it  to  the 
same  depth, 
and  packed 
water-tight  at 
the  top  of  the 
cylinder.  Into 
this,  below 
the  packing, 
water  is  ad- 
mitted by 
means  of  a 
valve.  The 
piston  rises 
under     the 

pressure  of  the  water  to  the  re- 
quired hight.  The  descent  was 
etl'ected  by  allowing  the  water 
to  escape.      See  WArEU-KNGiNE. 

Hy-drau'lic  En'gine.  1 . 
An  engine  <ir  niacliine  eiii[iloyed 
in  raising  water,  as  pumps,  etc.  ; 
or  receiving  motion  by  the  weight 
or  impulse  of  water,  as  water- 
wheels,  etc.  ;  or  in  transmitting 
power,  as  the  hydrostatic  ]>ress, 
etc.  See  Hvduaulic  Engi- 
neering AND  Appli.\nces  ; 
Pump;  \V.a.ter-elevator  ; 
Water-wheels,  etc. 

2.  A  machine  ilriven  by  the 
pressure  of  a  column  of  water ; 
the  term  is  especially  applied  to 
one  in  which  the  piston  of  a  cyl- 
inder is  driven  by  water-power. 


completely  by  a  third  and  larger  one,  between  w  hich 
and  the  second  tliere  is  a  space  for  the  escape  of  the 
water  on  its  discharge.  This  cylinder  and  tlie  sec- 
ond are  cast  in  a  single  piece,  and  Ibrni  one  body. 
The  extremities  of  the  third,  like  tho.se  of  the  .sec- 
ond, are  adapted  accurately  to  the  surface  of  the 
first,  but  there  is  a  space  between  the  second  and 
third  at  this  surface,  which  is  as  wide  as  the  annu- 
lar series  of  openings  above  described  in  the  first, 
by  which  the  water  is  to  be  admitted  into  or  dis- 


Fig.  2614 


Water-Eri^nes 


The  hydraulic  engine  of  Huelgoat,  in  Brittany,  is  j  charged  from  the  first,  which  is  the  working  cylin' 


used  to  drain  a  mine  ;  is  single-acting,  and  acts  di 
rectly  to  lift  the  ]iiston  of  the  pump.  It  makes  five 
and  a  half  strokes  per  minute,  the  stroke  being  a 
little  more  than  eight  feet  in  length.  The  piston- 
rod  is  767  feet  long,  and  it  weighs  16  tons.  The 
power  of  the  engine  is  deiived  from  a  source  at  a 
hight  370  feet  above  its  own  level.  See  Delaunay's 
"  Mechanics." 

Ferret's  hydraulic  engine  A  (French)  has  a  cyl- 
inder and  a  double-acting  piston.  The  motion  is 
communicated  to  a  working  shaft  in  the  ordinary 
way.  The  peculiarities  consist  in  the  manner  of  ad- 
mitting and  discharging  the  water.      This  is  eft'ected 


ler.  The  inner  cylinder  moves  backwaid  and  for- 
ward alternately,  so  as  to  present  the  openings  which 
answer  to  its  valves  in  tVont  of  the  spaces  w'hich 
communicate  with  the  su|iply  and  exhaust. 

The  motion  of  the  working  cylinder  through  the 
small  space  which  is  required  to  eft'ect  the  admission 
and  discharge  of  the  water  is  accomplislied  by 
means  of  an  eccenti'ic  upon  the  crank  shaft,  which 
is  set  at  right  angles  to  the  crank,  ami  90'  behind  it 
in  the  direction  of  revolution  :  so  tliat  the  motion  of 
the  cylinder  is  in  a  direction  contrary  to  that  of  the 
piston  in  the  first  half,  and  in  the  same  direction  in 
the  last  half,  of  the  stroke.      The  breadth  of  the  an- 


through  openings  at  each  end  of  the  cylinder  which  nular  opening  is  exactly  ecpial  to  that  of  the  metal 
occupy  the  greater  part  of  its  circumference  and  form  I  which  separates  the  sujiply  from  the  exhaust  in  the 
a  sort  of  aunulus  ;   there   being  left  only  enough  1  exterior  cylinders  ;    and  it  will   be   seen   that  the 
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working  cylimler  itself  performs  the  function  of 
the  sliiler  in  the  valve-box  of  the  steam-engine. 
It  happens  aeeonlingly  that  there  is  no  inter- 
val between  the  slmttiiig  off  of  the  supply  and 
the  coninienuenient  of  the  discharge  ;  but  that 
the  effinx.  begins  the  moment  the  influx  ceases. 
The  main  object  of  the  specific  devices  is  to  pr 
vent  jar. 

a  is  the  inner  cylinder. 

b  the  external  cylinder. 

c  the  intermediate  cylinder. 

p  is  the  piston  beginning  to  advance. 

iis  the  induction,  e  the  eduction  pipe. 

d  d'  are  prolongations  of  the  working- 
cylindi^r,  of  smaller  diameter,  sliding 
back  and  forth  in  stulting-boxes  1 1'. 

p'  is  the  piston-rod  working  in  a  stuf- 
ling-box  «. 

In  Coipie's  water-engine  a  small  (quan- 
tity of  air  is  admitted  along  with  the  water,  to  absorb 
hydraulic  concussion. 

Ramsbottom's  hy<ha\ilic  engine  B(English)is  oscil- 
lating, and  employs  two  cylinders  b'  /,  operating 
one  crank-shaft  a,  by  means  of  two  cranks  at  right 
angles  to  each  other."  In  one  of  the  accompanying 
figures  the  channels  of  induction  are  marked  >,  and 
are  cast  with  the  cylinders  ;  the  dotted  circle  c  shows 
the  position  of  the  supply  and  discharge  pipes  ;  in 
the  other  figure  these  jiipes  are  indicated  by  arrows. 
The  two  views  are  vertical  cross-sections  at  right  an- 
gles to  each  other,  one  being  through  the  axes  of  the 
cylinilers  and  the  other  through  the  middle  post  in 
w'hich  the  inner  trunnions  of  the  cylinders  are  jour- 
naleil.  TIk^  apertures  of  induction  are  seen  at  h  and 
those  of  eduction  at »',  and  have  the  form  of  trunca- 
ted circular  sectors,  whose  center  is  the  center  of 
motion.  The  induction  and  eduction  spaces  are  di- 
vided by  a  sectoral  partition  ;  the  apertures  of  ad- 
mission and  discharge  on  the  sides  of  the  cylin- 
ders are  of  similar  construction.  The  surfaces  of 
contact  between  thi^  cylinders  b'  I  and  the  support 
d  are  plane  and  polished,  and  are  made  water-tight 
by  the  adjusting  screws  m  m  of  the  pivots.  Wlien 
the  piston  p  is  at  thi^  end  of  its  course  in  either  di- 
rection the  cylinder  and  lu-ank  are  vertical,  and  the 
valves  all  momentarily  closed,  the  openings  by  which 
the  channels  ./  j  communicate  with  the  discharge 
and  supply  jiipes  presenting  themselves  exactly  op- 
posite tlie  solid  .sei^tors  which  separate  h  from  i.  In 
the  next  moment  thi>  How  of  water  will  recommence, 
the  cylinder  discharging  it.self  from  the  full  side  of 
the  piston,  and  filling  anew  from  the  opposite  side. 
Air-chambers  and  relief- valves  are  used  as  a  provision 
against  counter-pressure  ami  hydraulic  shocks. 

The  Rumsbottom  engine  is  largely  used  in  Eng- 
land for  operating  printing-presses,  circular  saws, 
lathes,  cranes,  etc.  In  default  of  a  natural  lieail  of 
sufficient  power,  the  head  is  established  in  an  accu- 
mulator of  power,  whicli  is  a  body  of  water  driven 
into  a  reservoir  under  heavy  pressure,  by  forcing 
))unips  worked  l)y  steam.  For  lighter  industries 
such  expedients  are  unnecessary.  In  cities  in  wdiich 
the  w;iter  distril)Utiou  is  from  elevated  reservoirs, 
and  in  winch  the  water-siipjily  is  sufficiently  abun- 
dant to  justify  the  application  of  a  portion  of  it  to 
industrial  uses,  the  water-engine  is  recommende<l  by 
the  combined  advantages  of  simplicity,  neatness, 
compactness,  cot\stant  readiness  for  woi'k,  perfect 
safety,  economy  while  working,  and  the  absolute 
cessation  of  ex]ienditvire  during  interruptions  and 
after  the  work  of  the  tlay  is  over. 

Fig.  2014  is  a  form  of  water-engine  in  which  the 
water  from  an  elevated  reservoir  bears  upon  the 
pistons  of   the  pump  and  engine  and  operates  the 
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pump.     The  slide-valves  of  the  engine  and  pump 
are  actuated  by  a  lever  on  the  common   piston-rod, 
which  is  tilted  by  striking  the  stutting-liox. 
Hy-drau'lic  En'gi-neer'ing  and  De-vi'ces. 


Absorbing-well. 

Accumulator. 

Aft -gate. 

Air-lock. 

Ajutage. 

Alarm-funnel. 

Alcaraza. 

Anti-gi 

.\pron. 

Aipiarium. 

Aqueduct. 

Archinnnlean  screw. 

Armor.     Submarine 

Artesian  well. 

Ash-leach. 

Back. 

Back-cutting. 

Backwater. 

Bag  and  spoon. 

Balance-bar. 

Balance-gate. 

Ballast-engine. 

Ballast-heaver. 

Bank-iu'otector. 

Barker's  mill. 

Barrack. 

Barrel-filler. 

Barrel-filling  gage. 

Barrel-washer. 

Ba.scule. 

Basin. 

Batardeau. 

Bath. 

Bath-heater. 

Bath-tub. 

Bay. 

Bearing-pile. 

Beck. 

Beer-cooler. 

Beer-engine. 

Beer-float. 

Beer-fountain. 

Beer-tap. 

Bilge-water  alarm. 

Bilge-water  di.scharge. 

Blast-hole. 

Blower.     Hydraulic 

Boiler-prover. 

Bollard. 

Bond-rail. 


Bonnet. 

Boom. 

Border-pile. 

Bottle-boot. 

Bottle-faucet. 

Bottle-siphon. 

Bottle-stopper. 

Bottle-washer. 

Bottling-machine. 

Bowddcr-head. 

Branch. 

Breakwater. 

Breakwater-glacis. 

Breasting. 

Bridge. 

Bubbles. 

Bucket. 

Bucket-engine. 

Bucket-wheel. 

Bung. 

Burette. 

Burrock. 

Bye-wash. 

Caisson. 

Camel. 

Camp-sheeting. 

Canal. 

Canal -lift. 

Canal-lock. 

Canal-lock  gate. 

Cane.     Hydraulic 

Cap. 

Catch-basin. 

Catch-feeder. 

Catch-water  drain. 

Catch-work. 

Cauf. 

Centrifugal  filter. 

Centrifugal  pump. 

Cesspipe. 

Cesspool. 

Chain -pump. 

Chain-towing. 

Chamber-closet. 

Chapelet. 

Cheek. 

Chute. 

Cistern. 

Clap-sill. 

Cleansing-vat. 
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Cleiisyilra. 

C'loiigli. 

Clow. 

Coal-breaking  jack. 

Coal-washer. 

Cock. 

Coffer. 

CoffiT-cIara. 

Coffin. 

Colluviarium. 

Condenser. 

CoiKhut. 

Cooler. 

Coolinj;-floor. 

Corbel-jiiece. 

Cork  ing-inachine. 

Cork -jacket. 

Cork-press. 

Cork-puller. 

Corksciew. 

Counter-drain. 

Cnidlc. 

Crane.     Hydraulic 

Crank-prover. 

Crank -puller. 

Crawl. 

Crevasses.     Stopping 

Crib. 

Croy. 

Cruire. 

Cumining. 

Curb. 

Current-fender. 

Current-gac;e. 

Current-meter. 

Current-regulator. 

Current-wheel. 

Cut-off. 

Cutwater. 

Dam. 

Danaide. 

Dead-well. 

Defecator. 

Digue. 

Dike. 

Dip. 

Distributing-reservoir. 

Diversion-cut. 

Diving-apparatus. 

Diving-bell. 

Dork. 

Dolphin. 

Draft-box. 

Drag. 

Drain. 

Draining-apparalus. 

Draining-auger. 

Draining-engine. 

Draining-plow. 

Draining-pump. 

Drain-trap. 

Draw-giite. 

Dredgf. 

Dredge-boat. 

Dredging-niachine. 

Drill  for  well-boring. 

Driven  well-tube. 

Dropping-tube. 

Drove. 

Drowning-bridle. 

Drum-wheel. 

Dry-dock. 

Dutch-scoop. 

Edulcorator. 


Ejector. 

Emissarium. 

Enrockment, 

Explorer. 

E,\tinguisher. 

Facing. 

Fascine. 

Faucet. 

Feeder. 

Feed-head. 

Fender. 

Fender-pile. 

Fermenting- vat. 

Filter. 

Filter-bed. 

Fire-cock. 

Fire-engine. 

Fire-extinguisher. 

Fire-plug. 

Fish-garth. 

Fish-way. 

Fhishing. 

Flews. 

Float. 

Float-case. 

Floater. 

Floating-clough. 

Floating-dam. 

Floating-dock. 

Floating-harbor. 

Floating-safe. 

Flood-Hanking. 

Flood-gate. 

Flume. 

Flushing. 

Footing. 

Forebay. 

Foreland. 

Foreshore. 

Fountain. 

Fountani.     Beer 

Fountain  of  Hero. 

Fountain-inkstand. 

Fountain-lamii. 

Fountain-pen. 

Fountain.     Portaffle 

Frith. 

Funnel. 

Fyke. 

Gabion. 

Gage-rod. 

Garth. 

Gate-charaber. 

Goose-neck. 

Go-out. 

Graving-dock. 

Gridiron. 

Grillage. 

Groin. 

Grouting. 

Guiiie-lock. 

Guide-pile. 

Guard-pile. 

Gutter. 

Gyle. 

Hand-swipe. 

Hard. 

Hatch. 

Head. 

Head-bay. 

Head-gate. 

Heck. 

Hedgehog. 

Hollow  quoin. 


Horn-drum. 

Horse-path. 

Hose. 

Hose-bridge. 

Hose-eouiiling. 

Hose-shield. 

Hydrant. 

Hydrant-valve. 

Hydraulic  belt. 

Hydraulic  block. 

Hydraulic  buffer. 

Hydraulic  cane. 

Hydraulic  cement. 

Hydraulic  clock. 

Hydraulic  crane. 

Hydiaulic  dock. 

Hydraulic  elevator. 

Hydraulic  engine. 

Hydraulic  govciuor. 

Hydraulic  hoist. 

Hydraulic  indicator. 

Hvdraulic  jack. 

Hydraulic  lift. 

Hydraulic  lifting-jack. 

Hydraulic  main. 

Hydraulic  motor. 

Hydraulic  nozzle. 

Hydraulicon. 

Hydraulic  pivot. 

Hydraulic  pressure-pump. 

Hydraulic  propeller. 

Hydraulic  punch. 

Hydraulic  ram. 

Hydraulic  shears. 

Hydraulic  slip. 

Hydraulic  telegi-aph. 

Hydraulic  valve. 

Hyilro-electric  machine. 

Hydro-extractor. 

Hydrometer. 

Hydrometric  pendulum. 

Hyd  rometrograph. 

Hydrophore. 

Hydrnscope. 

Hydrostat. 

Hydrostatic  balance. 

Hydrostatic  bellows. 

Hydrostatic  engine. 

Hydrostatic  jack. 

Hydrostatic  lamp. 

Hydrostatic  press. 

Ice-apron. 

Ice-breaker. 

Injpluvium. 

Inclined  plane. 

Invert. 

Jette. 

.lettv. 

Keei-fat. 

Keir. 

Kemelin. 

Kkl. 

Kiddle. 

Ladle-board. 

Land-tie. 

Land-tank. 

Launder. 

Leach. 

Leaf. 

Leak-alarm. 

Leam. 

Leat. 

Levee. 

LeveL 


Life-preserver. 
Lift.     Canal 
Lift.     Lock 
Lift,     Wall 
Lighter. 
Lighthouse. 
Lining. 
Liquid-cooler. 
Liquid-gage. 
Liquid-meter. 
Litrameter. 
Lock.     Canal 
Lock-chamber. 
Lock-gate. 
Lock-]iaddle. 
Lock-sill. 
Loi-k-weir. 
Lode. 
Main. 
Mantle. 
Marigi'aph. 
Marine-alarm. 
Marine-railway. 
Mash-cooler. 
Mash-tun. 

Measuring-apparatus. 
Measuring-faucet. 
Measuring- funnel. 
Measuring-inimp. 
.Meter. 
Mill-dam. 

M  ineral-water  apparatus. 
Miser. 
Miter-drain. 
Miter-post. 
Miter-sill. 
Mole. 
Jlonte-jus. 
Morton's  slip. 
Mud-boat. 
Mud-diag. 
Nautical-alarm. 
Nautilus. 
Needle. 
Kegative-well. 
Noria. 
Nozzle. 
Oar. 

Oenometer. 
Oil-leeder. 
Ombrometer. 
Organ.     Hydraulic 
Outburst-bank. 
Outfall. 

Overflow-basin. 
Paddle. 
Paddle-wheel. 
Pannier. 
Penchute. 
Penstock. 
Percolater. 
Perpendicular  lift. 
Peruvian  wheel. 
Picotah. 
Pier. 

Pierre-perdue. 
Pile. 

Pile-driver. 
Pile-saw. 
Pipe. 
Pipette. 
Pipe-  pro  ver. 
Pitched  work. 
Pitot's  tube. 
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Platform. 

Plug.     Fire 

Piieuniatie  pile. 

Point. 

Pond. 

Pot-wheel. 

Ponnd. 

Pozzuolaiia. 

Pressiue-punip. 

Piopeller. 

Psychrometer, 

Piiiiaie. 

PmUUing. 

Piitier. 

Pugging. 

Pull-cock. 

Pulp-washer. 

Pump. 

Pumping-engine. 

Punchiug-bcar. 

Quay. 

Raci-. 

Rail-beuder. 

Rail-punch. 

Rain -gage. 

Raising  sunken  vessels. 

Ram.     Hydraulic 

Reach. 

Reservoir. 

Rheomcter. 

Ri.iaie. 

Rinsing-machine. 

Rip-rap. 

Rising-main. 

River-wall. 

Root. 

Round. 

Sal  men -ladder. 

Salmon-stair. 

Sand-trap. 

Sand-washer. 

Sasse. 

Saucer. 

Scoop. 

Scoop-wheel. 

Scouring-basiu. 

Screw.     Archimedean 

Screw-dock. 

Screw-pile. 

Scroll. 

Sea-gates. 

Sea-wall. 

Sectional  dock. 

Separating-welr. 

Sett. 

Sewer. 

Shaft-stiuightener. 

Sheeting-pile. 

Shingle-trap. 

Ship-jack. 

Shoal-alarm. 

Shoe. 

Slirouding. 

Sluittle. 

Side-pond. 

Sink. 

Sink-trap. 

Siphon. 

Siphon-bottle. 

Sirup-stand. 

Slack-water  navigation. 

Slide. 

Slip. 

Slop-hopper. 


Sludging. 

Sluii-c. 

Sluice-gate. 

Sluice-valve. 

Snag-lxjat. 

Soila-lbuntain. 

Sough. 

Suuterazici. 

Spile. 

Spout. 

Spreader. 

Spring-tester. 

.Spur. 

Stade. 

Stage. 

Staith. 

Stanch. 

Stand-pipe. 

Starling. 

Start. 

Stay-pile. 

Steam  tire-engine. 

Steam-fountain. 

Steam  stench-trap. 

Sterhydraulic  apparatus. 

Still. 

Stockade. 

Stop-cock. 

Stop-plank. 

Stop-valve. 

Storm-pavement. 

Street-sprinkling  cart. 

Street-washer. 

Street-watering. 

Submarine  apparatus. 

Submarine  armor. 

Submarine  boat. 

Submarine  cable. 

Submarine  excavator. 

Submarine  lamp. 

Submarine  telescope. 

Submarine  valve. 

Submarine  vessel. 

Sump. 

Swash-bank. 

Sweetening-cock. 

Swing-bridge. 

Syringe. 

Tachometer. 

Tail-bay. 

Tail-gate. 

Tail-race. 

Tank.     Oil,  etc. 

Tan-pit. 

Tap. 

Tapping  watcr-jiipe. 

Testing-uiai'bini'. 

Thati;li  wood-work. 

Tiilal  basin. 

Tide-alarm. 

Tide-gage. 

Tide-gate. 

Tide-lock. 

Tide-mill. 

Tide-motor. 

Tide-power. 

Tide-valve. 

Tide-whael. 

Towing. 

Trap. 

Traversing-jack. 

Trough. 

Trunk. 

Tub. 


Tube. 

Tube-clamp. 

Tube-well. 

Tun. 

Tunnel. 

Turbine. 

Tvni|ianum. 

Urinal. 

Valve. 

Vase. 

Velinche. 

Vent. 

Vinehcateur. 

AV  agon-tipper. 

Wale. 

AVarp. 

Waste. 

Waste-trap. 

Waste-weir. 

Water-lialance. 

Water-barrow. 

Water-bearing. 

Water-bellows. 

Water-carrier. 

Water-clock. 

Water-closet. 

Water-cooler. 

Water-ci'ane. 

Water-engine. 

Water-elevator. 

Water-frame. 

Water-gage. 

Water-gas. 

Water-gate. 

Water-gilding. 

Water-glass. 

Water-indicator. 

Watering-cart. 


Water-leg. 
Water-level. 
Water-line. 
Water-lute. 
Water-mark. 
Water-meter. 
Water-mill. 
Water-motor. 
Watei'-pillar. 
Water-pressure  engine. 
Water-prooHng. 
Water-room. 
Water-.screw. 
Water-snail. 

Water-supply  for  locomo- 
tives. 
Watei-twist. 
Water-way 
Water-wheel. 
Water-works. 
Wave-power. 
Wave-tra|>. 
Way-gate. 
Weel. 
Weir. 

Weir-table. 
Well. 

Well-boring. 
Wet-dock. 
Wharf. 
Wheel-jack. 
Wheel-press. 
Wince. 

Woltmann's  mill. 
Worm. 
Worm-safe. 
Wort-cooler. 
Zigzag. 


Hy-drau'lic  Gov'ern-or.  (Steam.)  Another 
name  for  Snicaton's  calaracl.  See  Cataract; 
Cui;xisM-ENc:iNK. 

Hy-drau'lic  Hoist.  {Hoisling.)  One  device  for 
this  ])urpose  consists  of  a  large  cylinder  in  which 
the  slow  and  forcible  movement  of  a  piston  is  made 
to  driv^water  into  a  smaller  cylinder  and  impart  a 
relatively  larger  stroke  to  a  piston  therein.  It  is 
the  converse  of  the  liydrostatic  pi'ess.  See  AccuMir- 
r.ATOi!,  Fig.  24  ;  Figs.  C  J,  opposite  page  1150  ;  K 
L  M,  page  11.07. 

Hy-drau'lic  In'di-ca'tor.  A  gage  (B,  plate 
oppo.sitc  page  lU'iO)  to  indicate  hydraulic  pressure. 
Water  under  the  pressure  to  be  tested  is  admitted 
through  the  pipe  a  to  a  cylinder  enclosing  a  piston 
which  tends  to  depress  the  short  arm  of  the  lever  b, 
counterbalanced  by  the  weight  c  ;  a  movable  weight 
slides  on  the  hmg  arm  of  the  li'ver,  and  weights  d 
arc  added  to  its  outer  end  when  a  very  great  jiressure 
is  to  be  ineasuretl. 

Hy-drau'lic  Lift.  { ff oi.it ing.)  An  apparatus 
(A',  page  llfw),  on  the  prinei|iie  of  the  hydraulic 
press,  is  enclosed  within  the  casing  a,  and  is  by 
means  of  a  lever  h  caused  to  draw  upon  the  chain 
e,  which  passes  over  two  sets  of  jniUeys,  in  the  ex- 
ample twelve  in  number,  and  is  thence  conducted 
by  leading  pulleys  over  the  jib  d.  The  weight  c 
is  by  this  arrangement  raised  twelve  times  the  stroke 
of  the  ram  at  each  movement  of  the  latter.  There 
is,  of  course,  a  corresjmnding  loss  of  jtower,  }>ut  this 
is  of  less  moment  than  tlie  increased  speed  attained. 

Hy-drau'lic  Lift'ing-jack.  {Hoisting.)  A 
portable  lifting  apparatus  in  which  the  jiower  is  a 
form  of  the  hydrostatic  press  (/!/,  in  same  plate). 
In  this  form  of  the  machine,  the  reservoir  n,  pump 
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b,  and  pressurii  cylinder  c  are  above  the  ram  d,  and 
maintained  in  line  therewith  by  the  tuhular  ca.sing 
e.  The  |iUinger/ is  operated  by  the  lever  ^.  Water 
is  adniitteil  to  "the  reservoir  a  through  the  .serew- 
titted  opening  li,  and  Hows  through  the  valve  ;'  into 
the  puinp-rylinder  /'.  when  tlie  pi.ston  /  is  raised. 
The  downward  motion  ot  the  ]iiston  forces  the  water 
through  a  suitably  arranged  valve  into  the  lower 
cylinder  c,  where  the  pressure  it  exerts  between  the 
liead  of  the  immovable  ram  and  the  movable  pump 
and  reservoir  causes  them  to  raise  a  weight  placed 
either  on  the  head  A-  or  projecting  foot  I.  The  ma- 
chine is  re-adjusted  for  lifting  by  the  screw-valve  );;, 
which  opens  a  communication  between  the  upper 
and  lower  chambers. 

Ar  and  M"  are  perspective  views  of  a  similar  ma- 
chine. 

jr"  has  a  hollow  base  and  a  stationary  ram  which 
acts  as  a  guide-post.  Tlie  cylinder  with  a  protrud- 
ing daw  slides  ujion  the  ram. 

Hy-drau'lic  Lime.  A  kind  of  lime  which  has 
the  capacity  for  hardening  nuder  water.  See  Hy- 
DKArLic  Cement. 

Hy-drau'lic  Main.  (Gas.)  A  strong,  cast-iron 
pipe,  usually  about  12  inches  in  diameter,  and  of  a 
length  sufficient  to  receive  all  the  perpendicular 
pi]ies  that  convey  to  it  the  gas  generated  in  the  sev- 
eral retorts.  The  main  is  horizontal,  and  is  sup- 
ported on  the  brick-work  that  covers  the  ovens. 

The  hydraulic  main  contains  a  certain  ijuantity 
of  water,  and  the  mouth  of  each  gas-tube  is  sub- 
merged in  the  water,  so  that  the  gas  flows  through 
water  and  parts  with  a  portion  of  its  ammonia  at  this 
stage  of  the  process.  See  Dip-pii'k  ;  G.\s-iiegula- 
TdU. 

Hy-drau'lic  Min'ing.  {Mining.)  A  system  of 
mining  in  \vhicli  the  force  of  a  jet  of  water  is  uyed 
to  wear  down  a  bed  of  auriferous  gravel  or  earth, 
which  is  passed  through  sluices  to  detain  the  parti- 
cles of  g^dil.     .See  Flume  ;  Hydkai'i-ic  Nozzle. 

Hy-drau'lic  Mor'tar.  Mortar  in  which  the 
presence  of  alumina  enables  it  to  harden  under 
water  ;  producing  an  insoluble  silicate  of  alumina. 
(See  Cement.  )  It  usually  contains  burned  clay  along 
with  the  more  abundant  lime,  and  sometimes  o.xide 
of  iron.     See  Hydk.vi'lic  Cement  ;  Pozzuol.4n.\. 

Hy-draulio  Mo'tor.     A  water-engine. 

1.  A  hydraulic  ram  having  connections  which 
raise  a  piston  that  is  forced  down  by  atmospheric 
jiressure  at  each  cessation  of  the  downward  flow  of 
water.  By  suitably  arranged  valves  the  water  may 
be  admitted  alternately  above  and  below  the  piston, 
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causing  a  reciprocating  action  similar  to  that  of  the 
steam-engine. 

2.  A  machine  in  which  a  piston  is  moved  in  a 
cylinder  by  water  from  a  head  or  stand  pi]>e,  in  the 
manner  of  a  steam-engine.  Some  engines  on  the 
Continent  of  Europe  work  with  a'  head  of  200  feet 
conducted  by  a  pijie.     .See  Hypii.vvlic  Engine. 

Hy-drau'lic  Noz'zle.  (Minbnj.)  A  device  for 
directing  a  .stream  of  w  ater  ujion  a  bank  of  auril'er- 
ous  dirt  to  crumble  it  down,  that  it  may  be  passed 
thi'ough  a  sluice  to  collect  the  gold. 

The  nozzle  has  univeisnl  motion  so  as  to  direct 
the  stream  in  any  din-ction,  in  one  case  by  two  el- 
bows and  pairs  of  rings  which  slip  on  each  other,  and 
in  the  other  case  by  a  spherical  segment  and  socket. 
These  machines  are  made  to  collect  the  water 
of  a  number  of  hose-pipes  into  one  stream  which 
may  be  directed  in  rue  jet  of  from  4  to  7  inches 
in  diameter  upon  a  bank  at  a  distance  of  200  feet,  if 
necessary  to  stand  at  that  distance  to  avoid  caving. 

Hy-drau'li-con.  (Music.)  A  water-organ.  This 
form  was  known  to  the  Alexandrian  (ireeks  in  the 
time  of  Hero,  150  n.  f.  It  is  su]  posed  that  air  was 
forced  by  means  of  water.  If  so,  it  was  rather  a 
watfr-heliou's.      See  Okgan. 

Hy-drau'lic  Piv'ot.  (iFnchivrry.)  A  contriv- 
ance of  Girard  by  which  a  tilm  or  body  of  wnter  is 
introduced  below  the  end  of  a  veitical  axis  to  liear 
the  weight  thereof,  and  prevent  the  actual  friction 
of  the  axis  on  its  step. 

The  hydraulic  pivot,  or  liquid  bearing,  for  step- 
ping vertical  shafts,  is  described  in  Bramah's  plan- 
ing-machine,  English  patent,  1802.  See  Jour.NAL- 
BEAKINO  ;   Paliel-glissant. 

Hy-drau'lic  Plat'form-lift.  (Ilm-itinrj.)  A 
form  of  hoisting-ajiparatus  (/.,  page  1157)  in  which 
the  small  pump  o,  operated  by  the  lever  b,  is  caused 
to  force  water  into  the  larger  cylinder  c,  which  con- 
tains a  piston  bearing  the  upright  stem  d,  upon  the 
upper  end  of  which  the  jdatlbrm  e  e,  sliding  upon 
ajipropriate  guides,  is  fixed. 

Hy-drau'Uc  Press.  Another  name  for  the  hy- 
drostatic j>ress.  H,  Jilate  opiiosite  page  1150,  repre- 
sents a  ])ress  for  the  extraction  of  li(|uids  from  the 
more  solid  saturated  materials  ;  such  as  the  juices 
from  the  woody  liber  of  herbs  in  obtaining  vegetable 
extracts. 

In  this,  a  horizontal  plunger  a,  actuated  by  a 
screw  ft,  works  in  a  water-chamber  c  d  to  raise  a  ram 
c.  A  vertical  screw  /  works  in  the  head  g  on  the 
standards,  for  raising  or  depressing  the  jiiston, 
between  which  and  the  ram  c  substances  are  com- 
pressed. When  the  juices  of  fruits,  etc. ,  are  to  be 
expressed,  the  platen  is  surrounded  by  a  perforated 
box  J  J.     See  Hydrostatic  Phess. 

Another  form  is  that  in  which  a  cord  or  rope  is 
drawn  into  the  bol  to  expand  the  liijuid  against  the 
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Hydraulic  Press. 

sides  of  the  chamber,  and  thus  press  outwardly  the 
ram.     See  STERHYDRArLic  Pre.ss. 

Hy-drau'lic  Pro-pel'ler.    A  mode  of  ])ropelling 
vessels  by  the  ejection  of  a  body  of  water  steruward. 


HYDUAUMC  PULLING-JACK. 


1150 


HYDRAULIC  RAM. 


It  WHS  invented  by  Dr.  John  Allen,  ami  ileserilieil 
liy  him  in  1730.  See  liis  "  .Speeiminii  Iehnogi-n)i)iicii." 
His  niethoil  was  to  form  ii  tnnnel  or  ]iil»-,  ojien  at 
the  stern  of  the  vessel,  ami  liy  means  of  a  pumii  to 
foree  water  or  air  tluonijli  it  into  the  sea.  The  re- 
action tlms  oecasinneil  would  drive  the  ship  forward. 
The  design  was  pnt  into  c.xecntion  upon  a  eanal, 
with  a  boat  of  considerable  size,  and  worked  by 
pumps  by  manual  labor,  but  he  suggested  the  em- 
ployment of  a  steam-engine,  and  its  application  to  a 
ve.s.sel  of  1,500  tons. 

The  hydraulic  propeller  of  Dr.  Allen  formed  the 
subject  of  a  patent  to  David  Ramsey,  in  England, 
1738  ;  and  Rnmsey,  of  America,  17S2.  The  latter 
ran  a  vessel  of  50  f(^et  long  ou  the  Potomac,  and  one 
built  on  his  plan  was  launched  and  fitted  after  his 
death,  and  ran  on  the  Thames  four  miles  an  hour 
against  wind  and  tide. 

Dr.  Franklin  jilanned  a  boat  of  this  kind  in  17S5, 
and  it  has  since  liecn  tried  ou  the  Scheldt,  two  tur- 
bines being  used  for  pumps. 

Linnaker's  hydiaulic:  propeller,  1808,  had  pumps 
jilaced  horizontally  beneath  the  bottom  of  the  vessel. 
The  pistons  were  attached  to  hanging  levers  which 
were  oscillated  by  the  power  of  the  steam-engine. 
The  pistons  reciprocated  in  longitudinal  trunks 
parallel  to  the  keel. 

In  a  second  plan,  the  pumps  were  vertical  and 
discharged  the  water  through  horizontal  trunks. 

The  "  Nautilus,"  furnished  with  Ruthven's  pro- 
peller, had  a  trial  trip  ou  the  Thames  in  the  summer 
of  1868,  running  in  company  with  padiUe-wheel 
steamers  of  the  class  that  ply  like  ac|U.atic  omni- 
buses up  and  down  the  river.  She  ran  at  the  rate 
of  13.5  and  7.2  miles  jier  hour,  with  and  against  the 
tiile,  respectively,  or  at  an  average  speed  of  10.35 
miles  jier  hour.  She  then  steamed  down  the  river, 
and  when  o(f  the  Tunnel  pier,  with  both  strong 
wind  and  tide  in  her  favor,  going  at  full  si)eed,  was 
made,  by  reversin:;  the  valves,  to  stop  dead  in  less 
than  ten  seconds  and  in  about  a  ijiiarter  of  her 
leugt'.i.  Her  Majesty's  iron-clad  gunboat  "Water- 
witch  "  was  litted  with  the  new  propeller.  The  wa- 
ter is  discharged  in  a  heavy  stii'am  on  both  sides  of 
the  vessel,  and  its  direction  is  under  such  comniaml 
th.at  the  vessel  is  independent  of  her  rudder,  and  is 
worked  under  the  complete  control  of  the  master, 
officer  of  the  watch,  or  man  on  deck,  without  any 
communication  with  the  engine.  The  plan  has  been 
tried  in  the  Uniteil  States  without  commending  it- 
self as  against  the  ])adille  and  screw.  Different 
modes  of  the  application  of  the  hydraulic  propeller 
have  been  sugg^'steil  for  canal  navigation. 

Hy-drau'lic  PuU'ing-jack.  {Hoisting.)  An 
apjilication  of  tin'  hydrostatic  press. 

A  cylinder  a  (U,  |ilate  on  the  oiiposite  page)  con- 
tains a  tube  b,  to  which  the  pistoB  c  is  attached,  d 
is  a  smaller  tube  sliding  within  the  piston  and  tube 
b.  A  valve  e  closes  the  communication  between  the 
cistern  /,  which  contains  a  pump/'  operated  by  the 
hand-lever  h,  and  the  cylinder  a  ;  two  passages  g  ;/ 
afford  communication  between  the  tube  d  and  cylin- 
der a  at  the  back  of  the  piston  c.  Water  is  poured 
into  till!  cistern  through  au  opening  closed  by  a 
screw,  and  the  jack  suspemled  cistern  end  down- 
ward. Working  the  hand-lever  h  forces,  by  means 
of  the  plunger  h,  water  through  the  tube  d  and  pas- 
sages i  i,  and  depresses  the  piston  to  the  bottom  of 
the  cylinder  a.  The  water  at  t\u:  back  of  the  piston 
returns  at  the  same  time  to  the  cistern  thro'.igh  the 
jiassages  ;/  rj.  liy  unscrewing  the  stop-valve  c,  the 
water  returns  through  the  tube  d  and  passages  i  i  to 
the  cistern,  relieving  the  piston  from  pressure  and 
allowing  a  suspended  weight  to  fall. 


Hy-draulic  Punch.  An  application  of  the  hy- 
dntstatic  }iress,  comprising  a  force-jiumj)  anil  operat- 
ing cylinder  {G^  same  plate),  in  which  tin'  piston, 
carrying  the  punch  h,  is  inserted,  inclosed  in  a  case 
a.  The  lever  c  operates  the  pump  to  depress  the 
piston,  and  force  the  punch  through  a  jilate  lieneath  ; 
it  is  then  raised  by  the  level-  d  to  punch  another 
hole.     .-V  PrNrHrN(!-iiF,.\K  (which  si'e). 

Hy-drau'lic  Rail-bend'er.  An  imjilement  for 
bending  or  straightening  rails  by  hydraulic  [iressure 
(E,  same  plate).  The  action  of  the  lever  a  operates 
a  small  force-pump  within  the  casing,  which  is 
connected  with  a  larger  cylinder,  the  jiiston  of  which 
forces  the  plunger  d  against  the  rail  mi<hvay  between 
the  points  where  it  is  held  by  the  lips  c  c.  Known 
as  a  .IlM-CROW  (which  see). 

Hy-drau'lic  Ram.  A  device*  by  which  the  fall  of 
a  column  of  water  in  a  tube  is  caused  to  elevate  a  por- 
tion of  itself  to  a  hight  greater  than  that  of  its  source. 

This  depends  on  the  well-known  law  of  meehani- 
eal  force,  that  the  effect  produced  liy  a  body  is  as  its 
weight  multiplied  into  the  velocity,  its  absolute 
force  constituting  the  momentum. 

This  principle  was  first  practically  applied  in  the 
construction  of  the  water-ram  by  Mr.  Wlutehnrst  of 
Derby,    England,    in    1772.      NVhitchuist's   lam   is 
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Hydraitlic  Rams. 

shown  in  .4,  Fig.  2618.  It  was  not  automatic,  but 
depended  ujion  the  opening  and  .shutting  of  a  cock 
from  which  water  for  domestic  purposes  was  drawn. 

The  operation  is  as  follows  :  on  opening  the  cock 
ffl,  water  from  the  cisteni  flowed  down  the  pipe  b, 
and  on  closing  the  cock,  the  sudden  stoppage  of  the 
water  caused  the  valve  c  to  open,  and  a  part  to  be 
forced  through  into  the  air-chamber  </ ;  the  momen- 
tum imiiarted  to  the  water  would  be  sufficient  to 
I'arry  it  to  a  hight  ,as  nmch  greater  than  that  of  the 
descending  column  as  the  quantity  of  water  in  the 
former  was  less  than  in  the  latter  ;  being,  however, 
forced  into  the  air-chamber,  tliis  effect  was  exerted 
intermediately  through  the  compression  of  the  air, 
rendering  it  more  constant. 

In  1796,  Montgolfier,  one  of  the  inventors  of  the 
balloon,  invented  the  self-acting  ram,  for  which  he 
obtained  a  gold  medal  at  the  French  Exposition  of 
1802.  This  is  absolutely  automatic,  inaintaining 
its  action  regularly  so  loiig  as  the  machine  remains 
intact  or  the  supply  of  water  holds  out. 

.\  simple  form  is  representeil  at  13.  This  machine 
differed  from  that  of  Whitehurst  merely  in  the  addi- 
tion of  a  waste-valve  c  ;  but  this  altered  its  entire 
character,  and  rendered  it  practically  efficient  as  a 
water-raising  machine. 

The  water,  as  before,  flows  down  the  pipe  b,  but 
the  momentum  thus  acipiired  causes  it  to  raise  the 
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valve  c,  shutting  off  the  water  as  before  and  causing 
it  to  spend  its  energy  in  forcing  a  portion  of  itself 
into  the  cliaiul»er  d  ;  but  this  done  the  valve  dro[is, 
causing  a  flow  through  the  |iipe  until  the  water  has 
gained  energy  to  again  raise  the  valve,  when  the 
same  series  of  events  is  repeated. 

C  represents  the  suction-ram  ;  in  this  the  water 
flows  from  the  reservoir  along  the  pipe  b  c  d,  having 
a  ball-valve  e  ;  the  water  flowing  from  the  reservoir 
through  the  pipe  finally  lilts  the  valve  sutticiently  to 
close  the  aperture  t',  sto[)ping  the  flow  while  the 
pipe  is  discharged  through  d  and  creating  a  vacuum 
therein  ;  the  atraosphei-ic  pressure  on  the  water  in/ 
now  causes  it  to  rise  through  the  ])ipe  g  and  be  dis- 
charged by  (/.  The  ball-valve  then  drops  by  its  gravi- 
tation to  be  again  elevated  by  the  current  through 
the  pipe,  and  the  series  of  operations  is  continued. 

The  water-ram  is  only  efficacious  where  there  is  a 
larger  supply  of  water  at  command  than  is  necessary 
to  be  raisjd,  but  in  certain  cases  its  power  and  con- 
stant and  unfailin';;  action  render  it  very  valuable. 

Hy-drau'lic  S'jaft-3traight'en-er.  An  hy- 
draulic implement  lor  straightening  metallic  bars 
and  shafts  (F,  plate  opposite  page  1150).  The  beam 
a  and  shaft  b  are  each  inserted  within  the  collars  c  c, 
and  pressure  applied  through  the  plunger  d,  opera- 
tei.1  by  a  smvU  hydraulic  pres.s  enclosed  within  the 
casing  e  and  worked  by  the  lever/. 

Hy-drau'lic  Shears.  A  machine  for  shearing 
metals,  etc.,  by  the  force  of  water-pressure  (0,  page 
1157).  The  cutting-blade  a  is  forced  toward  and 
drawn  away  from  the  stationary  blade  b  by  its  attach- 
ment to  the  piston  of  a  cylinder  connected  with  a 
force-pump  contained  within  the  casing  c  and  operated 
by  a  lever  d. 

Hy-drau'lic  Slip.  A  slip-dock  in  which  the 
cradle  and  its  load,  the  ship,  are  hauled  up  the  rail's 
or  ways,  for  the  jiurpose  of  cleaning  or  repair,  by 
the  power  of  an  hydraulic  press.     See  Slip-dock. 

The  cylinder  of  the  pre -is  lies  on  a  strong  founda- 
tion at  the  \ipper  end  of  the  slip-way  ;  its  plunger 
has  a  cross-head  conn^'cted  by  means  of  siile-rods 
with  a  cross-tai',  to  which  is  attached  the  chain  for 
hauling  up  the  cradle.  Th(!  chain  consists  of  a  se- 
ries of  long,  straig'it  links,  or  traction  rods,  each 
equal  in  length  to  the  stroke  of  the  plunger  and  con- 
nected together  by  pins.  Th  ■  plunger  is  driven  by 
water,  forced  in  by  a  set  of  pu}nps  worked  by  a 
steam-engine.  After  a  forward  stroke  of  the  plunger 
has  been  completed,  an  escape-valve  is  opened  for 
the  water,  and  the  plunger  is  drawn  hack  by  a  coun- 
terpoise ;  one  length  of  traction  rod  is  disconnected 
and  taken  out  ;  and  when  the  plunger  has  com- 
pleted its  return  stroke,  the  shortened  chain  of 
traction  rods  is  again  connected  with  the  cross-tail, 
to  be  ready  for  the  ne.\t  forward  stroke,  and  so  on. 
The  operation  of  disconnecting  the  traction  rods, 
taking  out  a  length  and  reconnecting  them,  is  called 
fleelinri.  The  usual  speed  with  large  ships,  includ- 
ing stoppages  for  fli'cHiig,  is  about  4  feet  per  minute. 

Hy-drau'lic  Spring-test'er.  An  application 
of  the  hydrostatic  press  to  testing  the  strength  of 
springs  (P  I'',  page  1157).  n  is  a  side  view  and 
b  the  plan  of  this  device.  It  has  an  accunnilator, 
into  which  air  is  forced  by  means  of  a  hand-pump 
until  the  pressure  is  about  100  pounds  per  square 
inch.  Power-pum[)s  working  in  a  cistern  are  then 
set  in  motion,  pumping  water  into  the  cylin<ler 
until  a  pressure  of  about  300  pounds  per  inch  is  at- 
tained ;  by  opening  a  stop-valve,  this  accumulated 
pressure  is  at  once  allowed  to  act  on  the  ram  and 
compress  the  spring  to  be  tested.  The  ram  is  re- 
tracted by  counterbalance  weights  when  the  press- 
ure is  removed. 


Hy-drau'lic  Tel'e-graph.  A  mode  of  commu- 
nication by  means  of  a  column  of  liipiiil  in  a  ]iipe, 
whiidi  is  caused  to  move  so  as  tu  actuate  a  hand,  or 
by  different  levels  to  indicate  messages  or  letters  on 
a  graduated  or  written  scale  against  the  fluctuating 
column.  The  plan  was  tried  in  France  by  Bossuetover 
a  century  since,  with  a  pipe  about  three  miles  long. 

Vallance's  hydraulic  telegrajih  was  described  by 
the  inventor  in  a  pamjihlet  in  1825. 

Hy-drau'Uc     Valve.     (Puciima/ics.)    An     in- 
verted cup  which  is 
lowered  over  the  up-  Fig-  2619. 

turned  open  end  of  & 
jiipe,  the  edge  of  the 
cup  being  submerged 
in  water  and  closing 
the  pipe  against  the 
passage  of  air. 

The  hydraulic 
valve  of  the  gas- 
works governs  the 
connnunication  be- 
tween the  gas-holder 
and  the  main.  When 
the    valve    is    raised  Hij'traulic  Valve. 

the  communication  is 

free  between  the  two  pipes  ;  but  when  the  valve  is 
depre.ssed  the  division  plate  descends  into  the  water 
and  closes  the  connection. 

Hy-drau'lic  Wheel.  One  for  raising  water  by 
applied  power,  as  the  Noni.i,  Scoop-wheel,  Tvm- 
P.VNUM,  etc.  (which  see).  The  wheel  shown  in  the 
example  is  driven  by  steam  or  wind  power,  having 
buckets  on  its  internal  perimeter  which  raise  water 
from  the  stream  and  discharge  it  right  and  left  into 
the  branches  of  the  elevated  gutter.  It  is  intended 
for  irrigating  cotton,  coffee,  indigo,  rice,  and  sugar 
lanils,  and  for  other  |iuri)OSes.      See  Fig.  2620. 

Hy'dro-ba-rom'e-ter.  An  instrument  for  de- 
termining the  depth  of  sea-water  by  its  pres.sure. 

In  the'United  States  Coast  Survey  Report,  1857, 
pp.  398-  403,  is  an  account  of  the  sonnding-apjiara- 
tus  of  Lieutenant  E.  B.  Hunt :  "Arrange  a  weighted 
iiidia-rabber  air-vessel  for  dragging  on  the  bottom  ; 
connect  this  with  a  boat  or  surveying-vessel  by  an 
air-tight  tube  of  small  bore  ;  let  this  tube  open  in  a 
cistern  of  nu-rcury  made  air-tight ;  and  from  this 
cistern  ari'ange  a  vertical  glass  column,  open  at  the 
top,  through  which  the  mercury  can  rise  to  any 
higlrt  required  by  the  pressure  due  to  the  depth." 

See  also  Ericsson's  patent,  September  22,  1863. 
Also  McCord's,  .September  20,  1859,  in  which  hitter 
the  pressure  of  the  water  pushes  up  a  piston  into  a 
graduated  cylinder,  where  the  acquired  elevation  is 
registered. 

Hy'dro-car'bon-burn'er.  One  in  which  liquid 
fuel  is  u.sed  beneath  a  steam-boiler,  cooking-vessel, 
or  otherwise.  It  usually  has  a  jet  of  air  or  steam, 
frequently  both,  which  carry  with  them  a  quantity 
of  petroleum  or  coal  oil  in  the  form  of  spray  which 
is  ignited  and  burns  below  the  boiler.  Ingenuity  is 
e.\ercised  in  so  arranging  the  burners  that  the  jets  in 
sufficient  number  are  so  disposed  as  to  apply  the 
flame  to  the  surfaces  of  the  boiler. 

In  Fig.  2621,  the  pijie  .B  is  a  receptacle  in  which 
the  oil  is  mi.xed  with  air,  and  the  gases  evolved.  A 
small  stream  of  oil  enters  by  the  pipe  i,  a  current  of 
air  by  opening  r,  and  a  jet  of  steam  from  the  boiler 
by  pipe  S.  Pipe  B,  containing  steam,  air,  and  gas, 
passes  through  the  furnace,  and  on  its  return  empties 
its  heated  contents  in  the  midst  of  the  fire. 

In  heating  or  cooking  stoves,  the  burner  may 
consist  of  a  vaporizer  in  which  a  jet  heats  a  small 
retort  from  which  the  coal  oil  issues  in  a  vapor  ;  or 
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Fit',  aao. 


Hyflmulic  Wheel. 


it  may  he  pan  of  sand  upon  whose  surface  the  oil  is 
ignited.     See  G.\s-iie.\ter  ;  Gas-stove. 

Pig.  2C21. 


causes  a  flow  of  electricity  from  the  positive  to  the 
nefjative  metal.      .Sec  G.vi.VANir  liAITIcr.Y. 

Hy'dro-e-lec'tric  Ma-chine'.  {Eicctrkit;/.) 
A  machine  invcnited  in  184(1  liy  Mr.  (now  Sir  Wil- 
liam) Aimstrong,  in  whicdi  electricity  is  generated 
by  the  friction  of  steam  against  tlie  sides  of  orifices 
tlirongh  which  it  is  allowed  to  e.sca|ie  under  high 
pressure.  A  steam-boiler  is  su]iportc(l  on  four  glass 
legs.  The  steam  is  conducted  over  wet  cotton  wicks 
before  escaping,  in  order  to  take  up  water  whose 
friction  against  the  sides  of  the  orifice  is  the  gen- 
erator of  the  electricity,  the  steam  being  the  driving 
power.  The  positive  electricity  is  collected  liy 
directing  the  jet  of  steam  upon  a  metallic  comb 
communicating  with  an  insulated  conductor. 

Hy'dro-ex-tract'or.  A  form  of  filter  or 
dryer  in  whicli  a  ]ii|uid  is  driven  by  centrifugal 
force  from  or  thiough  a  mass  deposited  in  a 
chamber  rotating  at  high  velocity.  See  Cen- 
TntFrii.vi.  M.A.CHI.VE. 


Hyrlroenrbon  Boiler-Fiirnare, 

Hy'dro-car'bon  -  fur'nace.  One  specially 
ailapted  to  the  use  of  liipiid  fuel  either  beneath  a 
steam-boiler  or  a  metallurgie  furnace.     See  Hvnuo- 

CAI!BON--mri;NEi;. 

Hy'dro-car'bon-stove.  A  heating  or  cooking 
stove  in  wluidi  li  |uiil  fuel  is  burned  within  the  fur- 
nai'e  chamber.      .Sc^  Gas-stove. 

Hy'dro-e-lec'tric  Bat'ter-y.  (Elcdricity.)  An 
apparatus  in  wliich  ilynaniic  electricity  is  produced 
by  means  of  two  dilfereut  metals  connecteil  together 
by  a  conductor,  and  immersed  in  a  solution  which 


Hy'd  r  o  -  g  e  n- 
lamp.  About]  825 
a  (ierinan  named 
Dbbcreiner  discov- 
ered that  spongy 
platinum  became 
incandescent  when  a 
mixture  of  hydrogen 
gas  and  atmospheric 
air  was  passed 
through  it,  and 
thence  devised  his  self- 
lighting  lamp,  which  was 
long  in  favor  antl  known 
as  the  hydrogen-lamp.  It 
formed  an  instantaneous 
light  a|iparatiis,  and  was 
es])ecially  useful  for  light- 
ing at  intervals  during 
the  day. 

It  has  lately  been  ap- 
plied    to     gas  -  burners, 


Fig.  2622. 


Hydrogen-Lamp, 
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which  are  sulf-igniting  as  the  jet  of  cai-lniretted 
hydiogen  is  ejected  upon  a  pieee  of  .spongy  platinum 
suitably  placeil  in  proximity  to  the  orifice. 

Hy'idro-met'al-lurgy.  The  wet  piocess  of  ex- 
tracting metals  from  ores  ;  in  contradistinction  to 
the  hot  process.     See  list  under  Met.^llui'.gy. 

Hy-drom'e-ter.  1.  An  instrument  for  determin- 
ing the  relative  den.sities  of  licpiids.  Distilled 
water  is  usually  referred  to  as  the  standard  of  com- 
parison. It  consists  essentially  of  a  bulb  or  float 
weighted  at  bottom  so  as  to  lloat  upright,  and  hav- 
ing an  elongated  stem  graduated  to  indicate  the 
density  of  the  licpiid  by  the  deiith  to  which  it  sinks 
therein.  Hydrometers  may  be  divided  into  two 
cla.sses ;  those  with  which  weights  are  used  and 
those  in  which  they  are  dispensed  with.  Among 
the  former  are  Sykes's,  Jones's,  and  Siemen's,  while 
Tralle's  and  many  others  are  of  the  latter  descri]>- 
tion. 

In  all,  a  correction  must  be  applied  to  the  observed 
indication  wlien  the  temperatnie  is  above  or  below  a 
certain  standard  (usually  60°  Fall.),  in  order  to  ob- 
tain the  true  result. 

ilany  instruments  are  only  constructed  with  ref- 
erence to  liipiids  heavier  than  water  ;  such  are  sac- 
charomrlers,  sal inomcUrs,  and  acidiinetcrs,  which, 
though  bearing  names,  specifically  indicating  the  par- 
ticular kinds  of  fluids  they  are  designed  to  test,  are 
embraced  in  the  general  class  hydrometer  ;  such  also 
are  those  adapted  for  fluids  lighter  than  water,  as 
alcoholometers  and  oleometers ;  all  depend  on  the 
same  principle,  but  greater  delicacy  is  seemed  by 
confining  the  measuring  capacity  of  the  instrument 
within  comparatively  narrow  limits,  allowing  it  much 
greater  vertical  ranges  for  equal  variations  in  sjiecific 
gravity,  so  that  extremely  small  differences  become 
sensible.  The  dilferent  weights  in  those  of  the 
weighted  class  are  also  intended  for  this  purpose. 

Hydrometers  are  made  and  specially  graduated 
for  testing  spirits,  petroleum,  oil,  milk,  cream,  vine- 
gar, lye,  lime-water,  acid,  etlier,  alcohol,  silver  so- 
lution, dye  solutions,  salt  water,  lime,  alkali,  sirup, 
anmionia,  beer,  bark  ooze,  cider,  shellac,  glue,  wine, 
must,  urine.     See  list  under  Meters. 

Sykes's  hydrometer  is  that  legally  employed  in 

the  collection  of  the  revenue  in  Great  Britain.      It 

has    a    flat    stem   graduated 

Fig.  2623.  into     eleven     eipal     parts, 

which  are  again  subdivided 

into  two. 

Eight  difi"erent  weights, 
numbered  respectively  10, 
20,  30,  40,  50,  60,  70,  80, 
are  employed  in  connection 
with  the  instrument. 

The  proper  one  to  be  used 
depends  on  the  strength  of 
the  spirit  to  be  tested.  It 
is  placed  on  the  lower  pro- 
Sykes's  Hydrometer.  jecting  stem,  sinking  the  in- 
strument to  a  depth  corre- 
sponding or  nearly  so  to  some  one  of  the  graduations 
on  the  upper  stem  ;  this  is  noted,  and  also  the  tem- 
perature of  tlie  liiiuid,  and  the  corresponding 
strength  per  cent  of  spirit  is  then  found  from  tables 
constructed  for  the  purpose. 

Jones's  hydrometer  is  a  modification  of  Sykes's. 
It  has  a  square  stem,  diff'erently  graduated  on  each 
of  its  four  sides,  and  three  weights  which,  with  the 
unweighted  instrument,  correspond  to  the  four 
scales. 

Among  those  in  which  weights  are  dispensed  with 
are  Beaume's,  the  centigrade,  etc. 

Beaume's  is  in  very  general  use  in  France  and  on 
73 


the  Continent  of  Europe.  Its  scale  is  based  upon  a 
solution  containing  10  per  cent  of  chloride  of  so- 
dium (common  salt). 

The   following  table  shows  the  specific  gravity 
corresiionding  to  different  degrees  of  Beanme  :  — 

For  Liquids  heavier  than  Water. 


Degrees 

Specific 

Degrees 

Specific 

Degrees 

Specific 

Beaume. 

Gravity. 

Beaumi^. 

Gravity. 

Beaumi^. 

Gravity. 

0 

1.000 

26 

1.206 

52 

1.520 

1 

1.007 

27 

1.216 

53 

1.535 

2 

1.013 

28 

1.226 

54 

1.551 

3 

1.020 

29 

1.2.36 

55 

1.567 

4 

1.027 

30 

1.246 

56 

1.583 

5 

1.034 

31 

1.256 

57 

1.600 

6 

1.041 

32 

1.267 

58 

1.617 

7 

1.048 

33 

1.277 

59 

1.634 

8 

1.056 

34 

1.288 

60 

1.652 

9 

1.063 

35 

1.299. 

61 

1.670 

10 

1.070 

36 

1.310 

62 

1.689 

11 

1.078 

37 

1.322 

63 

1.708 

12 

1.086 

38 

1.333 

64 

1.727 

13 

1.094 

39 

1.345 

65 

1.747 

14 

1.101 

40 

1.357 

66 

1.767 

15 

1.109 

41 

1.369 

67 

1.788 

16           1.118 

42 

1.382 

68 

1.809 

17 

1.126 

43 

1.395 

69 

1.831 

18 

1.134 

44 

1.407 

70 

1.854 

19 

1.143 

45 

1.421 

71 

1.877 

20 

1.152 

46 

1.434 

72 

1.900 

21 

1.160 

47 

1.448 

73 

1.924 

22 

1.169 

48 

1.462 

74 

1.949 

23 

1.178 

49 

1.476 

75 

1.974 

24 

1.188 

50 

1.490 

76 

2.000 

25 

1.197 

51 

1.505 

For  Liquids  lighter  than 

JFatcr. 

10 

1.000 

27 

.896 

44 

.811 

11 

.993 

28 

.890 

45 

.807 

12 

.986 

29 

.885 

46 

.802 

13 

.980 

30 

,.880 

47 

.798 

14 

.973 

31 

.874 

48 

.794 

15 

.967 

32 

.869 

49 

.789 

16 

.960 

33 

.864 

50 

.785 

17 

.954 

34 

.859 

51 

.781 

IS 

.948 

35 

.854 

52 

.777 

19 

.942 

36 

.849 

53 

.773 

20 

.936 

37 

.844 

54 

.768 

21 

.930 

38 

.839 

55 

.764 

22 

.924 

39 

.834 

56 

.760 

23 

.918 

40 

.830 

57 

.757 

24 

.913 

41 

.825 

58 

.753 

25 

.907 

42 

.820 

59 

.749 

26 

.901 

43 

.816 

60 

.745 

In  Gay  Lussac's  centigrade  hyt 

rometer  the  spe- 

cific  gravity  of  a  liquid  heavier  tha 

n  w-ater  is  found 

by  subtracting  the  indication  from 

100  and  dividing 

100  by  the'remainiler  ;  if  lighter 

than  water,   add 

the  indication  to  100  and  divide 

100  by  the  sum, 

thus   10°  below  0°  =  •^"n'^  =  1 .111 

specific  gravity  ; 

10°  above  0°  =  |?S  =  0.909  specific 

gravity. 

The  hydrometer  of  Brix  is  that 

legally  used   in 

Prussia  ;  to  ascertain  the  specific 

gravity  tlie  con- 

stant  number,  400,  is  divided  by 

400  -1-   the  indi- 

cation  for  li(|uids  lighter  than  wat 

er,  and  by  400  - 

the  indication  for  those  heavier  tha 

n  water. 

The  formula  for    Beck's    instruu 

lent  is  precisely 

similar, 

substitut 

ing  170 

for  400. 
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Tialle's  and  Geiular's  arc  used  in  the  United 
States,  the  foiTnev  hi-iiig  adojited  by  goveinnieiit  lor 
ascertaining  tlie  duty  on  distilled  spirits.  It  is 
f'radnated  I'roni  0°,  the  indication  in  water,  to  100°, 
alcohol,  50°  beint;  proof  spirit.  A  correction  is  re- 
quired lor  tempeniturcs  above  or  below  611'  K. 

The  volinne  of  ]>nre  spirit  is  ascertained  (1)  when 
above  proof  by  nuiltiplying  the  in.lieation  by  2  and 
subtracting  luO  ;  and  (2)  when  below  proof  by  nuil- 
tiplying  the  indication  by  2  and  subtracting  the 
proiluit  from  100. 

The  coTuniereial  liydronieter,  Gemlar's,  is  gradu- 
ated to  100'  each  way  from  proof.  To  ascertain  the 
per  cent  of  pure  spirit  :  w^lien  the  liiiuor  is  above 
proof,  add  lOO  to  the  indication  and  divide  the  sum 
by  2  ;  when  below  proof  subtract  the  indication  1'roni 
100  and  divide  the  remainder  by  2. 

Rousseau's  hydrometer,  designed  for  ascertaining 
the  specific  gravity  of  very  small  samples  of  li([uids, 
has  a  cup  on  the  upper  part  of  the  stem  in  which  a 
known  amount,  as  one  gramme,  of  the  fluid  is 
placed  ;  the  degree  of  submergence  of  tlie  stem  coni- 
jiared  with  that  caused  by  an  erpial  volume  of  dis- 
tilled water  gives  the  ilensity  of  the  Huid. 

There  are  also  hydrometers  which  indicate  the 
density  by  means  of  a  steelyard,  having  on  one  arm 
a  vessel  which  is  in  cquilibrio  m  a  tank  when  empty. 
The  mark  on  the  other  arm  of  the  scale,  at  which 
the  weight  must  be  placed  to  maintain  the  equi- 
librium when  the  ve.ssel  is  filled  with  liquid,  deter- 
mines its  specific  gravity. 

Twaddel's  hydrometer  is  used  in  England  for 
liquids  heavier  than  water.  Its  degrees  are  con- 
verted into  specific  gravities  by  multiplying  them 
by  5,  adding  1,000,  and  dividing  the  sum  by  1,000. 
Thus,  — 

,  ,   ,        20X5  +  1.000        ,   ,„„ 
20°Twaddel=      -Z^:^ —  =  1.100 

The  density  of  liquids  may  also  be  determined  by 
means  of  a  series  of  glass  beads  of  dirt'erent  s]iecific 
gravities  ;  the  heavier  sink  and  the  lighter  float  on 
the  surface,  while  one  that  indicates  the  precise  spe- 
cific gravity,  which  is  marked  in  thousandths  on 
its  surface,  remains  in  equilibrium  at  any  depth  in 
the  liquid. 

The  subject  is  fully  discussed  in  Kuppfer's 
"Handbuch  der  Alkoholometrie,"  Berlin,  1865. 

See  also  ALComiLo.METBu,  AcmiMErEit,  Aueome- 
TER,  S.\ccH.\RO.ME'rEH,  etc.  See  list  under  Meter  ; 
see  also  Unit. 

The  most  familiar  hydrometer,  to  many,  is  a  hen's 
egg,  used  by  a  farmer's  wife  to  test  the  strength  of 
lye  for  making  soap.  When  it  floats  as  large  as  a 
quaiter-doUar  above  the  liquid  tlie  strength  is  satis- 
factory.    Others  test  it  by  its  action  on  a  feather. 

Small  hollow  glass  spheres  called  bubbles  arc  also 
used  in  testing  spirits,  the  rate  at  which  they  ascend 
therein  being  a  gage  of  the  gravity  of  the  liipiid. 

The  hydrometer  was  in  all  probability  invented 
by  Archimedes,  who  was  killed  in  the  storming  of 
Syracuse,  212  B.  c.  His  di.-covery  of  the  mode  of 
ascertaining  specific,  gravity  by  displacement  of  liquid 
is  referred  to  by  many  writers  of  Europe,  Asia,  and 
Libya. 

Seneca,  Pliny,  and  Oalen,  who  flourished  during 
the  first  and  second  centuries  of  our  era,  and  wliose 
writings  refer  to  the  methods  then  in  use  of  ascer- 
taining the  specific  gravity  of  solids  and  Hnids,  ap- 
pear unacquainted  with  the  hydrometer,  though  the 
instrument  is  clearly  described  by  Piiscian,  who 
died  about  A.  n.  528. 

Synesius  of  Ptolemais  wrote  to  Hypatia  that  he 
wishi'il  to  use  a  hydroscojrium,  and  requests  that  she 
would  cause  one  to  be  constructed   for  him.     He 


says,  "  It  is  a  cylindrical  tube,  the  size  of  a  reed  or 
pipe,  a  line  is  drawn  upon  it  lengthwise,  which  is 
intersected  by  others,  and  these  point  out  the  weight 
of  water.  At  the  end  of  the  tube  is  a  cone,  the  base 
of  which  is  joined  to  that  of  the  tube,  so  that  both 
have  but  one  base.  This  ]iart  of  the  instrument  is 
called  barijllion.  If  it  be  placed  in  water  it  remains 
in  a  perpendicular  direction,  so  that  one  can  readily 
discover  by  it  the  weight  of  the  lluiil." 

Hypatia  was  brutally  murdered  by  a  mob  of 
Alexandrine  monks,  instigated  by  C'yiil,  A.  I>.  414. 
With  the  death  of  Hypatia  expired  another  jieriod 
of  intellectual  research.  Cyril  was  the  president  of 
the  council  which  condemned  Nestorius.  After  a 
dreary  interval  of  several  centurii's,  ]>hilosophy 
again  revived  in  the  city  of  Alexiindria,  while  the 
Papacy  shrank  out  of  Asia  and  Africa,  ejected  from 
the  great  capitals  Antioch,  Jerusalem,  and  Alex- 
andria ;  the  Nestiuians  became  the  tutors  of  Meso- 
potamia and  Chaldea,  and  in  connection  with  the 
.lews  founded  colleges.  Among  these,  that  of 
Djondesabonr  first  instituted  a  system  of  academical 
honors  which  has  descendeil  to  our  time.  This  col- 
lege was  patronized  by  the  Khalif  Haroun  al  Raschid, 
who  forbade  any  one  practicing  medicine  until  after 
a  .satisfactory  e.xanunation  at  the  college  of  Djonde- 
sabonr or  that  of  Bagdad. 

The  areometer  useil  by  the  Saracens  about  A.  D. 
1000,  ami  for  many  centuries,  was  a  form  of  hydrom- 
eter. It  is  described  by  Abu-Jafar  Al-Khiizini,  an 
eminent  Saracenic  writer  of  the  twelfth  century,  and 
is  credited  to  Papjuis,  a  Greek  philosopher,  who  was 
contemporary  with  Theodosius  the  Gieat,  A.  D. 
379 -  395.  Al-Khazini  refers  to  the  <uiginal  discov- 
ery of  Archimedes,  upon  which  the  instrument  is 
based,  and  takes  a  very  pious  view  of  the  line  of 
discovery.  See  the  "  Book  of  the  Balance  of  Wis- 
dom," in  Vol.  VI.  of  the  "Journal  of  the  American 
Oriental  Societv,"  New  Haven,  1860.  See  siqyra, 
pp.  141,  142. 

In  the  sixteenth  and  seventeenth  centuries,  the 
.salinometer  was  used  in  the  salt-works  of  Germany, 
and  is  referred  to  as  a  well-known  invention.  Pe- 
pys,  in  his  "Diary,"  December  10,  1668,  refers  to 
Boyle's  hydiometer  as  "  a  bubble  to  try  the  strength 
of  spirits  with." 

2.  A  current  gage  ;  known  also  as  a  tncJimnelei;  rhc- 
omcler,  hydromctric  pendulum,  WoUmann's  mill, 
etc. 

Hydro-met'ric  Pend'u-lum.  A  current -fiage. 
An  instrument  consisting  of  a  ball  suspended  from 
the  center  of  a  graduated  quadrant,  and  held  in  a 
stream  to  mark  by  its  deflection  the  rate  of  motion 
of  tlie  water. 

Hy'dro-met'ro-graph.  An  instrument  for  de- 
termining and  recording  the  amount  of  water  issu- 
ing from  a  pipe,  etc.,  in  a  given  time. 

Hy'dro-phore.  An  instrument  for  obtaining 
specimens  of  water  from  any  given  depth  below  the 
surface, 

Hy'drorscope.  1.  An  instrument  anciently 
used  for  measuring  time  by  the  trickling  of  water 
from  an  orifice  in  the  lower  end  of  a  graduated  tube. 
The  bight,  diameter,  and  graduation  of  the  tube, 
and  the  size  of  the  opening,  being  jiroperiy  propor- 
tioned, the  subsidence  of  level  of  the  water  indicates 
the  passage  of  time.     See  Ci.Ei'SYDt.A. 

2,  An  instrument  to  detect  the  presence  of  moist- 
ure in  air.     See  Hygrometer. 

Hy'dro-stat.  A  general  term,  signifying  an  ap- 
paratus or  contrivance  to  prevent  the  explosion  of 
steam-boilers.  The  devices  are  numerous,  and  have 
specific  names. 

Hy'dro-stat'ic  Arch.    (Architecture.)    A  linear 
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arch  suited  for  sustaining  normal  inessure  at  each 
point,  proportional  —  like  that  of  a  linuiil  in  repose 
—  to  a  depth  below  a  given  horizontal  ]>lane.      It  is 
sometimes  called  the  "Arch  of  Yvon-Villaceaux," 
from  the  name  of  the  mathematician  wlio  first  de- 
monstrateil  its  properties.  —  R.iNKINE. 
Hy'dro-atat'ic  Bal'auce.   A  balance  for  weigh- 
ing   substances 
Fig.  2624.  in  water  for  the 

a  purpose   of  as- 

certaing  their 
specific  gi'avi- 
ties. 

When  un- 
loaded, the 
arms  are  equi- 
poised, c,  the 
body  to  be 
weighed,  is  sus- 
pended from  the 
shorter  arm. 
On  the  longer  arm  the  movable  weight  indicates  the 
weight  of  the  object  in  air  or  water.  A  specific- 
gravitji  balance.     See  Aukumkter. 

Hy'dro-stat'io  Bal'mg-press.  One  in  which 
the  force  of  water  under  pressure  is  made  to  com- 
press the  fibrous  material  to  be  baled. 

In  tlie  example  shown,  the  beater  B  is  first  opera- 
ted, and,  when  the  process  has  gone  to  a  certain  ex- 
tent, the  beater  is  made  stationary,  and  the  follower 
D  raised.     Both  operations  are  etiected  by  hydraulic 

Fig  2625. 


Hydrostatic  Balance. 


Hi/drostatic  Baling-Press. 


Hydrostatic  Baling-Press. 

operation.  The  suspension  rope  of  the  beater  winds 
on  the  wheel  M,  which  is  rotated  by  pinion  and 
rack,  the  latter  being  depressed  by  a  piston  in  cylin- 


der J.  The  rope  is  tripped  olf  the  wheel  from  time 
to  time,  automatically,  allowing  the  weight  B  to 
fall,  and  again  and  again  re-winds  and  slips  olf.  At 
the  proper  time  the  cock  isturnedandthewaterturned 
on  to  the  other  cylinder  /,  beneath  the  follower  D, 
and  the  latter  is  raised  by  the  pressure  of  water  be- 
neath the  piston  in  said  cylinder.  G  represents  the 
material  under  pressure. 

In  Fig.  2626  the  motive-power  is  water  under  press- 
ure.   The  cylinder  .4 

is  open  at  both  ends.  Fig.  2626. 

has  two  ports,  E  and 
F,  atthecenter,  to  re- 
ceive an<l  discharge 
respectively  the 
water  from  the  ]iump  l 
or  head.  There  are 
two  rams  B  in  cylin- 
der A,  working  in 
ojiposite  directions 
toward  heads  C.  G 
is  the  space  for  the 
material  to  be 
pressed.  D  are  con- 
necting-rods, connecting  the  heads  C  together  to  re- 
sist the  strain  of  the  rams  B,  and  forndng  guides  for 
the  rams. 

Hy'dro-stat'ic  Bed.  A  bag  of  india-nililier 
cloth  inflati'd  with  water.  Intended  for  bedridden 
or  wounded  persons  ;  invented  by  Dr.  Arnott,  and 
descrilic'd  in  bis  '•  Elements  of  Physics." 

Hy'dro-stat'ic  Bellows.  An  instrument  for 
illustrating  the  fact  that  the  pressure  of  a  small 
column  of  water  halanees  that  of  another  column  of 
water,  no  matter  how  large.  Water  \ioured  into  the 
funnel-mouthed  tube  a  (/,  plate  oj.posite  page  1150) 
Hows  into  tlie  fle.xible-sided  box  i,  and  raises  a 
weight  c  many  times  greater  than  its  own.  The 
weight  may  be  lifted  in  this  way  until  the  combined 
pressure  of  it  and  the  column  of  water  in  the  bel- 
lows b  is  ec)ual  to  that  of  a  column  of  water  having 
an  equal  surface  and  as  high  an  the  column  in  the 
tube  c. 

I5)an]ah's  and  other  hydrostatic  or  hyraulic  pres.ses 
depend  on  this  principle. 

Hy'dro-stat'ic  Lamp.  A  lamp  in  which  a  su- 
pernatant stratum  of  oil  is  sustained  liy  water  or 
other  Huid  of  greater  specific  gravity  than  the  oil. 
Salt  and  water,  sirup,  honey,  niercuiy,  ami  sulphate 
of  zinc  in  solution,  have  been  employed  for  this  pur- 
pose. 

Hy'dro-stat'ic  Lev'eL  {Civil  EngiTuering.)  A 
water-level.     See  Level. 

Hy'dro-stat'ic  Press.  A  machine  in  which  the 
pressure  of  a  piston  on  a  body  of  water  of  relatively 
small  sectional  area  is  made  to  propagate  the  force 
to  a  cylinder  of  multiple  area,  where  the  force  is  di- 
rectly" as  the  difference  and  the  speed  inversely  as 
the  difference. 

Pascal  (1650)  demonstrated  the  power  of  a  column 
of  water  m  a  vertical  pipe  inserted  into  a  barrel.  In 
filling  the  barrel  and  pipe,  he  found  the  pressure  to 
be  as  the  hight  of  the  column  and  the  area  of  the 
base,  as  if  the  cask  had  preserved  its  diameter 
throughout  the  whole  length  of  the  column.  Sup- 
posing the  barrel  to  have  an  area  of  thi-ee  square  feet, 
and  the  pipe  of  twelve  feet  length  to  have  a  capacity 
of  two  pints,  the  effective  pressure  of  the  quart 
of  water  on  the  heads  of  the  cask  is  equal  to  a  cylin- 
der of  water  containing  thirty-six  cubic  feet. 

If  a  properly  fitting  piston  of  a  weight  eqtial  to 
the  quart  of  water  be  placed  in  the  iiipe,  it  will  have 
the  same  effect  as  the  water  for  which  it  is  a  substi- 
tute. 


HYDROSTATIC  PRESS. 
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If,  instead  of  tlie  mere  weight  of  the  piston,  it  be 
loaJi'J  with  .1  wc'iglit  nine  times  that  of  its  own,  the 
biustinf;  pressure  in  the  barrel  will  be  tenfold  greater 
than  befoj'e. 

If,  instead  of  a  weight  upon  the  piston,  a  lever  be 
placed  above  it,  the  increased  force  may  be  immensely 
uuiltiplieil  and  a  power  obtained  which  is  beyond 
all  others  of  equal  compactness  and  facility  of  ma- 
nipulation. 

This  is  the  Braraah  hydraulic  press. 

The  first  one  ever  made  is  in  the  museum  of  the 
Commissioners  of  Patents  (England),  and  is  in- 
scribed, "  Bramah,  Inv'.  et  fee'.  1796." 

The  celebrated  Maudslay  was  mechanically  edu- 
cated in  Bramah's  shop. 

In  JV  (page  1157)  the  operation  of  this  machine 


Conway  Bridge  Hydrostatic  Press. 


may  be  readily  understood.  «  is  a  reservoir  of  wa- 
ter on  which  is  a  pump,  the  piston-rod  b  of  which 
is  worked  by  the  hand-lever  c.  The  water  is  con- 
veyed by  the  pipe  d  to  the  cylinder  e,  where  it 
elevates  the  piston  /  and  talile  g,  which  rises  be- 
tween the  guides  that  holil  the  upper  plate,  against 
which  the  object  under  pressure  is  driven.  The 
elevation  of  the  table  g  is  proportionate  to  the  quan- 
tity of  water  injected.  The  power  is  proportionate 
to  the  respective  areas  of  the  pump  and  the  cylinders. 
Fig.  2627,  A  is  an  elevation  of  the  press  and  cross- 
section  of  thi!  tulie  employed  in  the  Conway  tubu- 
lar bridge,  and  B  a   vertical   section   of  the   press 


ami  a  ]iortion  of  the  tubing,  a  is  the  pump  pi.ston 
and  b  the  cylinder,  which  is  supported  upon  double 
iron  girders  c  c,  resting  on  girders  d,  built  in  the 
masoniy.  Water  is  forced  through  the  pipe  c  into 
the  cylinder  by  an  engine  of  40-horse  jjower.  The 
piston  has  a  cross-head  /  provided  with  clamps  g 
which  hold  the  ends  of  the  lifting  chain  links  «nd 
are  screwed  up  tirmly  against  them.  The  alternate 
links  are  notched,  as  shown  at  /(  h,  so  as  to  fit  into 
corresponding  grooves  in  the  cross-girders  i  i,  which 
are  temporaiily  bolted  to  the  walls  k  k  of  tlie  tube. 
The  Ibrce  actually  exerted  by  the  puni]>  in  raising 
one  end  of  the  tube,  a  weight  of  900  tons,  was  two 
and  a  quarter  tons  per  square  inch. 

Three  hydrostatic  jiresses  were  used  at  the  raising 
of  the  tubes  of  the  Menai  Railroail  Biidge.  One  of 
them  worked  at  one  end  of  the 
tube  and  two  smaller  ones  at  the 
other  end.  The  larger  one  hail  a 
cylinder  11  inches  thick  and  20 
inches  in  internal  diameter.  Its 
lift  was  6  feet.  The  weight  of  the 
cylinder  was  16  tons,  and  of  the 
machine  40  tons.  Its  power  was 
estimated  as  equal  to  tliat  of 
30,000  men.  Tlie  smaller  jire.sses 
had  rams  18  inches  m  diameter. 

The  presses  stood  on  tlie  sum- 
mits of  the  |iiers,  and  lifted  by 
means  of  chains  having  alter- 
nately eight  and  nine  links.  The 
weight  of  a  chain  was  224,000 
pounds.  They  were,  attached  to 
the  rams  by  iron  cro>s-heads  of 
gi'eat  thickness.  The  two  chains 
passed  through  scjuare  holes  at 
each  end  of  the  cross-head,  and 
were  gripped  above  by  clamps  of 
wrought-iron,  screwecl  like  a  vise. 
At  the  lower  end,  the  cliains  were 
attached  to  the  tulje,  or  rather  to 
lifting-fianies  within  its  extremi- 
ties, by  three  sets  of  massive  east- 
iron  beams,  crossing  one  above 
another,  and  secured  by  wrought- 
iron  straps  passing  over  the  upper 
pair  and  descending  into  the  bot- 
tom cells  where  they  were  keyed. 
The  ends  of  the  chains  fitted  un- 
der deep  shoulders  or  notches  in 
the  lil'ting  -  frames,  where  they 
were  secured  by  screw-bolts ; 
these  lifting-frames  and  beams 
added  448,000  pounds  to  the 
weight  to  be  lifted.  Each  of  the 
middle  tnbes  weighed  4,032,000 
)iounds  (1,800  English  tons),  and 
they  were  lifted  bv  successive  lifts 
of  6  feet  to  a  bight  of  100  feet 
above  tide-water.  The  motive 
force  was  two  steam-engines  of 
40-horse  power  each,  and  the  water  was  delivered 
through  a  i-inch  pipe  into  the  cylinder  below  the 
ram. 

That  shown  at  D,  plate  opposite  page  1150,  is 
adapted  for  pressing  the  printed  sheets  of  hooks,  etc. 
It  is  arranged  with  either  one  or  two  pumps  for  for- 
cing water  into  the  lifting-cylinder,  whose  jiiston 
raises  the  platform  on  which  the  sheets  are  placed. 
This  is  kejit  in  horizontal  position  by  upright  stand- 
ards, and  between  it  and  the  head  of  the  jiress  the 
sheets  are  compressed. 

In  the  stcrhydraulic  press  of  MM.  De.sgofTe  and 
Olivier,  a  coil  of  gut-rope  passing  through  a  stuffing- 
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liox  into  the  cylinder  is  woiiiul  upon  an  interior  pul- 
ley, displacing  |iart  of  the  fluid  (oil)  and  causingthe 
piston  to  rise.  See  llYDitAULiu  PuEss,  Fij;.  2617. 
Among  the  applications  of  the  hydrostatic  press  niay 
be  found  :  — 

Accumulator.  Hydi'aulic  .slip. 

Boiler-power.  Hydraulic  spring-tester. 

Coal-breaking  jack.  Hydrostatic  baling-press. 

Crank-puller.  Hydrostatic  bellows. 

Hydraulie  craue.  Jim-crow. 


Hydraulic  dock. 
Hydraulic  elevator. 
Hydraulic  hoist. 
Hydraulic  lift. 
Hydraulic  lifting- jack. 


Pipe-prover. 

Punching-bear. 

Rail-bender. 

Rail-punch. 

Shaft-straightener. 


Hydraulic  platform-lift.  Ship-jack. 

Hydraulic  press.  Spring-tester. 

Hydraulic  pnlling-jack.  Testing-machine. 

Hydraulic  punch.  Traversing-jack. 

Hydraulic  shaft-straight-  Wagon-tipper. 

euer.  Wheel-jack. 

Hydraulic  shears.  Wheel-press. 

Hy'dro-stat'ic-press  Pump.  A  pump  used  in 
hydrostatic  presses.  Tlie  example  (-■/,  plate  oppo- 
site page  1150)  gives  one  form,  q  is  the  water-cis- 
tern and  r  the  pump-barrel,  which  has  a 'sucking 
tube  t  and  a  conical  valve  s.  The  plunger  is 
operated  by  the  lever,  which  may  be  pivoted  in 
either  of  the  holes  shown  at  x  on  the  standard,  to 
obtain  greater  or  less  i|uickness  of  stroke  ;  it  is  con- 
necteil  with  the  stamlard  by  a  link._  k  is  a  safety- 
valve  and  ;  the  discharge-valve,  the  rise  and  fall  of 
which  is  regulated  by  a  screw  placed  over  it.  On  lift 
ing  the  plunger,  water  is  drawn  into  the  barrel  r 
through  the  tube  t,  and  by  depressing  it  the  water 
is  forced  out  through  the  pipe  j,  the  valve  z  rising 
to  permit  its  passage.     See  also  0  D,  same  plate. 

Hy-et'o-graph.  A  chart  indicating  the  com- 
parative distriljution  of  rain  over  a  given  geographi- 
cal surface.  See  list  under  '(Jii.vph.  See  also  Map, 
for  list  of  lines  indicating  er^ual  conditions  of  nat- 
ural phenomena. 

Hy'gro-graph.     A  recording  hygrometer. 

Hy'grom'e-ter.  An  instrument  for  measuring 
the  compuative  moisture  of  the  air. 

They  arc  of  three  kinds  :  — 

1.  Those  which  act  on  the  principle  of  absorption. 

2.  Those  which  act  by  condeiisitioii. 

3.  Those  in  which  the  hygrometric  condition  is  de- 
duced from  observations  of  a  wet  and  a  dry  bulb. 

1.  a.  Of  the  first  class  is  the  hi/rjromHcr  of  Saus- 
sure  (died  1791)).  It  consists  of  a  hunran  hair  boiled 
in  lye,  and  acts  by  absorption  and  evaporation,  as 
shown  at  a.  Fig.  2623.  A  piece  of  catgut  may  be 
made  to  extemi  from  a  pin  at  one  end,  over  a  num- 
ber of  pulleys,  and  terminate  at  the  lower  end  with 
a  small  weight,  which  rises  and  falls  with  changes 
in  the  length  of  the  cord,  induced  by  hygrometric 
changes  in  the  atmosphere. 

A  hygromc^ter,  or  iveithcr  prophet,  may  be  con- 
structed by  taking  a  cigar-box  and  inserting  at  its 
center  an  upright  pivoted  shaft  with  two  horizontal 
arms.  Around  this  are  wound  two  turns  of  a  cat- 
gut string,  one  end  of  which  is  fastened  to  a  staple 
at  one  end  and  the  other  to  a  s])iral  spring  at  the 
other  end  of  the  box. 

Fluctuations  in  atniospherio  humidity  cause  the 
string  to  extend  or  contract,  as  the  case  may  be, 
turning  the  shaft  partially  roun<l.  If  to  the  end  of 
one  arm  a  toy  figure  of  a  mower  be  attached,  and  to 
the  other  a  figure  holding  an  umbrella,  openings  be- 
ing cut  to  represent  doors  in  the  side  of  tlie  box, 
fronting  each  figure,  the  figure  holding  the  umbrella 


will  come  out  when  the  air  is  moist  and  retire  as  the 
weather  becomes  dry,  allowing  the  mower  to  come 
forth. 

In  b,  a  human  hair  is  fastened  at  the  upper  end 
to  a  screw,  and  .at  the  lower  end  pas.scs  o^'er  a  pulley 
which  has  a  radial  pointer.     A  weight  keeps  the 

Fig.  2628. 
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hair  tight,  and  its  expansion  or  contraction  causes 
the  pointer  to  traverse  on  the  graduated  arc. 
Moisture  makes  the  hair  longei-,  and  allows  the 
pointer  to  rise,  and  diy  weather  has  tlie  leverse 
eflfect.  The  0°  and  100°  form  the  extremes  of  dryness 
and  wetness :  one  is  obtained  from  an  atmos]ihere  arti- 
ficially dried,  and  the  other  by  the  absolute  satura- 
tion of  the  air  with  moisture.  The  intervening 
space  is  then  divided  into  100  erpial  parts. 

b.  An  alcoholic  solution  of  camjihor,  saltpeter, 
and  muriate  of  anmionia,  in  a  glass  tube,  has  been 
suggested  for  a  weather  guide.  Changes  of  weather 
are  stated  to  lender  the  solution  turbid,  or  clear  it, 
as  the  condition  may  be.     Its  value  is  doubtful. 

c.  An  arm  i.s  balanced  upon  an  axis  so  as  to  be 
horizontal  at  tlie  zero  point,  and  ]irovided  at  one 
end  with  an  alisorbent  sub.stance,  such  as  a  jiicce  of 
.sponge.  When  the  air  is  relatively  moi.st  the  sponge 
will  absorb  water  and  become  heavier,  so  that  the 
pointer  rises  against  the  graduated  arc  and  indicates 
rain  ;  conversely,  dry  air  causes  the  sponge  to  i)art 
with  some  of  its  moisture,  and,  becoming  liglitcr,  the 
pointer  falls. 

2.  Daniell's  hygrometer  c  determines  the  moisture 
of  the  air  by  indicating  the  dew-jioint,  or  tlie  tem- 
perature at  which  moisture  is  deposited  by  the  air. 
It  consists  of  a  bent  tube  of  glass  with  a  bulb  at 
each  end.  The  legs  of  the  tube  are  of  unequal 
length,  and  the  lower  one,  which  is  of  black  glass, 
contains  a  little  ether,  into  which  dips  the  bulb  of 
a  small  and  delicate  thernionieter,  whose  stem  oc- 
cupies the  cavity  in  the  leg  of  the  tube.  The  whole 
tube  contains  ether  and  its  vapor,  the  air  having 
been  removed.  The  upjier  bulb  is  eovereil  with  a 
piece  of  muslin.  The  sup)iort  of  the  instrument 
has  another  thermometer  by  which  the  temperature 
of  the  air  is  denoted. 


HYGROMETER. 
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Wlien  an  obserration  is  to  be  niaJc,  a  little  ether 
is  pomvd  u])oii  tlie  muslin  ;  this  evaporates  and 
cools  the  contents  of  the  tube,  abstracting  heat  from 
the  lower  bulb  by  the  vaporization  of  its  contents. 
As  soon  as  the  lower  bulb  has  cooled  sufficiently  to 
condense  the  moisture  of  the  atmosphere,  dew  will 
be  observed  to  condense  upon  it,  and  the  tempera- 
ture is  to  be  noted  as  indicated  by  the  tliermometer 
in  the  tube.  If  the  air  be  moist,  dew  will  commence 
to  deposit  on  the  lower  bulb  on  a  slight  reduction 
of  temperature  ;  if  the  air  be  dry,  it  will  require  a 
relatively  greater  reduction  of  temperature.  The 
point  at  which  moisture  commences  to  foim  on  the 
liulb  is  the  "ilew-point,"  and  this  ascertained,  in 
connection  with  the  temperature  of  the  air,  will 
enable  the  hygi'ometric  condition  of  the  air  to  be 
determined  by  tables  prepared  for  the  purpose  ;  as 
to  the  elasticity  and  density  of  the  aqueous  vapor, 
its  weight  in  a  cubic  foot  of  air  ;  the  degree  of  dry- 
ness either  upon  the  scale  of  the  thermometer  or  the 
hygrometer,  and  the  rate  of  evaporation. 

In  the  climate  of  England  the  dew-point  is  seldom 
more  than  30°  below  the  temperature  of  the  air,  but 
in  the  Deccan,  in  India,  with  the  temperature  of 
the  air  at  90°,  tlie  dew-point  has  been  seen  at  29°, — 
making  the  degree  of  dryness  61°  thermometric. 

Professor  Daniell  states  that  "the  more  accurate 
mode  of  expressing  the  moisture  of  the  air  from  an 
observation  of  the  temperature  and  dew-point  is  by 
the  quotient  of  the  division  of  the  elasticity  of  the 
vapors  at  the  real  atmospheric  temperature,  by  the 
elasticity  at  the  temperature  of  the  dew-point  ;  for, 
calling  the  term  of  saturation  1,000,  as  the  elasticity 
of  vapor  at  the  temperature  of  the  air  is  to  the 
elasticity  of  vapor  at  the  temperature  of  the  dew- 
point,  so  is  the  term  of  saturation  to  the  observed 
degree  of  moisture. 

"Thus  with  regard  to  the  observation  in  the 
Deccan  — 1.430:  0.194:  :  1000:  135, —the fourth 
term  is  the  degree  of  moisture  on  the  hygronietric 
scale." 

3.  f?f  aretwodifferentformsof Mason'shygi'ometer. 
In  this  two  thermometers  are  placed  side  by  side, 
the  bulb  of  one  being  covered  with  muslin  or  simi- 
lar material,  and  wetteil  with  water  when  an  ol>ser- 
vatiou  is  to  be  niaile.  The  diniished  temperature  of 
the  wet  bulb,  due  to  the  evaporation  of  the  moisture, 
is  compared  with  the  natural  temperature  of  the 
other. bulb;  the  temperature  and  the  diflerence  af- 
ford the  data  for  determining  the  hygrometric  con- 
ditions. 

In  c  the  bulb  of  one  thermometer  is  kept  con- 
stantly moist  friini  a  cistern  fi.iced  on  the  |ilate,  to 
which  the  two  are  attached. 

This  is  the  most  \iseful  form  of  hygi'ometer.  The 
theoretical  relation  between  the  indications  of  the 
two  bulbs  and  the  humidity  of  the  air  is  rather  com- 
ple.K  and  has  given  rise  to  much  deliate  ;  it  is  usual 
to  ert'ect  the  reduction  by  tables  which  have  been 
empirically  constructed  by  comparison  with  the  in- 
dications of  the  dew-point  instnnnent  of  Daniell. 
The  British  tables  for  this  purpose  were  constructed 
by  Glaisher  ;  edition  of  185G  preferred.  They  are 
based  upon  a  comparison  of  the  simultaneous  readings 
of  the  wet  and  dry  bulb  thermometers,  and  of  Dan- 
iell's  hygi'ometer,  taken  for  a  series  of  years  in  Green- 
wich Observatory,  in  Toronto,  and  in  India.  The 
ratio  between  the  two  readings  is  not  equal  at  all  de- 
grees of  temperature  as  marked  on  the  dry  bulb. 
When  this  temperature  —  the  natural,  it  may  be 
called  —  is  53°  F.  the  rfc!p-ji)OH!<  is  as  much  below  the 
wet  hulh  as  the  latter  is  below  5-3°  F.,  the  temperature 
of  the  air.  At  higher  temperatnres  the  wet-bulb  read- 
ing is  nearer  to  the  dew-point  than  to  the  air-tem- 


perature, and  the  reverse  is  the  case.at  temperatui'cs 
below  53°  F.     See  PsvcHKCMETER. 

Two  citations  from  "  Cosmos  "  are  not  irrelevant : 
"  In  the  brilliant  period  of  the  foundation  of  'math- 
ematical natural  philosoi)hy,'  attempts  to  investigate 
the  moisture  of  the  atmosphei'e  in  its  connection 
with  variations  of  temperature  and  with  the  direc- 
tion of  the  wind  were  not  wanting.  The  Academia 
del  Cimento  conceived  the  happy  idea  of  determin- 
ing the  quantity  of  vapor  by  evaporation  and  pre- 
cipitation. The  oldest  Florentine  hygrometer  was 
accordingly  an  apparatus  in  wliich  the  quantity  of 
precipitated  water  run  ott'  was  determined  by  weight. 
To  this  condensation  hygionietcr,  which,  aided  by 
the  ideas  of  LeRoy,  has  gradually  led  in  our  own 
days  to  the  exact  psychrometric  methods  of  Dalton, 
Daniell,  and  Auguste,  there  were  added,  according 
to  the  example  previously  set  by  Leonardo  da  Vinci, 
the  absorjition  hygrometers,  made  of  animal  or  vege- 
table substances,  of  Santorio  (16251,  Torricelli  (1626), 
and  Molyneu.x.  Catgut  and  the  beard  of  the  wild 
oat  were  used  almost  at  the  same  time.  Instruments 
of  this  kind,  founded  on  the  absorption  of  the  aque- 
ous vapor  contained  in  the  atmosphere  by  organic 
substances,  were  provided  with  indexes  and  counter- 
poises, and  were  vei-y  similar  in  construction  to 
Saussure's  and  Deluc's  hair  and  whalebone  hygrome- 
ters ;  but  the  instniments  of  the  seventeenth  cen- 
tury were  deficient  in  the  determination  of  fixed  wet 
and  dry  points,  so  necessary  foi'  the  conjjiarison  and 
uiuler.standing  of  the  results.  This  desideratum  was 
at  last  sujiplied  by  Eegnault,  but  without  reference 
to  the  variation  which  might  be  occasioned  by  time 
in  the  susceptibility  of  tlie  hygiometic  substances 
emploj'ed.  Pictet,  however,  found  that  the  hair  of 
a  Guanche  mummy  from  Teneritfe,  which  might  be 
a  thousand  years  old,  emjtloyetl  in  a  Saussure's  hy- 
grometer, still  iiosseessed  a  satisfactory  degree  of 
sensibility." 

"  'The  admiral'  [Columbus],  says  Fernando  Colon, 
ascribed  the  many  refreshing  falls  of  rain  which 
cooled  the  air  whilst  he  was  sailing  along  the  coast  of 
Jamaica,  to  the  extent  and  density  of  the  forestswhich 
clothe  the  mountains.  He  takes  this  op]iortunity  of 
remarking,  in  his  .shi])'s  journal,  that  '  formerly  there 
was  much  rain  in  Madeira,  the  Canaries,  and  the 
Azores  ;  but  since  the  trees  which  shaded  the  g]-o\iiid 
have  been  cut  down,  rain  has  l>econie  much  more 
rare.'  This  warning  has  remained  ulniost  unheeded 
for  more  than  three  centuries  and  a  half." 

Hy'gro-met'ric  Bal'ance.  An  instrument  for 
iiuliciitiiig  the  relative  density  of  the  air,  aiid  conse- 
<]uent  chances  of  rain  oi  dry  weather.  It  consists 
of  a  balance,  from  one  arm  of  which  is  suspended  a 
brass  weight  and  from  the  other  a  large,  thin,  hol- 
low cylinder.  The  two  are  arranged  .'•o  as  to  be  in 
equilibrium  at  a  given  density  of  the  atmosphere,  and 
it  is  evident  that  if  the  air  become  heavier,  the 
large  cylinder,  displacing  more  air  than  the  solid 
weight,  will  become  more  buoyant  and  ascend.  If, 
on  tlie  contrary,  the  air  liecome  lighter,  it  will  sink. 
A  rod  descending  from  the  scale-beam  serves  to  indi- 
cate, on  the  graduated  arc  below,  the  comparative  den- 
sity of  the  air  at  the  time  of  making  the  observation. 

If  the  air  be  heavy,  fine  weather  may  be  expected ; 
but  if  the  cylinder  sink,  rain  usually  follows. 

Hy'gro-scope.  An  instiiiment  for  indicating 
the  degree  of  moisture  of  the  atmosphere.  See  Hy- 
GuoMF.TEi: ;  Deschaiiel's  "Nat.  Phil.,"  Part  II., 
p.  367.      See  PsYCHKOMKTEK. 

Hy-pae'thrum.  {Architecture.)  That  portion  of 
the  interior  of  a  building  which  is  not  jivotected  by 
a  roof.  The  ancient  temples,  which  were  entirely 
uncovered,  were  said  to  be  hypa;thral. 


HYPERTHYRUM. 


IIGO 


HYSTEROTOME. 


Hy'per-thy'rum;  Hy'per-thy'non.  {Archi- 
tecture.) Tliiit  jai-t  of  till-  iii-uliitriive  which  is  over 
a  (hior  .11-  wiiiilow.     See  Hkah-moluing. 

Hy'phen.  A  mark  (-)  tor  joining  the  parts  of 
n  coiiiiioinul  word,  or  indicating  a  break  in  a  single 
woni  iit  the  end  of  a  line. 

Hy'po-caust.  (Building.)  A  furnace  for  heat- 
in"  a  liuilding  by  hot  air  conducted  under  the  floor 
and  through  tlie  walls. 

They  were  used  liy  the  lloman.s  for  hi-ating  their 
baths.  One  kind  w-as  constructed  with  Hues  run- 
ning uiuler  the  floor,  and  was  heated  from  the  out- 
sidcTof  the  building,  and  another  was  fornu-d  like  a 
low  chamber,  its  ceiling  supported  by  small  pillars 

or  dwarf 
Fig.  2629. 
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Hi/pocausts, 


walls.  This 
was  imme- 
diately be- 
ll rath  the 
l<:iths  to  be 
heated,  and 
sometimes 
had  Hues 
leading  to 
other  apart- 
ments. 
Fig.  2629,  J, 
is  a  i)lan  and  sec- 
tion of  one  dis- 
covered at  Lin- 
coln, England. 
This  was  24A 
feet  long,  S)J  feet 
wide,  and  26 
inches  high  in 
the  clear.  The 
ceiling,  which 
formed  the  floor 
of  the  apartment 


above,  was  of  large  bricks  laid  in  mortar,  over  which 
were  tiles  i;overed  with  stucco,  the  wdiole  being 
about  10  inches  thick.  The  products  of  combustion 
from  the  tire-chamber  a  passed  thiough  the  arched 
opening  b  into  the  hypocaust,  and  were,  it  is  supposed, 
discharged  at  d ;  c  is  believed  to  have  been  a  flue 
li'ading  to  another  apartment.  The  large  fire  space 
was  necessary,  as  the  Romans  did  not  employ  chim- 
neys for  increasing  the  draft. 

Hypocausts  are  in  general  use  in  Northern  China, 
where  the  winters  are  severe.  B  illustrates  their 
mode  of  construction.  They  are  locatcnl  beneath  the 
floor  of  the  house,  ami  have  two  flues  a  b,  c  d,  at 
right  angles.  These  have  a  numlier  of  openings, 
which  distribute  the  heat  to  all  parts  of  the  floor, 
which  is  paved  with  tiles  or  thigstones.  e  c  are  flues 
for  carrying  otf  sTnoke.  The  seats  and  slee|iing- 
places  are  also  heated  by  this  arrangement.  They 
are  built  of  briek  and  are  hollow,  communicating 
with  the  hypocaust  below.  The  fuel  employed  is 
composed  of  a  mi.'cture  of  tine  coal,  clay,  earth,  cow- 
dung,  or  refuse  vegetable  matter,  formed  into  balls 
and  dried.  In  houses  of  an  inferior  class,  a  sort  of 
stove,  built  into  one  corner  of  the  room,  is  used. 

Hypocau.sts  were  in  use  by  the  emirs  of  Cordova, 
from  the  ninth  to  the  thirteenth  century,  the  heat 
being  convey(Ml  by  caliduets  to  the  winter  apart- 
ments.    SeeBATu"  ;  HKATiNi!-ArPAii.\Trs. 

Hy'po-der'mic  Syr'inge.  (Snr<iim!.)  An 
instrument  for  administering  subcutaneous  injec- 
tions of  solution  of  mori)liiii,  for  tlie  |iur]iose  of  re- 
lieving pain.    It  consists  of  a  syringe  with  graduated 


barrel  or  rod,  and  a  canula  of  silver  or  steel  which 
has  a  point  fur  penetration  and  an  opening  for  ejec- 
tion of  the  liiiuid.  The  illustration  a  b  c  shows  a 
I'oirn  with  a  glass  tube,  a  gi'aduated  rod,  and  detach- 
able points  of  two  shapes. 

d  e  is  a  form  of  hypodermic  syringe  to  be  carried 
in  a  pocket-case.     The  point,    inclosing   the  wire- 
Fig.  26S0. 
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Hypodermic  Sijringe 

cleaner,  fits  into  a  hollow  graduated  piston.  The 
barrel  is  an  ordinary  silver  tube,  the  size  of  No.  10 
catheter,    and  is  six  inches   long.     See   also  Acu- 

I'U>;CTUUAT01',. 

Hy'po-tra-che'li-um.  (Architecture.)  The  neck- 
ing of  a  column  in  tlie  classical  orders,  consisting  of 
several  narroAV  cinctures  cut  into  the  shaft  at  the 
base  of  the  echinus. 

Hyp-som'e-ter.  An  instrument  for  measuring 
hights  by  observing  differences  in  barometrii;  ]iress- 
nres  at  ditt'erent  altitudes. 

Notalily,  an  instrument  for  determining  altitudes 
by   observation 

of  the  boiling-  Fig.  2631. 

points  of  water. 
It  has  a  water- 
vessel,  lamp, 
and  thermome- 
ter. The  exam- 
ple shows  the 
instrument  and 
the  case  in 
which  it  is 
packed  for 
transportation 
on  the  back  of 
a  tourist  or  at- 
tendant. 

WoUaston's 
apparatus  for 
m  e  a  s  u  r  i  n  g 
hights  by  the 
ten)]ierature    of 

boiling  w^ater  has  a  mercurial  thermometer  with  a 
very  large  bulb  and  a  stem,  which  has  a  length 
of  <me  inch  for  every  degree  of  the  scale.  This  is 
read  bv  a  vernier  to  thousandths.  It  is  found  that 
a  diflerence  of  barometric  pressure  of  0.589  inches 
is  equivalent  to  1'  in  the  boiling-point,  or  530  feet 
of  asi'ent  at  moderate  elevations. 

Tabb-s  have  been  constructed  for  use  with  the  ap- 
paratus, showing  the  precise  elevation  corresponding 
to  difterent  temiieratures  of  boiling  water. 

Hys'ter-om'e-ter.  An  instrument  for  ascertain- 
inc  the  sizi'  of  the  uterus. 

Hys'ter'o-tome.  (Surrjicnl.)  A  knife  for  ope- 
rations upon  the  womb  ;  notalily  the  Cajsarian  sec- 
tion. 


Htjp^ovittir. 
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ICE-CHISEL. 


Ice-an'chor.  {Naxdical.)  A  bent  bar  whose 
proiig  filters  a  hole  in  the  ice  ;  to  the  other  end  a 
niooriiii^-liawser  is  bent. 

See  :  — 


Ice-ap-pli'an-ces, 

Ice-anchor. 

Ice-apron. 

Ice- beam. 

Iceberg-alarm. 

Ice-boat. 

Ice-box. 

Ice-breaker. 

Ice-calk. 

Ice-caniage. 

Ice-chain. 

Ice-chest. 

Ice-chisel. 

Ice-claw. 

Ice-oieain  freezer. 

Ice-creeper. 

Ice-crusher. 

Ice-cutter. 

Ice-cutting  machine. 

Ice-elevator. 


Ice-hook. 

Ice-house. 

Ice-leveler. 

Ice-locomotive. 

Ice-making. 

Ice-marker. 

Ice-pick. 

Ice-pitcher. 

Ice-plane. 

Ice-plow. 

Ice-preserver. 

Ice-safe. 

Ice-sandal. 

Ice-saw. 

Ice-sera  jjer. 

Ice-shaver. 

Ice-spade. 

Ice-tongs. 

Ice-tools. 


the  state  of  the  ice,  the  state  of  the  wind,  and  the 
probable  condition  of  the  cargo  if  the  ice  break. 

2.  A  steamboat  having  a  sliarp  and  heavily 
strengthened  prow  and  bow  for  forcing  its  way 
through  ice  in  a  harbor  to  keep  a  passage  open  for 
vessels.  A  favorite  form  of  prow  is  a  long  ram,  ])re- 
senting  an  inclined  edge  to  the  ice,  which  is  lifted 
by  and  broken  across  the  sharp  back  of  the  ram. 

Ice-box.  A  cliest  for  domestic  use  lor  keeping 
cool  provisions  liable  to  spoil  in  warm  weather. 

Ice-break'er.  1.  a.  A  structure  for  the  protec- 
tion of  bridge-piers,  etc.  It  is  of  masonry  or  timber. 
In  the  Victoria  Bridge  across  tlie  St.  Lawrence  at 
Montreal  it  is  a  long,  sloping  ridge  of  stone  pre- 
sented up  stream,  and  tbrming  a  wedge-shaped  star- 
ling. 

Other  ice-breakers  are  starlings  oi piles  or  cribs. 
See  Ice-apron.     See  also  Pivot-bhidge. 

b.  A  pier  arranged  with  reference  to  tlie  current, 
to  prevent  access  of  ice  to  the  vessels  in  a  harbor. 

2.  An  icc-breakcr  for  harbors  is  a  steam-vessel  pro- 
vided with  means  for 


or    keeping 
channel    for 


Fig.  2632. 


Ice- Calk. 


Ice-a'pron.  {Hydraulic  Enrjineering.)  An  ice- 
breaker or  slarliny  to  protect  the  upper  end  of  a 
bridge-pier.  It  presents  an  inclined  edge  up  stream 
to  break  a  field  or  cake  of  floating  ice,  or  to  sustain 
the  pressure  of  a  gorge  of  ice,  and  prevent  the  direct 
dislodging  push  of  the  ice  upon  the  pier. 

The  ice-aprons  of  tlie  Eads's  St.  Louis  Railway 
Bridge  are  200  feet  long  and  60  feet  wide,  and  pre- 
sent an  angle  of  45°  to  the  current.  The  frames  are 
of  squared  oak  timber,  with  three-inch  oak  planking 
and  No.  16  slieet-iron  skin. 

Ice-beam.  A  guard-plank  at  a  ship's  bow  to 
fend  off  ice. 

Ice'berg-a-larm'.  A  thermoraetrical  device  to 
indicate  the  vicinity  of  icebergs  by  the  cooling  of 
the  water,  which  is  made  to  spring  an  alarm. 

Ice— boat.  1.  One  employed  for  traveling  on 
ice. 

The  ice-bonis  on  the   Jlaeze  and  Y,  in  Holland, 
consist  of  ordinary  boats  mounted  on  runners.     The 
boat  rests  on  transverse  pieces,  which  are  secured  to 
a  pair  of  parallel  runners  resembling  those  of 
skates.   The  extremities  of  the  transverse  pieces 
serve  as  outriggers,  from  which  stays  pass  to 
the  mast-heads  of  the  craft  to  preserve  the 
boat  from  being  careeneil  in  its  cradle  when 
tlie  sails  are  spread.     The  lower  edge  of  the 
rudder  is  sharpened,  to  give  it  a  sufficient  adhesion  I  brake  consists  of  a  pointed,  vertically  moving  bar, 


openin, 

open 

ships. 

Ice-calk.  A  spiked 
plate  to  be  worn  on  the 
heel  to  keep  the  wear- 
er from  slipping  on 
ice. 

Ice-car'riage.  A 
platform  on  runners, 
and  with  a  means  for 
propulsion  on  ice.  The 
toothed  wheel  holds 
to  the  ice,  and  is  turned 

by  a  small  spur-wheel,  which  is  engaged  by  a  larger 
wheel  actuated  by  a  double-ended  pawl  lever.     The 


Fig.  2633. 


to  the  ice  to  enable  it  to  swerve  the  boat. 

A  boat  can  be  made  of  a  few  planks,  three  skate- 
irons,  a  mast  and  sail,  at  a  cost  of  a  few  dollars. 
The  boat  is  V-sha])ed,  composed  of  three  planks, 
two  forming  the  sides  and  one  the  base,  which  is  the 
stern.  Under  each  angle  are  skate-irons  hung  on 
pivots  to  allow  swing.  The  craft  is  steered  by  the  iron 
at  the  apex  or  bow.  The  rigging  is  usually  sloop 
or  yacht  rig.  These  boats  sail  admirably,  and  may 
be  numbered  on  the  Hudson  by  si'ores  ;  something 
over  a  hundred  being  owned  by  the  various  clubs 
and  by  private  persons.  Regattas  take  place  on  this 
river  during  the  winter  season  when  the  condition 
of  the  ice  and  state  of  tlie  wind  invites.  Attemjits 
to  utilize  ice-boats  for  passenger  and  freight  travel 
have  not  as  yet  been  successful,  owing  to  several  un- 
certainties in  themselves  and  their  mode  of  going, 


which  is  ordinarily  kept  free  from  the  ice  by  a 
spring. 

Ice-chair.  A  chair  on  runners  to  hold  a  lady 
who  is  [lushed  along  by  a  skater  in  the  rear. 

Ice-chest.  A  form  of  domestic  ice  -  chamber 
having  apartments  for  the  ice  and  the  provision.s, 
the  Ibod-chamber  being  cooled  by  air  conducted  to 
it  from  the  ice-box  or  by  the  cold  side  of  the  latter, 
which  forms  a  part  of  the  inclosiire  of  the  food-cham- 
ber. In  the  example,  the  ice-box  has  an  arched 
bottom  and  perforated  depressions  that  connect  with 
the  drip-pans.  A  large  refrigerating  surface  is  there- 
by exposed  to  the  air  of  tlie  preserving  chamber,  and 
the  temperature  is  reduced  by  contact  of  the  drip. 

Ice-chis'el.  A  socket  chisel  with  a  long  liaiidle, 
used  in  cutting  holes  in  ice,  either  in  Arctic  explo- 
rations or  as  a  starting-point  for  the  saw  in  gather- 


ICE-CLAW. 
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ICE-ELEVATOR. 


Kig.  26ai.  ing  ii;e  for  use. 

Also  for  striking 
off  blocks  alter 
they  are  partial- 
ly detachej  by 
the  cutter.  See 
ef.  Fig.  21)58. 

Ice-clavr.  A 
rope  and  pair  of 
claws,  for  grap- 
pling ice-blocks. 
See  i-,  Fig.  '2«.'>8. 
Ice-cream 
Freez'er.  A 
macliiuc  in 
which  cream, 
custard,  or  lem- 
Ice-Chest.  onade  is  stirred 

within  a  metal- 
lic vessel  which  is  plunged  in  a  tub  of  mingled 
broken  ice  and  salt. 

The  dasher  has  vertical  reciprocation  by  the  play 
of  a   crank -pin    in    a 


rig.  2635. 


horizontal  slot  of  its 
cross-head.     The  ver- 
tical and  pivoted  scrap- 
ers  have    rotary   and 
reciprocating   motions 
respectively    to    clear 
the    can    sides.     The 
paddles      throw     the 
cream  outward.     The 
can  may  be  rotat      ,     ^, 
ed  or  the  dasher     "?^i 
reciprocated    sin 
gly,  if  desired. 

Fig.  2636. 


Ice-cut'-  Fig.  2633. 

ting  Ma- 
chine'.    One 

for  cutting 
kerfs  in  pond 
ice,  to  reduce 
tlie  surface  to 
stri]>s  which 
arc  afterwarils 
broken  into 
blocks  by  the 
a.\e  or  spade. 
In  the  exam- 
ple, it  is  a  cir- 
cular saw  on 
a  sled,  which 
is  drawn  by  a  ic- Cutter. 

horse.        The 

saw  receives  motion  fiom  a  serrated  wheel  which 
engages  the  ice,  anil  is  vertically  adjustable  by  a 
rack  and  pinion  operating  its  journal-frame.  See 
also  *,  Fig.  2658. 

Fig.  2639 
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Ice-Cream  Freezer. 


Tee-  Creeper. 


Ice-creep'er.  A  socket  for  the  heel  of  a  boot, 
having  spurs  to  prevent  slipping  on  ice.  In  the 
illustration,  it  is  shown  inverted. 

Ice-crush'er.     An  implement  for  breaking  ice 


into  small  frag- 
ments for  cool- 
ing beverages. 
In  the  exam- 
ple, the  ice  is 
forced  through 
the  grated  bot- 
tom of  the  cyl- 
inder by  means 
of  the  lever  pis- 
ton. 

Ice-cut'ter.  A  plane  for  shaving  ice  for  cooling 
beverages. 

In  the  example,  a  reciprocating  plane  moves  un- 
der a  hopper  in  wliich  is  a  block  provided  with  a  rod 
for  pushing  the  ic;e  against  the  plane.  Under  the 
hopper  and  below  the  plane  is  a  spring  for  holding 
a  tumbler  into  which  the  cut  ice  falls.    See  also  Ice- 


v:^ 


Ice-  Cruslier. 


Ice-Cutting  Machine. 

Ice-el'e-va-tor.    A  machine  for  lifting  block-ice 
from  one  levid  to  another,  as  from  the  pond  level  to 
the  ice-house  ;  in  the  ice-house  from  one  level  to  an- 
other,   ami   so   forth. 
There       are      several  Fig-  2640. 

kinds.  In  one,  the 
ice  is  pu.shed  up  a  spi- 
ral incline  by  tlu'  arms 
|irojecting  radially 
from  a  vertical  rotat- 
ing central  post. 

Fig.  2fi41  is  another 
form,  in  which  an  end- 
less chain  has  a  series 
of  hooks  /,'  which  grab 
the  lilocks  of  ice  and 
draw  them  u]i  tlie  in- 
cline G  E.  This  is  Ice-Elevator. 
made       in       sections 

hinged  together,  so  as  to  permit  either  of  the  upper 
sections  to  be  placed  at  different  angles  to  discharge 
the  ice  at  different  elevations.  The  frame  support- 
ing the  driving-wheel  of  the  endless  chain  has  a 
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spring  bar  wliich  sets  the  ho  ks  in  a  position  to  en- 
gage with  the  cakes  of  ice. 

Ice-hook.  A  hook  used  in  landing  ice  and 
transporting  it  on  ways  to  a  house  or  hold.  See  g. 
Fig.   •26:,i<. 

Ice-house.     PUitarch  records  that  the  snow,  col- 
lected on  the  mountains  during  the  winter  months, 
was  preserved  during  the  sunnner  in  deep  pits  cov- 
ered  with   coarse   cloths   and   with    cliati'.      Water 
cooled  with  snow  was  considered  a  great  lux 
ury.     Theocritus  calls  it  an 
ambrosial   drink,   but    Aris- 
totle seems  to  have  doubted  its 
healthfnlness.     Solomon   re- 
fers to  its  use  in  Fro  v.  xxv. 
13  :   "As  the  cold  of 
SQOW  in  the  time  of 


harvest,  so  is  a  faithful  messen^r  to  them  that  send 
him  ;  for  he  i-efresheth  the  soul  of  his  master." 

When  .Alexander  the  Great  besieged  Patra,  he 
caused  thirty  trenches  to  be  dug  and  tilled  with 
snow,  which  was  covered  with  oak  branches,  and 
kept  a  long  time. 

In  Portugal,  "snow  is  collected  in  a  deep  gulley, 
and  grass  or  green  sods, 
covered  with  sheep-dung, 
is  thrown  over  it,  and  un- 
der these  it  is  so  well  pre- 
served that  the  whole  sum- 
mer through  it  is  sent  the 
distance  of  sixty  Spanish 
milesto Lisbon"  ;  atleast, 
such  was  the  case  in  the 
last  century. 

In  Southern  Europe  and  Asia  Jlinor  it  may  be 
observed  that  snow  is,  and  always  has  been,  used 
instead  of  ice,  being  more  easily  attainable  from  the 
summits  of  the  mountains,  while  ice  must  be  either 
importeil  or  made  artiticially.  The  Appenines,  the 
Sierra    Nevada,    and    other    mountains    of    South 

Europe,   vield  an 
Fig- 2612.  inexhaustible 

supply  in  winter 
in  regions  where 
snow  seldom  or 
never  falls  on  the 
plains  below,  and 
a  very  slight  pro- 
tection from  the 
heats  of  summer 
suffices  to  preserve 
it  at  considerable 
elevations  above 
the  .sea,  where  the 
thermometer  nev- 
er ranges  vei-y 
high. 

At  lea.st  one 
natural  ice-house 
ha-s  been  discov- 
ered on  Mount 
Etna,  where  a  vast 
deposit  of  snow, 


covei-ed  by  a  mass  of  ashes 
and  lava,  has  been  pre- 
served for  untold  ages. 

The  highest  natural  tem- 
perature authentically  re- 
corded was  at  Bagdad,  in 
1819,  when  the  themome- 
ter  in  the  shade  indicated 
120"i'ah.  On  the  west  coast 
of  Africa  the  heat  is  nearly 
as  great.  The  men  em- 
ployed in  the  English  ex- 
pedition to  Abyssinia  think 
that  Aden  is  the  hottest 
hole  on  earth. 

BiU'ckhardt,  in  Egypt, 
and  Humboldt,  in  South 
America,  oVjserved  117" 
Fah.  in  the  shade. 

About  -  70°  is  the  low- 
est temperature  observed 
by  our  Arctic  navigators, 
batterer,  a  German  cliem- 
ist,  obtained  -  220°  Fah. 
Faraday  obtained  -  IBti" 
Fah.  Neither  succeeded  in 
freezing  pure  alcohol  or 
ether. 

Fig.  2642  is  a  sectional 
view  of  an  ice-house  for  brewers  and  butchers.  It 
has  an  ice-chamber  B  and  cooling-vault  A,  provided 
with  one  or  more  ventilators  /. 

Ice-lev'el-er.  An  implement  for  leveling  the 
surface  of  ]iond  ice.  It  has  an  oblong  frame,  upon 
the  front  siile  of  which  is  affixed  a  cutting-edge  of 

Fig.  2643. 


Ice-Levder. 


steel.  From  the  forward  end  a  tongue  projects, 
and  from  the  rear  a  guidiiig-]iole  with  a  bent  knee, 
composed  of  a  metallic  rod  that  runs  upon  t^ie  ice. 
A  wide  board  is  adjusted  to  the  front  side  of  the  frame 
for  removing  snow. 

Ice-lo-cb-mo'tive.  A  traction  engine  for  run- 
ning on  ice  ;  one  constructed  by  Messrs.  Neilson  of 
Glasgow,  and  employed  for  conveying  passengers 
and  freight  between  St.  Petersburg  and  C'ronstadt, 
has  two  driving-wheels   five   feet  in   diameter  and 


Fig.  2644. 


-■^iiO 


Ice-Locomotive. 


Ice-House. 


studded  with  spikes.  The  front  part  rests  on  a 
sledge,  which  is  swiveled  and  may  be  turned  by  the 
wheel,  which  has  an  endless  screw  working  a  jiin- 
ion  that  turns  a  segment  rack  attached  to  the  sled- 
bodv.     The  cvlinders  are  10  inches  in  diameter  and 
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22  inches  stroke.     The  weight  of  the  engine  is  12 
tons,  and  it  attains  a  speed  of  18  miles  an  liour. 

Ice-mak'iag.  Evaiioiatiun,  ladiatiou,  li(iuefac- 
tion,  anil  sudden  reduction  of  pressure,  are  the  causes 
by  which  the  temperature  of  a  body  may  be  de- 
pressed. 

Class  1.     Vaporization. 

This  includes  those  processes  which  depend  upon 
the  vaporization  of  water,  ether,  ammonia,  benzole, 
etc.,  which,  in  assuming  the  vaporous  form,  change 
sensible  heat  to  latent,  extracting  it  from  the  objects 
most  convenient  thereto,  —  in  this  case  a  reservoir 
of  water  whose  contents  are  thereby  congealed. 

In  this  class  are  the  atomizers  or  spray  apparatus. 

One  fonn  of  this  machine  is  founded  upon  the  old 
practice  in  Hindostan,  of  cooling  water  by  the  evap- 
oration from  the  outer  surface  of  porous  vessels 
through  which  the  contents  percolate.  A  part  is 
thus  sacrihceil  in  cooling  the  remainder,  the  water 
in  its  evaporation  rendering  latent  the  heat  abstract- 
ed from  the  contents  of  the  jar.  The  extent  to 
which  this  process  is  carried  determines  whether  the 
water  is  cooled  to  the  freezing-point  or  not. 

A  moditicatiou  of  this  device  is  found  in  wrapping 
a  non-porous  jar  or  other  vessel  with  a  bibulous 
covering,  which  is  kept  wet  and  subjected  to  a  draft 
of  air.  The  contents  of  the  vessel  part  with  their 
sensible  heat  in  furnishing  the  heat  rec^nired  by  the 
evaporation  of  the  water  in  the  envelope. 

"  Protagorus,  relating  the  voyage  of  King  Antio- 
chus  down  the  river  Nile,  says:  'They  expose  the 
water  in  large  earthen  ewers  on  the  top  of  the  house-, 
and  two  slaves  are  kept  sprinklingthe  vessels  with  wa- 
ter the  whole  night ;  aiul  at  daybreak  they  bring  them 
down  and  immerse  the  ewers  in  water,  which  is  used 
without  snow,  as  it  is  cool  enough.'  "  —  Deipnosopli,- 
ists. 

The  opinion  prevailed  among  the  ancients  that 
water  previously  boiled  or  heated  was  more  readily 
cooled,  and  in  Egypt  ami  other  warm  countries 
earthen  vessels  liUed  with  boiled  or  heated  water 
were  exposed  to  the  air  during  the  night,  and  in  the 
morning  placeil  in  a  )iit  or  cellar  and  boand  around 
with  fresh  or  green  jjlants  which  were  mnistened  with 
water,  and  preserved  their  contents  cool  throughout 
the  whole  day.  In  the  countries  of  Southern  Asia  a 
similar  opinion  and  practice  still  prevails. 

So  far,  the  conditions  of  evaporation  have  been 
the  exposure  of  wate.r  in  an  atmosphere  not  saturat- 
ed with  moisture  anil  ])referably  to  air  in  motion. 
It  may  also  be  added  that  an  artilieial  motion  liy 
fans  may  be  made  to  replace  the  lack  of  natural  mo- 
tion by  wind  or  draft.  This  accelerates  the  opera- 
tion as  bringing  a  larger  amount  of  air  in  contact 
with  the  evaporative  surface,  and  also  brushing  away 
the  saturated  atmosphere  immediately  adjacent. 

Under  a  pressure  less  than  that  of  the  atmosphere, 
vaporization  takes  place  at  a  lower  temperature. 
Were  two  thirds  of  the  atmospheric  pressure  removeil, 
water  would  boil  at  ordinary  summer  heat.  A  ves- 
sel of  water  placed  under  the  receiver  of  an  air-pump, 
which  is  then  exhausted  of  air,  speedily  enters  into 
ebullition;  but,  unless  the  machine  is  kept  con- 
stantly in  action,  the  vapor  which  is  thus  formed 
will  restore  very  promptly  the  pressure  upon  the 
surface  which  \\m  been  removed  by  the  exhaustion. 
If,  however,  the  pump  be  powerful  enough  to  carry 
off  the  vapor  ,as  fast  as  it  is  formed,  and  be  steadily 
worked,  the  heat  which  the  rising  vapor  withdraws 
from  the  water  will  presently  reduce  the  temperature 
to  the  freezing-point,  and  the  liquid  will  be  convert- 
ed into  ice. 

In  1755,  Dr.  Cullen  discovered  that  removing  the 
pressure  of  air  facilitated  evaporation  to  a  degree 


which  enabled  him  to  freeze  water  even  iu  sum- 
mer. 

In  1777,  Mr.  Nairne  discovered  that  introducing 
sulphuric  acid  into  an  exhausted  receiver  absorbed 
an  acjueous  vapor  from  and  thereby  dried  raretied  air ; 
and  by  an  arrangement  on  these  principles,  in  1810, 
by  which  he  got  rid  of  the  vapor  that  rose  liom  the 
water,  he  prevented  its  forming  a  pei'nianent  atmos- 
phere, so  as  to  prevent  the  continuance  of  the  ojiera- 
tion.  Professor  Leslie  succeeded  in  freezing  (|uan- 
tities  of  water  from  1  to  lA  pounds  in  weight,  though 
I  lie  could  not  effect  the  congelation  of  much  larger 
I  quantities.  This  method  of  promoting  evajioration 
John  Vallance,  iu  182^,  imju'oved  by  iemo\  ing  the 
atmospheric  pressure,  whiili  enabled  him  to  carry 
1  oH'  the  vapoi)from  large  surfaces  of  water  and  con- 
sec|uently  freeze  large  (luantities  of  ice. 

The  Parisian  restaurants  have  di'canters  {carafes 
frappies)  filled  with  water  frozen  by  placing  them  in 
shallow  tanks  of  sea-water,  each  of  wliiidi  is  pro- 
viiled  with  a  copper  reservoir  connected  with  a  re- 
ceiver fiUed  with  ether.  The  air  is  exliau.sted  from 
the  reservoirs  by  an  air-pump  worked  by  steam, 
vaporizing  the  ether  ami  reducing  the  temperature 
of  the  sea-water  and  that  in  the  decanters  below  the 
freezing-point.  The  water  in  the  decanters  usually 
remains  liquid  until  stirred  with  a  gl.ass  rod,  when 
it  immediately  congeals. 

Edmond  Carre's  sulphuric-acid  freezing-apparatus 
is  upon  this  principle  (shown  at  1,  Plate  XXVI.  >,  and 
is  used  to  produce  the  cani/cs  fmppics  (frozen  de- 
canters) so  frequently  seen  iu  Paris.  It  consists  of 
a  large  vessel,  resembling  the  boiler  of  a  steam-en- 
gine, which  is  designed  to  contain  the  concentrated 
sul])liuric  acid  ;  of  an  air-pump  with  tube  connec- 
tions to  be  adapted  to  the  wide  months  of  the  cara- 
f'S,  and  of  a  mechanism  by  which  the  lever  of  the 
air-]iuniii  is  made  to  keep  the  acid  in  continual  agita- 
tion. The  great  volume  of  the  acid  renders  the  loss 
of  absorjitive  power  by  dilution  very  slow,  and  the 
constant  agitation  prevents  the  formation  of  a  super- 
ficial dilute  stratum,  which  would  interfere  materi- 
ally with  the  success. 

in  the  drawing,  a  is  the  reservoir  of  sulphuric 
acid  ;  /,  a  carafe  of  water  connected  by  the  tuLie  r 
with  the  apparatus,  and  having  a  stop-cock  at  I.  p 
is  the  barrel  of  the  pump  and  h  its  lever,  which  also 
agitates  the  o.scillator,  shown  iu  dotted  lines. 

We  have  considered  in  regular  sequence  the  cool- 
ing of  water  by  the  access  of  air  under  natural  con- 
ditions ;  the  acceleration  of  the  operation  by  artifi- 
cial draft  ;  the  facilitating  of  the  operation  by  the 
lessening  of  the  atmo.spheric  pressure  ;  tlie  alisorp- 
tion  of  the  evolved  vapor  by  sulphuric  acid.  We 
have  now  to  consider  the  use  of  materials  more  vol- 
atile than  water,  notably  ether  and  ammonia,  but 
common  alcohol,  ether,  methylic  ether  or  alcohol, 
sulpburous  or  carbonic  acid,  bisulphide  of  carbon, 
gasoline,  etc.,  have  each  been  used. 


Boiling- 

Latent  Heat     Tension 

Liquids. 

Point  Kali 

of  Vapor,   of  Vapor?. 

Water  . 

.      212 

966.6          0.623 

Alcohol      . 

173.5 

376              1.60 

Jlethylic  alcohol    . 

.      119.7 

475              1.11 

Ether 

98 

164.4         2.58 

In  Ferdinand  Carre's  apparatus  the  eflicient  cause* 
producing  cold  is  evaporation,  but  the  liquid  em- 
jiloyed  is  ammonia,  a  substance  which  is  not  only 
nuudi  more  volatile  than  water,  but,  under  ordinary 
atmospheric  pressure,  is  indeed  permanently  gaseous. 
Gaseous  ammonia  is  liciuefied  by  a  pressure  of  8J  at- 
mospheres at  a  temperature  of  68°  Fah.,  or  of  10  at- 
mospheres at  77",  the  pressure  required  risiug  very 


Ferdinand  Carre's  "Continuous"  Tce-makimj  Apparatus. 
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Plate  XXVI. 


See  pii'je  1104. 
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rapidly  with  tlie  teni|)eiature.  To  liciuefy  it  by  cold 
requires  a  very  low  temiu'ratiire  (  -  65.5  Cent.),  ami 
a.s  its  latent  heat  is  great  it  would  become  a  valuable 
agent  for  the  purpose  of  producing  cold  if  its  va|ior 
could  be  removed.  To  do  this  with  economy  it  must 
be  saved  and  recondenscd.  This  maybe  done  mechan- 
ically by  a  pump,  but  with  much  greater  advantage 
by  water,  winch  ha.s  the  property  of  absorbijig  ainmo- 
niacal  gas  in  great  volume  and  with  singular  ra- 
pidity. This  fact  was  first  illustrated  by  Faraday  in 
1823.  He  used  a  bent  glass  tube,  containing  at  one 
end  a  portion  of  chloride  of  silver  saturated  with 
ammonia  at  60°  Fah.  or  lower,  and  hermetically  sealed 
after  the  air  had  been  expelled  l)y  slightly  warming 
the  compound.  If  the  chloride  he  heated  to  100"  Fah., 
the  ammonia  expelled,  and  the  other  end  of  the 
tube  plunged  in  a  cold  bath,  the  gas  becomes  lic[ue- 
tied.  If  now  the  end  containing  the  compound  be 
plunged  in  a  refrigeratory  and  the  other  in  water, 
the  lii|uid  ammonia  will  commence  boiling,  the 
chloride  will  reabsorb  the  vap3r  as  fast  a.s  produced, 
and  by  the  rapid  evaporation  the  water  around  the 
tube  will  be  converted  into  ice. 

For  economic  reasons  (see  Professor  Barnard's  Re- 
port on  the  French  Exposition,  page  369)  watei-  is 
to  be  preferred  to  chloride  of  silver.  Water  absorbs 
at  moderate  temperature  700  times  its  own  volume 
of  ammoniacal  gas,  a  volume  capihle  of  producing  a 
quantity  of  liquid  ammonia  e([ual  to  two  thirds  the 
bulk  and  one  half  the  weight  of  its  own  volume, 
and  capable  of  converting  into  ice  more  than  three 
times  its  own  bulk.  On  the  contrary,  a  given  quan- 
tity of  chloride  of  silver  will  produce  only  a  thirtieth 
part  of  its  liulk  of  liquid  ammonia,  and  a  fifth  part 
of  its  bulk  of  ice  at  3-2'  Fah. 

F.  Carre's  intermittent  apparatus  (2,  Plate  XXVI.) 
is  similar  in  its  operation  to  the  Faraday  experiment, 
aq.  amm.  being  substituted  for  the  Ag.,  CI.  +  am- 
monia. In  the  engraving,  k  is  the  boiler  containing 
the  liq\ior  ammonia,  and  connecting  by  the  pipe  r  r 
with  tlie  refrigerator  t,  which  has  a  well  in  which  is 
a  pan  containing  the  water  z  to  be  frozen.  The 
boiler  k  is  placed  over  a  portable  furnace,  and  the 
apparatus  purged  of  air,  which  is  driven  by  the 
evolved  gas  out  at  the  stop-cock  »i.  This  being 
closed,  and  the  refrigerator  immersed  in  a  tank  of 
cool  water,  the  temperature  of  the  aqua  ammonia  is 
raised  to  130°  or  140°  Cent.,  at  which  heat  the  am- 
monia is  expelled  and  is  condensed  in  a  liijuid  form  in 
the  refrigerator  t.  The  boiler  k  being  now  removed 
from  the  furnace  and  placed  in  the  water-bath,  the 
temperature  of  the  water  in  the  boiler  will  fill  and 
the  power  of  the  water  to  dissolve  ammonia  will  be 
restored.  The  gas  will  be  rapidly  re -dissolved,  re- 
ducing the  pressure,  as  the  liquid  ammonia  will 
evaporate  with  corresponding  rapidity,  drawing  for  its 
latent  heat  upon  the  sensible  heat  of  the  water  to  be 
frozen.  The  result  will  be  the  complete  evaporation 
of  theliciuefied  ammonia  anil  the  restoration  of  an  aque- 
ous solution,  in  the  boiler,  of  the  original  strength. 
Between  the  ice-pan  and  the  well  is  a  body  of  alcohol 
which  will  not  freeze,  but  will  act  as  a  conductor. 
During  the  refrigerating,  the  vessel  t.  has  a  non-cou- 
ducting  envelope. 

Ferd.  Carre's  continuous  process  (3,  Plate  XXVI,), 
like  the  intermittent  of  Edmond  Carre,  depends  also 
for  its  etficacy  upon  the  evaporation  of  liquid  am- 
monia. In  eaeh  process  the  liquefaction  is  effected 
in  substantially  the  same  way.  Aqua  ammonia  is 
introduced  into  a  boiler,  and  the  gas  is  expelled  by 
heat  into  a  condenser  ;  but  in  order  that  the  process 
may  not  be  arrested  by  the  exhaustion  of  the  solu- 
tion, the  impoverished  liquid  is  gradually  withdrawn 
from  the  bottom  of  the  boiler,  while  a  corresponding 


volume  of  a  fiesh  and  strong  solution  is  constantly 
flowing  in  at  the  top.  The  condensation  is  pro- 
duced by  the  united  effect  of  cold  and  pressure. 
From  the  condenser,  the  ammonia  in  a  liquid  state 
passes  on  to  a  refrigerator,  in  which  are  placed  ves- 
sels containing  the  water  to  be  frozen  ;  and  as  the 
boiler  and  the  condenser  keep  n|i  an  unfailing  sup- 
ply of  the  liquid,  so  the  refrigerator  will  continue  to 
freeze  successive  masses,  so  long  as  the  proper  tem- 
perature is  maintained  in  the  boiler.  The  ammoni- 
acal vapor  which  leaves  the  refrigerator  is  re-dissolved 
to  form  the  rich  solution  which  is  to  supjjly  the 
boiler  ;  and  the  water  of  solution  is  the  same  which 
was  previously  withdrawn  e.xbansted  from  the  boiler 
itself  Thus,  as  there  is  nothing  added  to  the  con- 
tents of  the  apparatus,  and  as  there  is  no  escape  of  any 
part  of  them  by  leakage  or  othenvise,  the  same  mate- 
rials go  on  inilefinitely  producing  a  uniform  effect. 

a  is  the  boiler,  exposed  to  the  heat  of  the  furnace 
b  ;  c  is  an  indicator  to  show  the  level  of  the  liquid  ; 
i  is  a  tube  conducting  gas  to  the  liquefiery  ;  the  ver- 
tical pipe  above  tlie  branch  i  leads  to  a  safety-valve, 
and  anj'  escaping  gas  passes  by  pipe  e  to  the  water- 
tank  c',  where  it  is  absorbed.  /  is  a  tube  which 
brings  hack  to  the  boiler  saturated  solution  of  am- 
monia from  the  absorbing  apjiaratus  ii  u  ;  this  solu- 
tion passes  downward,  trickling  through  the  per- 
forated trays  g,  while  the  ascending  gas  rises  in  a 
sinuous  course  alternately  around  the  edge  of  one 
tray  and  thiough  a  central  hole  in  the  ne.xt,  and  so 
on.  This  condenses  and  carries  back  the  watery 
vapor  which  accompanies  the  gas. 

The  gas  passes  by  tube  i  to  the  liquefier  J,  passing 
through  a  box  k  and  a  congeries  of  zigzag  and  spiral 
tubes  in  a  bath  of  cold  water  constantly  renewed 
from  reservoir  z,  which  also  supplies  other  parts  of 
the  apparatus.  The  congeries  of  tubes  terminates  in 
another  box  k',  and  the  ammonia  is  by  this  time  in 
a  li(iuid  .state  under  the  pressure  of  10  atmospheres, 
which  is  constantly  maintained  in  the  boiler.  In 
the  liquid  state  tlie  ammonia  passes  by  the  pipe  I  to 
the  cfilu.x  regulator  m,  which  is  the  dividing  barrier 
between  the  part  of  the  machine  in  which  a  regular 
pu'essure  of  10  atmospheres  is  maintained  and  the 
following  part  where  the  pressure  does  not  exceed  H 
atmospheres.  The  regulating  device  is  a  floating 
cu]i  which  opens  or  closes  a  hole  of  influx. 

The  liquid  passes  from  the  regulator  m  by  pipe  n 
to  the  distributor  j»,  the  pipe  n  being  wound  spirally 
around  the  tube  (,  through  which  the  vajiorized  am- 
monia is  returning  from  the  refrigerator  q  q  ;  the 
vapors  serving  to  reduce  the  temperature  of  the 
liijuid  in  n  before  it  reaches  the  refrigerator. 

The  refrigerator  itself  consists  of  a  number  of  zig- 
zag or  spiral  tubes  —  in  the  apjiaratus  here  repre- 
sented, six  in  all  —  immersed  in  a  tank  constnicted 
of  non-conducting  substances.  These  zigzags  return 
upon  themselves  six  times,  forming  so  many  parti- 
tions in  the  tank,  between  which  vessels  containing 
the  substances  to  be  subjected  to  cold  may  be  placed. 
Each  one  of  the  sLx  zigzags  receives  an  equal  supply 
of  the  liquid  ammonia  from  the  distributor.  The 
small  tubes  conveying  this  supply  are  .shown  at  j>- 
The  vessels  )•  to  be  refrigerated  are  sustained  on  a 
carriage,  which  is  slid  back  and  forth  by  the  same 
power  that  works  the  pumji  (j'  by  which  the  re-sat- 
urated solution  of  ammonia  is  returned  to  the  boiler. 
The  space  in  the  tank  surrounding  the  zigzags  and 
the  w»ater-vessels  r  is  filled  with  an  uncongealable 
liquid,  such  as  alcohol  or  a  solution  of  chloride  of 
calcium.  The  ammonia  in  the  zigzags  q  discharges 
in  a  vaporized  form  into  the  collector  s  and  passes 
through  the  tube  t  to  the  cylinder  u,  where  it  ex- 
tends nearly  to  the  bottom  of  the  vessel,  and  there 
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clisrliargcs  the  gas  into  the  water  wliicli  has  been 
brought  from  the  bottom  of  the  boiler  a,  ami  par- 
tially tills  the  eylimler  «.  From  this  water  the  aiii- 
iiioiiia  has  been  nearly  e.\hausteJ,  and  it  therefore 
greedily  absorbs  the  gas  ejeeted  into  it  liy  pipe  t. 
On  the  left  of  vessel  u  is  a  water-level  indieator. 

Within  the  vessel  u  is  a  worm  whieh  receives 
water  by  pipe  (('  from  the  elevated  reservoir  z  ;  after 
passing  to  the  bottom  of  the  spiral  the  pijie  curves 
upward  and  then  (marked  b)  descends  nearly  to  the 
bottom  of  the  vessel  y,  where  it  discharges. 

The  water  from  the  boiler  a  passes  by  pipes  ic  w 
to  the  coolers  x  ij  before  reaching  the  vessel  a,  where 
it  re-absoibs  ammonia.  Between  the  boiler  a  and 
the  vessel  ((  the  water  is  cooled  so  as  to  tit  it  for  ab- 
sorbing gas  more  freely.  The  pi-essure  in  the  boiler 
is  sutficient  to  e.xjiid  it  when  the  stop-cock  w  is 
opened.  The  vessel  x  is  formed  of  two  concentric 
cylinders,  between  which  are  two  spiral  tubes  formed 
of  the  pipe  it'  continued,  and  these  spirals  are  im- 
mersed in  a  liipiid  which  tills  the  annular  space  be- 
tween the  cylinders  and  is  tlie  reconstituted  ammo- 
niacal  solution  on  its  way  from  the  absorber  u  to  the 
boiler  a.  The  water  from  tlu;  boiler  is  hot  and  that 
from  the  absorber  is  cold,  and  the  two  to  .some  ex- 
tent exchange  temperatures  to  mutual  advantage, 
and  with  additional  effect  in  that  they  circulate  in 
opposite  directions,  the  lic|uid  from  the  absorber  en- 
tering at  the  bottom  and  ascending,  while  the  heated 
water  from  the  boiler  enters  at  the  top  and  descends. 
From  .B  the  water  in  the  spiral  is  conveyed  in  the  j)ipe 
w,  still  continued  in  a  single  spiral  ascending  in  the 
vessel  (/,  and  contin\ied  farther  in  a  pipe  iv  along- 
side of  the  absiorber  n,  into  which  it  discharges  into  a 
sieve  v  and  from  which  it  descends  in  a  shower. 

The  exhausted  solution  from  the  boiler  a  flows 
freely,  as  has  been  said,  from  the  boiler,  by  pipe  u\ 
to  the  absorlier  u,  passing  the  coolers  x  y  as  de- 
scribed, but  it  requires  .some  power  to  force  the  re- 
constituted solution  back  from  the  absorber  u 
through  the  pijie/to  the  boiler.  This  power  is  a 
pump  (/  driven  by  a  steam-engine  or  other  motor, 
and  taking  the  saturated  solution  from  the  absorber 
by  pipe  h'  and  discharging  it  by  pipe  i'  into  the  ves- 
sel X,  from  whence  it  passes  by  pipe  /  to  the  dome 
above  the  boiler,  as  ilescribed  some  disfcmc*  above. 
Gas  tiudiug  its  way  into  the  pump  is  discharged  into 
the  upper  part  of  u.  e"  is  a  pipe  leading  to  the  en- 
veloping tube  0,  from  whence  water  is  i>onducted  by 
/'  lor  the  use  of  the  ice-vessels  »•.  As  the  water 
passes  through  o  it  is  cooled  by  the  ascending  vapors 
of  ammonia. 

In  starting  the  machine,  it  is  first  blown  through 
to  expel  the  air.  The  air  escaping  from  the  vessel  a 
passes  by  pipe  c  to  the  purger  d  and  passes  beneath 
the  surface  of  the  water  therein,  which  retains  any 
escaping  ammonia. 

This  apparatus  requires  a  large  amount  of  refriger- 
ating water  to  maintain  at  the  desired  temperature 
the  liquetier  and  the  absorbent  vessel,  and  it  also 
involves  a  consumption  of  fuel,  not  only  to  heat 
the  boiler  containing  the  ammoniacal  .solution,  but 
also  to  work  the  forcing-pump.  The  ])umi)  may  be 
worked  by  water-power,  if  such  a  power  is  obtaina- 
ble, or  even  in  small  models  by  hand  ;  but  for  an 
apparatus  producing  more  than  one  hundred  pounds 
of  ice  per  hour,  a  motor  is  indispensable. 

It  is  stated  by  Mr.  Carre  that  for  every  pound 
of  coal  burned  there  are  produced  from  eight  to 
twelve  pounds  of  ice,  according  to  the  dimensions 
of  the  ap]iaratu9.  To  manage  the  larger  forms  of 
the  apparatus,  the  services  of  two  men  are  required, 
and  a  motor  also  is  necessary,  capable  of  driving 
two  hundred  and  twenty  gallons  of  liquid  per  hour 
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into  the  boiler.  The  pressure  in  the  boiler  must  be 
taken,  for  the  purposes  of  computation,  at  not  less 
than  ten  atmospheres  ;  and  as  the  machines  are  ade- 
quate to  the  production  of  five  hundred  pounds 
per  hour  of  ice,  they  will,  within  the  same  time, 
liberate  from  solution,  liquefy,  evajjorate,  and  re-dis- 
solve one  hundred  pounds  of  pure  ammonia. 

On  the  evaporating  principle  are  the  watiM-jars,  or 
monkeys,  used  in  tropical  countries  and  the  cast  of 
Euiope.  These  are  merely  unglazed 
eai'thenware  jugs  having  a  small  neck 
and  a  spout,  and  suspended  in  a  cur- 
rent of  air  or  in  a  doorway.  The 
Australian  device  for  the  .same  pur- 
pose is  a  bucket  of  canvas,  nearly 
waterproof,  and  having  a  flannel  cover 
to  foiin  a  sieve,  and  a  spout  below  to 
draw  otl'  the  water.  Evaj>oration  pro- 
ceeds rapidly  from  the  wet  surface. 
The  Ea.st  Indian  talla  (Hind.  Uiltah,  a  , 
screen)  is  a  curtain  of  bamboo  placed 
iij  front  of  a  window  or  doorway  and 
kept  wet  by  a  trickling  stream  of 
water  so  as  to  cool  the  air  piussing 
through  its  meshes  into  the  apai'tment. 

The  njode  oif  jirocuring  ice  by  ex-  Hindoo  GurgUt. 
posure  in  shallow,  ]torous  vessels,  laid 
on  straw  ami  eX]iosed  to  the  night  ail',  is  stated  to  be 
practiced  in  India.  The  small  crust  of  ice  is  care- 
fully removed  and  stored  in  a  straw-lined  pit,  before 
sunrise.  A  large  plain,  unobstructed  as  much  as 
possible  by  trees  or  l>uildings,  is  selected  for  the  pur- 
pose, in  which  pits  or  excavations  twenty  or  thirty 
leet  square  and  two  feet  dc(q:i  are  sunk,  the  floors 
being  covered  with  dry  stalks  of  corn  or  sugar-cane. 
Upon  these  are  placed  the  water-vessels,  constructed 
of  porous  earthenware,  and  not  much  moie  than  an 
inch  deep.  In  the  morning,  if  the  sky  has  been 
clear,  the  vessels  are  found  to  contain  thin  ]ilates  of 
ice,  which  are  carefully  gathered  and  stored  away. 
This  jirocess  was  successfully  imitated  in  England 
in  the  latter  part  of  the  last  century  by  Di'.  Wells, 
author  of  the  Essay  on  Dew  ;  and  soon  afterward 
an  attempt  was  made  in  France  to  employ  it  for  the 
systematic  manufacture  of  ice,  but  the  undertaking 
proved  to  be  economically  a  failure. 

Many  of  the  modern  ice-machines  deiiend  upon 
the  conversion  of  sensible  heat  into  latent  by  evapo- 
ration, liquids  which  vaporize  at  low  temperatures 
being  selected. 

Harrison's  Australian  machine  used  ether  evaporat- 
ing into  a  partial  vacuum  produced  by  an  air-j>unqi, 
and  instead  of  aiting  directly  upon  the  water  to  be 
frozen  it  was  made  to  reduce  the  temjierature  ol'a  solu- 
tion of  salt,  which  does  not  congeal  at  the  freeziug- 
]ioint  of  water,  and  the  solution,  thus  made  extremely 
cold,  was  then  made  to  jiass  between  cases  containing 
the  water,  and,  by  reducing  the  temperature,  .secured 
the  requisite  congelation  of  the  same.  Twining's 
patent  of  1S62  is  of  this  class. 

Next  in  sequence  may  be  considered  a  French  in- 
vention, in  which  the  freezing  agent  employed  was 
amylic  ether,  which  is  capable  of  being  dissolved  by 
sulphuric  acid.  The  ether  being  expelled  from  the 
acid  by  heat,  under  a  pressure  of  several  atmosjiheres, 
was  liquefied,  and  passed  in  this  condition  to  a  suit- 
able reservoir,  from  which,  by  turning  a  valve  or 
stop-cock,  it  was  allowed  to  exjiaml  aijd  j>ass  through 
spiral  ducts  arranged  around  a  cylinder  containing 
the  water  to  be  congealed  ;  the  expansion  of  the  fluid 
to  a  gaseous  condition  acting,  as  in  the  other  ether 
machines,  to  abstract  the  heat  from  the  water  and 
freeze  the  same.  After  having  thus  accomplished 
its  work,  the  ether  passed  to  vessels  of  sulphuric 
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acid  by  whicli  it  was  absorbed,  to  be  expellfed  there- 
from by  lieat  on  a  repetition  of  the  process. 

Twiniiig's  apparatus,  patented  in  the  United 
States,  November  8, 1S33,  and  sulisequently  e,\tended 
for  seven  years,  embraces  an  e.\haust  vessel,  a  pump, 
and  a  condensing  vessel  or  "restorer."  The  water 
to  be  frozen  is  placed  in  chambers  enclo.sed  between 
thin  metallic  pipes,  plates,  or  partitions,  through 
which  the  vapor  of  a  volatile  licpiid,  as  etlier,  sul- 
phide of  caibon,  etc.,  is  drawn  by  an  air-jiump. 
Tile  vapor  is  condensed  in  a  coil  of  pipe  surrounded 
by  cold  water,  and  is  returned  to  the  reservoir  from 
whence  the  liquid  originally  came.  Four  ditferent 
modes  of  applying  this  principle,  substantially  the 
same  but  varying  in  details,  are  specified  in  the  patent. 

In  Siebe's  apparatus  au  air-pump  is  employed  to 
vaporize  the  ether,  the  vapor  of  which  is  then  con- 
veyed into  the  refrigerator,  which  is  surrounded 
with  strong  brine.  The  water  to  be  made  into  ice  is 
put  in  metallic  troughs,  and  the  brine  surrounding 
them  is,  by  means  of  the  exhaustive  process  above 
referred  to,  cooled  down  to  from  10°  to  18°  Fah., 
freezing  the  water  to  a  depth  determined  by  the 
time  it  is  subjected  to  the  process. 

In  Van  der  Weyde's  machine  are  employed  an 
exhaust  and  force  pump,  a  cooling  coil,  and  two  re- 
frigerators, which  act  as  reservoirs  for  the  condensed 
liijuid.  Naphtha,  gasoline,  rhigoline,  or  ciiimogene, 
are  [)referred.  These  are  evaporated  by  an  air-pump 
and  forced  through  a  freezer,  in  which  are  vessels  con- 
taining water,  surrounded  by  enclosing  vessels  filled 
with  glycerine,  the  outside  being  surrounded  by 
cryogeiie.  The  evaporation  of  the  cryogene  cau.ses 
the  refrigeration  of  the  water  to  a  sufficient  extent 
to  crystallize  it  ;  that  is,  form  it  into  ice. 

Recce's  apparatus  operates  substantially  on  the 
Carre  principle.  The  ammoniacal  gas  employed 
passes  under  considerable  tension  from  the  refrigera- 
tor into  a  cylinder  having  a  slide  valve,  entry  and 
exhaust  ports,  similar  to  those  of  a  high-pressure  en- 
gine, so  that  the  g.is  is  utilizeii  to  drive  the  pumps  of 
the  apparatus.  From  the  cylinder  it  passes  to  the 
absorber  and  is  returned  to  the  reservoir. 

Seely  employs  anhydrous  ammonia.  The  genera- 
tors are  filled,  or  partially  so,  with  dry,  pulverized 
chloride  of  calcium.  One  of  the  generators  is  heated 
by  steam  coils,  the  generated  g<is  passing  through 
the  condenser,  evaporating  in  the  refrigerator,  and 
is  finally  absorbed  by  the  dry  chloride  in  the  other 
receiver,  to  which  heat  is  then  applied  in  its  turn, 
the  other  reservoir  now  becoming  the  condenser. 

In  Johnston  and  Whitelaw's,  the  liquid,  bisul- 
phide of  carbon,  after  being  vaporized  is,  with  the 
air  forced  in  by  the  air-pump,  conducted  through 
chambers  containing  oil,  wliich  absorbs  the  greater 
part  of  the  moisture  of  the  gas,  the  moisture  of  the 
air  being  taken  up  by  chloride  of  calcium,  in  a  pipe 
leading  to  the  air-pump.  The  freezing  arrangements 
are  similar  to  those  generally  employed  in  machines 
of  this  cla-ss. 

In  Charles  Tellier's  machine,  the  liquid  employed 
is  m^thylic  ether  in  a  volatile  state,  not  requiring  to 
be  subjected  to  heat.  It  comprises  a  congealer,  com- 
pressing-pump,  condensing- coil,  and  reservoir.  The 
congealer  consists  of  five  or  more  receivers  of  a  flat 
form  connected  by  tubes.  The  apparatus  is  placeil 
in  a  tank  containing  the  water  to  be  congealed.  The 
fluid  from  the  reservoir  passes  to  the  congealer,  and 
the  vapor  exhausted  therefrom  by  the  air-pump  is 
conveyed  back  to  the  reservoir  through  a  worm. 

The  novelty  of  tliis  apparatus  consists  in  freezing 
the  water  by  immediate  contact  with  metallic  plates 
forming  a  closed  chamber. 

For  use  on  shipboard,  the  congealer  is  provided 


with  four  outlets  terminating  in  a  trap.  Late  at- 
tempts at  transportation,  on  shipboard,  of  fresh  meat 
in  ice,  from  .\ustralia,  IJuenos  Ayres,  and  Texas  to 
European  and  United  States  ports,  have  given  a 
fillip  to  this  class  of  machinery. 

2.  RadMion.  This  does  not  affect  the  subject  from 
a  mechanical  point  of  view,  and  we  therefore  dismiss  it. 

Class  3.      Liquefaction. 

Machines  and  apparatus  for  icing  cream,  custard, 
lemonade,  etc.,  may  be  classed  under  this  head,  and 
generally  operate  by  means  of  a  frigorific  composi- 
tion of  pounded  ice  and  chloride  of  sodium,  in  a 
vessel  which  surrounds  the  chamber  in  which  the 
article  to  be  frozen  is  placed.  The  tub  containing 
the  ice  an<l  salt  is  of  wood,  a  poor  conductor  of  ca- 
loric ;  and  as  the  ice  in  li([uefaction  converts  a  large 
ijnantity  of  sensible  heat  into  latent,  the  heat  of  the 
cream  is  carried  off  to  supply  the  demand  of  the 
melting  ice,  and  the  cream  becomes  frozen.  When 
ice  or  snow  is  not  available,  the  combination  of  cer- 
tain chemicals  may  produce  the  same  result.  The 
cream  is  stirred  to  constantlj-  expo.se  fresh  material  to 
the  sides  of  the  vessel  exposed  to  the  cooling  compou  nd. 
See  tables  below.     See  also  Ice-cileam  Fiieezek. 

The  use  of  saltpeter  for  cooling  liquids  w;is  known 
at  a  remote  period  in  India.  It  was  probably  used 
anciently  as  it  was,  in  more  modern  times,  in  Rome. 
' '  The  wine  to  be  cooled  was  put  in  a  long-necked 
bottle,  which  was  immersed  in  another  vessel  filled 
with  cold  water  ;  saltpeter  was  then  gradually  thrown 
into  the  water,  and  while  it  was  dissolving  a  quick 
rotary  motion  was  imjiarted  to  the  bottle." 

Freezing  water  by  a  mixture  of  snow  or  ice  and 
saltjieter  is  first  mentioned  by  Tancredus,  a  physi- 
cian of  Naples,  1607,  who  says  that,  by  means  of  it, 
a  tumbler  of  water  may  be  converted  into  a  block  of 
solid  ice.  Santorio,  in  1626,  .speaks  of  freezing 
wine  by  a  mixture  of  snow  and  common  salt. 

Orosius  (King  Alfred's  vereion),  about  .\.  D.  400, 
wrote  :  "And  there  is  among  the  Esthonians  a  tribe 
that  can  produce  cold,  and  therefore  the  dead  in 
whom  they  produce  that  cold  He  so  long  there  and 
do  not  putrefy  ;  and  if  any  one  sets  two  vessels  full 
of  ale  or  water,  they  contrive  that  one  shall  be  frozen, 
be  it  summer  or  be  it  winter." 

Frcczin(i-iILHures. 


VTith  Ice. 

Snow  or  pounded  ice,  2  parts ;  muri- 
ate of  soda, 1  part  .... 

Snow,  5:  niur.  soda,  2;  mur.  ammonia,  1 

Snow,  24;  mur.  soda,  10;  mur.  ammonia, 
5;  nitrat*  of  potash,  5    .         .         .         . 

Snow,  12  ;  mur.  soda,  5  ;  nit.  anim  ,  5  . 

Snow,  3;  dilute  sulphuric  acid,  2 

Snow,  8 ;  muriatic  acid,  5       .         .         . 

Snow,  7;  dilute  nitric  acid,  4     . 

Snow,  4;  mur.  of  lime,  5 

Snow,  2;  crystallized  mur.  lime,  3    . 

Snow,  3;  potash,  4  .... 

Without  lee. 
Mur.  amm.,5;  nit.  pot.,  6;  water,  16 
Nit.  amm.  ,1;  water,  1  .... 
Mur.  amm.,5;  nit.  pot.,  5;  8ulph.soda,8; 

water,  16 

Nit.  amm.,  1 :  carb.  amm.,  1 ;  water,  1 

Sulph.  soda,  3;  dilute  nit.  acid,  2 

Sulph.  soda,  6  ;  mur.  amm.,  4  ;  nit.  pot., 

2;  dilute  nit.  acid,  4       .        .        .        . 
Sulph.  soda,  6,  nit.  amm.,  5  ;  dilute  nit. 

acid,  4     ......        . 

Phosphate  of  soda,  9;  dilute  nit.  acid,  4 
Sulph.  soda,  8  ;  mur.  acid,  6 
Sulph.  soda,  5  :  dilute  sulph.  acid,  4     . 
Phos.  soda,  9;  nit.  amm.  Oj  dil.uit.  ac.,4 


Thermometer,  o 
sinks. 


+32 

+32 
-32 
^32 
-32 


+50 
+50 

+50 
-r50 
t50 

+60 

-60 
^CO 
+60 
+50 
+60 


Degs. 

—  5 
—12 

—18 
-25 
—23 

—27  1  69 
—30  62 
—40  I  72 
-50  82 
-51 


65 


-14     64 

-12  I  62 
50 
47 
71 


-21 
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Sulph.  soda,  R  ;  mur.  acid,  5  . 
Sulph.  soda,  5;  dilute  sulph.  acid,  4 

With  Materials  previoushj  cooled. 
Pho8.  fioila,  5  ;  nit.amni.,3;  dil.  nit.  ac.  4 
Phos.  soda,  3;  nit.  anmi.,2  ;  dilute  mixed 

acid,  4 

Snow,  3 ;  dilute  nit.  iicid,  2    . 
Snow,  8;  dil.  sulph.  ac,  3;  ilil.  nit.  ac,  3 
Snow,l;  dilute  .'iulpli.  acid,  1   . 
Snow,  3 :  mur.  lime,  4     .         .        . 
Snow,  3;  mur  lime,  4       .        .        .        . 
Snow,  2  ;  mur.  lime,  3    .        ... 
Snow,  1 ;  cry.st.  mur.  lime,  2      .         .         . 
Snow,  1;  cryst.  mur.  liuie,3. 
Snow,  8;  dilute  sulph.  acid,  10 


Thermometer  * 
sinks.        ||_. 

From 

To    l|* 

+60 
4  61) 

(P    60 
f  3     47 

0 

-34 

-34 

-50 

(1 

-46  ! 

-1(1 

—56 

—an 

-60 

-») 

—48 

+  10 

-54 

—16 

-68 

0 

—66 

-40 

—73 

-«8 

-91 

By  the  Rvajioration  of  a  mixture  of  solid  carbonic 
acid  and  sifli:iluii-ic  etlicr  a  tHmperatnre  of  166  de- 
grees below  the  freezinj,'-pi)iiit  has  been  jirodnced. 
By  means  of  this  intense  cold,  assisted  by  mechani- 
cal pressure,  several  of  the  gaseous  bodies  have  been 
condensed  into  liquids  and  iusome instances  solidified. 

Class  4.     Eeduction  of  pressure. 

Machines  in  which  the  absorption  of  heat  from 
the  water  is  accomplished  liy  tlie  expansion  of  air  or 
gas,  or  of  a  liquiil  into  a  gaseous  conilitiou. 

In  this  division  are  one  class,  the  carbonic-acid, 
ether,  and  ammonia  engines,  those  materials  being 
used  as  a  convenient  fluid  for  the  purpose. 

The  effect  of  the  ra])id  dilatation  of  fhiiils  under  a 
sudden  reduction  of  pressure  is  strikingly  illustrated 

Fig.  2646. 


in  the  hydraulic  machine  of  Chemnitz,  Hungary 
(see  jiage  '28),  in  which  air  is  highly  comjiressed  in 
a  closed  reservoir  under  a  column  of  water.  If  a 
stop-cock  in  this  reservoir  be  sudilenly  opened,  the 
exjianding  air  rushing  out  ]>rodu(*es  a  degree  of  cold 
sufficient  to  freeze  the  drops  of  water  which  it  brings 
with  it  into  pellets  of  ice. 

Machines  acting  by  expansion  of  air-envelope. 
Kirk's  ai)]>aratus  (English)  was  of  this  character  ; 
that  is,  it  absorbed  heat  by  the  expansion  of  air 
when  liberated  after  compression  by  suitalile  me- 
chanical means,  the  ex]iansion  of  the  air  rendering 
latent  the  lieat  in  the  same  manner  as  the  expansion 
or  vaporization  of  the  ether  or  e(piivalent  fluids  in 
the  cases  hereinbefore  described. 

Windhausen's  machine  has  one  or  two  double-act- 
ing cylinders  with  pistons.  In  case  a  single  cylin- 
der is  employed,  the  air  is  condensed  on  one  side  of 
the  piston  and  expanded  on  the  other.  Wlien  two 
cylindeis  are  used  one  sei'ves  as  a  condenser  ami  the 
other  serves  to  expand  the  air.  From  the  condens- 
ing chamber  the  air  passes  into  a  cooler  having  two 
compartments,  in  one  of  which  it  is  cooled  by  air 
and  in  the  ether  by  a  constant  How  of  cool  water. 
From  the  cooler  it  passes  into  the  expansion  cham- 
ber, whence  it  esca]ies  through  a  tem|ierature  regu- 
lator into  the  refrigerator,  in  which  the  vessels  con- 
taining tlie  water  are  jdaced.  By  means  of  this 
regulator  a  portion  of  the  air  from  the  expansion 
chamber  may  be  admitted  to  one  compartment  of  the 
cooler  for  the  purjjose  of  reducing  its  temperature. 
■When  the  air  in  the  refiigerator  has  become  too 
much  heated  to  be  of  farther  service  there,  though 
still  at  a  low  temperature,  it  pas.ses  through  tliis 
compartment  of  the  cooler  on  its 
way  baik  to  the  compression 
chamber,  and  may  be  made  to 
pass  through  one  or  more  pipes 
surrounded  by  cool  water,  after- 
wards jiassing  through  the  other 
compartment  of  the  cooler.  It 
then  enters  the  compression 
chamher     and     again     circulates 


WimlkausnVs  Ict-Marhinr. 


through  the  apparatus  as  before.  The  operation  is 
thus  rendered  continuous. 

The  machine  is  provided  with  suitable  valves  and 
connections,  and  may  be  ojierated  liy  hand  or  power. 

The  operation  is  as  follows  :  — 

During  the  forward  stroke  of  the  piston  — that  is 
to  say,  its  movement  toward  the  front  cylinder  head 
/ — the  air  is  compressed  in  the  com  pressing-cham- 
ber a',  and  by  its  |iressure  caused  to  open  the  valve 
and  pass  out  through  the  compartment  r/  of  the  head 
and  through  the  ))ipe  /  to  the  cooler,  in  which  it 
passes  first  through  the  pipes  c',  and  afterward 
through  the  pipes  c",  and  is  thereby  cooled.  From 
the  cooler  the  compressed  air  passes  through  the 
pipe  m  into  the  compartment  n  of  the  back  cylinder- 
head  c,  whence  it  passes  through  tlie  valve  n  into  the 
pxpansion-chamber  a"  of  the  cylinder  during  a  por- 


tion of  the  stroke,  and  until  the  valve  o  is  closed, 
after  which  the  air  in  the  latter  chamber  expands 
during  the  remainder  of  the  stroke.  During  the 
whole  leturn  or  hack -stroke  of  the  piston,  the  ex- 
panded and  cooled  air  from  the  expansion-chamber 
passes  out  tlirough  the  open  valve  r  into  compart- 
ment li'  of  the  cylinder-head  e,  and  thence  to  the 
temperature-i-egulator,  whence  a  portion  of  it  jiasses 
through  the  ]iipe  s  to  the  refrigerator,  and  a  portion 
through  tlie  pipe  t  into  the  space  surrounding  the 
pipes  c"  in  the  left  compartment  of  the  cooler.  At 
the  same  time  the  air  displaceil  from  the  refrigerator 
by  the  incoming  cold  air  passes  out  through  the 
liipe  k  into  the  aforesaid  siiace  of  the  cooler.  The 
air  all  passes  out  from  this  space  of  the  cooler, 
through  the  pipe  ?,  into  the  compartment  ii  of  the 
front   cylinder-head,    whence   it   is   drawn   by   the 
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jiiston,  tlirovigh  the  inlet- valve  into  the  compression- 
chamber  (if  tlie  cylinder. 

The  retVigei-.itor  d  consists  of  a  double-cased  rec- 
tanguhir  wooden  chamber,  the  sjiaee  between  the 
casings  being  filled  with  loose  cotton  or  other  non- 
conductor of  heat.  Its  cover  has  rectangular  open- 
ings for  the  insertion  of  metallic  cases  for  containing 
the  vessels  in  which  the  water  to  be  frozen  is  placed. 
To  insure  the  air  corning  fully  in  contact  with  all 
parts  of  the  cases,  zigzag  partitions  are  placed  in  the 
compartments  between  them.  The  air  in  the  refriger- 
ator, expanded  to  atmospheric  pressure,  abstracts 
heat  from  the  metallic  cases,  becoming  gradually 
warmed  itself,  and  is  finally,  through  a  pipe  k,  re- 
turned to  the  cooler.  A  unilbnn  pressure  is  main- 
tained witliin  the  refrigerator  by  means  of  an  india- 
rubber  bag,  which  admits  or  gives  out  air,  according 
as  the  pressure  is  iu  excess  of  or  below  that  of  the 
atmosphere. 

In  (lorrie's  apparatus,  air  is  compressed  by  a 
double-.icting  pump  into  which  water  is  injected  on 
that  side  of  the  piston  on  which  condensation  is 
taking  place.  The  condensed  air  passes  through  a 
worm  surrounded  by  cold  water  to  a  reservoir,  whence 
it  is  admitt.'d  to  an  auxiliary  pump  driven  by  the 
expansion  of  the  compressed  air,  in  which  it  is  ex- 
panded, cooling  a  non-congealable  fluid  in  a  jacket 
surrounding  the  pump-cylinder.  This  abstracts  the 
heat  from  the  water  contained  in  a  reservoir  in  a 
chamber  above  the  pump,  causing  its  congelation. 

Lowe  n.ses  carbonic-acid  gas  compressed  into  a 
liqiud  state.  The  apparatus  consists  of  a  gas-holder, 
a  pump,  a  cooler,  a  dryer  filled  with  chloride  of  cal- 
cium, a  condensing  coil  placed  in  a  tank  and  sur- 
rounded by  water,  and  an  expansion  or  congealing 
chamber  in  which  are  placed  the  receptacles  contain- 
ing tlie  water  to  be  frozen.  The  gas  is  admitted  to 
the  pump,  where  it  is  liqiiefied.  The  heat  thus  gen- 
erated is  absorbed  by  the  cooler,  and  the  gas  is  al- 
lowed to  ex])and  into  the  refrigerator,  where  it  per- 
forms the  ntfice  of  freezing  the  water. 

Tuttle  and  Lugo.  In  this  apparatus  air  is  com- 
pres.sed  and  forced  by  a  pump  into  a  tubular  cham- 
ber, the  tubes  of  wliich  are  surrounded  by  cohl 
water,  and  thence  through  a  second  chamber,  the 
tubes  of  which  are  surrounded  by  a  volatile  liquid. 
It  next  passes  into  the  refrigerating  chamber,  risiug 
througli  a  volatile  liquid  as  ether,  bisulphide  of  car- 
bon, etc.,  contained  therein  ;  the  air  and  vapor 
from  the  liquid  fill  the  interior  of  this  chamber,  sur- 
rounding tlie  vessels  in  which  the  water  is  contained 
and  congealing  it.  They  are  thence  conducted 
through  a  cooling  chamber  back  to  the  ]iump. 

A  pipe  is  ])rovided  by  which  the  compressed  air 
may  be  can  ied  directly  to  the  refrigerator. 

Lugo  and  JlcPherson.  The  air  from  a  blower  is 
forced  through  a  chamber  containing  porous  mate- 
rial saturated  with  water,  and  being  there  cooled  is 
conducted  to  a  condensing-pump,  the  upper  part  of 
which  contains  water,  serving  to  keep  the  pump 
cool  and  pack  the  piston.  The  piston  is  driven  by 
the  epicycloidal  combination  of  La  Hire.  From  the 
pump  the  air  passes  to  a  cooler,  and  thence  to  a  res- 
ervoir, from  which  it  is  conducted  to  a  large  con- 
gealing chamber  or  ice-house,  which  has  non-con- 
ducting walls  and  a  track  for  cars  carrying  pans  of 
water, 

Ice-mark'er.  A  species  of  jjIow  for  grooving 
pond  ice  iu  the  line  of  the  future  lines  of  separation 
by  the  saw,  or  fracture  by  spades  and  axes.  See  a, 
Fig.  21558,  Ice-tools. 

Ice-pick.  (Domestic.)  An  awl-shaped  tool  to 
break  ice  into  fragments.  • 

Ice-pitch'er.  A  metallic  pitcher  with  non-con- 
74 


ducting    interval  Fig  2647. 

between  itsdouble 
sides.  In  the  ex- 
ample, it  is  sup- 
ported in  a  stand 
in  which  it  may 
be  rotated  or  tilt- 
ed forward. 

Ice-plane.  1. 
A  tool  tor  dressing 
the  surfaces  of 
ice-blocks  before 
stowage  in  bulk. 

2.  An  instru- 
ment for  shaving 
otffi-agmentsofice 
forcoolingdrinks. 

a  is  placed  on 
a  stainl,    b   is   of.C^ 
similar   construc- 
tion Init  not  mounted. 

Ice-plow.    A  tool  for  cutting  grooves  in  pond 


Ice-Pitcher. 


Fig.  2648c 


ice,  to  facilitate  its  fracture  or  cleavage  into  square 
blocks  for  landing,  transj)ortation,  and  stowage. 

The  upper  figure  a  is  a  frame  which  cuts  three 
parallel  grooves  in  moderately  thick  ice. 

The  lower  figure  b  has  five  consecutive  shares, 

Fig.  2649. 


Jce- Plows. 

which  make  and  follow  in  the  same  groove  in  cutting 
deep  ice.     See  also  a  b,  Fig.  2658. 

Ice-pre-serv'er.  A  cover  for  an  ice-pitcher  to 
economize  the  ice  by  keeping  the  warm  air  from 
contact  with  the  outside  of  the  pitcher.  It  is  made 
of  straw,  woolen,  or  cotton  felt,  and  lined  within 
and  covered  without  with  flannel.  The  top  is  made 
of  wood,  to  give  fonn  to  the  cylinder,  and  has  a 
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Fig.  2660.  liaiidle    for    convenience 

ill  raiiiing  it. 

Ice-safe.  A  chest  in 
whiclijnovisions  are  kept 
cool  by  the  presence  of 
ice. 

The  bo.x  and  the  cup- 
board forms  are  the  more 
nsual,  and  the  safe  some- 
times is  made  (luite  orna- 
mental for  a  dining-room. 
In  the  e.\aiiiple  (Fig. 
2851),  the  space  lietweeii 
the  inner  metallic  ca.se 
and  outer  wooden  one  is 
hlled  with  pulverized 
charcoal,  and  a  wooden 
rack  supports  the  ice. 
Air-passages  connect  the 
ice-clianiber  to  the  cooling  chamber  below.  A  tube 
carries  the  water  from  tlie  ice-chamber  to  the  filter. 

Fig.  2661. 


Ice-Preserver. 


Ice-Chest 


spaces,  one  inside 

of  the  cylinder  and  th 

trough  tt'ith  discharge-pipes  runs  around  the  outside 

wall  at  the  bnttom. 

Ice-san'dal.  A  clog  or  shoe  to  be  worn  over  the 
boot,  and  having  spurs  on  the  sole  to  prevent  slipping 
on  ice.     (Fig.  2654.) 

IceHBa'w.  A  long  saw  with  a  weight  at  the  lower 
end  (beneath  the  ice),  for  cutting  long  kerfs  in  pond 
ice,  to  make  a  track  for  vessels,  or  to  form  long  slices 


which  are  broken 
ill  blocks  for 
storage. 

Ice  -  saws  in 
the  Arctic  re- 
gions are  made 
of  S  to  i  inch 
steel  blades,  10 
to  24  I'eet  long. 
See  h.  Fig.  2658, 
lcE-Toui..s. 

Hood's  ice-saw 
(English)  is 
mounted  on  a 
sled,  which  is 
advanced  a  given 
distance  during 
each      cut,      by 


Fig.  2653. 


Refrigerator. 


means  of  a  lever-dog.  The  saw  is  suspended  from 
the  end  of  a  brake-lever,  the  weight  suspended  at 

the  lower  end  giving  the  ellec- 
Fig.  2665.  tive  stroke,  while  tlie   men  at 

the  brakes  raise  it  betw-cen  cuts. 


Fig.  2651. 


Ice- Safe. 

The  chambers  are  ventilated  by  pipes  from  the  out- 
side. 

In  the  ice-safe  Fig.  2652  the  ice  is  on  the  slant- 
ing top  of  the  food- 
Fig.  26.52.  chamber,     and     the 
Yd  water  drips  down  the  I 
back,      indui;ing      a 
current  of  air  which 
is  cooled  by  contact 
and  causeil  to  circu- 
late     through      the 
chamber   in    the   di- 
rection of  the  arrows. 
Fig.   2653   has  re- 
volving   shelves.     A 
removable  tube,  with 
a  perforated   cap    at 
one   end   and  a  dia- 
phragm at  the  other, 
is    htted    in  tlie  ice- 
chamber,  which,  with 
therefrigerator  cham- 
ber, has  a  removable 
top  of  two  lids  hinged 
together.      Two  dead 
of  the  other,  surround  tlie  sides 
refrigerating  space,  and  a 


At  each  end  of  the  saw  is  a  link  or  clevis,  by  which 
it  is  attached  to  the  brake-lever  and  the  weight,  re- 
spectively. The  weight  is  of  the  shape  of  a  double 
convex  lens,  so  as  to  offer  as  little  im]>edinient  as 
may  be  to  its  vertical  motion  in  the  water  below  the 
ice.  The  propeller  is  an  iron  bar  having  two  claws 
at  its  lower  end,  by  which  it  catches  a  foot-hold  on 
the  ice,  and  at  top  is  a  fork  wdiich  embraces  the 
lever  and  is  suspended  therefrom  by  a  tiansverse 
pin.  A  weight  is  hung  to  the  propeller  to  keep  the 
toe-calks  in  contact  with  the  ice.  A  transverse  bar 
limits  the  upward  throw  of  the  brake-lever. 

The  saws  are  used  in  cutting  ice  for  storage,  but 
their  principal  use  has  been  in  northern  latitudes,  in 
cutting  passages  out  of  the  ice  tloes  and  fields,  in 
which  vessels  have  become  entangled  and  frozen  up. 

Ice-ocrap'er.  An  implement  to  clean  and  re- 
Fig.  2656. 


'  Ice- Scraper 


move  snow  from  the  surface  of  ice  which  is  to  be  cut 
and  stored  for  use. 
loe-shav'er.     A  device  for  planing  ice  to  cool  a 

beverage  in  a  tumbler. 
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Fig.  2657 


Ice-Shaver. 


Ice-spade.  A  tool  for  cutting  ice.  See  m,  Fig. 
2658,  IcK-TuoLS. 

Ice-tongs.  Gi-asping  implements  for  carrying 
block.s  of  ice  ;  or,  on  a  small  s.ale,  for  handling 
pieces  of  ice  at  table.     See  J  k,  Fig.  2358. 

Ice-tools.    Fig.   2658  shows  an  assortment  of 


Fig.  2658. 


(O^ifM^ 


Tee-  Tools^ 

cast-steel  ice-tools  made  by  Stafford,  Holden  &  Co., 
of  Barre,  Vermont :  — 


a  is  a  marker. 

b,  cutter  with  guide. 

c,  a  hand-cutter. 

d,  grapple. 

e,  striking-off  bar. 
/,  chisel-bar. 

g,  hook  and  pick. 


h,  saw. 

i,  hatchet. 

j,  hoisting-tongs. 

k,  landing-tongs. 

I,  snow-planer. 

■m,  ice-spade. 


Ich'no-graph.  {Drawing.)  A  ground-plan  ;  an 
ortlioijnipk  is  a  front  elevation,  a  sccnograph  a 
geneial  view. 

I'dler.    A  cog-wheel  (as  at  a)  placed  between  two 
others  to  communicate  the 
motion  of  one  to  the  other.  Fig-  2659. 

By  its   interposition    they 
are  caused  to  rotate  in  the  , 
same  direction,  which  would  c 
be  otherwise  if  they  geared ' 
directly  into  each  other. 

Another  description  of 
idle-wheel  (as  at  b)  is  caused 
to  rest  upon  a  belt  to  tighten 
it,  to  perfect  its  adhesion 
to  the  band-wheels  over 
which  it  runs. 

I 'die-wheel.  See 
Idler. 

Id'wall-stone.  A 
Welsh  oil-stone  from  Snow- 
don. 
H-lu'ini-na-ted  Clock. 
This  practice  appears  to 
have   commenced  in  Glas-  Me-\neel. 

gow,     Scotland,     where    a 

clock  with  two  faces  su]iported  at  the  extremity  of  a 
projecting  bracket  was  lighted  by  jets  placed  above 
it,  the  light  of  which  was  reflected  upon  the  dials 
from  mirrors  placed  beneath  a  carved  phceni.x  which 
surmounted  the  clock.  The  jet  was  lit  by  a  flash- 
pipe,  which  consists  of  a  supplementary  jiipe  jiierced 
with  a  row  of  small  lioles  throughout  its  length. 
Gas  issuing  from  each  of  these  is  lit,  and  forms  a 
communication  between  the  match  of  the  lighter 
and  the  issuing  gas  of  the  burner. 

The  more  usual  plan  of  illundnating  clocks  is  to 
make  a  transparent  dial-face,  having  figures  thereon 
which  show  dark  on  a  light  ground.  The  dial-cham- 
ber is  illuminated  in  the  oidinary  manner.  The 
church-dock  of  St.  Giles,  in  the  Fields,  London,  was 
lighted  April  23,  1827. 

For  modes  of  lighting  the  gas  without  climbing 
to  the  tower  or  spire,  see  Gas-lighting  by  Eleg- 

TliirlTY. 

n-lu'mi-na-tor.  A  device  to  throw  light  upon 
an  object  in  an  optical  instrument ; 
such  as  a  lens  which  condenses  light  Fig.  2660. 
upon  an  object  under  observation, 
or  a  lami)  which  throws  a  jicncil  of 
rays  u]ion  the  micrometer  wires  in  a 
telescope. 

Beck's  opaque  illuminator  for  high  , 
powers  consists  of  a  circular  disk  of 
thin  glass  placed  at  an  angle  of  45° 
in  the  a.xis  of  a  microscope,  receiving 
rays  from  a  lateral  aperture,  and  di- 
recting them  downward  upon  the 
object.  The  objective  is  made  its  Illuminator. 
own  condenser. 

The  v:hite-c!oud  illuminator  is  to  transmit  a  sub- 
dued white  light,  and  is  sometimes  a  surface  of 
pounded  glass  or  of  plaster  of  paris. 

The  oblique  illuminator  is  for  directing  oblique 
rays  upon  an  object.  This  is  attained  by  the  con- 
cave mirror,  Amici's  prism,  etc. 

The  black-ground  illuminator  places  an  (jpaque 
surface  behind  the  object  and  illuminates  the  sur- 
face.    See  Spot-len.s  ;  Parabolic  Illtminator. 

To  these  may  be  added  the  various  illuminators 
for  opaque  objects,  and  known  as  Coxhex.seu.s,  Side- 
reflectors,  Parabolic  REFLfXTOR.s,  Lieber- 
Kl'HXs,  etc.  (which  see). 

n.me'ni-um.     Symbol,   II.     One  of  the  rare 


IlIBOWMENT. 


1172 


IMPRESSIOX. 


metals  but  littlu  known  beyond  the  laboratory  of 
tlie  rlii'inist. 

Ini-bowr'ment.   (Architecture.)   A  vault  or  arch. 

Im'bri-cat-ed.  (Architecture.)  Overlaiiping ; 
as  tili's  or  siiiii'^lcs  on  a  roof. 

Im-i-ta'tion-met'als.    See  Mock-gold  ;  Mock- 

SILVKl:,  i-tr. 

Im-mer'sion-lens.  (Optics.)  An  achromatic 
objective  fui'  the  nucroscope,  which  is  used  with  a 
drop  of  water  between  the  front  lens 'and  the  glass 
cover  of  the  object  examined,  to  prevent  the  extreme 
refraction  of  tlie  luminous  pencils  if  air  is  present, 
as  in  ordinary  microscopical  examinations,  and  which 
thus  secures  better  definition  and  longer  working 
distance  for  tlie  same  power. 

Im-pa'ges.  The  horizontal  |iarts  of  the  frame- 
work of  (lours,  commonly  termed  rails. 

Im-pe'rl-al.  1.  A  baggage-case  on  the  top  of  a 
traveling-carriage. 

2.  A  roof  with  a  pointed  or  tent  shape. 

3.  A  size  of  paper,  variously  quoted  as  to  sizes  ; 
paper-makers  ditler. 

Printing-paper,  22  x  32. 

Flat  writing-paper,  22  x  30. 

Blank-book  paper,  22  x  30  to  23  x  31. 

Im-plu'vi-um.  The  cistern  in  the  central  part 
of  the  court  or  atrium  of  a  Roman  house,  to  receive 
the  rain-water. 

Im-pos'iiig.   The  arrangement  of  pages  in  a  form. 

When  wedging  up  the  form  in  the  chase  the  form 
lies  npon  the  iiuposing-stoite,  and  the  various  pages 
are  arrangeil  so  as  to  match  their  fellows  on  the 
other  side  of  the  sheet,  so  that  when  foldetl  the 
pag;'s  shall  come  in  consecutive  order. 

,  The  niiinher  of  patjes  on  one  side  of  the  sheet  deter- 
mines its  name,  as  follows  :  — 

Folio,  2  pages.  Duodecimo      (12mo),     12 

Quarto,  4  pages.  pages. 

Octavo  (8vo),  8  pages.        16mo,  ISmo,  24mo,  etc. 

When  perfected,  that  is,  printed  on  the  other  side, 
the  sheet  has  double  the  number,  so  that  there  are 
8  imges  to  a  quarto  signature,  16  to  an  octavo,  etc. 

They  are  imposed  as  follows,  the  illustration  show- 
ing how  the  pages  appear  in  the  form. 

0.  F.,  outer  form  ;   1.  F.,  inner  form. 

18,  24,  32,  and  4Smo  may  be  imposed  in  a  simi- 
lar manner,  or  may  he  so  imposed  as  to  he  cut  before 
folding.     See  Riu'^'wvlt's  "' Dictionary  of  Printing." 

Im-pos'ing-stone.  (Printing.)  A  slab  on  which 
the  type  is  made  up  into  forms.  The  chase  lies  on 
the  stone,  and  the  matter  is  arranged  inside,  being 
keyed  up  by  the  quoins. 

Im'-post,  Tlie  U[)per  member  of  a  pillar,  column, 
or  entablature,  upon  which  an  arch  or  superstruc- 
ture rests.      A  pliil-bnnd. 

The  upper  stone  of  a  pier  or  abutment,  npon  which 
the  sprin(ji»fi  or  bottom  stone  of  an  arch  is  imposed. 

Imp-pole.  (Buildinrj.)  A  pole  serving  to  sup- 
port tlie  st'all'olding.     A  scaffolding  hnp. 

Im-pres'sion.  (Printiiif/.)  The  pressure  ap- 
plied to  a  sli  -et  in  the  press.  Also  the  appearance 
of  the  sheet,  front  or  back,  when  it  is  taken  from 
the  press. 

Making  rcadij  is  to  prepare  press  and  form  for 
printing.  When  some  lines  or  letters  in  a  form 
have  been  worn  longer  than  the  other  type,  a  piece 
of  paper  is  pasted  on  the  bottom  of  these  lines  to 
raise  them  to  the  proper  height.  This  is  called  an 
underlaxj. 

When  tyjia  or  stereot3rpe  plates  give  a  fnint  im- 
pression in  spots,  a  piece  of  tissue  paper  of  the  size 
and  shape  of  the  spot  is  pasted  upon  the  tympnn. 
This  is  called  an  overlay.     When  the  whole  sheet 


has  a  gray  or  light  ap- 
pearance, the  impres- 
sion is  regulated  by 
turning  up  the  impres- 
sion screws  of  the  press. 
Too  much  impression  on 
a  sheet  raises  the  paper 
so  that  the  letters  show 
in  I'elief  on  the  back  of  ' 
the  sheet. 

A  sheet  is  cockled  or 
wrinkled  when  it  folds 
over  so  that  any  por- 
tion shows  a  streak  of 
white  paper  after  print- 
ing. 

Some  presses  give  a'- 
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Imposing. 

diccUing  impression  by  holding  the  type  and  paper 
in  contact  for  some  instants.  Lithographic  presses 
give  a  dratcing  impression. 

A  sheet  is  slurred  when  it  is  allowed  to  slip  npon 
the  face  of  the  type  after  inking.  It  is  smeared  after 
jirinting  by  handling  or  folding  while  yircn,  or  be- 
fore the  ink  is  .let.  Dry  pressing  printed  sheets  flat- 
tens down  the  impression  and  fixes  the  ink,  though 
if  pressed  while  too  wet  the  ink  may  nftsri.  Motiks 
and  friars  are  black  or  white  blotches  which  may 
appear  on  a  .sheet  from  imperfect  distribution  of  ink 
on  the  rollers  or  form. 
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Im-pres'sion-cup.  (Dentistry.)  A  cup  to  hold 
material  loi'  takiug  an  impression  of  the  mouth  for 
the  purpose  of  making  an  artificial  denture. 

In-and-out-bolt.  A  through  bolt.  One  pass- 
ing through  a  ship's  planking,  the  frame,  and  the 
knees  of  the  beams. 

In-boards.  {Bootcbinding.)  The  sides  covered 
with  paper. 

Cut- ill-boards :  leaves  cut  after  the  cover  is  on. 
Out-of-boards  signifies  that  the  edges  are  trimmed 
before  covering. 

In-cen'di-a-ry  Com'pouuds.  Greek-fire,  said 
to  be  the  iuveution  of  Calliiiicus  of  Heliopolis,  in 
Syria,  in  the  seventh  ceutury.  It  was  first  used 
upon  tire  Saracens'  ships.  It  was  blown  out  of  long 
tubes  of  copper,  shot  out  of  cross-bows,  and  pro- 
jected in  other  ways.  It  burned  on  water,  and  dif- 
fused itself  on  all  sides. 

The  composition  of  Greek-fire  was  kept  as  a  state 
secret  in  Constantinople.  It  is  believed  that  it  con- 
tained sulphur  and  nitrate  of  potash  mixed  with 
naplitha.     See  GaKEK-FiRE. 

■The  Arabs  had  an  incendiary  composition  formed 
of  sulphur,  saltpeter,  and  sulphide  of  antimony, 
mixed  into  a  paste  with  juice  of  black  sycamore, 
liquid  asphaltum,  and  i[uic:klime. 

The  French  engineer  Chevallier,  about  1797,  in- 
vented a  compound  which  would  burn  under  wa- 
ter. 

Shells,  charged  with  this  or  a  similar  substance, 
are  said  to  have  been  found  on  some  of  the  ships  of 
the  French  fleet  which  carried  Naiioleon  and  his 
army  to  Egyijt,  and  were  afterwards  taken  or  de- 
stroyed by  Nelson  at  the  battle  of  the  Nile. 

Rock-fire  is  one  of  the  best  known  modern  incen- 
diary compositions  ;  it  burns  slowly,  is  difficult  to 
extinguish,  and  is  used  for  setting  fire  to  ships, 
buildings,  etc.  For  putting  in  shells  it  is  cast  in 
cylindrical  paper  casis,  having  a  priming  in  their 
axes. 

Rock-fire  is  composed  of  rosin,  3  parts  ;  sulphur, 
4  ;  niter,  10  ;  regains  of  antimony,  1  ;  mutton-tal- 
low, 1  ;  turpentine,  1,  These  are  combined  by  pul- 
verizing the  sulphur,  niter,  and  antimony  separately, 
mixing  them  by  hand,  and  passing  them  tlirough  a 
sieve  ;  the  tallow  is  melted  over  a  fire,  the  rosin  is 
then  added,  ne.xt  the  turpentine,  and  afterward  the 
other  materials  ;  the  whole  being  thoroughly  incor- 
porated by  stirring  with  spatulas,  and  great  care 
being  taken  to  prevent  its  taking  fire.  When  the 
composition  becomes  of  a  brown  color  the  fire  is  per- 
mitted to  go  down,  and  when  suHiciently  fluid  is 
poured  into  the  paper  cases. 

Niepce  experimented  upon  the  eff"ects  of  potassium 
and  benzole,  and  ascertained  that  h  gramme  of  po- 
tassium in  300  grammes  of  benzole  would  spontane- 
ously ignite  on  the  surface  of  the  water,  burning  and 
spreading  over  a  considerable  surface.  Petroleum 
may  be  substituted  for  benzole.  A  solution  of 
phosphorus  or  chloride  of  sulphur,  in  sulphuret  of 
carbon,  also  spontaneously  ignites  on  exposure  to  the 
air. 

In-cen'di-a-ry-shell.  A  hollow  projectile 
charged  with  incendiary  composition,  and  designed 
for  setting  fire  to  buildings,  ships,  and  other  objects. 
Hollow  balls,  filled  with  fire,  appear  to  have  been 
among  the  earliest  projectiles  used  in  warfare  after 
the  introduction  of  the  Greek-fire,  though  these  were 
not  fired  from  cannon  ;  but  descriptions  are  given  of 
balls  of  fire  used  by  the  Saracens  in  Spain,  which 
seem  to  correspond  closely  with  modern  incemliary- 
shclls.  The  use  of  incendiary  compounds  appears  to 
have,  gradually  become  obsolete,  as  we  hear  little  or 
«oching  of  their  employment  until  toward  the  close 


of  the  eighteenth  century,  hot  shot  being  used  as  a 
substitute. 

About  1797,  Chevallier,  in  France,  invented  an 
incendiai*y  compound,  which  seems  to  have  been 
tried  to  a  limited  extent  by  the  French  government, 
for  filling  shells.  Since  then,  many  inventors  have 
exercised  their  ingenuity  upon  this  subject,  the 
principal  object  being  to  obtain  an  inextinguishable 
composition  for  charging  shells,  to  be  ignited  either 
by  time-fuse  or  by  percussion. 
"  The  only  shells  of  the  incendiary  kind  generally 
recognized  in  modern  warfare  are  Carcas.ses  (which 
see). 

In-cer'tum.  A  form  of  masonry  made  of  a  facing 
of  sijuare  stones  of  irregular  sizes  ami  a  filling  of 
rubble.     lUihblc-work.     See  JIasoxky. 

Inch.  The  ic  oi  &  yard  ;  the  -^.i  of  a  foot.  The 
yard  is  the  standard  in  England  and  in  North  Amer- 
ica.    See  Unit. 

In'cli-na-tion.  (Compass.)  One  of  the  three 
elements  of  magnetic  force  which  are  registered  at  the 
observatories.  The  other  elements  are  the  declina- 
tion and  absolute  intensity. 

The  inclination  or  dip  is  the  vertical  angle  of  a 
freely  suspended  needle  which  it  makes  with  the 
horizon.  It  has  a  general  dependence  npcni  the  lati- 
tude, but  varies  from  local  causes.     See  Dippikg- 

NEEDLF.. 

In'clin-a-to'ri-um.  The  dipping-needle  invent- 
ed by  Norman,  of  London.  See  Dipping-needlk, 
also  Magnetometer. 

In-clined'-cyl'in-der  Steam-en'gine.  A  form 
of  direct-action  steam-engine,  in  which  two  cylinders 
are  placed  in  a  frame  so  as  to  work  at  an  angle  to 
each  other,  the  connecting  rods  giving  motion  to  the 
same  crank. 

It  was  invented  by  Brunei,  and  patented  by  hira 
in  1822. 

a  a  is  a  strong  triangular  frame  of  cast-iron,  within 
which  are  fixed  the  two  cylinders  b  b.  Mr.  Brunei 
preferred  that  the  angle  formed  by  the  axes  of  the 

Fig.  2662. 


BrunePs  Inclined-  Cylinder  Steam-Engine. 

cylinders  should  be  102°.  d  d  are  the  connecting 
rods  attached  to  the  crank  e,  which  gives  motion  to 
the  paddle-shaft. 

The  piston-rods  are  supported  upon  rollers,  which 
traverse  on  guide-plates  to  preserve  their  parallel 
motion  during  the  stroke.  In  the  small  cylinders 
g  g  are  piston-valves  by  which  the  steam  from  the 
boiler  is  admitted  to  the  alteniate  ends  of  the  cylin- 
der and  allowed  to  escape  from  the  other  end.  Tlie 
action  of  the  piston-valve  is  regulated  by  the  eccen- 
trics on  the  paddle-shaft.  These  eccentrics  give 
motion   to  the   rods  h  h,   which,   by   intermediiite 

I  levers,  operate  upon  the  pistons  in  the  small  cylin- 

1  der. 

I      This  is  one  of  the  numerous  devices  intended  to 
obviate  the  use  of  the  beam  in  marine  engines. 
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In-c!ined'  Plane.  An  artificial  slope  forming 
an  asferit  tor  vi-liifles  ;  tlie  cliniljing  passes  for  pedes- 
trians perhaps  hardly  deherve  the  name. 

Stevinus.  in  his  work  on  tlie  prineiides  of  equi- 
librium, ].iS6,  established  tlie  fundamental  jiroperty 
of  tlie  inelined  plane,  and  solved  the  value  of  forces 
acting  obliiiuely.  (lalileo's  treatise  on  Mechanics 
appc'iired  a  lew  years  later. 

In  various  parts  of  the  old  countries  of  Europe  and 
Asia  are  the  remains  of  vast  engineering  works  on 
the  main  routes  of  travel  and  conquest. 

It  is  supposed  that  the  grade  on  the  gi-eat  canal 
of  Sesostris  (1500  B.  c),  which  united  the  Red  Sea 
and  the  Nile,  was  overcome  by  a  sluice  ;  probably 
au  inclined  plane  down  which  the  water  ran.  The 
dirt'erence  in  level  is  but  slight,  and  perhaps  on  ac- 
count of  the  fear  of  the  contamination  of  the  fresh 
water  of  the  river  by  the  salt  water  of  the  sea,  it  may 
really  liave  been  an  imdiried  plane  like  that  which 
crossed  the  Isthmus  of  Corinth  .some  centuries  after- 
ward. The  .sluice  preceiled  the  lock  in  Eurofie  (see 
CanalI,  anil  was  probably  used  also  in  the  grand 
canal  of  China,  built  in  the  ninth  century  A.  D. 
The  canal  lock  was  invented  in  Italy  in  the  four- 
teenth century. 

On  tlie  Mount  Cenis  Railroad,  which  crossed  be- 
tween Savoy  and  Italy  previous  to  the  completion 
of  the  tunnel,  the  elevation  is  overcome  by  a  series  of 
incliuerl  planes,  with  mechanical  devices  to  cau.se  a 
positive  grip  upon  the  rails,  instead  of  depending 


upon  frictional  contact  for  the  tractile  effect  of  the 
motor.  The  railway  tunnel  has  superseded  the 
mountain  road. 

(Ill  the  old  line  of  the  Pennsylvania  Railroad  by 
HoUidaysburg,  the  reader  may  have  noticed  and  ad- 
mired the  inclined  planes  by  which  the  summit  and 
several  other  gradients  were  ascemled  ;  statiMiary 
engines  at  the  summit  of  each  grade  hoisting  or  low- 
ering the  cars  by  means  of  ropes.  The  London  and 
Blai:kwall  Railway  was  operated  in  a  similar  manner, 
though  the  road  was  about  level. 

The  Portage  Railway  formerly  occupied  a  nearly 
central  position  on  th<'  main  line  of  the  Pennsyl- 
vania Canal,  between  Columbia  and  Pittsburg,  and 
extended  from  HoUidaysburg,  on  the  eastern  base,  to 
Johnstown  on  the  western  liase  of  the  Alleghany 
Jlountains,  a  distance  of  thirty-si.\  miles  ;  the  total 
rise  and  fall  on  the  wliole  length  of  the  line  being 
•2,571.19  feet.  Of  this  bight,  2,007.0-2  feet  were 
overcome  by  means  of  ten  inclined  planes,  and 
5t>4.17  feet  by  the  slight  inclinations  given  to  the 
parts  of  the  railway  which  extend  between  these 
planes.  The  distance  from  Holliday.sburg  to  the 
summit-level  is  about  ten  miles,  and  the  bight  is 
1,398.31  feet.  The  distance  from  .lohnstown  to  the 
same  point  is  about  twentv-si.x  miles,  and  tlie  liiglit 
], 172.88  feet.  The  hight'of  the  summit-level  of  the 
railway  above  the  mean  level  of  the  Atlantic  is 
2,326  feet. 

The  machinery  by  which  the  inclined  planes  were 


Fig.  2663. 


IncUned  Plane  of  Mahonoy,  Pennsylvania  [Klevation  awl  Plan). 
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workeil  consists  of  an  endless  rope  passing  round 
horizontal  grooved  wheels  placed  at  the  head  and 
foot  of  tile  planes,  which  are  furnished  with  a  pow- 
erful brake  for  retarding  the  descent  of  the  trains. 
The  ropes  were  originally  made  7^  inches  in  circum- 
ference, but  were  afterwards  increased  to  8  inches  to 
give  them  a  better  bite  in  the  grooves  of  the  wheels 
over  which  they  passed.  Two  engines  of  25-horse 
power  each  were  placed  at  the  head  of  the  inclined 
planes,  and  were  used  alternately,  week  about,  the 
duplication  being  for  the  purpose  of  security  in  case 
any  accident  happened  to  one  of  them.  The  traction 
rope  passed  around  a  horizontal  grooved  wheel 
driven  by  the  engine. 

The  planes  were  laid  with  a  double  track  of  rails, 
an  ascending  ami  a  descending  car  lieing  attached  to 
the  respective  ends  of  tlie  rope  at  the  same  time.  A 
safety-brake  was  attached  to  eai-h  car,  which  was  at- 
tached by  two  ropes  of  smaller  size  to  the  end- 
less rope  by  a  hitch  or  knot. 

Locomotives  were  used  on  the  intervening  levels 
and  slight  gi'ades. 

Fig.  2663  shows  a  side  elevation  and  plan  of  the 
inclined  plane  of  Mahonoy,  Pennsylvania,  up  which 
the  cars  loaded  with  coal  and  other  products  from 
the  mines  of  the  valley  of  the  JIahonoy  are  elevated 
by  stationary  engines  and  wire  rojies.  The  length 
of  the  incline  is  about  2,400  feet,  and  the  total  ele- 
vation about  360  feet.  It  has  two  tracks  of  the 
usual  ga^e,  upon  which  the  wagons  ascend  and 
descend  alternately.  Between  each  of  the  tracks  are 
two  narrowei-  tracks,  with  rails  about  40  inches  apart, 
and  which  are  traverseil  by  trucks  A,  to  which  the 
hoisting  rope  is  attached,  and  whose  duty  is  to  push 
the  wagons  traversing  the  wider  track  up  hill,  and 
also  let  them  down  gradually.  The  wire  rope  wliich 
moves  the  trucks  passes  over  large  pulley-wheels, 
with  grooved  faces,  one  /'  at  the  top,  and  the  other  i 
at  the  bottom  of  the  plane.  The  pulley  /at  the  top 
is  on  a  fi-xed  axis,  but  that  at  the  bottom  i  is  on  a  truck 
traversing  a  short  track,  and  held  at  a  certain  ten- 
sion by  a  rope  I  extending  over  a  pulley  on  a  frame, 
and  with  a  suspended  weighty  of  3,960  pounds.  By 
this  means  a  regular  tension  is  keiit  upon  the  draft- 
rope,  notwithstanding  changes  of  temperature  of  the 
wire  rope.  The  same  ties  support  both  tracks  and 
the  frames  of  the  pulley  midway  of  the  tracks  which 
support  the  wire  rope.  These  pulleys  are  50  feet 
apart,  and  are  from  9  to  14  inches  in  diameter.  Tlie 
cable  is  a  little  over  2  inches  in  diameter,  the  lower 
cable  about  li  inches.  The  core  of  the  cable  is 
formed  of  7  strands,  each  of  which  is  formed  of  7 
wires  ;  the  exterior  surface  is  6  strands  of  19  wires 
each.  The  catile  has  a  spring  attachment  to  the 
truck.  The  usual  lift  is  12  wagons  at  once.  At 
the  foot  of  the  incline  the  truck  runs  into  a  pit  be- 
low the  track,  and  ascends  in  the  rear  of  the  last  car 
of  a  train  of  10  made  up  for  ascent.  In  the  descent 
of  the  emptj'  cars,  when  the  truck  runs  into  the  pit, 
the  wagons  continue  to  run  by  their  acquired  im- 
petus upon  the  track  k,  the  truck  descending  on  the 
diving  narrow  track,  as  shown  at  the  portion  of  the 
figure  marked  A'. 

The  hoisting  apparatus  is  placed  in  an  under- 
ground chamber  at  the  top  of  the  incline,  beneath 
one  of  the  two  tracks.  It  is  driven  by  two  horizon- 
tal steam-engines  a.  a,  which  turn  the  large  drum  c, 
and  this  is  geared  to  the  drums  h.  The  drawing 
cable  coming  from  one  of  the  roads  (say  the  lower 
one,  shown  in  figures  B  B'),  is  bent  by  pulley  g,  and 
]iasses  over  one  side  of  drum  b,  underneath  it,  and 
thence  between  it  and  drum  c,  tlien  over  the  latter, 
encircling  one  half  its  periphery,  and  nearly  describ- 
ing a  figure  oo ;  it  then  dives,  goes  under  the  drum 


below  c,  under  «,  recurves  upwardly  over  e,  then 
again  over  g,  following  another  groove  to  its  former 
course,  the  pulley  e  being  set  oblic[uely  so  as  to  give 
the  rope  the  lateral  deviation.  To  resume  :  the  rope, 
passing  back  over  g,  goes  over  pulleys  b  and  c,  re- 
peating its  figure  oo  course,  coming  out  under  c  and 
going  around  y,  and  thence  to  the  car  on  the  upper 
of  the  two  tracks,  as  shown  in  the  plan  B.  The 
pulley  F  is  set  obliquely  so  as  to  change  the  rope 
over  to  the  other  track,  n  is  the  level  railway  at  the 
head  of  the  slope  m. 

The  parts  have  been  disjointed  for  convenience  of 
disposition  on  the  page  ;  the  part  A'  belongs  at  the 
right  hand  of  ^,  a  long  intervening  stretch  of  2,400 
feet  of  wue  being  understood.  The  same  may  be 
said  of  tlie  proper  position  of  B'  at  the  right  of  the 
portion  B,  which  is  a  plan  of  the  machinery  at  the 
head  of  the  incline.  The  steam  cylinders  are  32  in- 
ches in  diameter,  and  7  feet  stroke.  The  drums 
make  32  revolutions  in  a  minute,  the  velocity  of 
the  rope  being  1,400  feet  per  minute. 

Some  magnificent  engineering  works  are  to  be 
found  among  the  mountain  regions  of  the  world, 
where  the  grades  are  ascended  by  inclined  planes. 
Among  these  may  be  cited  some  on  the  Callao,  Lima, 

Fie.  2664. 


Plan  of  Inclined  Planes  on  the  Callao^  Lima,  and  Oroya  Rail- 
way, Peru. 

and  Oroya  Railway  in  Peru.  The  annexed  engrav- 
ing shows  portions  at  Surco,  the  Parac,  and  San 
Bartolome,  respectively.  They  are  not  "airlines" 
by  any  means.  The  grades  are  from  2i  to  4  per 
cent  (211  feet  to  the  mile)  ;  curves  are  limited  to 
400  feet  radius. 

Mr.  Jleiggs  is  doing  a  great  work.     The  western 
.slope  of  the  Andes  at  this  point  has  no  timber,  nor 
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foi-  fifty  miles  on  the  east  side.  Oroya  is  thirty  miles 
east  of  tile  summit  tunnel,  wliicli  is  15,200  feet  above 
the  level  of  the  sea.  At  this  hij;ht  you  cannot  cook 
heans  in  an  open  vessel,  as  the  boiling-point  is  not 
hot  ejiough.  Tlie  railroad  buildings  and  bridges  are 
of  iron,  and  conn'  from  England,  as  do  tlie  rails  ; 
the  ties  are  from  Oregon,  the  locomotives  and  cars 
from  the  United  States. 

The  plate  opposite  is  a  view  of  the  Furka  pass  and 
the  Khone  glacier,  Canton  Valais,  Switzerland.  The 
winding  road  is  shown  in  the  view,  climbing  up  a 
spur  of  tlie  mountain,  which  is  immediately  west  of 
lit.  St.  Gothard.  See  also  views  in  "  Lippincott's 
Magazine,"  Vol,  VIII.  p.  324  ;  and  London  "Engi- 
neer," Vol.  XXXI 1.,  1871,  p.  233.  , 

The  longest  im-lineil  plane  on  an  artificial  road  is 
said  to  be  that  from  Lima  to  Callao,  which  is  about 
6  inile-s,  and  has  a  descent  of  511  feet,  or  about  1  in  60. 

The  ascent  from  tlie  Koiikan,  or  Hat  country  of 
Bombay,  by  the  Western  Ghauts  to  the  table-land 
of  the  Deccan,  is  known  as  the  Bhore  Ghaut  incline, 
in  which  the  railway  rises  from  the  plain  2,000  feet 
in  a  series  of  .steps  16  miles  in  length. 

The  Righi  Railway  in  Switzerland  rises  by  a  loco- 
motive  of  pecnliar  form  1,170  feet  in  traversing 
4,700.  The  boiler,  furnace,  and  carriage  are  inclined 
so  as  to  present  a  level  Hoor  on  the  slope. 

The  inclined  plane  or  raihvay  of  JIt 
Washington  is  I'amiliar  to  many  tourists. 

In  this  connection'  the  following  data  J- 
may  be  useful  :  — 

The  pressure  on  a  level  jiike  against  the 
collar  is,  say,  jV  of  the  load.  An  ascent 
of  1  in  35  would  double  the  draft,  and 
may  be  a  suitable  maximum  ascent.  The 
French  ma.ximum  is  1  in  20.  Telford's 
ma.\imum  was  1  in  30.  Simplon,  Italian  side,  aver 
age  1  in  22  ;  Swiss,  1  in  17. 


The  lifts  are  worked  by  one  attendant,  who  can 
raise  or  lower  a  boat  from  one  level  to  another. 
There  are  two  lock-chambers,  over  which  is  a  lofty 
frame,  having  large  wheels  and  chains,  by  whi(di  are 
suspended  the  cradles,  into  which  the  boats  are 
floated  when  they  are  to  be  raised  or  lowered.  See. 
Lift. 

On  the  Morris  and  Essex  Canal,  which  crosses  the 
State  of  New  Jer.sey,  connecting  the  Hudson,  and 
Delaware  Rivers,  there  are,  or  were,  13  inclined 
planes,  u])  which  the  canal-boats  are  hauled,  thegrades 
lieiiig  thus  ascended  and  descended  without  lock- 
ing. The  summit  level  at  Stanhope  is  900  feet  above 
tide-water,  and  the  changes  of  grade  are  sudden  and 
freiiueiit.  A  track  of  heavy  rails  is  laid  on  the  in- 
cliiu'd  plane,  which  has  a  grade  of  about  15°,  and 
on  this  the  cradle  containing  the  boat  ascends  at  the 
rate  of  five  or  six  miles  an  hour.  At  the  summit  is 
the  motor,  consisting  of  a  water-wheel,  driven  by  the 
water  on  the  upper  level.  The  wheel  is  connected 
to  a  shaft  carrying  a  drum,  on  which  is  wound  a 
wire  rope  about  two  inches  in  diameter,  and  con- 
nected at  cither  end  to  the  cradle  which  contains  the 
boat,  and  which  forms  a  car  for  its  conveyance. 
This  car  is  a  heavy  frame  running  on  flanged  wheels, 
and  descends  a  sufficient  distance  into  the  water  to 

Fig.  2665. 
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Inclined  planes  were  used  for  raising  the  galleys 
and  triremes  of  the  Greeks  from  the  waters  of  the 
Corinthian  or  the  CenelireiBn  Sea,  for  transportation 
across  the  Isthmus  of  t'orinth.  This  was  the  I^iol- 
cns  or  drawing-place,  40  stadia  or  5  miles  in  length, 
the  narrowest  passage  betwiuMi  the  two  gulfs.  A 
canal  was  attempted  at  this  point  by  Julius  Cssar, 
Caligula,  Nero  ;  the  ridge  of  native  rock  defeated  all 
the  attempts  ;  it  is  very  hard,  and  can  hardly  lie 
worked  without  blasting.  The  incline  was  again 
vised  in  the  wars  of  the  Genoese  and  Turks. 

Inc/incd  p/aiies  and  lifts  for  raising  and  lowering 
canal-boats  from  one  level  to  another,  as  a  substi- 
tute for  locks,  are  mentioned  by  Smcaton  in  1774. 
Both  systems  are  used  on  the  English  canals,  in  the 
neighborhood  of  Taunton  ;  80  feet  of  rise  are  over- 
come in  this  way. 

The  inclinrd  plane  has  a  steam-engine  on  the  sum- 
mit, wdiich,  by  means  of  a  drum  and  (diain,  hauls 
up  the  cradle  containing  the  boat. 


inclined  Plane,  Morris  and  Kviex  Canal. 

enable  a  boat  to  float  into  it,  where,  being  secured, 
the  car  and  boat  ascend  or  descend  the  inclined  )ilane 
together.  From  the  forward  end  of  the  car  the  wire 
rope  passes  over  anti-friction  rollers  between  the  rails 
of  the  track  to  and  around  a  large  submerged  wheel 
some  100  feet  di.stant  from  the  summit,  thence  over 
the  drum  and  other  friction-rollers  by  the  side  of  the 
track  to  another  submerged  wheel  at  the  foot  of  the 
plane,  around  which  it  passes,  and  is  attached  to  the 
rear  end  uf  the  car.  The  boat  is  made  in  sections, 
to  enaVile  it  to  accommodate  itself  to  the  inequali- 
ties of  the  track  when  passing  over  the  summit. 

Arriving  at  a  jilane,  the  boat  is  drawn  into  .the 
car  in  the  order  of  its  arrival,  the  team  is  unhitched, 
the  tow-ro]ie  coiled  on  deck,  the  boat  secureil  to  the 
car  by  hawsers,  and  its  two  sections  disconnected 
by  a  le%'er  which  pulls  out  the  bolt  uniting  the 
hinge.  The  blade  of  the  rudder  is  then  raised  out 
of  harm's  way,  and  the  signal  is  given  for  the  engine 
to  start.  Af^ter  passing  the  summit  the  brakes  are 
lint  on,  and  the  car  descends  into  the  water  where 
the  boat  floats  out  of  it,  and  the  tow-rope  is  again 
attached.  In  one  place  the  canal  has  a  fall  of  200 
feet,  SO  of  which  are  overcome  by  a  single  jilaiie  of 
800  feet  length,  and  the  remainder  by  means  of  locks. 
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A  mode  by  which  canal-boats  are  enabled  to  as- 
cend iuoliiied  planes  while  preserving  their  usual 
horizontal  position  was  invented  in  Eugland,  but  it 
is  not  known  to  the  writer  whether  it  was  ever  suc- 
cessfully put  in  practice.  The  cariiage  which  re- 
ceived the  boat  had  a  forward  pair  of  wheels  which 
ran  upon  one  double  track,  while  the  rear  end  (to  the 
ascending  boat)  was  supported  by  otherwheels,  which 
ran  on  another  track  set  at  such  a  distance  outside 
of  and  higher  than  the  former  as  to  give  the  required 
level  position  to  the  carriage.  The  inclined  boat- 
carriage  is  also  shown  in  Day's  United  States  patents 
for  inclined  planes  and  cradles  for  canal-boats. 

In-oU-nom'e-ter.  1.  -An  instrument  to  detect 
tlie  inclination  or  dip,  the  vertical  element  of  the 
magnetic  force.  Jlauy  delicate  instruments  have 
been  constructed  for  this  purpose,  but  the  best 
known  is  the  Dipping-needle  (which  see). 

2.  An  instrument  to  measure  the  slope  of  an  em- 
bankment, slope,  or  incline.  It  may  have  an  alidade 
with  a  level  ;  an  arc,  and  a  base-piece  which  lies  on 
the  slope.     A  batler-Jcvcl. 

In-crease'- twist.  (Rifling.)  A  rifle-groove 
which  has  an  increased  angle  of  twist  as  it  approaches 
the  muzzle,  allowing  the  projectile  to  be  easily 
started  and  giving  it  an  increased  velocity  of  rotation 
as  it  proceeds. 

Killing  was  known  in  the  seventeenth  century  ; 
its  inventor  and  date  being  nnknown.  Mere 
grooved  barrels,  without  spirality,  were  used  two 
eejituries  earlier. 

The  increase  twist  is  credited  to  Tamisier,  and 
dates  but  a  few  years  back. 

In-crus-ta'tion.  1.  (Masonry.)  A  facing  or 
covering  to  a  wall  of  a  dilferent  material  from  that 
of  which  it  is  mainly  built,  such  as  marble  or  stone. 

2.  A  thin  sheet  of  wood  applied  upon  a  wooden 
surface.     See  Veneering. 

3.  (Stcara-cwjide. )  Tlie  deposit  from  the  water 
adhering  to  tlie  inside  of  a  boiler. 

As  nothing  but  pure  water  enters  into  the  compo- 
sition of  steam,  it  has  long  been  a  ])roblem  in  steam- 
engineering  to  get  rid  of  impurities  in  water  whii-h 
it  is  found  necessary  to  use  in  steam-boilers.  Among 
these  impurities  may  be  mentioneil  the  salt  in  sea- 
water,  lime  in  the  water  of  limestone  regions,  and 
minerals  in  miny  forms,  which  are  often  found  in 
water  supposed  to  be  pure  until  thus  tested. 

The  accumulation  of  salt  in  a  marine  boOer  would 
soon  fill  it,  if  there  were  no  way  for  its  removal.  In 
practice  it  is  generally  "  blown  off,"  when  the  sali- 
noiiwler  indicates  a  certain  point  of  saturation. 

Lime  in  some  forms  incrusts  a  boiler  very  rapidly, 
having  been  knomi  to  form  a  scale  several  inches  in 
thickness  in  a  few  days.  This  scale  is  a  poor  con- 
ductor of  heat,  and  a  large  proportion  of  the  pro- 
ducts of  combustion  are  lost  by  its  interposition.  It 
also  weakens  the  boiler,  and  has  been  the  cause  of 
many  explosions. 

Condensers  are  us?d  to  supply  pure  water  to  boil- 
ers.    See  Con'denseii. 

Feed-water  heatei-s  have  a  purpose,  besides  utiliz- 
ing waste  heat,  to  compel  the  de|iosition  of  impuri- 
ties before  the  feed-water  readies  tlie  boiler. 

Mechanical  a.gitators,  beaters,  scrapers,  etc.,  are 
often  employed  to  renjove  crust  from  a  boiler. 

Chemical  treatment  of  feed-water,  or  of  water  in 
the  Iwiler,  is  a  matter  which  has  received  much  at- 
tention from  engineer  and  scientists.  Sawdust  acts 
both  cliemically  and  mechanically  to  prevent  incrus- 
tation, the  tannic  acid  it  contains  uniting  with  the 
lime  to  form  tannate  of  lime,  which  deposits  itself  as 
a  slimy  body.  Clay  has  sometimes  given  good  le- 
sults,   but  sand  is  almost  always   present  in  some 


I  quantity,  though  small,  and,  if  it  passes  over  in 
I  priming,  is  very  detrimental  to  the  valve-faces,  the 
cylinder,  and  the  piston.  StarcJi  and  sugary  sub- 
stances have  the  etfect  to  clarify  some  waters,  the 
viscid  character  of  the  glucose  preventing  agglomer- 
ation of  the  foreign  matters,  and  forming  scum  in- 
stead of  (trust.  Fatty  bodies,  tar,  and  graphite  tend  to 
prevent  adhesion.  The  nature  of  the  water  tobe  treated 
determines  the  substance  which  shall  be  used. 

Scott's  English  patent,  1828,  describes  a  mode  of 
catching  the  deposit  which  forms  the  incrustation  by 
placing  pans  or  trays  in  the  boiler  ;  these  intercept 
the  falling  deposit. 

Taylor's  English  patent,  IS30,  has  a  sediment- 
trough  the  length  of  the  boiler,  and  forming  a  nar- 
row chamber  below  the  sanje,  out  of  contact  with 
the  fire.  The  contents  of  this  chamber  are  occasion- 
ally blown  out,  carrying  the  sediment. 

To  avoid  the  expenditure  of  space  in  stating  at 
length  the  various  materials  which  have  been  placed 
in  steam -boOei-s  to  retain  the  mineral  particles  in 
suspension,  or  to  prevent  their  adherence  to  the 
boiler,  it  may  be  stated  that  they  consist  of  — 
Acids,  —  Lime-paint. 

Acetic.  Linseed-cake. 

Hydrochloric.  Lin.«eed-oil. 

Muriatic.  Logwood, 

Nitric.  Malt. 

Ox.ilic.  Meal. 

Alkalies.  Metal  in  strips  or  scraps. 

Ammoniacal  salts.  Molasses. 

Animal  fats, —  Mo.'*s. 

Marrow,  etc.  Mucilage. 

Arsenical  salts.  Muriates  in  variety. 

.4she5.  Nutgalls. 

Barks  in  great  variety   Ground  Oak-bark  and  sawdust. 


Barvfci. 

Black-lead. 

Bone5.     Ground 

Borax. 

Bran. 

Broom  com. 

Burgundy-pitch. 

Cani])hor. 

Carbonate.^  in  variety. 

Caustic  alkalies. 

Charcoal. 

Chlorides  in  variety. 

Clav. 

Coal-tar. 

CopiJcr.    Salts  of 

Copper  scraps. 

Cream  of  tartar. 

Creosote, 

Cutch. 

Decoctions  of  hark. 

Dexirine. 

Electric  devices. 

Fatty  oils. 

Felt. 

Fibrous  materials. 

Flaxseed. 

Galvanizing  devices 

Gambler. 

Gas-tar. 

Gla.«s.    Broken 

Glue. 

Graphite. 

Gravel. 

Gums  in  variety. 

Hay 

Horns.    Internal  portions  of 

H,vdrocarbons. 

Iron.    Salts  of 

Iron  scraps. 

Isinglass. 

Kerosene. 

Lampblack. 

Lead.     Salts  of 

Leather  scraps. 

Leaves  in  variety. 

Lime. 

In'cu-ba-tor.  A  device  for  hatching  eggs  by 
artificial  means. 

The  hatching  of  poultrj'  by  artificial  heat  is  not 
mentioned  by  Herodotus,  but  is  described  by  Diodo- 
rus  Siculus  as  an  ancient  practice.     The  ancients 


Ochre. 

Oils  in  variety. 

Oxalate*  iu  variety. 

Oxides  in  variety. 

Paints  in  variety. 

Peat. 

Petroleum. 

Phosphates  in  variety. 

Pitch. 

Plants  of  various  kinds. 

Plumbago. 

Potash. 

Potatoes. 

Resins. 

Sal-ammoniac 

Sand. 

Saponaria. 

Sawdust  of  various  woods. 

Shells.     Ground 

Soap.  ' 

Soda. 

Soda-ash. 

Soot. 

Sponge. 

Storch. 

Stones. 

Sugar. 

Sulphates  in  variety. 

Sulphur. 

Sumac. 

Tallow. 

Tan-bark. 

Tannin. 

Tar. 

Terra-japonica. 

Tin.     Salts  of 

Tobacco. 

Turf. 

Turmeric. 

Urine. 

Talonia. 

Tegetable  dyes. 

Voltaic  dericea. 

W"hite-lead. 

Wood-fiber. 
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obtained  the  heat  by  the  fermentation  of  miinure  ; 
the  luodei'n  Egyptians  by  tlie  regulated  lieat  of 
ovens. 

The  ordinai'y  domestic  fowl  is  a  native  of  India, 
and  is  m-itlur  mentioned  in  the  Old  Testament  nor 
depicted  on  the  jiaiiitings  of  Egypt.  It  was  known 
in  Palestine  at  I  lie  Cliri.stian  er.a,  and  is  snpposed 
to  have  been  intioiluced  by  the  Romans  into  the 
countries  they  subjugated  ;  perhaps  earlier  by  tlit 
Persians,  but  tliis  di>es  not  clearly  appear.  They 
were  connnon  in  Greece. 

The  references  to  eggs  in  the  Old  Testament  refer 
to  those  of  wild  birils,  such  as  ostriches  and  par- 
tridges. That  in  l.uke  no  doul)t  was  the  ordinary 
hen's  egg.  Tlie  word,  in  tlie  singular  or  plural, 
occurs  but  twice  in  the  Old  Testament,  five  times 
in  the  New. 

The  business  of  egg-hatching  is  conducted  by  the 
Copts,  who  carry  it?  on  in  Upper  and  Lower  Egy)it 
and  pay  a  license  to  the  government.  A  building 
containing  from  12  to  24  ovens  is  called  a  mnamal, 
and  its  charge  is  IfiO.OOO  eggs.  An  official  report 
for  1831  gives  for  Lower  Egypt  105  of  these  estab- 
lishmeut.s,  using  19, 000,000  eggs,  of  which  13,000,- 
000  produce  chickens.  This  saves  the  valuable  time 
of  1,500,000  hens  for  three  weeks  of  inactivity  and 
several  succeeding  weeks  of  eare  and  scratidiing,  en- 
abling them  to  devote  their  undivided  attention  to  the 
other  duties  of  maternity,  egg-laying  arid  cackling. 

The  proprietors  of  an  oven  collect  the  eggs  from 
the  peasants  in  the  vicinity.  The  eggs  are  placed 
on  mats  streweil  with  bran,  and  are  changed  to  po- 
sitions nearer  to  or  farther  from  tlie  heat  of  the  fire- 
chamber  till  the  expiration  of  .si.x  days,  when  they 
are  tested  by  a  strong  sunlight  for  signs  of  the  for- 
mation of  the  chicken  ;  four  more  days  in  the 
warmest  position,  five  days  in  a  closed  chamber,  and 
they  are  then  spread  separately  over  the  surface  of  the 
mats,  being  freipiently  turned  and  changed  from  one 
part  of  the  mats  to  another  during  6  or  7  days,  outside 
air  being  carefully  excluded.  Tlu'y  are  freipiently 
tested  for  signs  of  life,  the  test  lu-ing  greater  cold- 
ness than  the  eyelid  of  the  attendant.  The  chick- 
ens appear  within  21  days,  but  some  witli  thin  .shells 
hatch  earlier.  The  usual  number  that  succeed  is 
two  thirds,  of  which  half  belong  to  the  peasants  and 
half  to  the  projirietnrs  of  tlie  oven. 

The  size  of  tli<^  building  depends  on  the  means  of 
the  proprietors  ;  but  the  general  plan  is  usually  the 
same,  being  a  series  of  eight  or  ten  ovens  and  ii])per 
rooms,  on  either  siilc  of  a  passage  about  100  feet  by 
15,  and  12  in  hight.  The  tliennometer  in  any  [lart 
is  not  less  than  24'  Rcaunier  (86'  Fuh.)  ;  but  the 
average  heat  in  the  ovens  does  not  reach  the  tem- 

{icrature  of  fowls,  which  is  32°  Reaumer.  Excessive 
leat  or  cold  are  eqiially  prejudicial  to  this  ]>rocess, 
and  the  only  season  of  the  year  at  which  they  suc- 
ceed is  from  the  loth  of  Imsheer  (23d  of  Feliruary) 
to  the  lath  of  Buramoodeh  (24tli  of  April),  beyond 
which  time  tlu-y  cannot  reckon  upon  a  sulBcient  per- 
centage to  make?  it  a  |iaying  business. 

The  illustration  A  (Fig.  2666)  shows  the  modern 
Egyptian  oven  for  hatching  eggs. 

a  is  the  entrance  room,  and  b  the  jiassage  between 
the  rows  of  ovens  on  each  side.  The  chamber  c  for 
the  eggs  is  below  the  one  d  in  which  the  fires  are 
made  in  troughs  alongside  the  walls,  the  heated  air 
passing  to  the  chamber  below  by  a  hole  in  the  floor 
dividing  the  two  apartments,  the  illustration  gives 
several  horizontal  and  vertical  sections,  the  entrances 
to  the  egg-ehaiuliers  showing  in  the  upper  view  at  c. 
The  upper  chambers  are  connected. 

Tlie  ancient  Egyptian  incubators  are  referred  to 
by  Aristotle,  Diodorus  Siculus,  and  Flavius  Vopiscus. 


Bonneniain's  incubator  B  (A.  B.  1777)  is  heated  by 
hot  watin'.  a  is  the  boiler  ;  b,  a  building  for  holding 
the  eggs  on  shelves  ;  c,  a  coop  for  liohling  the 
chickens  ;  d,  tube  for  circulating  the  hot  water  ;  c, 
a  supply  funnel  ;  /,  a  safety  tube.  The  hot  water 
Fig.  2666 
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rises  from  the  boiler  into  tube  d,  thence  follows  the 
sinuous  course  of  the  tube  above  and  below  each 
.shelf,  and  into  the  chicken-coop,  eventually  dis- 
charging into  the  boiler  again  by  the  pipe  (jr. 

There  is  some  difference  in  temperature  in  the  in- 
terior of  the  box  as  the  convoluted  jiipe  parts  with 
its  lieat  sufficiently  to  establish  a  circulation  in  the 
pipe. 

The  force  of  the  circulation  is  in  the  ratio  of  the 
dill'erence  between  the  teni|)erature  of  the  water, 
passing  out  of  the  calorifere  and  re-entering  it  ;  any 
unusual  degree  of  coldness  in  the  lower  part  of  the 
box  will  thus  react,  and  inc:rease  the  speed  of  the 
circulation,  the  normal  tendency  of  the  scheme  be- 
ing tow'ards  equalization. 

The  jioint  to  be  regulated  is  the  heat  of  the  fur- 
nace, and  this  is  aci-omplislieil  by  a  thermostat, 
founded  upon  the  uneiiual  dilatation  by  heat  of  dif- 
ferent metals.  A  compound  metallic  bar  exposed  to 
the  heat  of  the  chamber  warps  when  the  heat  ex- 
ceeds the  medium,  and  draws  u|ion  a  wire  connected 
to  the  door  of  the  ash-pit,  and  thus  I'cgulates  the 
draft. 

Pansof  watersecnrcd  the  proper  humidity  of  theaii'. 

Periods  of  incubation  ;  temperature,  140°  Fall. 


Swan        .         .   42  days.     Peafowl    . 

.   28  days. 

Goose  .         .        35     "        Duck   . 

28     " 

Hen          .         .   21     "        Pigeon      . 

.  14     " 

Turkey         .        28     "        Canary 

14     " 

In-dent'.    1.  {Carpentry.)    A  notch, 

as  in  scarf- 

ing  timbers  together. 
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2.  (Prinlinrj.)  The  blank  space  or  set-in  at  the 
tommeiii'enient  of  a  paragrapli. 

In-den-ta'tion.  (Architecture.)  A  zigzag  mold- 
ing.    The  shark's  tooth  molding.     JJctitkuhitioji. 

In-dent'ed  Cbis'el.  A  honng-cliisel  whose  face 
is  in  steps. 

In-dent'ed  Line.  (Fortification.)  One  consist- 
ing of  alternate  salient  and  receding  angles,  each 
face  forming  a  Hank  to  its  neighbor. 

In-dent'ed  Par'a-pet.  (Fortification.)  One 
whose  interior  slope  has  vertii-al  recesses  in  which 
men  may  staml  and  Hre  along  the  front  of  the  work. 

In'de-pen'dent  Piece.  (.Sliiphui'dimi.)  The 
main  piece  of  the  IkuiI  or  bi'ak-shaped  projection 
from  the  stem  of  a  vessel.      See  SiEM. 

In'de-pen'dent  Sec'onds-watch.  A  watch 
in  which  tlie  action  of  the  center  seconds-hand  is  in- 
dependent of  the  regular  going  works  of  the  watch. 
It  has  two  separate  trains  of  wheels  and  separate 
spring.s,  so  that  the  regular  time  may  be  maintained 
when  the  center  seconds-hand  is  stopped  by  pressing 
the  stop-pin  on  the  ontside  of  the  case. 

The  center  seconds  is  set  in  conformity  with  the 
other  works  by  a  square  at  the  Ijack  of  the  oa.se. 

For  great  nicety  in  timing,  quarter  and  tilth  sec- 
ond watclies  are  now  made,  and  are  capable  of  being 
stojiped  at  the  said  fractional  parts  of  a  second. 

In'de2l  1.  A  pointer,  as  the  hand  of  a  watch  or 
clock,  a  linger  or  arm  of  a  balance  or  meal^uring  ap- 
paratus which  moves  along  a  graduated  scale,  or  in 
relation  to  a  line  or  central  mark. 

2.  A  brass  rule  accompanying  the  plaiie-talile,  fur- 
nished with  perpendicular  sig,.t-vane3  at  each  e.v- 
treniity.     An  alidade. 

In'dex-gage.  .\n  in.strnment  having  jaws  whose 
distano-  apart  is  indicated  liy  a  pointer  and  dial,  or 
other  means,     in  the  example,  the  body  to  be  meas- 

Fig.  2667. 
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tired  is  placed  between  the  jaw.s,  which  are  brought 
in  contact  with  the  opposite  sides.  The  thirty-sec- 
onds of  an  inch  are  indicated  by  the  jaw  on  the  scale 
on  the  cylinder,  and  the  hundredths  of  a  thirty-sec- 
ond are  indicated  by  the  hand  on  the  dial. 

In'dex-glass.  .\  mirror  at  the  center  of  motion 
of  the  index-arm  of  a  ipiadrant  or  sextant,  wliich 
moves  with  the  index,  and  from  which  a  ra\'  of  light 
from  one  of  two  given  objects  (one  of  wiiich  is,  say,  the 
sun)  is  refiected  to  another  mirror,  called  the /ior;;o«- 
glass,  fixi'd  to  one  of  the  arms,  and  thence  to  a  sight- 
hole  in  the  other  arm.      See  QuADK.\NT  ;  8F..XTAXT. 

In'dia-ink.  X  composition  of  lampblack  and 
size.  Saitl  to  have  been  formerly  niatle  from  the 
pigment  of  the  cuttle-lish.  The  ink  of  the  Chinese 
senile,  used  with  a  brush. 

In'di-an  Steel.  A  tine  kind  of  steel,  made  in 
Southern  .\s'm  direct  from  the  ore,  and  known  as 
xcootz.      The  irilaml  steel  of  India. 

In'dia-pa'per.  The  name  given  to  a  paper  made 
with  one  exceedingly  line  surface,  and  used  for  tak- 
ing the  finest  impressions  of  steel,  steel-plate,  and 
wood  engrarings.  It  is  made  by  the  Chinese  from 
the  inner  bark  of  the  bamboo.  It  is  imported  in 
sheets  "25  x  26  inches.  The  Chinese  also  make  paper 
of  the  barks  of  the  elm  ami  mulberry,  of  the  cotton- 
tree,  hemp,  wheat-straw,  rice,  and  rice-straw.  See 
Woon-PArER. 

In'dia-rub'ber.     India-rubber  in  the  crude  state 


is  prepared  for  manufacture  by  grinding  the  sheets 
in  water,  for  the  purpose  of  cleansing  it.  After  this 
it  is  dried  and  subjected  to  the  tearing  action  of 
toothed  rollers,  one  of  which  revolves  faster  than 
the  other.  At  this  stage  the  vulcanizing  material, 
consisting  of  i  ounce  of  .sulphur  or  more  to  the 
pound  of  rubber,  according  to  the  required  hardness, 
is  added  and  thoroughly  incorporated.  Various 
other  ingreilients,  as  sulphate  of  zinc,  whiting, 
plaster  of  paris,  lampblack,  pitcli,  etc.,  in  addition 
to  the  sulphur,  are  also  employed  for  the  purpose  of 
hardening.  The  selection  of  these  depends  on  the 
peculiar  ideas  of  the  manufacturer  and  the  destined 
application  of  the  material. 

In  making  boots  and  shoes  the  rubber  is  passed, 
in  contact  with  cotton  cloth,  between  heated  rolls 
w-hich  rotate  at  ditferent  speeds,  and  is  forced  be- 
tween the  interstices  of  the  cloth,  to  which  it 
becomes  firmly  united.  In  some  cases  the  rubber 
is  drawn,  either  with  or  without  the  cloth,  through 
rolls  of  equal  speed,  to  a  thickness  suitable  for  the 
soles  or  uppers  of  shoes.  The  sheets  thus  formed 
are  cut  up,  by  suitable  dies,  into  the  proper  forms 
for  the  soles  and  uppers,  which  are  afterward  cemented 
on  a  last  by  a  solution  of  rubber  dissolved  in  benzine. 
.At  this  stage  a  coating  of  linseed-oil  varnish  is  ap- 
plied with  a  brush,  and  the  shoe  siibjected  to  a  heat 
of  about  280°  Fab.,  when  the  operation  is  complete. 
In  making  hose  or  tubing,  the  rubber  or  rubber 
cloth  is  wrapped  around  a  tube  until  the  desired 
thickness  isattained,  and  placcdin  a  .steam-heater  at  a 
temperature  of  about  280°  Fab.,  which  paitially  fuses 
the  compound,  causing  the  layers  to  unite.  It  is 
then  removed  from  theheateraml  the  tube  withdrawn. 
Belting  is  formed  by  laying  together  a  sufficient 
numlier  of  layers  of  the  vulcanized  gum  or  gum- 
cloth  anil  suiijecting  them  to  the  action  of  a  flat 
press  at  a  heat  of  280°  Fah.  Additional  liardness  is 
attained  by  the  use  of  a  larger  proportion  of  sulphur 
and  the  application  of  greater  heat. 

The  operation  of  uniting  several  layers  of  the  ma- 
terial is,  however,  performed  with  nuich  more  expe- 
dition by  the  use  of  a  steam  cylinder-press. 

Previous  to  1821,  it  is  said  that  india-rubber  had 
only  been  brought  to  this  country  as  an  article  of 
curiosity,  molded  into  various  fancy  forms,  as  alliga- 
tors ami  other  reptiles.  In  that  year  a  pair  of  what 
appeared  to  be  solid  models  of  shoes  were  brought 
home  by  a  sea-captain,  who  presented  them  to  an 
ingenious  boy.  Curiosity  led  him  to  oit  into  them 
at  the  instep,  when  he  found  a  clay  mold  inside, 
this  he  removed,  and  finally,  by  dint  of  heating  and 
stretching,  adapted  them  for  wear.  This  becoming 
known,  led  to  the  importation  of  the  native  shoes 
made  upon  clay  lasts.     See  CAOuTriiouc. 

No  process  has  yet  been  devised  for  restoring  old 
rubber  to  the  condition  in  which  it  was  previous  to 
vulcanization.  It  is,  however,  extensively  used  for 
mixing  with  new  raw  material  in  the  manufacture 
of  all  kinds  of  rubber  goods.  By  steaming  and  roll- 
ing it  is  reduced  to  a  semi-plastic  state,  and  in  this 
condition  it  is  applied  to  coarse  fabrics  and  used  for 
heel  stitiening,  a  purpose  for  which  it  is  well  adapt- 
ed. Pure  rubber  is  but  little  used  except  for  artists' 
purposes. 

In'dia-rub'ber,  Ar-ti-fi'cial.  A  compound  of 
chloride  of  sul|phur,  oil,  and  collodion.  In  its  plastic 
state,  it  is  easily  molded,  and  hard  and  durable  wlien 
well  set.  It  can  be  made  of  any  color,  and  is  sus- 
ceptible of  a  high  polish.  An  English  compound 
consists  of  linseed-oil  oxydized  on  glass  plates  by  re- 
peatedly dipping  the  plates  in  the  oil,  and  allowing 
it  to  dry  each  time.  The  film  thus  obtained  is  re- 
moved from  the  glass,  crushed,  and  worked  by  the 
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mixing  rolls,  a  small  ([uaiitity  of  guni-shcUuc  being  [ 
added  to  give  it  the  proper  cohesion.     The  substaiue  j 
thus  obtained  is  very  niueh  like  rubber,  and  can  also 
be  vuleaiiizeil. 

la'dia-rub'ber  Bind'ing.  A  mode  of  binding 
books  patented  in  Knghmd  by  Hancock,  in  which 
the  usual  oiieratiuns  of  stitching,  sawing,  and  ham- 
mering the  back  are  dispensed  with.  The  sheets  are 
placed  in  a.  former  to  give  the  proper  curvature  to 
the  back,  and  are  then  secured  by  packthread. 
They  are  iie.xt  placed  in  a  press,  with  their  backs 
slightly  pi'ojecting,  and  several  coats  of  a  solution  of 
india-rublier  applied,  after  which  the  Ijands  are  at- 
tached by  means  of  the  india-rubber  solution,  and 
the  cover  put  on  in  the  usual  way. 

In'dia-rub'ber  Cloth.  {Fabric.^  Fabric  cov- 
ered with  india-rubber.  The  latter  is  cleaned,  trit- 
urated with  suli)liur,  dissolved  in  benzine,  or  other 
solvent,  and  s|irfad  upon  fabric  by  rolls. 

In'dia-rub'ber  Rolls.  KoUs  whereby  rubber- 
cement,  nii.\ed  with  suljihur,  and  dissolved  in  ben- 
zine or  other  solvent,  is  spread  upon  fabric. 

Some  of  these  rolls  spread  the  cement  by  a  <'ric- 
tional  action,  tile  heated  spreading-roU  traveling 
faster  than  the  cloth-carrying  roll,  and  so  grinding 
the  gum  into  the  cloth. 

Gum  mixed  with  paint  is  spread  in  a  layer  of  the 
re([uired  tliickness  upon  fabric,  by  rolls  of  even  mo- 
tion ;  and  tlie  rubber  fabric  is  then  cut  into  pieces 
according  to  pattern,  for  boot  or  shoe  soles,  etc. 

In'dia-rub'ber  Spring.  The  first  known  use 
of  india-rubber  for  springs  is  in  Lacy's  English  pat- 
ent of  ISi.').  He  employed  blocks  of  rublier  with 
interposed  [ilates  of  iron.  Melville,  lSi4,  obtained 
a  patent  for  hollow  spheres  of  rubber,  enclosing  air 
and  separated  by  disks  of  wood  or  metal,  the  whole 
enclosed  in  iron  cases.  In  18-15,  Walker  and  Mills 
patented  rubber  bags  tilleil  with  air  and  enclosed  in 
acaseforuseassprings.  Fuller,  18i5,  cylindrical  rings 
of  rubber  having  jierforatcd  disks  between  them,  and 
a  guide-rod  passing  through  the  whole.  These  had  a 
tendency  to  swell  out  at  the  center  under  pressure, 
breaking  or  injuring  the  material.  To  remedy  this 
defect,  Spencer,  18.')2,  18.53,  formed  the  rubber  rings 
of  the  shape  which  they  would  assume  under  press- 
ure, and  surrounded  them  with  an  annulus  of  iron. 
These  have  been  used  as  butler,  bearing,  and  draw 
springs  for  railway-carriages  with  satisfactory  results. 
(See  also  C.\ii-spring.)  Eaton,  1856,  employs  al- 
ternate thin  plates  of  rubber  and  metal,  adapted  for 
springs  of  great  resistance  and  little  tiexibility. 
Hodge,  1852,  patented  a  compound  spring  composed 
of  a  block  of  rubber  inclosed  in  a  two-part  easing, 
the  upper  part  surrounding  the  lower,  and  rising 
or  falling  according  to  the  amount  of  compression  of 
the  ruliber  placed  on  each  end  of  a  steel  spring. 
Scott,  1852,  blocks  of  rublier  jilaced  over  the  center 
of  a  steel  spring.  Bridges,  1857,  employs  wooden 
instead  of  iron  surrounding  rings  to  confine  the  rub- 
ber blocks,  and  dispenses  with  the  central  rod.  Ful- 
ler, above  referred  to,  employs  for  suspension  springs 
round  cords,  wound  at  a  considerable  tension  around 
two  metallic  rollers  or  reels.  During  the  Russian 
war,  a  number  of  inoitar-boats  were  built  by  the 
British  government,  each  carrying  a  13-inch  mortar. 
In  order  to  iliminish  the  shock  occasioned  by  the 
recoil  of  such  heavy  ordnance  on  these  small  vessels, 
twenty  very  strong  rubber  rings  were  placed  under 
each  mortar-platform.  These  were  tested  by  actual 
service  at  Sveaborg,  in  the  Black  Sea,  and  afterward 
in  China,  with  very  satisfactory  results. 

In'dia-rub'ber  Thread.  This  is  prepared  by 
cutting  a  sheet  into  filaments,  which  are  tlieii 
stretched  in  a  hot  atmosphere  or  hot  water ;  the 


process  being  several  times  repeated  with  alternate 
coolings.  It  is  glazed  by  agitating  with  French 
chalk-powder. 

In'di-ca'tor.  A  marking  or  recording  instru- 
ment, or  one  w  hich  makes  a  visible  sign  by  which 
the  condition  of  the  object  or  apparatus  to  which  it 
is  attached  may  be  observed.  The  various  uses  to 
which  indicators  are  applied  may  be  suggested  by 
the  following  :  — 

Door-indicator.  Station-indicator. 

Leak-indicator.  Steain-indicator. 

Leeway-indicator.  Street-indieator. 

Shoal-indicator.  Tourists'-indieator. 

Speed-indicator.  AVeather-inilicator. 

Besides  these  compound  forms,  the  term  has  also 
many  other  applications  ;  as,  — 

The  gradient  post  of  a  railway. 

A  gage  in  a  blast  furnace  to  indicate  the  proper 
liight  of  a  charge. 

The  principal  meaning  of  the  word,  however,  con- 
cerns the  instrument  by  which  working  steam  re- 
cords its  pressure. 

1.  (Steam-enguw .)  An  instrument  which  regis- 
ters the  relative  amounts  of  steam  pressure  exerted 
on  the  piston  at  each  portion  of  its  stroke.  It  was 
invented  by  Watt. 

Watt's  indicator  A  consists  of  a  cylinder  a  in 
which  works  a  piston  b,  that  is  (when  the  cylinder 

Fig.  2668. 


Steam-Indicator. 

is  not  In  communication  with  the  steam-cylinder) 
maintained  near  the  miiUength  of  the  indicator  cyl- 
inder by  the  spiral  spring  c.  The  piston-rod  works 
through  a  collar  d,  and  has  at  its  upper  end  a  device 
for  holding  a  pencil.  Communication  with  the  steam- 
cylinder  is  effected  by  the  cock  f,  and  when  steam  is 
admitted  through  this  it  causes  the  piston  to  rise, 
compressing  the  s|ning  with  a  force  equal  to  the  e.K- 
cess  of  the  steam  pressure  above  that  of  the  atnios- 
])here.  When  a  vacuum  is  produced  by  the  conden- 
sation of  the  steam  in  the  cylinder,  a  corresponding 
vacuum  is  formed  in  the  indicator,  causing  the  piston 
of  the  indicator  to  be  forced  down  by  a  jiressure 
eipial  to  the  excess  of  the  atmospheric  pressure  over 
that  of  the  uncondensed  vapor  in  the  cylinder.  In 
order  to  register  this,  a  small  square  movable  frame/ 
is  placed  .at  the  upper  end  of  the  indicatoi',  in  which 
a  card  is  inserted.    One  end  of  the  frame  is  attached 
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by  a  cord  to  some  movable  part  of  the  engine,  anil 
the  other  has  attached  a  string  and  weight.  \Vhen 
the  [liston  lises,  the  card  is  drawn  to  the  left,  raising 
the  weight  (/,  which,  when  the  piston  descends,  draws 
back  the  card  to  its  first  position.  An  alternate  re- 
ciprocating motion  of  the  card  is  thus  kept  up. 
Thus  as  the  piston  of  tlie  indicator  rises  and  falls,  its 
pencil  traces  on  the  card  a  line  whose  vertical  or- 
dinates  represent  the  actual  pressure,  and  whose 
length  corresponds  to  the  length  of  stroke  of  the 
piston.  The  diagram  thus  formed  is  show^n  at  h  k. 
All  above  the  median  line  i  i  indicates  the  pressures 
on  the  piston,  and  all  below  it  the  vacuum,  or  the 
difference  between  the  pressure  of  the  uncondensed 
vapor  and  that  of  the  atmosphere. 

B  (Fig.  266S)  shows  a  modification  of  tlie  above, 

which    is    pro- 

Fig.  2669. vidcd   with    an 

upright  gradu- 
ated cylinder  TO 
surrounded  by 
a  larger  cylin- 
d  r  »,  upon 
which  the  regis- 
tering paper  is 
placed.  This 
has  a  (lartial  ro- 
tation back  and 
forth  by  means 
of  a  cord  con- 
nected to  some 
part  of  the  en- 
gine which  has 
a  reci]irocating 
motion  and  a 
spring  which 
restores  it  to  its 
first  position. 

2.  (  Tc/rcf- 
i-itplui.)  The 
dial  and  me- 
chanism of  a 
dial  telegraph. 
Fig.  26  6  9 
shows  Bre- 
guet's. 

The  face  has  the  letters  and  figures  arranged  in 
two  concentric  circles.  The  motion  of  the  hand  is 
continuous  in  one  direction,  advancing  one  letter  at 
each  closing  of  the  circuit.  This  movement  is  ef- 
fected by  clock-work  driving  a  scape-wheel,  the  teeth 
of  which  are  alternately  engaged  and  released  upon 
opening  and  closing  the  circuit,  by  means  of  a  pawl 
operated  intermediately  from  the  armature  of  the 
electro-magnets. 

3.  (Optics.)  A  finger  working  in  the  field  of  a 
microscope  to  point  out  a  special  object  within  the 
field  of  view. 

4.  A  dynamometer  or  power  measurer. 
In'di-ca  tor-card.     A   card   containing  a  dia- 

gi'ani  drawn  by  the  working  steam  by  means  of  an 
In'dr'-VTiir  (wliirh  see). 

In'di-ca'tor-tel'e-graph.  An  electric  telegraph 
in  which  the  signals  are  given  by  the  deflections  of 
a  magnetic  neeiUe. 

It  was  about  1819  that  (Ersted  of  Denmark  made 
the  discovery  that  if  a  magnetic  needle,  free  to  turn 
about  its  center,  were  placed  near  to  and  parallel 
with  a  wire,  then,  on  causing  an  electric  current  to 
pass  through  this  wire,  the  needle  would  be  deflected 
to  an  angle  proportioned  to  the  force  of  tlie  current. 

In  Fig.  2670,  A,  a  b  being  the  wire  and  n  s  the 
needle,  the  passage  of  a  current  in  the  direction  of  the 
arrow  deflects  the  needle  to  the  position  indicated, 
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the  stops  c  c  limiting  its  motions.  When  the  direc- 
tion of  the  current  is  changed,  the  ?i  (north)  pole  of 
the  needle  is  defiected  in  the  othei-  direction.  By  a 
preconcerted  system,  a  given  number  of  movements 
to  right,  left,  or  a  certain  number  in  alternate  direc- 
tions, a  system  of  indications  representing  letters  and 
numerals  is  obtained,  as  will  be  explained  presently. 
In  practice,  a  pair  of  needles,  rendered  astatic  (see 
Astatic  Needle),  are  used  and  placed  in  conjunc- 
tion with  a  coil  of  wire,  which  multiplies  the  trans- 
Fig.  2670. 


Indicator-  Tde^apbs. 

mitted  current  so  as  to  cause  a  much  greater  deflec- 
tion than  that  due  to  the  line  current  itself,  as  shown 
at  B,  which  consists  of  a  frame  around  which  are 
wound  several  hundred  feet  of  fine  copper  wire. 
The  needles  are  mounted  on  the  same  axis,  one 
within  and  one  without  the  coil,  and  the  outer  one 
is  exterior  to  the  dial-plate  of  the  telegraph. 

Following  the  discovery  of  CErsted,  Ampere  in 
1820  suggested  that  the  needle  moved  by  the  gal- 
vanic current  should  be  used  for  conveying  signals, 
and  the  idea  was  elaborated  in  lectures  by  Ritchie 
in  1830. 

Baron  Schilling,  in  Russia,  in  1832,  contrived  a 
complicated  instrument  on  this  principle,  in  which 
a  separate  circuit  and  needle  was  employed  for  each 
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lettiT  anil  mimt'ial,  36  needles  being  employed,  each 
being  exiited  liy  a  current  of  electricity  as  tlic  occa- 
sion reiiuircd. 

Cooke  and  Whi'atstone's  indicator-telegraph,  pat- 
ented June  12,  1837,  is  the  most  prominent  and  best 
examiilc  of  tliis  class  of  instruments,  and  is  gener- 
ally used  in  England. 

America  and  the  continent  of  Europe  employ  the 
much  superior  system  of  Professor  Jlorse,  introduced 
about  the  same  time. 

C  is  a  front  and  D  a  rear  view  of  Wheatstone's  in- 
stniment.  In  this  the  right  and  left  hand  terminals 
a  6  of  the  multiplier  are  each  connected  to  the  line- 
wire,  which  is,  when  a  message  is  not  being  trans- 
mitted, thrown  out  of  connection  with  the  local  bat- 
tery. 

The  circuit  is  opened  and  closed  by  means  of  a 
drum  c,  at  each  end  of  which  is  a  stout  steel  wire 
forming  respectively  the  positive  and  negative  poles 
of  the  battery  ;  these  wires,  on  turning  the  drum, 
are  brought  in  contact  with  springs  connected  with 
the  line-wire,  by  which  either  a  positive  or  negative 
current  is  transmitted,  causing  the  needle  at  tlie  re- 
ceiving station  to  be  deflected  to  the  right  or  left 
accordingly. 

The  lettei-s  of  the  alphabet  and  other  signals  are 
indicated  by  the  number  of  beats  made  by  the 
needle,  some  to  the  right  and  others  to  the  left ; 
thus  "  D  "  is  represented  by  a  beat  to  the  right  and 
one  to  the  left.  "L"  requires  four  beats,  in  the 
following  order,  right,  left,  right,  left,  and  so  on  for 
otlier  letters. 

The  double-needle  telegraph  on  the  same  princi- 
ple is  much  more  e.\peditious,  and  has  been  exten- 
sively employed  in  England,  but  requires  two  line- 
wires.      See  El.F,CTRO-M.\GNETIC  TELEGR.4.PH. 

In-di-gom'e-ter.  An  instrument  for  a-scertain- 
ing  the  strength  of  indigo. 

In'di-go-mill.  A  four-sided  iron  cistern,  cylin- 
drical or  rounded  at  bottom,  resting  upon  gudgeons 
in  a  wooden  frame.  It  has  an  iron  lid  with  two 
leaves,  between  which  works  a  rock-shaft  receiving 
a  vibratory  motion  from  a  crank,  and  imparting  a 
swinging  motion  to  a  frame  carrying  si.K  rollers,  three 
on  each  side,  which  triturate  tlie  indigo  to  a  fine 
paste  ;  when  sutficiently  ground,  the  paste  is  drawn 
off  by  a  stop-cock. 

In-duc'tion.  {Electricity.)  That  effect  of  an  in- 
sul.ited  electrified  body  which  tends  to  produce  an 
opposite  electrical  state  in  surrounding  bodies. 

In-duc'tion-coil.  A  compound  coil  by  which 
voltaic  or  dynamic  electricity  is  converted  into  static 
electricity  or  electricity  of  high  tension.  The  dis- 
coveries of  Faraday,  Henry,  Beipierel,  and  others  leil 
the  way  to  the  invention  of  the  induction-coil,  and 
it  is  believed  that  the  first  practically  useful  device 

Fig  2671. 


ments  of  the  kind  and  contrived  various  improve- 
ments, the  instrument  is  now  very  generally  called 
by  his  name. 

It  consists  essentially  of  an  inner  coil  of  coarse 
wire  surrounding  a  core  of  soft  iron  rods,  and  con- 
nected with  the  poles  of  a  voltaic  battery.  It  is  it- 
self surrounded  by,  though  insulated  from,  a  coil  of 
copper  wile  composed  of  a  great  number  of  convolu- 
tions, and  connected  with  the  discharging  conduct- 
or. By  o|iening  and  closing  the  circuit  with  great 
rapidity,  which  is  effected  by  means  of  the  AuTO- 
M.\ric  Ciitcrir-BKE.VKKii  (which  .see),  a  nearly  con- 
tinuous current  is  produced.  To  intensify  this,  the 
return  current  from  the  priniary  coil  ]iroduced  by  the 
disruption  of  the  current  is  ]ia.ssed  through  a  CiiN- 
DEN.sEii  (which  see)  ;  the  efl'ect  may  be  increased  by 
breaking  the  current  under  crude  petroleum  or  other 
non-conducting  medium. 

The  induction-coil  is  practically  applied  to  many 
purposes  in  the  arts,  and  in  the  treatment  of  dis- 
e;ises  by  electricity.  Fig.  2671  is  an  instrument  of 
this  kind.  The  battery  a  consists  of  a  single  Gre- 
netts  cell,  sujiplieil  with  dilute  sulphuric  acid  and 
bichromate  of  ]'otash.  One  zinc  and  two  carbon 
plates  comjio.se  the  elements,  the  former  of  which  is 
lifteil  clear  of  the  tlui<l  when  not  in  use.  A  vibrat- 
ing s)>riug  opens  and  closes  the  circuit.  I  is  the 
coil,  and  c  c  two  dischargers,  by  means  of  which  the 
current  is  directed  to  any  part  of  the  person. 

In  the  largest  class  of  induction  instruments,  elec- 
tricity of  very  high  tension  is  produced. 

One  belonging  to  the  Stevens  Institute  of  Tech- 
nology weighs  160  pounds  ;  the  jirimary  wire  is  200 
feet  and  the  secondary  about  44^  milc's  in  length. 
This  projects  a  spaik  21  inches  in  length  and  capable 
of  jienetrating  glass  three  inches  thick. 

Another,  at  the  Polytechnic  Institute  of  London, 
has  its  primary  wire  3,777  yards  long,  and  weighing 
145  pounds.  The  induction-wire  is  130  nules  long. 
This  jirojects  a  spark  29  inches  long,  penetrating  5 
inches  of  plate-glass.  Its  calorific  efiects  are  very 
intense,  the  most  refractory  substances,  as  platinum, 
being  fused  with  ease. 

In  Kidder's  induction-coil,  the  secondary  helix  or 
helixes  are  adjustable,  so  that  they  may  be  either 
concentrated  at  the  central  or  neutral  jwrtion  of  the 

Fig.  2672. 
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of  the  kind  was  contrived  by  the  late  Dr.  Charles  G. 
Page  of  Washington. 
Kuhmkorff,  of  Paris,  having  made  many  instru- 
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primary  coil  or  placed  toward  the  poles,  so  as  to  vary 
thepowerof  the  induced  currents.  See  Noad's  "In- 
dnctorium."  i 

Electrical  machines  of  great  power  are  now  con- 
stnicted  on  the  induction  principle. 

In-duc'tdon-pipe.  (Steam-engine.)  The  pipe 
whi.li  leads  the  live  steam  to  the  cylinder. 

In-duc'tion-valve.  The  valve  which  controls 
the  entry-port  for  live  steam  to  the  cylinder  of  an 
engine. 

la-duc-tom'e-ter.  An  instrument  for  ascertain- 
ing tlie  force  of  electrical  induction. 

In-duc-to'ri-tim.  (Ehctricity.)  Another  name 
for  the  induction-coil  as  adapted  for  the  display  of 
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the  electric  spark.  The  instrument  shown  was  con- 
structed for  the  Royal  Polytechnic  Institution  of 
London,  and  gave  a  spark  18  inches  in  length. 

In  Ritchie's  instrument,  the  secondary  consists  of 
coils  wound  up  into  flat  disks  the  thickness  of  the 
wire,  and  these  are  piled  up  against  each  other  upon 
the  priraarv  coil,  the  separate  coils  being  .separated 
by  thin  disks  of  gutta-percha.  The  current  is  made 
to  reverse  from  the  center  to  the  circumference  and 

Fig.  2673. 


App^s  Induetorium, 

conversely,  to  and  fro,  as  many  times  as  there  are 
coils  uix)u  the  core. 

In-fe'ri-or  Let'ter.  Letters  cast  with  their 
faces  low  down  o!i  the  shank  ;  as  ib- 

In-flect'ed  Arch.  1.  A  reversed  or  inverted 
arch. 

2.  An  arch,  the  curve  of  whose  flanks  is  reversed 
near  the  crown,  so  as  to  terminate  iu  an  acute  angle. 
(e.  Fig.  305.) 

In'gate.  The  aperture  in  a  mold  at  which 
the  metal  enters.  It  then  passes  by  runners  to 
the  spaces  made  vacant  by  the  withdrawal  of 
the  pattern.  The  iiu/ale  is  technically  called 
the  ledge,  g'lte,  gent,  or  ijil.  The  latter  two 
are  corruptions  of  yale. 

In'got.  A  cast  mass  of  steel  from  the  cru 
cible. 

A  cast  mass  of  gold  or  silver,  nmre  or  less 
pure,  for  assaying. 

A  cast  block  of  gold,  silver,  ov  a  properly 
proportioned  alloy  of  either,  for  coinage,  or  for 
working  into  other  forms,  as  watch-cases,  etc. 

The  crude  ingot  of  gold  or  silver,  after  be- 
ing assayed  and  brought  to  the  standard  fine- 
ness (varying  according  to  its  purpose),  is  cast 
into  bars  ready  for  rolling,  if  for  coin. 

Gold  and  silver  are  run  into  ingots  or  bars. 

A  transposition  of  ingot  made  n  igot,  which 
passed  into  ytuggct. 
Fig.  2674.  Iron  is   cast  into 

Steel  is  east  into 
ingots. 

Copper  at  one  stage 
into  bricks,  at  an- 
other into  pigs. 

Tin  is  run  into 
blocks. 

Silver  from  the 
subliming  furnace  is 
in  porous  blocks, 
called  bricks. 

The  cast,  flat  lump 
of  gold  for  the  gold- 
beater weighs  two 
ounces,  and  is  |  of 
an  inch  broad. 

In'got-mold.  A 
flask  in  which  metal 
iigoi-Mold.  is  cast  into  blocks. 


Thei/i{/o<-»noicil'orcast-steelismadeof  cast -iron,  and 
of  a  shape  and  auc  to  suit  the  form  and  volume  ol  the 
steel  bar  or  plate  retjuired.  The  mold  is  in  two  paits, 
sepai-ating  longitudinally,  and  united  for  use  by 
collar-clamps  and  wedges.  The  interior  of  the  mold 
is  smoked  by  the  fumes  of  burning  pitch,  so  as  to  give 
it  a  carbonaceous  coating,  the  purpose  of  which  is  to 
prevent  the  adherence  of  the  cast-steel  thereto. 

The  op<-ration  of  pouring  the  metal  is  called  team- 
ing ;  the  ingot  is  turned  out  while  yet  red-hot,  and 
is  rolled  into  the  shape  required. 

In'grain.  A  yarn  or  fabric  dyed  with  fast  colors 
before  manufacture. 

In'grain  Car'pet.  A  carpet  manufactured  from 
wool  or  woolen  dyed  in  the  grain  (before  manufac- 
ture). These  carpets  are  known  as  Scotch  or  Kidder- 
minster, from  the  country  and  town  where  they  are 
so  extensively  manufactured  ;  also  as  tico-ply  or 
three-ply,  according  to  the  number  of  webs  of  which 
the  fabric  is  comiiosed.     See  Two-VLY  Cakpet. 

In'grain-car'pet  Loom.  A  loom  in  which  two 
or  more  shuttles,  one  for  the  ground  and  the  other 
for  the  figure,  are  employed. 

In  Bigelow's  (Fig.  2675)  the  two,  after  being 
thrown,  are  received  in  horizontal  bo.xes  on  each  side 
of  the  frame,  and  a  third  series,  containing  the  dif- 
ferent colored  yarns  producing  the  pattern,  are  placed 
in  a  set  of  vertically  arranged  bo.xes  ;  all  the  shuttles 
are  actuated  by  the  same  jiiiker-staves  ;  and  the 
figure  shuttles  are  raised  and  lowered  as  required  by 
pinions  having  a  reciprocating  rotary  motion  on  a 
shaft,  their  presentation  being  determined  by  a  pat- 
tern-wheel,  having   movable   cam-surfaces  on   the 

Fig.  2675. 
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shaft  ;  one  vibiatiiif;  cam  moves  the  lay  forward  to 
beat  111)  ''"■  ^'l"t''>  •""^'  another  moves  it  backward, 
while  a  shuttle  is  thrown. 

In-hal'er.  1.  An  apjiaratus  to  filter  and  warm 
the  air  respired  by  persons  with  delicate  lungs,  or  by 
those  subjected  to  a  deleterious  atmosphere. 

In  apparatus  for  consumptives,  it  consists  of  a 
replicated  wire-gauze  tissue.     A  rcspimlnr. 

2.  For  cutlers  ami  others  subjected  to  an  atmos- 
phere of  iron  dust,  it  is  a  magnetic  tissue  which 
arrests  the  dust. 

3.  An  instrument  for  inhaling  or  inwardly  apply- 
ing medicated  vapors  or  ansesthetic  agents. 

4.  An  ajiparatiis  to  enable  a  fiieman,  miner,  or 
diver  to  work  in  a  poisonous  or  heated  atmosphere, 

rig.  2676. 


or  in  water,  carrying  with  him  a  supply  of  vital  air. 
See  Diving. 

Dr.  Priestley's  letter,  speaking  of  "  Gaseous  oxyd 
of  Septon  "  (dephhxiisHcnted  nitrotis  air),  was  ad- 
dressed to  one  of  the  editors  of  the  "  New  York 
Medical  Repository,"  and  was  republished  in  the 
"  London  Monthly  Magazine,"  June  1,  1800. 

Chloroform  was  "discovered  by  Guthrie,  Souberain, 
or  Liebig,  about  1 831,  but  its  valuable  properties  as  an 


antesthetic  were  not  appreciated  until  1847.  Dr. 
Morton  of  Hoston,  and  I'rol'essor  Simpson  of  Edin- 
liorough,  discovered  its  appiicaljility  to  this  pui'pose 
almost  simultaneously  in  1S47.  See  AsiESTHETlO 
Al'l'.VIiATUS. 

Morton's  inhalation  apparatus,  November  13, 
1847,  has  a  chamber  to  hold  the  sponge,  and  two 
lateral  openings  through  which  respectively  enter  the 
atmospheric  air  and  pass  out  the  air  imjircgnated  with 
the  vapor  of  the  anxsthetic  agent.  Tliese  openings 
are  valved  to  prevent  reflux  of  air,  and  a  i.'hamber 
above  contains  a  reserve  of  liquid,  which  is  admitted 
to  the  sponge-chamber  by  moving  a  valve,  at  such 
times  as  may  become  necessary. 

Kojier's  cup,  October  10,  1848,  is  a  vessel  to  hold 
sulphuiic  ether,  and  the  rim  tits  closely  over  the 
mouth  and  nose.  The  body  of  the  instrument  tlien 
inclines  downward,  and  an  opening  in  front  admits 
air,  which  yiasses  into  the  ether-chamber,  and  then 
to  the  mouth  and  lungs  of  the  patient. 

Dr.  Buttles's  inhaler  (.-/,  Fig.  2676)  consists  of  a 
bulb  re  of  hard  rubber  in  two  sections,  and  containing 
a  sponge  which  is  charged  with  the  re(iuired  medi- 
cament. It  has  an  opening  at  one  end,  which  is 
closed  by  a  stopple  b,  and  to  the  otlier  end  is  at- 
tached a  flcxilde  tube  c.  For  use,  the  bulb  is  intro- 
duced into  the  mouth,  the  open  end  nearly  touching 
the  veil  of  the  palate,  and  the  air  inhaled  througli 
the  Hi-xilile  tube  becoming  charged  with  the  medi- 
cament in  its  passage  through  the  sponge.  It  is  also 
ada]ited  for  nasal  inhalation,  one  nostril  being  closed 
by  the  linger  while  insiiiiation  is  performed  through 
the  other. 

This  inhaler  may  be  eonveiiently  carried  in  the 
pocket. 

The  inhaler  £  (Fig.  2676)  consists  of  a  light  coni- 
cal frame-work  of  wire,  having  a  soft  cushion  at  the 
base  and  ada]ited  to  fit  over  the  nose  and  chin,  but 
not  covering  the  eyes.  A  double  cone  of  flannel  is 
slipped  upon  this,  over  which  is  screwed  a  short 
tul>e  having  three  branches  ei|uidi.stant  from  each 
other.  This  is  covered  by  a  cone  of  tin  or  other 
material  impervious  to  ether,  maintained  in  place 
by  a  nut  screwing  over  the  tube.  For  use,  an  india- 
rubber  tube  is  diawn  over  the  tube  above  mentioned, 
the  other  end  of  the  iul)ber  tube  being  attached  to 
tlie  neck  of  a  bottle  containing  ether. 

Tichenor's  iidialcr  (C,  Fig.  2676)  is  made  of  sheet 
metal  in  the  form  of  a  cylinder,  sui  mounted  by  an 
inverted  funnel.  It  contains  an  ujiper  drawer  a  and 
a  lower  diawer  b,  in  the  foimer  of  which  is  placed 
the  medicinal  substance  to  be  vaporized,  and  in  the 
latter  live  coals  or  a  piece  of  hot  iron  to  ellect  this 
result.  The  top  is  connected  with  a  tube  c,  the 
ends  of  which  are  of  vulcanized  rubber,  and  is  ]iro- 
vided  with  a  mouth-piece  d.  The  drawer  h  is  left 
partially  ojien  during  the  generation  of  the  vapor, 
admittiiig  air  which,  passing  through  the  perforated 
bottom  (if  the  drawer  re,  causes  a  draft  through  the 
funnel  and  serves  to  dilute  the  medicated  vapoi'. 
This  apparatus  is  also  designed  for  anal  and  vaginal 
apjilications,  the  drawer  b  being  closed  and  a  hand- 
bellows  attached  to  the  tube  employed  to  cause  a 
draft. 

The  nitrous-oxide  inhaler  has  two  valves.  One 
opens  during  the  inspiration  to  admit  gas  from  the 
reservoir  to  the  lungs,  and  closes  during  exjiiration. 
The  other  valve  opens  during  expiration  to  allow  the 
effete 'air  to  pass  oflT,  and  prevent  its  mixing  with 
the  contents  of  the  reservoir.  Thus  a  pure  article 
is  breathed  at  each  expansion  of  the  lungs. 

Pilatre  des  Roziers  invented  an  inhaler  for  ena- 
bling persons  to  enter  places  filled  vnth  deleterious 
gases  ;  it  consisted  of  a  bag  or  case  of  leather  or  metal 
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charged  with  air  under  jiressure  ;  it  was  carried  on 
the  back,  and  provided  with  a  ticxible  tube  reaching 
around  to  the  ninuth  of  the  bearer,  and  jirovided 
with  an  inwardly  and  an  outwardly  opening  valve 
for  inspiration  and  expiration.  The  nostrils  were 
closed  bv  a  spring  clamping  the  nose. 

Galibert's  apparatus  is  very  .similar  to  the  above. 
Eounuayrol's  apparatus.    Fig.    2677,   consists  of  a 

sheet-iron  reser- 


Fig  2677. 


Rouqitai/roV s  Apparatus. 


voir  capable  of 
bearing  a  press- 
ure of  25  to  40  at- 
Inospheres  ;  air 
is  forced  into  it 
by  a  pump,  the 
piston  of  which 
is  fixed  and  the 
cylinder  mova- 
ble. Above  is  a 
bellows-like  ar- 
range nient, 
which  transmits 
the  air  to  the 
tube  leailing  to 
thenostrilsiif  the 
operator,  under 
>_  merely  the  ordi- 
nary atmospher- 
ic pressure.  A 
small  two-leaved 
valve  of  india- 
rubber,  kept 
closed  by  the  e.x 


Fig.  2678. 


temal  pressure  of  the  air,  opens  to  allow  the  escape 
of  the  air  respired.  This  apparatus  is  carried  on  the 
back,  like  a  soldier's  knapsack.  It  is  also  used  in 
submarine  explorations. 

In'haul  (XmtUcaJ.)  A  rope  or  purchase  for 
riggirig-iu  the  jib-boom,  studding-sail,  or  other  spar. 

In-jec'tion-cock.  (Stcam-cnijine.)  The  cock 
whicli  closes  tlie  injection-pipe  by  which  cold  water 
is  ailmittcd  to  the  cistern  of  the  condenser. 

In-jec'tion-con-dens'er.  A  cast-iron  vessel  of 
any  convenient  shape,  and  strong  enough  to  hear  the 
atmospheric  pressure  from  witliout,  in  which  the  ex- 
haust steam  from  the  cylinder  is  condensed  by  a 
shower  of  cold  water.  The  capacity  of  the  condens- 
er in  Watt's  original  engines  wa.s  J  that  of  the  cyl- 
inder ;  but,  according  to  present  practice,  it  ranges 
from  i  to  4  of  that  of  the  cylinder,  and  sometimes 
even  more."    See  Con'densf.r  ;  AlK-ruMP,  etc. 

Sv^e  Burgh,  "On  Condensation  of  Steam"  (London, 
1871). 

In-jec'tion-en'gine.  {SljMm-en;jine.)  One  in 
which  the  steam  is  condensed  by  cold  water  injecteil 
into  the  condenser.     See  Cornish  Engine  ;  Ar.MOS- 

PHERIC  EXOINE. 

In-jec'tion-pipe.  {SIcam-cnriine.)  The  |)ipe 
through  wliich  the  injection  water  pa.sses  to  the  cis- 
tern of  the  condenser.  In  marine  engines,  the  in- 
jection-jupe  is  open  to  the  sea  by  a  pipe  which  passes 
through  the  bottom  of  the  vessel.  See  Air-pump  ; 
Cornish  Engine. 

In-jec'tion-syr'mge.  (SurriimL)  A  syringe 
for  administering  douches  or  medicines. 

c  is  the  stand-pipe  which  rests  in  the  liowl ;  a  is  i 
the  elastic  air-bulb  ;  d,  the  pipe  ;  c,  the  nozzle. 

/'is  Roosa's  instrument  for  treating  diseases  of  the 
middle  ear.     See  Fig.  1814,  p.  769. 

g  Ss  a.  self-injecting  elastic  syringe. 

h  is  Tiemann's  transfusion  syringe. 

i  is  an  insufflator  for  blowing  powder  into  the 
larynx  or  otherwhere.     See  Insufflator. 

In-jec'tioii-valve.    (Steam-engine.)     The    one 


Injection-  Syringes. 

which  governs  the  entrance  of  water  into  the  con- 
denser from  the  sea,  river,  or  well. 

The  area  of  the  injection-valve  of  a  marine  steam- 
engine  is  stated  at  one  square  inch  for  every  10- 
horse  jiower.  This  is  said  to  be  ample  allowance  in 
all  cases,  and  is  more  than  necessary  when  the  in- 
jection water  hiis  a  temperature  of  52°  Fah.  The 
average  temperature  of  the  Mediterranean  is  about 
65° ;  the  Atlantic  Ocean,  at  20^  of  latitude,  about 
75°  ;  and  at  the  equator,  about  82"  Fah. 

In-ject'or.  A  device  for  injecting  a  supply  of 
feed-water  into  the  body  of  a  steam-boiler. 

In  Gitl'ard's  injector  this  is  ettected  by  the  press- 
ure and  condensation  of  steam  from  the  boiler  itself. 
Fig.  2679,  A,  illu.strates  the  ojieration  of  this  ajipa- 
ratus.  Steam  escaping  from  the  boiler  through  the 
pipe  a  is  compelled  to  jass  through  the  contracted 
nozzle  c,  by  which  its  velocity  is  greatly  incrcaseil. 
The  feed-water  from  the  pipe  b  is  drawn  into  an 
annular  space  sunonnding  the  nozzle  c,  and,  min- 
gling with  the  condensed  steam,  is  driven  through 
the  pipe  h  and  valve  i  into  the  boiler.  Excess  of 
steam  or  water,  from  want  of  proper  adjustment,  es- 
capes through  the  outlet /"/* (/. 

The  principle  is  as  follows  :  Under  a  given  press- 
ure the  velocity  of  escaping  steam  is  much  greater 
than  that  of  the  water  which  would  be  ejected  were 
a  hole  opened  in  the  boiler  below  the  water-line. 
At  a  pressure  of  90  poumls  to  the  square  inch,  the 
excess  of  velocity  of  the  steam  is  about  in  the  pro- 
portion of  9  to  1.  As  the  escaping  steam,  in  being 
condensed,  loses  none  of  its  velocity,  except  that 
due  to  the  friction  of  the  ]iipes  through  which  it 
pa.sses,  it  consequently,  after  condens:ition,  has  a 
penetrating  force  about  nine  times  greater  than  the 
resisting  force  of  the  water  in  the  boiler.  At  the 
moment  of  condensation  it  imparts  its  momentum  to 
the  water  by  which  it  is  condensed,  and  with  which 
it  mingles.  Forinstance,  1,700  culiic  inchesof  steam 
on  being  condensed  into  one  cubic  inch  of  water  im- 
parts sufficient  momentum  to  eight  cubic  inches  of 
the  water  by  which  it  is  condensed  to  exactly  bal- 
ance the  pressure  of  water  in  the  boiler.  In  this 
case  the  opposing  forces  are  in  equilibrium  ;  but 
combined  with  any  less  quantity  of  water,  say  seven 
inches,  the  momentum  will  more  than  suffice  to  over- 
come the  resistance  of  the  water  in  the  boiler,  and 
the  mingled  condensed  steam  and  feed-water  will 
force  its  way  intoihe  boiler,  if  a  properly  constructed 
entrance  he  provided  for  it. 

Fig.  2679,  £,  shows  Sellers'  improved  injector  on 
the  Giffard  principle,  a  a  is  the  outer  casing  in  two 
parts  united  by  bolts.  It  has 'two  inlets,  one  c  for 
water,  and  the  other  d  for  steam,  separated   by  a 
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Fig.  2679. 


plate  e,  in  the  center  of 
wliicli  isuttach'eJ  a  nozzle 
[I  for  the  steam-jet,  wliieh 
is  controlled  by  the  ta- 
I)ereil|ihig/t ;  theinterior 
of  the  case  a  a  is  boi'ed 
out  cylindrical  for  a  por- 
tion of  its  length,  and 
lined  with  brass,  receiv- 
ing the  piston  1,  which 
forms  the  upper  end  of 
the  combinhuj-lubcj,  con- 
nected at  its  lower  end 
to  the  discharijiiuj-tiibe 
k,  which  plays  freely  in 
the  brass  bushing  /  I. 
A  valve  m  .itfords,  when 
open,  an  outlet  to  the 
lateral  tube  n,  and  a 
clieck-valve,  not  shown, 
is  placed  between  this 
and  the  boiler.  To  put 
the  apparatus  in  ojjer- 
ation,  the  valve  m  is 
Ojiened,  and  the  plug  h 
adjusted. 

A   little  steam,   being 
let    ou,   passes  through 


Giffar(Vs  Injector. 

the  small  aperture  in  the  steam-plug,  creating  a 
vacuum  and  i:ausing  the  water  to  rise,  when  it  is 
driven  through  the  tubes  y  t,  escaping  at  n.  The 
plug  h  is  then  rais  ■(!,  increasing  the  flow  of  steam, 
and  the  valve  m  closed. 

The  action  is  as  follows  :  The  steam  passing  into  j 
is  condensed  by  the  water  from  the  water-supply 
tube,  and  tlie  condiined  jet  is  driven  through  the 
discharge-tube  k,  and  thence  into  the  lioiler. 

If  the  water  supjily  is  in  excess,  a  portion  escapes 
by  the  opening  o  between  the  combining  iind  delivery 
tubes,  elevating  the  piston  i,  and  contracting  the 
annular  space  through  which  the  water  enters  the 
combining-tube  and  limiting  the  supply.  If  the 
water  supply  is  deficient,  the  velocity  of  the  steam- 
jet  is  increased,  a  partial  vacuum  is  formed  in  the 
chamber,  and  the  piston  i  descends,  enlarging  tlie 
area  of  the  water-supply  space  and  permitting  an  in- 
creased flow.  The  apparatus  is  thus  rendered  self- 
regulating. 

The  injector  C  is  u.sed  in  the  Westinghouse  air- 
lirake  as  an  air-])ump  ;  the  steam  entering  at  a,  ami 
p.assing  out  as  a  jet  at  6,  induces  *  current  of  air 
through  the  l)ipe  c  which  leads  from  the  cylinder  lie- 
neath  the  car.  (.See  Br.\kf..  )  In  this  cylinder  is 
the  piston,  widch  is  mechanically  connected  to  and 
works  the  brake-bars,  d  is  a  faucet  which  sh\its  ort" 
connection  between  the  injector  and  brake-cylinder. 


e  is  an  automatic  valve  which  prevents  reflux  air 
thiough  the  pipe. 

The  injector  has  many  other  uses  in  the  arts  and 
manufactures  :  — 

As  an  air  and  vapor  pump  it  is  applied  to  vacuum- 
pans,  condensers  of  steam-engines,  aspirators  (by 
Bunsiui),  pneumatic  dispatch-tubes  (Siemen),  etc. 
The  well-known  locomotive  blast-pipe  was  an  early 
apjilication  of  the  principle  of  the  injector.  (See 
Loco.MOTlVE  ;  Nozzle.)  The  action  of  these  pipes 
was  afterwards  explained  by  Zeuner,  and  further  re- 
sults are  due  to  Prusman. 

Gurney's  steam-ventilator  acted  by  means  of  steam 
jiassing  through  one  pijie  and  sucking  air  through 
another  connected  with  it.  This  simple  apparatus 
was  afterwards  employed  by  Nagel  and  Kaemp  in 
centrifugal  pumps.  Besides  these  may  be  men- 
tioned Thompson's  pump,  the  water-bellows,  and 
Danchell's  steam-manometer. 

Ink.  1.  A  colored  liquid  or  viscous  material  used 
in  writing  or  printing. 

The  ancient  ink  was  thick,  and  so  is  the  modem 
Chinese.  Demosthenes  reproached  j^ischines  with 
laboring  in  the  grinding  of  ink  as  painters  do  in  pre- 
paring colors.  There  is  a  difl'erence  between  a  paint 
ami  a  (hjc,  though  the  distinction  is  very  imperfectly 
made  out  in  customary  language.  A  paint  is  smeared 
over  an  object,  a  dye  colors  or  stains  it.  Some 
inks  are  of  one  kind  and  some  of  the  other.  The  es- 
sential characteristics  of  the  best  ink  are  :  limpid- 
ity, ]permanence,  distinctne.ss.  The  first  enables 
it  to  flow  easily  and  avoids  clogging  the  pen.  The 
second  jirevents  its  failing  and  becoming  indistinct. 
The  third  makes  it  readily  legible,  both  to  the  eye 
in  following  the  motions  of  the  pen,  and  to  the  eyes 
of  readers  subsequently. 

An  ink  was  found  in  an  inkstand  at  Herculaneum. 
Some  ancient  manuscripts  show  the  ink  in  relief 
when  held  to  the  light,  and  some  have  evidently 
been  corroded  by  the  ink. 

Black  ink  is  a  solution  of  tanno-gallate  of  iron  sus- 
pended in  gum-araliic  water.  Logwood  adds  to  the 
color.  Take  bruised  galls,  6  ounces  ;  gum-aiabic,  4 
ounces  ;  green  vitriol,  4  ounces  ;  soft  water,  6  pints. 
Boil  the  galls  in  the  water,  acid  the  other  ingre- 
dients ;  keep  in  a  bottle,  shake  occasionally,  and  in 
two  months'  time  decant  into  bottles  and  cork. 

A  drop  or  two  of  creosote  or  essential  oil  of  cloves 
will  prevent  molding,  oi',  as  Dr.  Gale  remarked  to  an 
astounded  Imlianian,  "  will  prevent  the  deposition 
of  the  ova  of  infusoria  animalcule." 

He  might  have  added,  "and  the  sporadic  growth 
of  thallogenic  cryptogams." 

Such  would  probaldy  be  fatal  to  the  fungi  ;  the 
mere  definition  settled  our  brother  from  Indiana. 

The  addition  of  sugar  to  ink  prevents  sudden  dry- 
ing and  makes  copijinii  ink. 

Japan  ink :  Riliaucourt's  recipe  :  aleppo  galls,  8 
ounces ;  logwood,  4  ounces ;  sulphate  of  iron,  4 
ounces  ;  gum-arabic,  3  ounces  ;  suljihate  of  copper, 
1  ounce  ;  sugar  candy,  1  ounce. 

The  galls  and  logwood  to  be  boiled  in  twelve 
pounds  of  soft  water  until  reduced  to  six  pounds. 
Strain,  and  adil  the  other  ingredients.  The  ink  dries 
with  a  gloss  ;  hence  its  name. 

Desormeaux  recommends  that  the  sulphate  of  iron 
be  calcined  to  ndiiteness  ;  coarse  brown  sugar 
instead  of  sugar  candy  ;  J  ounce  of  acetate  of  copper 
instead  of  1  ounce  of  the  sulphate  ;  and  agitation 
twice  a  day  for  two  weeks  befoi'e  decanting  and  bot- 
tling. 

Indelible  ink.  The  addition  of  lampblack  to  ink 
will  fortify  it  against  the  discharge  of  its  colors  by 
hydrochloric  acid. 


INK. 


1187 


INKING-ROLF.ER. 


Close's  recipe  :  copal,  50  grains  ;  oil  of  lavender, 
400  grains  ;  lanipblaek,  5  grains  ;  indigo,  1  grain. 
Dissolve  the  copal  in  the  oil  by  heat,  and  then  add 
the  coloring  matter.     Thin  with  oil  of  turpentine. 

Sheldiake's  recipe  is  a  varnish,  and  is  used  for 
tombstones  and  marble  :  asphaltum  or  pitch,  oil  of 
tui'pentine,  amber  varnish,  lampblack. 

lU'd  ink  is  a  soUitiLMi  of  alum  coloi'ed  with  Brazil- 
wood; or  an  amuiouiacal  solution  of  cocliineal. 

An  indestructible  red  ink,  or  rather  paint,  con- 
sists of  copal,  2  ou7ices  ;  oil  of  lavender,  14  ounces  ; 
vermilion,  7  ounces. 

Blue  ink:  sulphate  of  indigo  dissolved  ill  water 
to  the  desired  tint. 

Yellow  ink :  French  berries,  S  ounces  ;  water,  1 
quart  ;  alum,  a  small  ipiantity. 

Green  ink  :  a  mi.xture  of  blue  ami  yellow. 

Oran'je  ink  :  a  mixture  of  red  and  yellow. 

Purple  ink :  a  nii.vture  of  red  and  blue. 

Bruirii  ink:  a  mixture  of  black  and  yellow. 

Sympathetic  ink  is  an  ink  which  is  invisible  till 
the  writing  is  subjected  to  a  subsei[Uent  operation, 
such  as  warming,  exposing  to  sunlight  or  to  a  chem- 
ical reaction. 

The  ancients  were  ac  piainted  with  several  modes. 
Ovid  indiscreetly  advises  maidens  to  write  with  new 
milk.  This,  when  ilrii-d,  may  be  rendered  visible  bj- 
rubbing  ashes  upon  it.  Pliny  suggests  the  milky 
juices  of  certain  plants. 

Modern  chemistry  lias  given  us  a  number  of  re- 
cipes. Writing  in  the  following  solutions,  subse- 
quently dried,  will  be  rendered  visible  by  the  means 
cited,  developing  certain  colore. 


Acet.ite  of  lead. 
Gold  in  aqua  regia. 
iQfiisiou  of  g-ills. 
Dilute  sulp'iuric  a^ id. 
Cob  lit  in  dilute  aqua  regia. 
Precipitatedoxide  of  cobilt 

in  aretie  acid  aud  salt 
Lemoa  juice. 


Treatment. 

Color 
developed 

Liver  of  sulphur. 
Tin  in  aqua  regia. 
Sulphate  of  iron. 
Heat. 
Heat. 

Heat. 
Ueat. 

Brown. 

Purple. 

Black. 

Black. 

Green. 

Blue. 
Brown. 

Marking-ink  is  an  aqueous  solution  of  lunar  caustic 
thickened  with  sap  green  and  gum.  It  is  written  on 
a  surface  prepared  by  a  weak  solution  of  carbonate 
of  soda  and  gum-arabic. 

A  marking-ink  requiring  no  preparation  of  the 
surface  is  made  of  nitrate  of  silver,  1  ounce  ;  bi-tar- 
trate  of  potash,  1  ounce  ;  solution  of  ammonia,  4 
ounces  ;  archil,  i  ounce  ;  honey,  3  drachuis  ;  trag- 
acanth  powder,  IJ  drachms.  When  written,  pass  a 
hot  iron  over  it  or  liold  to  the  fire. 

Marking-inks  formed  of  a  silver  compound  may  be 
discharged  by  a  solution  of  cyanide  of  potassium  or 
a  solution  of  corrosive  sublimate,  1  ;  sal-ammonia, 
1  ;  water,  100. 

Lithographic  ink  for  writing  on  stones,  or  for  trans- 
ferring autographically  from  paper  :  dry  soap,  100  ; 
white  wax,  100  ;  mutton  suet,  30  ;  shellac,  50  ;  mas- 
tic, 50;  lampblack,  30.  Incorporate  with  heat; 
pour  on  an  oiled  plate  ;  cut  into  sticks,  and  use 
like  India-ink. 

Lithographic  printing-ink  resembles  that  for  letter- 
press, but  is  ground  up  with  burned  linseed-oil, 
known  as  lithographic  varnish. 

Copperplate  printing-ink  is  similar  to  that  for  let- 
terpress," but  is  made  of  ivory-black  or  other  tine 
quality. 

Printing-ink  is  a  smooth,  jet-black  oil  paint, 
made  of  boiled  linseed-oil,  rosin-oil,  or  nut-oil,  and 
lampblack  ;  soap  and  rosin  are  sometimes  ad<le(l. 


Red  anil  other  colored  printing-inks  are  made  of 
linseed-oil  boiled  into  a  varnish,  and  with  ]iigments 
of  the  required  colors.  Vermilion,  Prussian  blue, 
imligo,  orpiment,  chrome,  red  and  orange  lead, 
verdigris,  etc.  See  Riugwalt's  "  Encyclopedia  of 
Printing,"  page  226. 

India-ink  is  a  compound  of  lampblack  and  size  ; 
formerly  prepared  from  the  pigment  of  the  cuttle- 
fish. 

Ijik  for  zinc  plant-labels  :  chloride  of  platinum, 
100  grains,  in  a  pint  of  w-ater  ;  add  mucilage  and 
lamiiblack. 

Or  :  sal  ammonia,  1  drachm  ;  verdigris,  1  drachm  ; 
lampblack,  A  drachm  ;  water,  10  diachms.     Mix. 

Fire-proof  ink  for  use  in  writing  or  ]>rinting  on 
incombustible  paper  consists  of :  powdered  graphite, 
22  drachms  ;  copal  or  other  resinous  gum,  12  grains  ; 
sulphate  of  iron,  2  drachms  ;  tincture  of  nut-galls,  2 
drachms  ;  and  sulphate  of  indigo,  8  drachms.  These 
materials  are  mixed  together  and  boiled  in  water. 
This  ink,  which,  besides  being  fire-proof,  is  said  to 
be  insoluble  in  water,  under  ordinary  circumstances 
is  black  ;  but  when  colored  inks  are  desired,  the 
grajdiite  is  replaced  bj'  an  earthy  or  mineral  pigment 
of  the  desired  color. 

2.  {Machinery.)  The  socket  of  a  mill  spindle. 
See  Srr.r. 

Ink-bench.     (Printing.)     An  inking-table. 

Ink-block.  {Printing.)  A  block  oir  which  the 
ink  is  spr.  ad  to  be  taken  up  by  the  balls  or  rollers. 

Ink-cup.     A  dill-cup  for  ink.     In  the  example, 
it  is  of  ruliber  or  gla.ss  in  a 
wooden  socket,   and  has  a  Fig.  26S0. 

metallic  Hange  and  cup. 

Ink-cyl'in-der.  {I'rint- 
ing.)  A  cylinder  rotating 
in  the  ink-fountain  to  bring 
the  ink  in  contact  with  the 
diietor  or  fountain-roller. 

Ink-foun'tain.  (Print- 
ing.) The  ink-reservoir  of 
a  i)rintiiig-|>ress  from  which  , 
the  ink  is  taken  by  an  ink- 
roller  and  paiised  to  tlie 
dnctor,  or  the  distributing-  InL-Cup. 

roller. 

Ink'ing-appa-ra'tus.  Different  forms  of  appa- 
ratus liavc  been  atlapted  to  fUH'erent  jiresses,  and 
.some  of  them  are  iieculiar  to  the  kinds.  See  list  on 
page  22(>,  Ringwalt's  "Encyclopedia  of  Printing." 

Ink'ing-roll'er.  (Printing.)  A  roller  which  re- 
ceives the  ink  from  the  inking-table  and  transfers  it 
to  the  type  in  hand-press  work.  In  pnwer-presses, 
several  rollers  are  employed,  which  ari'  fed  \\ith  ink 

Fig.  2681 


Ivk-llIB-Roll^r. 


from  a  trough,  distributing  it  and  transferring  it  to 
the  inking-roller. 

The  composition  of  glue  and  molasses  was  invented 
by  Donkin  and  Bacon  (English  patent,  1813).  It  is 
.stated  to  have  been  prertously  used  by  one  Edward 
Dyas  of  Madeley,  Shropshire,  England,  who  was  in- 
debted to  an  accidental  overturning  of  his  glue-pot 
to  the  suggestion  of  using  the  lump  of  semi-hardened 
glue. 

Francis  and  Letmate's  patent  composition,  June 
21,  1864,  consists  of  glue,  14  pounds  ;  glycerine,  28 
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poumls  ;    ciistor-oil,   2J  pounds  ;    borax,   3  ounces  ; 
iiininonia,  2  ounces  ;  sugar,  7  pountis. 

Till'  cnihvi.si'  motion  iil'  the  ink-ilistributing  rollprs 
is  in  tlir  Enj^lisli  patent  of  Professor  Cowper,  1818. 

Tlie  (liagoiuil  arrangement  of  the  inking-roller,  to 
give  it  a  rdativehj  emlwise  motion  to  the  inking- 
talth",  is  described  in  AppK^gath's  English  patent, 
1823. 

luk'ing-ta'ble.  (Prinling.)  A  table  upon  wliich 
ink  is  sjiread  to  be  taken  up  by  the  inking-roller. 

The  combination  of  inking-talile,  trougli,  and 
hand-roller  was  invented  by  Professor  Cowper,  and 
was  described  in  liis  English  patent,  1818. 

In  his  jirinting-niachine,  the  inking-tab!e  passed 
back  and  forth  under  rollers  whicli  received  an  end 
motion  at  the  same  time  by  means  of  an  indentation 
along  the  edge  of  the  table  acting  upon  a  frame  in 
wliich  the  rollers  were  mounted. 

In  Aiiplegath's  English  patent,  1823,  the  rollers 
are  plarnl  {liagonally  across  the  table  and  receive  an 
end  niotinn  therel)y. 

Ink'iug-trough.  The  leservoir  of  ink  from  which 
the  inking-ioller  is  supplied. 

lu'kle.  A  broad  linen  tape.  Wrouglit  spinel. 
S]iinel  is  bleached  yarn  for  the  manufacture  of  the 
ta]ie,  and  is  known  as  inurroiujht  iiildc. 

Ink-print'iiig  Pro'cess.  (Pho/ograp/ii/.)  A 
process  by  whicli  positive  prints  arc  obtained  in 
common  writing-ink.  Immerse  the  paper  in  a  solu- 
tion of  bichromate  of  potassa,  in  the  dark.  Expose 
under  a  negative.  The  picture  will  be  brown  on  a  yel- 
low ground.  Wash  to  remove  the  niidecoinposed 
chromium  salt.  Immerse  in  a  weak  solution  of  proto- 
sulphate  of  iron,  wash  ;  the  iron  salt  will  adhere  to 
the  image  or  mordant.  Immersein  tannic  acid  ;  the 
picture  blackens  by  the  formation  of  tannate  of  iron. 
Wash  and  dry. 
Ink-slice.  A  padille  for  handling  ink. 
luk'staud.  A  cup  or  bottle,  from  which  ink  is 
dipped  with  the  pen. 

Among  the  varieties  may  be  cited. :  — 
.4,  a  fountain  inkstaml  in  which  ink  i.s  raised  in 
the  dip-hole  by  depressing  the  jiiston  in  the  reser- 
voir. In  a  modilicd  form  a  porcelain  block  is  sus- 
pended in  the  ink  and  forces  ink  into  the  dip-cu]! 
by  displacement. 

£  has  an  elastic  caoutchouc  ink-cup  in  a  wooden 
case.  The  screwing  down  of  the  cover  raises  ink  m 
the  neck. 

C.  The  raising  of  the  lid  elevates  a  little  pan  of 
ink  to  a  convenient  position  for  dipping. 

I)  is  a  fountain  inkstand  with  an  overflow  chamber 
closed  by  a  plug. 

JS  is  a  globular  fountain  inkstand,  movable  in  a 
.socket. 

F  is  the  ordinary  fountain  inkstand  with  metallic 
base,  and  ]ieii-raek. 

(J  G  are  two  views  of  an  inkstand  having  a  glass 
disk  containing  four  cups  ;  rotation  in  one  direction 
brings  a  cup  of  ink  to  be  dipjied  from  ;  in  the  other 
direction  brings  a  solid  poction  of  the  disk  to  the 
aperture,  and  protects  the  ink  from  d\ist  and  evapo- 
ration. 

The  inkstands  of  the  ancient  Egyptians  were  of 
wood,  porcelain,  or  other  materials.  Specimens  are 
in  Dr.  Alibott's  collection.  They  contain  places  for 
the  red  and  black  pigments,  and  also  for  the  reed  pens. 
The  inkstands  of  the  Romans  were  I'ound,  square, 
or  hexagonal  ;  and  single  or  double,  the  latter  for  red 
and  black  inks.     A  numlier  were  found  at  Pompeii. 

The  invertible  inkstand  is  first  show'n  in  the 
English  patent,  Xo.  3407,  November  25,  1869.  It 
has  a  supplemental  chamber  and  funnel  above  the 
usual  center  dip  reservoir,  to  catch  any  ink  which 


may  pass  out  of  the  lower  one  in  inverting.  The 
present  usual  form  is  a  center  dip  reservoir  which 
latter  has  a  lateral  capacity  sufficient  to  contain  the 


Fig.  268'J. 
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Inkstands, 

contents  of  the  dip-basin  when  tipped  on  its  side  or 
inverted. 

Ink-sur'face.  (Frinting.)  The  surface  on  wdiich 
ink  is  distributed  in  a  cylinder-press. 

Ink-ta'ble.  A  flat-topped  table  on  which  ink  is 
brayed  or  mulled  ready  for  the  inking-roller. 

Ink-well.  An  ink-cup  adapted  to  occupy  a  hole 
in  a  desk,  its 
top  letting 
down  flush  with 
the  top  of  the 
desk,  or  nearly 
so. 

In'laid- 
work.  That 
in  whicdi  one 
material  is  sunk 
intoa  hollowing 
in  thesnrfiice  of 
another,  the  two  making  an  even  face.  See  BriiL  ; 
Reisnek-wokk  ;  Marquetky  ;  Parquetry  ;  Mo- 
saic, etc. 

In-lay'ing.  A  species  of  ornamentation  in  which 
choice  woods,  metal,  ivory,  mother-of-pearl,  etc., 
are  inserted  within  portions  of  groundwork  which 
are  sunken  to  receive  them,  thus  forming  a  sort  of 
mosaic. 

We  find  specimens  of  inlaying  of  metals  in  the 
articles  recovered  from  ancient  Babylon. 

Overlaying  was  practiced  by  the  same  people. 

Herodotus  states  that  "Glaucus  the  Chiau  "  was 


1         i 


Ink  Well. 


INLAYING. 


1189 


INSIDE-FRAMING. 


"the  man  who  iiiveiiteci  the  ait  of  inlaying  steel." 
The  salver  made  by  Glaueus  was  otlered  liy  Alyattes 
the  LyJian  at  the  oiacle  of  Delphi.  It  is  deseribeil 
by  Atlienteus  as  "  eoveied  with  representations  of 
plants  and  animals. "  Alyattes  was  the  father  of  Crce- 
sus,  who  reic;ne<l  till  defeated  by  Cyrus,  556  B.  c. 

Under  this  head  we  may  fairly  refer  to  the  Taj  at 
Agra,  the  most  beautiful  building  in  the  world.  It 
is  thus  described  by  8ir  Cliarles  Dilke  :  —  ! 

"  On  the  river  bank  [the  Jumna],  a  mile  from 
Akbar's  jialaee,  in  the  eenter  of  a  vast  garden  en- 
tered through  the  noblest  gateways  in  the  world, 
stands  the  Taj  .Mahal,  a  terraee  rising  in  dazzling 
whiteness  from  a  lilaelc  mass  of  cypresses,  and  bear- 
ing four  lofty  and  delicate  minars,  and  the  central 
pile  that  gleams  like  an  alp  against  the  deep  blue 
sky,  —  miuars,  tejnple,  tomb,  all  of  spotless  marble 
and  faultless  shape.  Its  Persian  builders  named  the 
Taj  '  the  palace  lioating  in  the  air.' 

"Out  of  the  fierce  heat  and  bl.xzing  sunlight  you 
enter  into  chill  and  darkness,  but  soon  begin  to  see 
the  hollow  dome  growing  into  form  above  your  hea  I, 
and  the  tomb  itself,  that  of  Noor  Mahal,  the  favorite 
queen  of  Shah  .Ji'han,  before  you,  ami  beside  it  her 
husband's  humbler  grave.  Though  within  and  with- 
out the  Taj  is  white,  still  here  you  will  find  the 
walls  profusely  jaweled,  and  the  purity  retained. 
Flowers  are  pictured  on  every  block  in  mosaic  of 
cinnamon-stone,  camelian,  turcpioise,  emerald,  and 
amethyst  ;  the  corridors  contain  the  whole  Koran, 
inlaid  in  jet-black  stom^ ;  yet  the  interior,  as  a  whole, 
exceeds  in  chastity  the   spotlessness  of   the   outer 

<lonie.      Oriental,   it  is  not  barbaric In  a 

Persian  manuscript  there  still  remains  a  catalogue  <:l 
the  prices  of  the  gems  made  use  of  in  the  building 
of  the  Taj,  and  of  the  places  from  which  they  came-. 
-Among  those  named  are  coial  from  Arabia,  sapphires 
from  Moldavia,  amethysts  from  Persia,  cry.stal  from 
China,  turquoises  from  Thibet,  diamonds  from  Bun- 
dlecund,  and  lapis  lazuli  from  Ceylon.  The  master 
masons  were  of  Coustantinojile  and  B.igdad." 

The  varieties  of  inlaiil  work  are  numerous,  and 
some  of  them  very  beautiful,  bringing  into  use  small 
fragments  of  valuable  material  that  could  hardly  be 
ap[jlied  to  any  other  purpose.  Tlie  principal  varie- 
ties consist  of  niarqiietric,  in  which  woods  of  a 
variety  of  tints  are  inlaid  in  the  form  of  flowers  and 
other  ornamental  devices. 

Ball!,  wherein  metals  are  inlaid  upon  a  ground  of 
ebony  or  tortoise-shell.  The  German  cabinets  made 
of  eliony,  and  inlaid  with  precious  stones  or  various 
woods  and  metals,  constitute  a  species  of  this  kind 
of  work. 

Mosaic  inlaying,  composed  of  extremely  small 
pieces.  The  Hindoos  make  very  beautiful  boxes  in 
this  style.  At  the  London  exhibition  in  1851  a 
table  produced  in  Spain  was  shosvn,  composed  of 
three  millions  of  pieces.  Many  Chinese  and  Japanese 
works  of  bijouterie  are  also  of  this  class. 

ParqiLctric  is  a  species  of  mai'(iuetrie  on  a  bolder 
scale,  applied  chietly  to  decorating  floors,  ^voods  of 
difterent  colors  being  cut  to  pattern  and  inlaiil. 

Pietra  dam,  consisting  of  certain  kinds  of  hard 
stone,  such  a.s  agate,  jasper,  chalcedony,  enrnelian, 
and  lapis  lazuli,  inlaid  in  slabs  of  marble,  generallv 
black. 

The  marble  is  worked  to  a  thickness  not  much  ex- 
ceeding one  eighth  of  an  inch,  the  design  is  drawn 
upon  this,  and  is  c\it  out  with  a  rtue  saw  and  a  file. 
The  hard  stones,  worked  into  the  required  pattern 
by  the  us\u<l  modes  of  gem  cutting,  are  aceuratidy 
fitted  into  the  spaces  thus  prepared,  in  a  polished  and 
finished  state.  After  the  whole  is  thus  prepared,  it 
is  fixed  a-s  a  veneer  to  a  thicker  slab. 


Tarsia.  This  was  formerly  much  practiced  in 
Italy  during  the  Middle  Ages,  and  is  now  eairied  on 
in  France  and  elsewhere.  It  is  executed  in  woods 
of  (liHerent  shades,  the  figures  comprising  fiowers, 
birds,  and  colored  ornaments  ;  the  various  parts  be- 
ing cut  out  to  the  required  figure  are  then  placed 
according  to  the  design  and  fixed  on  paper  ;  after- 
wards they  are  ap[ilied  like  veneei-s  to  a  piece  of  fur- 
niture ;  being  mounted,  they  are  cleaned  off  and 
slightly  |iiilished,  and  the  finer  lines  then  engraved. 

In-iay'ing-saiw.  A  saw  tised  in  piercing  stufi' 
for  luihl-work.      See  BlHI.-.SAW. 

In'let.     .\u  opening  into  a  drain  or  culvert. 

lu'ner-form.  {Printiyui.)  The  form  beginning 
with  the  second  page  of  a  sheet  usually  worked  ofl' 
first.     In  a  quarto,  it  contains  pages  2,  3,  6,  7. 

In'ner-post.  (Shijihaildiny.)  A  piece  brought 
in  at  the  tVire-side  of  the  main-post,  and  generally 
continued  as  high  as  the  wing-transom  to  seat  the 
other  transoms  upon. 

In'nings.  i^H)jdraulic  Engineering.)  Lands  re- 
covered from  the  sea. 

In-quar-ta'tion.  (Metallurgy.)  See  Qu.\r.TA- 
TION. 

In'sect-de-stroy'er.  A  device  for  killing  nox- 
ious insects. 

My  fumigatinn ;  a  bellows  which  drives  poisonous 
fumes  or  vapors,  such  as  those  from  sulphur,  upon 
insects  or  jilants. 

By  dusting  sulphur  upon  them  by  means  of  a  bel- 
lows and  tube. 

By  stcarn-jrts. 

By  atomizers  which  distribute  coal-oil  or  turpen- 
tine in  a  fine  spray. 

By  a  lamp,  which  attracts  nocturaal  insects  to 
singe  their  wings  or  allure  them  to  a  pan  of  water. 

I3y  wire  cages,  which  imprison  moths  and  worms 
which  seek  access  to  beehives.      These  are  traps. 

In'sect— trap.  A  device  to  catch  in.sects  upon  or 
approaclung  an  object. 

Traps  are  set  upon  trees  to  catch  the  curculio. 
Such  are  frequently  merely  circular  troughs  around 
the  stem.  In  some  countries  it  is  necessary  to  let 
the  legs  of  tables,  cupboards,  and  beilsteads  stand  in 
cups  of  water  to  prevent  access  of  ants. 

The  moth-trap  for  beehives  is  a  familiar  instance, 
and  consists  of  a  wire  cage  which  arrests  them  ;  or  a 
lure  to  a  Ixix  or  pan,  out  of  which  they  cannot  get ; 
or  visions  smear  which  inqirisons  them  :  or  a  light 
which  clips  their  wings. 

In-sert'a-ble-tooth  Saw.  One  with  removable 
teeth.      See  S.wv-TOuTH. 

In-ser'tum-o'pus.  A  wall  in  whicli  the  .stones 
are  small  and  unhewn,  similar  to  rubble-work.     See 

M.VSllNIIY. 

In'set  (Book-binding.)  Same  as  ojfcut.  A  cer- 
tain portion  of  the  printeil  sheet  in  12mo,  24mo, 
etc.,  which  is  cut  o/' befoi-e  folding  and  set  into  the 
middle  of  the  folded  sheet,  to  complete  tlie  succes- 
sion of  ])aging. 

In'shave."  (Coopering.)  A  jointer  having  a  con- 
vex-edged bit,  on  which  the  inner  faces  of  staves  are 
dressed. 

In'side-cal'i-pers.  A  calipers  for  measuring 
bores  and  inside  diameters  of  tubes.      See  Calipeks. 

In'side-cyl'in-der.  (Steam-engine.)  A  cylin- 
der ]ilared  in  the  smoke-box  of  a  locomotive,  to  keep 
it  warm  ;  preventing  the  radiation  of  heat  incident 
to  the  customary  outside  exposure. 

In'side-fram'ing.  (Steam.)  a.  The  frame  of 
one  form  of  English  locomotives,  in  whiidi  the  wheels 
and  driving-gear  are  inside  of  the  main  frame. 

b.  The  stays  of  a  locomotive-engine,  that  rest  on 
the  axles,     the   English   practice   is   to   have   the 
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;  oidsliir  of  the  eylinders,  the  connecting-rods 
in^iiics.  pa.ssiiiK  to  cranks  on  the  axles. 


franiiii 
oftlic      _, 

In'side-gear.  (Stcim-cnciim.)  The  English  ar- 
ran,m'iiii'iit  in  locomotives  of  the  jiitmans  and  cranks 
inside  the  franie,  in  contradistinction  to  the  Ameri- 
can practice  of  connecting  the  cro.ss-heacU  of  the 
engines  by  pitnians  to  wrists  on  the  outside  of  the 
drivir)g-\vlieels. 

In'side-screw.  A  hollow  screw  ;  one  having 
its  thicMil  (111  tlie  iiisiilc. 

In'side  Screiw-tool.  (Lntlie.)  A  hook-shaped 
tool  lor  tluvMiliiig  interior  surfaces  while  revolving 
in  a  liithe.     A  foriii  of  <7((/.*'c.     See  Fig.  1256.^ 

In'side-tin.  [ISixikbiniliiuj.)  A  plate  laid  in- 
side the  cover  of  a  book  when  placed  in  the  stand- 
ing-jiress. 

In'side-tool.  ( JVood-turning.)  For  hollowing 
out  work  ami  li'ittoniing  holes. 

In'soles.     A  thiiknessof  cork,  felt,  flannel,  leath- 
er, ]iaiier,  etc.,  jilareil  iirside  a  shoe  to  protect  the  sole 
of  the  foot,  or  to  ii]i|irove  the  fit  of  the  shoe. 
"  Suppose  one  "s  short.  — 
They  put  cork  solea  within  the  heels  of  her  shoe.s." 

Alexis;  quoted  by  Athen^us,  a.  d.  220. 

In-stan-ta'ne-ous  Gen'er-at-or.  A  form  of 
steani-lioiler  or  generator,  in  which  a  .small  body  of 
watei-  is  injected  at  a  time  into  a  highly  heatetl  ves- 
sel, Hashing  into  steam  innnediately.     It  ditl'ers  from 
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pump  0.  Means  of  escape  for  the  expanded  ste'am 
are  afforded  by  a  valve  working  on  the  frame  p  when 
the  piston  has  completed  its  upward  stroke. 

In  Danford's  steam-generator  (D,  Fig.  2685)  a  is 
a  spherical  vessel,  into  which  water  is  injected  in  a 
spray  through  pipe  c  c  by  the  force  pump  g.  d  i.s  a 
pipe  through  which  superfluous  water  is  blown  oil' 


Fig.  2685 


In^tantanfotts  Generator. 

ordinary  boilers  in  there  being  no  unvaporized  water 
in  the  boiler.  In  most  ca.ses  tliere  is  no  steam-chest, 
and  the  theory  has  been  to  inji'Ct  at  each  time  a 
<inantity  sufficient  for  one  impul.se  of  the  piston. 
The  term  flashers  has  been  applied  to  this  form  of 
generators,  from  the  fact  that  the  jet  of  water  in- 
stantly/n.f/ics  into  steam.  Trouble  has  been  found 
in  the  ra]iid  corrosion,  and  in  the  cracking  of  the 
material  of  the  boiler. 

MeCurdy's  English  patent  {A,  Fig.  2685),  1824, 
has  a  tube  into  wliich  is  introduced  a  smaller  tube 
with  perforations  which  deliver  a  fine  shower  into 
the  outer  tube,  which  is  exposed  to  the  heat  of  the 
furnace. 

Dr.  Alban.  of  Mecklenburg,  patented,  in  1825,  a 
device  (i?.  Fig.  2685)  in  which  steam  was  generated 
in  a  series  of  strong  vertical  tubes,  whicl>  are  sub- 
merged for  the  greater  portion  of  their  length  in  a 
bath  of  molten  lead.  The  row  of  vertical  pipes  was 
supplied  by  water  trickling  from  a  pipe  above, 
somewliat  as  in  Fig.  2684,  in  which,  however,  the 
water  is  conducted  from  the  pipe  a  b  by  an  inner 
tube  down  to  the  bottom  of  the  pipe  «,  in  which  it 
is  flashed  into  steam. 

Jennings's  .steam-engine,  1828  (C,  Fig.  2685),  has 
a  piston  or  plunger  m  which  moves  in  a  cylimler  n 
when  water  is  injected  beneath  it  by  means  of  the 


Inftaixtaneorts  Generators. 

back  to  the  reservoir,  /is  a  branch  pipe  leading 
back  from  the  injection-pipe  c  to  the  reservoir,  and 
by  means  of  a  cock  such  part  of  the  water  as  may  be 
desired  is  returned.  It  forms  a  means  of  graduating 
the  amount  in.jected.  b  is  the  furnace,  and  h  the 
steam-pipe  to  the  engine. 

Fig.  2686  is  a  form  in  which  a  metallic  cup  extends 
upward  from  the  lower  and  inner  surface  of  the 
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Fig.  2686. 


In'step-stretch'er. 

Fig  2687. 


ln.^tep-  SiretcJur. 


Case's  Steam- Generator. 

boiler  to  receive  the  water  or  steam  tlirown  in  by 
the  feeil-immii,  and  prevent  sudden  cooling  of  any 
part  of  the  boiler. 

A  shoemaker's  implement 
for  distending 
the  instep  of  a 
boot.  The  mov- 
able jiiece  is  el- 
evated by  a 
screw. 

In-suf-fla'- 
'  tor.  An  instru- 
ment for  blow- 
ing b  n  r  n  e  d 
alum  or  other  ponder  into  the  laryn.x  or  other  deep- 
seated  part,     ."^ee  /,  Fig.  2768. 

In'su-lat-ed  Col'umii.  {/irckitccture.)  One 
unconnected  with  any  wall  or  building. 

In'su-lat-ed  Wire.  1.  One  suspended  by  insu- 
lators (which  see)  so  as  to  prevent  the  electric  cur- 
rent from  going  to  earth. 

i.  One  wrapped  with  silk  or  clothed  with  gutta- 
percha or  caoutchouc  to  prevent  the  escape  of  the 
electric  current. 

Among  the  best  insulators  are  dry  air,  shellac, 
sulphur,  resins,  gutta-percha,  caoutchouc,  silk,  dry 
fur,  gla.ss.  See  Insul.\tor.  ;  Sub.maiune  C'.a.ble  ; 
Telegr.\ph. 

Among  the  materials  prominently  put  forward  for 
the  insulation  of  wire,  and  Ibrming  by  themselves  or 
in  various  combinations  the  subjects  of  patents,  are  : 


Animal  substances. 

Collodion. 

Pvroxvline. 

Asbestus. 

Fiber. 

Spun  glass. 

BaUata. 

Gums. 

Varnish. 

Bituminou.s    sub- 

Kerit<". 

Vitreous  coating. 

stances. 

Paraffine. 

Wax. 

a  two-hooked  head,  around  which  the  wire  is  lapped 
or  wound.  The  shank  is  tirinly  socketed  in  a  glass 
or  vulcanite  socket,  which  screws  into  the  telegraph- 
post. 

In  h  the  inverted  cup  has  a  shank  by  which  it  is 
seemed  to  the  post,  and  a  socket  to  hold  the  end  of 
the  pin  ;  between  the  latter  and  the  edge  of  the  cup 
is  an  annular  non-conducting  disk. 

c  lias  a  shank  to  enter  the  telegraph-post,  and  a 
two-pronged  stem  covered  with  vitreous  enamel. 

d  has  a  Hanged  disk  to  prevent  the  accumulation 
of  a  film  of  moisture  around  the  stem. 

e,  the  metallic  hook  is  socketed  in  a  hard  rubber- 
plug  which  enters  the  telegraph-post.     A  daring  cap 

Fig.  2688. 


In'su-lat-iug-stool.  A  stool  with  glass  legs  to 
insnlati"  a  petsuii  or  an  object  ydaced  thereon. 

In'su-lat-or.  {Eledricily.)  A  (so-called)  non- 
conducting material  ;  that  is,  one  of  relatively  very 
small  coniluctivitv,  placed  between  an  electrilied 
boily  and  other  objects.  A  device  for  supporting  a 
wire  or  other  conductor  without  affording  a  way  of 
escape  to  earth  of  the  electricity.  It  is  sometimes 
of  glass  or  porcelain,  with  the  wire  wrapped  around 
it,  or  tied  by  wire  to  it. 

The  accompanying  cut  shows  several  kinds,    a  has 


Tnstilators. 


is  rooted  to  the  insulator- plug,  and  its  rim  approaches 
the  hook. 

/has  a  bell  around  the  disk  on  the  rubber  socket 
of  the  hook-shank. 

ij  is  Varley's  insulator,  which  obtained  the  prize 
at  the  Paris  Exposition.  It  has  a  parafiine  cup  and 
a  ccniducting  shield  which  conducts  off  atmospheric 
electricity. 

h  i  j  are  three  views  of  Cooke's  insulator  (English). 
c  c  are  earthenware  thimbles  for  the  wires,  b  h  are 
insulating  earthenware  struts,  r  r  are  winding  ratch- 
ets for  the  reels  1 1  on  which  the  wires  are  strained. 
Posts  at  intervals  of  400  yards. 

All  bodies  are  conductors  of  electricity  ;  but  while 
in  some  the  degree  of  conductivity  is  so  gi-eat  that 
they  are  used  to  convey  the  electric  fluid,  others  re- 
sist the  passage  of  the  current  to  such  an  extent  that 
they  are  said  to  in.sulate,  or  confine  the  fluid  to  a 
more  favorable  medium.     The  following  bodies  ad- 
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Silver. 

Capper. 

OoUI. 

Mercury. 

Cadmium. 

Zinc. 

Tin. 

Iron. 

l«a(l. 

Pliitinum. 

Carlton. 

Gniphite. 


Veirt'tJii)les. 

.^niumls. 

Flame. 

Smoke. 

Vapor. 

Eirtlis. 


Paper. 
Feathers 
Uair  or  wool. 


Wax 

Sulphur. 

Resiu. 

Amber. 

I'anifiine. 

Shellac. 

Gutta-percha. 


mit  the   passage  of  electricity  about  in   the  order 
written  :  — 

Acids.  Oils. 

Sjiiine  solutions..\shes. 
MctJiIlic  on-s.     Phosphorus. 
Animal  fluids.    Lime  or  chalk.  t*ilk 
Water.  Caoutchouc        Gla^s, 

Camphor. 

Porcelain. 

Dry  wood. 

Gases  and  air 

Leather. 

Lyeopodiura. 
Metallic  oxides.  Parchment. 

In-tagl'io.  Cut  in  ;  as  of  tlie  lines  in  an  en- 
giave<l  [ilate,  the  sunken  letter  in  the  matrix  of  a 
type,  the  design  in  a  seal,  pinn-li,  or  die,  whiuh  de- 
livers a  raised  or  canwo  impression.  Tlie  opjiosite 
of  nfniro. 

In-tagl'io-type.  A  process  allied  to  the  gi-apho- 
type  and  dejieiiding  upon  the  iiroduetion  of  a  friable 
surface  of  o.-cide  of  zinc  on  a  metallic  jilate  under 
hydraulic  pressure.  Upon  this  lines  are  tlrawn  with 
an  oleaginous  ink,  the  object  of  which  is  to  repel  a 
watery  solution  subseciuently  applied.  A  solution 
of  chloride  of  zinc  or  analogous  salt  is  washed  over 
it  and  hardens  the  surface  not  protected  by  the  oil. 
After  drying,  the  s\irfaie  is  brushed  over,  and  the 
l)ristles  or  velvet  remove  the  oxiile  and  ink,  leaving 
an  intaglio  imiiression,  from  which  castings  may  be 
maile  in  the  cdectro-bath  or  by  stereotyping. 

In-ten'si-fy.  {Photocjmphij.)  A  term  applied 
to  various  modes  of  giving  strength  or  increased 
opacity  to  the  deposit  forming  the  photographic 
picture  on  an  exposed  and  developed  negative  plate. 
It  is  freipiently  effected  by  continuing  the  deyelo]!- 
ment,  using  fresh  quantities  of  "developer"  and 
nitrate  of  silver  ;  also  by  converting  the  deposit  of 
metallic  silver  alreaily  formed  into  new  coniyionnds 
having  greater  opacity.  Snlphuret  of  silver  and 
mercury  and  other  substances  are  used. 

In-ten'si-ty.  1.  A  term  applied  to  indicate  the 
energy  of  the  magnetic  force,  which  varies  at  ditlereiit 
places  and  dillerent  times.  It  is  one  of  the  three 
elements  of  the  magnetic  force  which  are  registered  by 
the  magnetometrieal  instruments  of  the  chain  of  ob- 
servatories in  Europe,  Asia,  Africa,  and  America. 
The  other  two  elements  are  the  dixiinatioii  and  )»- 
clinalion.     See  MACNiiTOMEi-Ei!. 

2.  {E/edriciti/.)  A  term  which  expresses  the  elec- 
tro-motive force  of  a  current.  An  intensi/i/  haUcrij 
is  one  in  which  the  elements  are  coupled  up  together, 
to  give  a  current  known  as  liigh-fanfion,  that  is,  of 
great  electro-motive  force.  The  term,  as  applied  to 
a  battery,  is  \ised  in  contradistinction  to  qiiinilitii. 

In-ter-co-lum-ni-a'tion.  (Architcclurc.)  The 
distances  lietween  the  columns  comjiosing  an  archi- 
tectvn-id  front.  These  are  regulated  by  the  diameter 
of  the  column,  being  in  — 

Arajostyle,  from  4  to  5  diameters  ;  diastyle,  from 
3  to  4  diam. ;  eu.style,  2^  diam.;  systyle,  2  diam. ; 
pycnosfvle,  H  diameters. 

In-te'r-deri'tal.  (Machinery.)  1.  The  space  be- 
tween teeth  or  cogs. 

2.   {Architi-rtiirr.)     The  space  between  two  dentils. 

In-ter-fer'ing,   At-tach'ment  for.     A   device 


strap,  which  is  buckled  round  the  horse's  leg.     See 
Lf.c  ANii  Foot  Oi'akd. 

In-te'ri-or  Screw.  One  cut  on  an  interior  or 
hollow  siirfaci',  as  of  a  nut,  burr,  or  tap-hole.  A 
hu/li'ir  or  sin-ti-l  silew. 

In-te'ri-or  Slope.  (Fortificalimi.)  Tlu^  slope  of 
the  endiiuikment  from  the  crest  inward  toward  the 
body  of  tlie  iilace.     See  .\B.vrTis. 

In-ter-leave'.  (Bookbiinlimj.)  A  book  bound 
with  alti'rnating  blank  leaves,  for  notes,  additions, 
trauslatious  of  the  text,  etc. 

lu-ter-lig'ni-um.  {ArcMteclurc.)  The  space 
betwirn  tie-  cuds  of  the  tie-beams. 

In-ter-me'di-ate  Frame.  {Spinniny.)  The 
.second  lly-frame  ;  an  intermediate,  in  order  of  time, 
between  the  s/iibbing  ami  the  rurinij  frame. 

In-ter-me'di-ate  Shaft.  The  shaft  crossing  the 
frame  of  a  marine-engine,  to  connect  the  two  engines 
and  two  paddle-wheels. 

In-ter-mit'tent  Gear.  1.  A  wheel  having  a 
part  of  its  cogs  cut  away.      A  mutilated  gear. 

2.  A  wheel  moved  at  intervals  by  a  cog,  cam, 
ratcliet,  rack,  or  lever  ;  as  in  counting-machines, 
meters,  registers,  escapements,  etc. 

lu-ter-mit'tent  Light.  One  of  the  characters 
of  light  exhibited  from  liglithouses  under  the  catop- 
tric .'iy.stem.  The  variations  or  different  cliaracteris- 
tics  of  lights  enable  a  m.ariner  coming  within  sight 
of  them  on  a  coast  to  determine  his  geographical  po- 
sition and  bearing.s. 

The  intermittent  light  bursts  suddenly  into  view, 
remains  steaily  a  short  time,  and  is  then  eclipsed  tor 
half  a  minute.  The  effect  is  produced  liy  the  mo- 
tiim  of  shades  in  front  of  the  rellectors,  alternately 
displaying  and  hiding  the  light. 

The  other  varieties  of  lights  are  :  — 
Fixed,   rerolring,    flashing,    colored,    double,    and 
these  are  variously  combined.     See  Light. 

The  intermittent  and  the  flashing  lights  differ  in 
rcspei't  of  their  modes  of  rising  and  lading,  as  also 
in  their  duration.  The  flashingAi^it  gives  a  flash 
of  light  every  hve  seconds,  with  intervals  of  dimness, 
the  effect  being  produced  by  the  revolution  of  a  re- 
ilector  frame  with  eight  sides.  The  natural  world 
affords  several  examples  of  light-carriers.  The  little 
fire-tly  of  the  United  States,  whose  common  nana'  is 
rather  more  than  half  sublime,  lightning-hu!;,  is  an  ex- 
amjde  of  the  flashing.  The  tire-flies  of  Italy  and  of 
South  America,  some  species  of  nocturnal  moths,  and 

Fii!.  26*). 


Fig.  2689. 


Intrr/fring-  Strap. 


fastened  to  the  leg  or  foot  of  a  horse,  to  prevent 
cutting  by  collision  of  the  feet  or  shoes.  In  tlie  ex- 
amph'i  the  rubber  guards  are  attached  to  the  padded 
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INTERMITTEXT  WHEEL. 


1193 


INVERTED  ARCH. 


the  female  glow-worm,  have  luminous  patches  on  the 
head,  sMes  of  the  thoia.x,  or  the  abdomen.  The 
light  is  considered  phosiihorescent,  but  is  urged  into 
activity  by  a  nervous  action,  probably  derived  from 
voltaic  impulse  (as  we  call  it)  from  the  battery,  the 
brain.  

In-ter-mit'tent  WTieel.  This  includes  all  the 
escape- wheels ;  counting  wheels  in  meters,  arith- 
mometers, anil  registers  ;  stop-motions  in  clocks  and 
watches ;  ratchet  movements,  etc.,  etc.  See  the 
above.     See  also  Wheel  ;  Ge.vuino. 

In-ter-mo-dill'ion.  (Arcliitcdurc.)  The  space 
betwft'n  two  iiindilUons. 

In-ter'nal  Gear.  A  wheel  whose  cogs  are  on 
the  internal  perimeter,  as  in  the  example  where  the 
pinions  on  the  shaft  D  are  driven  by  engagement 
with  the  internal  gear  of  the  driving-wheels  £.  In- 
siile  the  box  .S'  is  a  bevel  pinion  on  shaft  D,  which 
turns  a  shaft  on  which  is  a  wrist-wheel  R,  from 
which  proceeds  the  pitman,  which  reciprocates  the 
cutter-bar  of  the  harvester. 

Many  agricultural  implements  have  Internal  gear- 
wheels. 

In-ter'nal  Safe'ty-valve.  (Steam-engine.)  A 
valve  opening  in«";iidly  into  the  boiler  to  allow  air 
to  enter  when  a  vacu^im  is  formed  inside  by  the  con- 
densation of  ste.ini. 

In'ter-nal  Wheel.  An  annular  wheel  whose 
cogs  are  pr<-sented  internally.      See  Internwl  Ge-^k. 

In-ter-ro-ga'tion,  Note  of.  (Printing.)  A 
sign  {<)  indicating  a  c(uery. 

In'ter-tie.  (Carpenlnj.)  a.  A  horizontal  tim- 
ber framed  between  two  posts. 

b.  A  binding  joist. 

In'ter-val.  A  space  or  distance,  as  a  space  be- 
tween cogs,  an  interdental  space. 

Between  the  frames  in  a  military  mine.     A  bay. 

In-tra'dos.  {Architecture.)  The  lower  surface 
or  sqfh't  of  an  arch. 

In-trench'ing  Tools.  Implements  carried  by 
the  pioneers  of  regiments. 

A  combined  .spade  and  pick,  invented  by  Captain 
Harrison  of  the  London  Military  Engineers  is  shown 

Fig.  2691. 


In-trench'ment.  (Fortification.)  A  defensive 
work  consisting  of  a  ditch,  and  a  parapet  made  from 
the  e.xcavated  earth. 

The  upper  figure  shows  a  profile  of  an  intrench- 


Tntrenchin^'  Spade. 

in  Fig.  2691.  The  s])ade  and  pick  are  hinged  at  their 
junction,  to  fit  the  tool  for  the  respective  uses.  The 
embi'asure  is  made  by  a  roll  of  sheet-metal  or  bark,  or 
a  bundle  of  sticks  tied  np  into  a  cylindrical  shape. 
The  spade  has  a  hole  for  the  ban'el  and  sight. 
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ment,  in  soils  of  which  the  natural  slope  is  one  per- 
pendicular to  one  base. 

A  B  C  D  E  Fis  the  profile  of  the  parapet. 

G  H I  Kthe  profile  of  the  ditch. 

L  M  K  the  profile  of  the  glacis. 

A  B  is,  the  baufiuette  slope. 

B  C  tread  of  the  banquette. 

C  D  the  interior  slope. 

D  E  the  superior  slope. 

E  F  the  exterior  slope. 

F  G  the  berme. 

G  H  the  scarp. 

H  I  the  bottom  of  the  ditch. 

/  K  the  counterscarp. 

A  the  foot  of  the  banquette  slope. 

B  the  crest  of  the  banquette. 

C  the  foot  of  the  interior  slope. 

D  the  interior  crest. 

E  the  exterior  crest. 

F  the  foot  of  the  exterior  slope. 

G  the  crest  of  the  scarp. 

H  the  foot  of  the  scarp. 

/  the 'foot  of  the  counterscai-p. 

A'  the  crest  of  the  counterscarp. 

,1/  the  crest  of  the  glacis. 

N  the  foot  of  the  glacis. 

The  lower  figure  shows  a  cover  for  troops,  having 
an  inner  trench  of  suflicient  depth,  when  aided  by 
the  hight  of  the  parapet,  to  give  shelter  to  troops 
when  standing  in  the  trench.  The  natural  ground 
serves  as  the  banquette. 

In-vag'i-na-to'ri-um.  {Surgical.)  A  douche 
for  the  vagina. 

In'va-lid-bed.  One  having  conveniences  for  the 
sick  or  the  wounded,  having  elevating  head  and 
shoulder  portion,  to  give  the  patient  a  change  of 
position  ;  a  portion  which  conforms  to  the  shape  of 
the  bended  knees  ;  conveniences  for  lifting  the  pa- 
tient, intioduction  of  a  bed-pan  beneath  a  removable 
section  of  the  mattres.s,  etc.,  etc. 

In'va-lid-chair.  A  chair  capable  of  assuming 
and  retiiining  any  required  position  from  the  erect  to 
the  prone.  The  figures  illustrate  the  positions,  the 
sustaining  devices  of  the  back,  seat,  leg-piece,  and 
foot-stool  being  racks  and  screws.  The  one  illus- 
trated has  a  capacity  for  thirty  changes. 

The  invalid-chair  which  ha.s  traveling  arrange- 
ments is  known  as  a  perambulator  or  locomotive- 
chair. 

In-vers'or.  An  instrument  invented  by  Dr. 
Bird  to  reverse  quickly  a  voltaic  current. 

In-vert'.     1.  .\n  inverted  arch. 

2.   The  floor  of  a  canal  lock-chamber.     It  is  usu- 
ally an  inverted  arch  (convexity  downward).     See 
I  Can.\l-loci<. 
I     In-vert'ed  Arch.    An   arch   whose    crown   is 
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Fig  2693. 


|/-^^^ 


Inverted  Arch. 


In  valid-  Chairs 

downward.     The  ken-stone  l)i'ing  the  lowest  of  the 
voussoirs,  ami  tlie  sprincjings  the  highest.    It  is  used 
in    foundations,  the  floors 
Fig.  2694.  of  tunnels,  etc. 

In-vert'ed   Com'mas. 
k  .sif;n  of  the  beginning  of 
i  a  i[iiotatioii   ("  "). 

*  Age  cannot  wither  her,  nor 
custom  stale 
Her  intinite  variety." 

In-vert'ed-cyl'in-der  Steam-en'gine.  Gal- 
loway's inverti'd-rylinth-r  steam-engine  is  a  form  of 
direct-action  engine,  intended  to  obviate  the  use  of 
the  beam  in  marine  engines. 

a  is  the  cyiimler  supported  upon  the  frame  or 
platform  b  h  \  c  is  tin'  air-i>ump  placed  beneath  the 
cylinder  and  concentric  with  it.  The  piston-rod  d  of 
the  air-]ninip  passes  through  a  stuffing-box  in  the 
cover  of  the  latter,  and  tlu'ough  another  stuffing-box 
in  the  cover  ol'  the  cylinder,  and  is  attached  to  the 
steam-piston.  T\vu|iiston-rods«f  pass  down  through 
stuffing-hnxes  in  tlic  cylinder  cover  and  aie  keyed 
to  the  cross-head/,  wliicli  is  curved  so  as  to  encom- 
pass one  half  of  the  aii'-punip.  c/  f/  aie  two  connect- 
ing-rods proceeding  from  the  bearings  of  the  arms  of 
the  cross-head  to  the  crank  h  h.  i  i  are  the  phim- 
mer  blocks  which  carry  the  paddle-shaft  ;  two  of 
these  are  snp])orted  by  the  top  of  the  cylinder,  and 
the  otlier  two  liy  the  side  frann>s  /c  k.  m  is  the 
neck  in  which  is  ]ilai'eil  the  foot-valve  connecting  the 
pump  with  the  condensei-s.  I  1  are  the  guides  iu 
which  the  cross-head  /  works. 
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Dou'ble-cyl'in- 
der  Steam-en'- 
gine. A  form  of 
steam-engine  hav- 
ing two  j)arallel 
cylinders,  each  of 
half  tile  area  neces- 
sary for  the  intend- 
ed powei',  and  com- 
bined to  form  one 
engine.  The  cyl- 
inders are  inverted, 
l)cing  above  the 
crank  to  which 
their  piston  -  lods 
are  directecl.  Tlie 
four  cylinders  com- 
posing the  |iair  of 
engines  are  ranged 
in  a  line  ai'ross  the 
vessel. 

a  a  are  the  cyl- 
inders which  stand 
upon  strong  iron 
columns  (not 
shown)  which  rest  Galloway's  Invfrted-Ci/linder  Steam- 
on  the  foundation  Engine. 
plate  c,  and,  passing  through  suitable  bosses  on  the 
sides  of  the  cylinders,  support  the  entablature  ]ilate 
d  and  the  crank  pedestals  above.  The  cylinders  are 
placed  at  a  sufficient  high*  from  the  bottom  of  the 
vessel  to  allow  the  piston-rods  to  woi'k  downward. 
The  two  )iiston-rods_/'/are  connected  together  by  a 
cross-head  g ;  tlie  stulKng-boxes  have  self-acting  oil- 
cups. 

The  power  is  transmitted  directly  from  the  main 
cross-head  g  below,  to  the  cranks  h  h  above  tin?  cyl- 
inders, by  the  connecting-rod  i.     The  two  piston- 
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Hick's  Inverted  Double-  Cylinder  Steam-Engine- 

rods //and  the  cross-head  (/are  made  to  work  uni- 
Ibrmly  together  by  a  strong  vibrating  cast-iron  frame 
/,-,  wlil.li  foiins  part  of  the  parallel  motion,  and  with 
tlie  side  levers  /  serves  also  to  work  the  air,  feed,  bilge, 
and  brine  pumps. 
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Each  cyliiiflcr  has  its  separate  sliJe-valvp  in  cmh-r 
that  it  may  be  nearer  to  tlie  oyliniU»r  tliaii  it  woiilil 
be  were  one  used  for  botli.  Tlie  condenser  is  not 
shown,  but  is  beneath  the  sliile-valve  case,  and  t)ie 
air-jniniii,  I'oot-valve,  and  discliarge-valve  are  siinihar 
in  construction  to  those  used  in  ordinary  engines. 
The  air-pump  and  condenser  are  connected  by  a  pas- 
sage beneatli  the  foundation  ]ilate.  The  waste  water 
is  discharged  from  the  hot-well  liy  an  overflow  pipe 
through  the  side  of  tlie  vessel. 

The  feature  of  the  double  cylinder  is  copied  from 
MautMni/'s  douhlc-cylinckr  steam-engine,  but  in 
the  Mick's  cwjiiie  the  cylinders  are  inveited,  and  the 
details  of  the  connections  are  very  different.  This, 
like  .Maudslav's,  is  a  dired-aetion  ciujine,  intended 
to  obviate  the  use  of  a  lieam  in  marine  engines. 

In'^ward-dis-charge'  'Wa'ter-^rheel.  X  form 
of  reactinn  water-wheel  or  turbine  in  wliirh  the  wa- 
ter reaches  the  wheel  from  an  outer  emi'ircling  scroll 
and  passes  inward,  discharging  at  the  hollow  center 
of  the  wheel. 

I-rail.  A  double-headed  rail  with  flanges  on  each 
side  above  and  below  ;  on  the  fool  and  tread.  See 
Ieox,  ANai.K. 

rri-an-kis'tri-um.  A  hook-shaped  instrainent 
used  in  the  operation  for  artificial  pupil  by  separa- 
tion. 

Ir-i-dec'tome.  (Surgical.)  A  knife  for  opera- 
tions on  the  eye. 

A  journal  of  February  1,  ISfll,  gives  an  account 
of  an  operation  performed  by  Citizen  Demours  of 
Paris  upon  a  left  eye,  tivc^.xths  of  whose  cornea 
■was  perfectly  opai|ue.  "The  only  portion  of  the 
latter  which  remained  pei-vious  to  light  was  on  the 
upper  part,  and  so  high  as  to  [irevent  any  rays  from 
passing  thence  through  the  pupil  to  the  retina.  To 
remedy  this,  the  operation  was  conceived  of  cutting 
an  opening  through  the  pupil  opjiosite  to  the  lumi- 
nons  i>art  of  the  (-ornea,  which  was  accordingly  per- 
formed by  making  a  small  oritiee  near  the  latter, 
large  enough  to  introiluce  a  very  tine  pair  of  scissors, 
with  which  a  snudl  slit  was  made  in  the  iris.  This 
opening  being  above  the  crystalline  len.s,  and  out  of 
the  sphere  of  its  action,  the  patient  is  obliged  to  use 
very  convex  glasses  in  order  to.read,  as  those  persons 
do  from  whom  the  crystalline  humour  has  been  e.x- 
tracted  in  the  usual  manner." 

Tlie  Rev.  W.  H.  Jlilburn  gives  the  following  ac- 
count of  the  treatment  of  his  eye  by  the  famous  ocu- 
list Profe.s.sor  Von  Graefe  of  IJerlin.  The  ophthal- 
moscope had  lieen  invented  by  Helmholtz  five  years, 
when,  in  1856,  Von  Graefe,  as  Mr.  Jlilburn  says, 
"banished  to  the  night  of  the  past  the  lilindness 
fatally  attached  to  the  glaucomatous  eye."  He  relates 
that  the  Professor  advised  him  to  do  without  the 
chloroform,  saying :  — 

"  'There  is  only  a  .slight  transparent  .spot  in  the  ; 
cornea  into  which  I  can  cut  :  the  merest  muscular  , 
twitch,  the  deviation  of  the  knife  by  the  tenth  ]iart 
of  a  hair's-breadth,  will  ruin  the  operation  ;  chloro-  ■ 
form  cannot  hold  you  as  steady  as  your  will.     What 
say  you  ?     I  have  I'outideiice  in  your  self-control.' 

"  1  answered,  'tio  on  without  the  chloroform.' 

"The  eyelids  were  fastened  back  by  springs,  anj 
the  cutting  proceeded. 

"  First,  a  linear  incision  was  made  through  the 
cornea  or  colorless  part  of  the  eye,  and  a  cut  in  the 
iris  or  colored  part  behind.  Delicate  forceps  were 
then  introduced  to  ilraw  the  iris  out  so  as  to  line 
the  new-made  ojiening,  and  the  edges  of  the  iris, 
clipped  with  scissors,  were  skillfully  fastened  to  the 
surface  of  the  eye.  Thus  the  o])eration  for  artificial 
pu]iil,  called  iridectomy,  renuiied  in  this  case  about 
four  minutes  and  a  half,  —  longer  than  usual,  —  and 
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Iris-Diaphragm. 
The  most  useful  and  abundant  of  the 


it  can  be  well  imagined  that  the  time  seemed  much 
I  longer-  to  me." 

I-rid'i-o-scope.  An  optical  instrument  which 
shows  the  insidi'  of  the  eye.  Used  to  detect  foreign 
substances  and  diseases. 

I-rid'i-um.  Equivalent,  99  ;  symbol,  /;■.  ;  spe- 
cific gravity,  22  ;  nearly  infusible. 

It  is  a  white,  hard,  brittle  metal,  more  dilficidt  to 
fuse  than  platinum,  and  the  heaviest  of  all  known 
substances. 

It  has  been  used  for  forming  the  ti|is  of  gold  pen.s. 

The  alloy  of  iridium  and  osmium,  called  iridnsniine, 
is  the  hardest  of  all  alloys.  It  forms  the  point  of 
the  "everlasting  pen,"  made  by  Hawkins  of  Eng- 
land, and  is  ground  liy  diamond-dust. 

Ir-i-dos'mine.  .\n  allov  of  iridium  and  osmium. 
The  hardi-ht  of  all  known  alloys. 

I'ris-cope.  .\n  instrument  contrived  by  Dr. 
licade  for  exhibiting  the  prismatic  colors.  Sir  David 
Brewster  describes  it  in  the  "  Phil.  Trans."  for  1S41 
as  a  plate  of  polished  black  glass, 
having  its  surface  smeared  with 
a  solution  of  soap  and  dried  by 
wash-leather.  On  breathing 
through  a  tube  u]>on  the  glas.s, 
the  va|ior  is  depo.'iited  in  briUiant 
colored  rings. 

I'ris-di'a-phragm.  (0}itirs. ) 
A  contractile  diaphragm,  siniul.it- 
ing  the  action  of  the  natural  ii  i.^, 
to  regulate  the  size  of  the  apeiture 
in  a  microscope  through  which 
light  passes. 
"I'ron.  1. 
metals. 

?jiinivalent,  28  ;  symbol,  Fe.  ;  specific  gravity, 
cast-iron,  7.2,  wrought-iron,  7;  fusing-point,  2,786° 
Fall.  The  ores  ))rincipally  worked  are  the  oxides 
and  carbonates,  the  metal  in  combination  with  o.xy- 
gen,  or  with  oxygen  and  carbonic  acid. 

The  [iroto.xide  is  an  antidote  for  ar.senic. 

The  peroxide  is  an  ore,  and  is  used  as  a  pigment 
(ocher). 

The  load.stone  is  a  magnetic  oxide. 

The  bi-sulidiuret  (jiyrites)  is  the  bane  of  the  gold 
and  silver  miner.  Pyrites  is  now  roasted  for  the 
jiroductioii  of  sulphuric  acid. 

The  protosulphate  (green  copperas)  is  used,  in 
dyes  and  inks  ;  and  calcined  forms  crocus,  rouge, 
cocothar,  for  polishing. 

The  useful  forms  of  iron  are  cast-iron,  steel,  and 
wrought-iron.  The  former  two  are  compounds  of 
iron  and  carbon,  being  carburets  or  carbides  of  iron. 
Cast-iron  has  the  largei-  proportion  of  carbon  in  its 
composition.  Wrought-iron  is  nearly  pure  iron,  but 
it  lias  generally  some  tr.aces  of  carbon,  sulidinr,  and 
phosphorus.  The  less  the  better,  but  the  two  last 
are  hard  to  eliminate. 

Iron  was  found,  so  says  the  chronicle,  on  Mount 
Ida,  by  the  Dactyles,  after  the  burning  of  the  for- 
est by  lightning,  at  a  period  answering  to  our 
1432  B.  C.  The  Greeks  claim  the  first  discovery  of 
it,  of  course.  How  many  centuries  it  had  been  used  in 
I'hina,  India,  and  Egypt  can  hardly  be  determined. 
Jloses,  who  died  20  years  before  the  era  assigned, 
credits  one  with  the  invention  who  had  been  dead 
2,000  years  when  he,  the  great  lawgiver,  wrote. 

Chariots,  axes,  beilsteads,  harrows,  weapons  of 
iron,  are  mentioned  in  Hebrew-  history  between  1-490 
E.  c.  and  1040  B,  f.  .leremiah  and  Ezekiel  speak  of 
iron,  and  mention  two  qualities,  one  of  w-hich  the 
latter  calls  "  bright  iron,"  probably  steel.  The  same 
distinction  is  made  by  Hesiod  (850  B.  c). 

Some  doubts  have  been  expressed  as  to  the  render- 
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ing  of  the  Hebrew  passage  which  speaks  of  Tubal  Cain 
as  an  artilicer  in  iron,  and  the  jiassage  wliieh  speaks 
of  tlie  iron  bedsteaii  of  Og,  King  of  Ijashan,  alioiit 
1450  B.  C.  The  Arunch'liaii  niarbh'S  place  tlie  use 
of  iron  in  1370  b.  v.,  anj  other  authorities  go  baek 
to  1537  B.  c.  These  corroborate  the  iron  beilsteail 
of  Og.  Extremes  meet,  and  we  have  lately  revived 
the  use  of  the  material  first  recordeil  as  used  for  that 
p'ar[)0se.  Moses  mentions  an  iron  furnace  1490 
II.  c,  and  Job  speaks  of  iron  as  "  taken  out  of  the 
earth." 

Gold,  silver,  and  copper,  and  alloys  of  the  last, 
were,  no  doubt,  used  before  iron,  anil  it  would  be  rea- 
sonable to  e.Kpect  that  sucli  would  be  the  case,  as 
they  are  so  readily  obtained  by  simple  metallurgic 
operations,  while  iron  is  more  refractory. 

Tile  e.\istenc<!  and  uses  of  iron  among  the  ancie7it 
Egyi)tians  are  pretty  well  proved  liy  the  paintings, 
in  which  tlie  iron  or  steel  knives  and  sickhts  are  ilis- 
tiuguished  from  the  bronze  by  the  color  ;  one  being 
blue,  the  otlier  a  reddish-brown. 

In  Dr.  Al)hott's  collection,  now  in  the  posse.ssion 
of  the  New  York  Historical  .Society,  are  the  follow- 
ing articles  of  iron,  stated  by  the  doctor  to  be  of  un- 
doubted authenticity.     They  were  found  at  Thebes  :  — 

Iron  helmet,  neck-guard,  and  t>reast-plate  of  scale 
armiu-,  with  the  name  of  Shishak,  who  invaded  Ju- 
dea  971  B.  c. 

An  iron  spatula,  iron  arrow-head,  warrior's  flail 
with  iron  studs,  and  some  emblematic  articles  of 
iron. 

The  ancient  iron  mines  of  the  Egyptians  have 
been  lately  discovered  by  English  explorers.  The 
process  was  wasteful,  and  tlie  slag  contains  53  per 
cent  of  iron.  The  sites  aie  in  the  vicinity  of  Mt. 
Sinai,  and  it  is  [iroposed  to  work  over  tlie  dibris  of 
the  former  workings. 

Of  the  first  use  of  iron  in  Egypt,  Wilkinson  says, 
we  have  no  certain  record.  His  surprise  at  the  exe- 
cution of  the  sculptures  is  very  natural,  but  he  does 
not  appear  to  liai'e  estimated  the  character  of  the 
alloys  of  copper  and  tin,  some  of  which  are  very 
hard.  (See  Alloy;  Huoxzk. )  B.dzoni  discovered 
an  iron  sickle-blade  beneath  a  granite  sphinx  at 
Karnak.  Colonel  Vyee  found  an  iron  blade  im- 
bedded in  the  great  pyramid.  Layard  found  a  steel 
cross-cut  saw,  and  other  articles  of  iron,  at  Nimroml  ; 
the  saw  is  now  in  the  IJritish  .Museum.  The  butc  h- 
ers  of  Thebes  and  iMcinphis  had  steels  slung  from 
their  belts.  At  Babylon  the  stones  of  the  bridge 
acro.ss  the  Euphrates,  built  by  Nitocris,  were  cramped 
by  bands  of  iron  set  in  lead.  Thucydides  says  the 
blocks  of  the  walls  of  the  Pireus  were  fastened  in  the 
.same  way.  Theseus,  who  ascended  the  throne  of 
Athens  1235  B.  c,  was  buried  with  a  bronze  sword 
and  spear.  Some  have  dated  the  use  of  iron  in 
Greece  at  1406  B.  o.,  but  Hesiod  makes  it  later. 
Homer  generally  speaks  of  bronze  arms,  but  men- 
tions iron. 

We  learn  from  the  "  Iliad  "  that  at  the  time  of 
the  siege  of  Troy  (1184  B.  c.)  iron  wa.s  used  in  mak- 
ing a.ves,  shipwrights'  tools,  axles  for  chariots,  ])low- 
poiuts,  sheep-hooks,  and  some  other  agricultural  im- 
plements. "  .\s  the  smith  plunges  "the  loud-hissing 
axe  into  cold  water  to  temper  it,  for  hence  is  the 
strength  »if  iron,"  etc.,  shows  clearly  that  the  writer 
or  compiler  of  the  "Odyssey,"  whom  we  are  con- 
tent to  call  Homer,  lived  in  a  time  when  iron  and 
steel  were  forged  and  tempered. 

About  500  B.  !■.,  and  thereafter,  steel  was  iin- 
porteil  into  Ori'ece  from  the  Chalybes,  a  iieojile  iu- 
liabitiiig  the  shore  on  the  southeast  of  the  Black 
Sea,  ami  the  use  of  bronze  for  weapons  terminated 
soon  after.     Marathon  was  fought  460  B.  c.     The 


steel  was  called  Chalybian,  and  we  retain  the  name 
in  connection  with  waters,  as  Chalybeate  springs. 

In  Asia  the  Chalybes  were  noti'd  for  their  woi-ks  in 
iron,  from  which  they  obtained  great  profits.  — 
XKXni'nnx,  Aniih. 

An.stotle  inentious  that  their  arenaceous  ores  were 
washed,  and  he  also  partially  describes  the  operation 
of  making  wootz  in  India  ;  Diodorus  Siculus  says 
that  in  the  island  of  Ethalia  the  ores  were  roasted 
and  broken  line  Viefoie  melting.  It  was  irrouyht- 
iron  that  was  produced  ami  employed,  and  not  cnsl- 
iron,  which  is  a  comparatively  recent  jiroduction, 
anil  it  is  probable  it  was  all  obtained,  by  a  ju'imitive 
direct  ]irocess,  from  rich  and  easily  reducible  ores. 

The  early  means  for  the  reduction  of  iron  from  the 
ore  were  small  furnaces  with  cold  blast,  in  which  rich 
ore  was  heated  in  contact  with  incandescent  char- 
coal, the  viscid  mass  being  hammered  to  remove 
earthy  im]Hirities.  This  plan  is  yet  luacticed  in 
India,  Africa,  Malaya,  Madagascar,  and  forms  the 

"  Mass  of  iron,  shapeless  from  the  forge," 

ollered  by  Acliilh's  as  a  prize  at  the  funeral  games  of 
Patroclus,  recorded  in  Homer's  twenty-third  book 
of  the  '■  Iliad." 

Dr.  Livingston  refers  to  the  iron-smelling  fur- 
naces of  the  trilies  encountered  in  his  "  Kxpeilition 
to  the  Zambesi."  The  artiides  proilnced  by  these 
peoples  are  hainmers,  tongs,  hoes,  adzes,  tish-liooks, 
needles,  and  spear-heads. 

King  Poms  presented  to  Alexander  the  Great  a 
wrouglit  bar  ol  laminaAd  steel,  for  which  Damascus 
was  subseciuently  so  famous  that  it  is  known  as 
Damascene.  One  of  the  most  remarkable  forgiugs 
in  the  world,  if  it  be  one,  is  the  wrought-iroii  pillar 
within  the  jirecincts  of  a  mosque  near  Delhi.  It  is  a 
shaft  with  a  capital  22  feet  high  above  gi'ound,  and 
a  gi'eater  length  below.  Its  probable  weight  is  over 
38,000  pounds.  It  has  an  inscription  in  Sanscrit, 
which  records  that  it  was  erected  by  King  Dliava  of 
the  Hindoo  faith. 

The  character  of  the  Sanscrit  inscription,  accord- 
ing to  the  English  linguists  of  Hindostan,  indicates 
a  pi'riod  at  about  A.  D.  400.     See  Foiegixg. 

The  exain]des  cited  from  the  writings  of  Moses, 
Hesiod,  and  Homer,  the  attestation  of  the  recovered 
im]>lemciits  from  Egypt  and  Nineveh,  and  the 
Egyptian  paintings,  render  it  useless  to  cite  the 
facts  within  the  notice  of  the  gossiping  and  credulous 
Pliny,  who  professes  to  gi\'e  the  early  history  of  the 
metal.  Palestine,  Asia  Minor,  Scythia,  Elba,  and 
Siraiii  were  each  celebrated  in  their  time  for  the  pro- 
duction of  iron.  From  Iberia  the  art  spread  to  Gaul, 
and  from  the  latter,  probably,  to  Germany. 

An  army  of  Ganls  was  defeated  liy  the  Romans, 
222  B.  c,  chiefly  because  the  swords  of  the  former 
bent  after  a  blow  or  two,  and  reipiired  straighteiiiug 
by  the  foot,  while  the  superior  metal  of  the  liomans 
stood  the  brunt. 

Stralio  mentions  that  one  of  the  ex]iorts  of  Britain 
was  iron  ;  the  bold  islanders  met  their  invaders  with 
scythes,  hooks,  broadswords,  and  s|iears  of  iron. 

The  arrival  of  the  Romans  and  the  introiluction  of 
artilicial  blast,  which  the  Romans  had  derived  from 
their  Eastern  neighbors,  ga\e  a  gieat  impulse  to  the 
iron  works  of  England. 

Under  Adrian,  A.  n.  120,  a  fabrica  or  military 
forge  was  established  at  Bath,  in  the  vicinity  of  iron 
and  wood. 

During  the  Roman  occujiation  of  England,  some 
of  the  richest  beds  of  iron  ore  were  \Muked,  and  the 
di'bris  and  cinders  yet  exist  in  immense  beds  to 
testify  to  two  facts  :  one,  that  the  amount  of  mate- 
rial worked  was  very  great ;  the  other,  that  the  plans 


IROK. 


1197 


IRON. 


adopted  were  wasteful,   as  it  has  since  been  found 
profitable  to  work  the  cinder  over  again. 

During  the  Saxon  occupation  tlie  furnaces  were 
still  in  blast,  especially  in  Gloucestershire. 

Tlie  early  Xornian  sovereigns  were  .so  intent  upon 
skinning  the  Jews  and  the  Sa.vons,  that  it  became 
dangerous  to  succeed  in  any  business,  success  being 
an  invitation  to  the  barons  to  plunder.  Accordingly, 
we  find  in  the  time  of  King  John  that  iron  and  steel 
were  imported  from  Gennany. 

The  business  lumbereil  along  for  some  centuries, 
the  government  tinkering  at  it  now  and  again,  the 
exportation  being  prohibited  in  the  fourteenth  cen- 
tur}%  and  the  importation  of  iron  in  the  fifteenth 
century. 

The  direct  method  of  obtaining  wrought-iron  from 
the  ore  prevailed  until  the  commencement  of  the  fif- 
teenth century,  but  then  gradually  gave  way  to  a 
less  direct  process,  but  one  more  convenient  wlien 
handling  large  quantities.  Blast-furnaces,  operating 
by  the  aid  of  strong  blast,  to  nuH  the  iron  and  ob- 
tain cast-iron,  which  is  carbureteil  in  tlie  process, 
were  in  use  in  the  neighborhood  of  the  Rhine  about 
A.  D.  1500.  A  second  process  in  a  /'jryc-hcnrlh  was 
used  to  eliminate  the  carbon  and  other  impuritie.s, 
and  the  result  is  v:rought-ir(in.  The  pnddl ing-fur- 
nace  was  invented  more  than  250  years  afterward. 

In  the  sixteenth  century  (1590),  we  find  a  notice 
of  a  mill  for  slitting  iron  into  bars  for  smiths'  use  by 
Godfrey  Bochs. 

The  change  from  the  use  of  wood  coal  to  that  of 
mineral  coal  was  only  a-coniplished  in  England  after 
a  gi'eat  many  futile  attempts. 

In  the  reign  of  Elizabeth,  bla.st-furnaces  were  of 
sufficient  size  to  produce  from  two  to  tliree  tons  of 
)iig-iron  per  day  by  the  use  of  charcoal.  In  the 
small  works,  the  iron  was  made  malleable  before 
being  withdrawn  from  the  blast-furnace,  and  in 
larger  works  was  treated  by  the  refinery-furnace. 

Wood  becondng  scarce,  and  a  number  of  furnaces 
having  gone  out  of  bhust,  in  1612,  Simon  Sturtevant 
was  granted  a  patent  for  thirty-one  years  for  the  use 
of  pit-coal  in  smelting  iron.  Failing  in  his  proposed 
plans,  he  rendered  up  his  patent  the  following  year. 

The  patent  was  granted  in  1613  to  Joh'h  Raven- 
son,  who  also  failed,  and  resigned  his  patent,  which 
was  again  and  again  granted  to  su<;f'eeding  inventors 
and  adventuiers  who  beli/ved  themselves  ]iossessed 
of  the  means  and  knowledge  for  accomplishing  the 
object. 

In  1619  the  patent  came  into  the  hands  of  Dud- 
ley, who  at  the  age  of  twenty  left  Oxford  University  ; 
to  take  charge  of  his  fother's  furnaces  at  Pensnet,  in 
Worcestershire,  and  who  succeeded  in  producing 
three  tons  of  iron  per  week  in  a  small  blast-fur- 
nace by  the  use  of  coke  from  pit-coal.  The  parties 
who  yet  possessed  plenty  of  wood,  and  with  whom 
the  production  of  iron  was  fast  becoming  a  monopoly, 
urged  the  charcoal-burners  to  destroy  the  works  of 
Dudley,  which  was  done.  Dudley's  patent  was 
granted  for  thirty-one  years,  which  would  bring  it 
to  1650,  the  time  of  the  P.otectorate,  when  England 
had  a  ruler  fit  to  succe^-d  Queen  Bess.  The  cele- 
brated statute  of  King  James,  limiting  the  dui-ation 
of  patents  to  fourteen  years,  was  pas.sed  in  1624. 

From  the  circumstance  that  Dudley  petitioned 
Oliver  Cromwell  and  Council  for  a  lenewal  of  the 
term,  two  things  are  evident  :  one,  that  he  had  pur- 
sued the  scheme  and  anticipated  or  had  acliieved 
success  ;  the  other,  that  the  limitation  of  his  patent 
from  thirty-one  to  fourteen  years  had  not  been  en- 
forced or  had  been  revoked.  Dudley  charges  that 
the  extension  of  his  term  was  refuseil  by  the  influ- 
ence of  favorites  of  the  Protector,  who  wished  to 


share  in  his  profits,  and  on  his  refusal  defeated  his 
ap])lication  for  extension. 

It  is  likely  that  Dudley  only  received  a  moderate 
irmuneration  for  his  ]>ains,  as  no  one  seems  to  have 
taken  any  interest  in  the  business  after  it  was  thrown 
upon  the  public  by  the  expiration  of  his  patent. 
Iron  of  poor  quality  continueil  to  be  made  in  dis- 
tricts where  wood  was  .scarce,  and  of  good  quality 
from  charcoal  in  places  where  the  forests  yet  re- 
mained. The  demand  for  iron  continuing  to  grow, 
—  a  natural  etfect  of  advancing  cirilization,  —  iron 
was  exported  from  Sweden  and  Russia  in  large  quan- 
tities and  of  excellent  ijuality.  The  forests  of  these 
countries  gave  them  a  natural  advantage  over  Eng- 
land, whose  woods  had  by  this  time  become  thinned 
out,  so  that  the  use  of  wood  for  iron  smelting  had 
been  forbidden  by  act  of  Parliament  in  1581,  within 
twenty-two  miles  of  the  metropolis,  or  fourteen  miles 
of  the  Thames,  and  eventually  was  forbidden  alto- 
gether. 

The  art  of  making  iron  with  pit-coal,  and  of  cast- 
ing articles  of  iron,  was  revived  by  Abraham  Darby, 
of  Colebrookdale,  about  1713,  anil  was  perseveiingly 
followed,  although  it  was  but  little  noised  abroad. 
In  the  Philosophical  Tiansactions  for  1747  it  is  I'e- 
ferri'd  to  as  a  curiosity. 

Certain  parlies  had  attempted  to  smelt  iron  in 
clay  jiots  exposed  in  a  furnace,  resembling  that  used 
for  glass,  to  the  flame  of  a  pit-coal  fire,  expecting  to 
procure  the  iron  by  tapping  the  pots.  The  scheme, 
winch  might  have  answered  with  a  more  tractiible 
material,  failed  in  the  c-ase  of  the  iron  oie. 

Tinning  of  iron  was  introduced  from  Bohemia  in 
1681. 

The  extension  of  the  iron  manufacture  dates  from 
the  introduction  of  the  steam-engine,  which  increased 
tlie  power  of  the  blast,  and  the  blowing  engines 
driven  by  manual,  liorse,  or  ox  power  were  super- 
seded by  engines.  The  dimension  of  the  blast  appa- 
ratus was  increased  fiom  time  to  time,  and  about 
1760  coke  was  commonly  used  in  blast-furnaces.  In 
1760  Smeaton  erected  at  the  Carron  works  the  first 
large  blowing  cylinders,  and  shortly  after  Boulton 
and  Watt  supplied  the  steam-engines  by  which  the 
lilowers  were  driven.  Peter  Onions,  in  his  patent 
of  17S3,  desi-ribed  the  raliwuih  of  the  puddling  pro- 
cess ;  and  Henry  Cort,  of  Gosport,  in  1784,  made  it 
practicable,  and  added  giooved  rolls,  by  which  tlie 
puddled  bar  was  ditiwn.  Neilson,  of  Glasgow,  in- 
troduced the  hot  blast  in  1828.  Aubulot,  in  France, 
in  1811,  and  Budd,  in  England,  in  1845,  heated  the 
blast  by  the  escaping  hot  gases  of  the  blast-furnace. 
The  Calder  work.s,  in  1831,  demonstrated  the  need- 
lessness  of  coking  when  hot  blast  is  employed. 

Experiments  in  smelting  with  anthracite  coal  were 
tried  at  Mauch  Chunk  in  1820,  in  France  in  1827, 
and  in  Wales  successfully  by  the  aid  of  Neilson's 
hot-blast  ovens  in  1837.  The  experiment  at  Mauch 
Chunk  was  repeated,  with  the  addition  of  the  hot 
blast,  in  1838,  1839,  and  succeeded  in  producing 
about  two  tons  ]ier  day.  The  Pioneer  furnace  at 
Pottsville  was  blown  July,  1839. 

The  first  iron-works  in  America  were  established 
near  Jamestown,  Virginia,  in  1619.  In  1622,  how- 
ever, the  works  were  destroyed,  and  the  workmen, 
with  their  families,  massacred  by  the  Indians.  The 
next  attempt  was  at  Lynn,  Massachusetts,  on  the 
banks  of  the  Saugus,  in  1648.  Tlie  ore  used  was 
the  bog  ore,  still  plentiful  in  that  locality.  At  these 
works  Joseph  Jenks,  a  native  of  Hammersmith, 
England,  in  1652,  by  order  of  the  Province  of  Mas- 
,  sachusetts  Bay,  coined  silver  shillings,  sixpences, 
and  threepences,  known  as  the  "pine-tree  coinage," 
from  the  device  of  a  pine-tree  on  one  face. 
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Of  tliii  special  piocesses  lor  treating  and  purifying, 
a  few  may  lie  citi'il  :  — 

Smelting  by  lilast  with  charcoal,  pit-coal,  and 
coke,  aiul  with  tlie  addition  of  limestone  or  shells  as 
a  Mux,  iiave  been  noted.  See  supra  ;  also  HLAsr- 
FUKNACI5. 

Puddlhuj  and  boiling,  somewhat  similar  cjperatioiis 
for  burning  the  carbon  of  pig-iron  and  eliminating 
otlier  impurities,  are  considered  un<Ier  those  heads. 
See  also  Dki,'ai!BOnizing-kui!Nace  ;  Kkducing-fuh- 
NACE  ;  Malleable  Iuon  ;  Hessemeu  Piiocess  ; 
FoitGE,  etc.     See  list  under  Metalluugy. 

Steel  processes  are  considei'ed  under  Stkel.  See 
also  Hessemeu  Puocess  ;  Conveutou  ;  Cementa- 

TION-FUIINACE,  etc. 

A  process  for  decarbonizing  molten  cast-iron  by 
applying  an  air-blast  in  the  hearth  of  a  blast-furnace 
was  invented  by  C.  Shunk. 

Kelly  patented  in  the  United  States,  in  1857,  a 
mode  of  deearljonizing  molten  crude  cast-iron  by 
running  it  into  a  cujiola  or  vessel,  separate  from 
that  in  which  it  was  melted,  and  blowing  thr'ongh  it 
from  thi^  bottom  a  blast  of  air,  so  as  to  burn  out  the 
excess  of  carbon,  —  the  blast  being  strong  enough  to 
furnish  rapid  combustion  of  the  carbon,  and  thereby 
retain  the  temperature  aud  Huidity  of  the  molten 
metal  until  sufficiently  refined,  withou{  the  u.sc  of 
other  fuel. 

Bessemer  worked  as  an  original  inventor  in  the 
same  line,  aud  much  improved  the  process  in  gen- 
eral and  in  detail.  Holleygave  it  its  American  form. 
See  Be.ssemer  Puocess. 

The  proi;ess  of  decarbonizing  the  molten  iron  by 
addition  of  manganese  is  found  in  Reynolds's  Eng- 
lish patent,  about  1800. 

Mushet's  patent  consisted  in  the  introduction  of 
manganese  or  other  highly  o.xidizal>!e  metals,  during 
the  process  of  nudtitig  the  cruilb  iron,  for  the  pur- 
pose of  detaching  and  removing  o.vidized  substances. 

Krnpp  uses  spiegeleiscm. 

Schmit,  of  the  Troy  Bessemer  works,  recom- 
memls  feri'o-iuauganese  in  small  quantities  and  in 
solid  pieces,  as  a  recarburizer. 

Clay's  process  of  making  wrought-iron  direct  from 
the  ore  (English,  1843)  consists  in  sifting  rich 
ground  ore,  mixed  with  f'j  weight  of  coal,  into  the 
chamber  of  a  furnace  where  it  is  puddled  and  balled  ; 
after  this  it  is  shingled  and  rolled  in  the  ordinary 
manner. 

Jameson's  process  consists  in  exposing  the  calcined 
and  crushed  ores  in  a  series  of  deoxidizing  chambers, 
where  it  is  exposed  to  the  heat  of  the  burning  gases 
ndiich  come  from  the  furnace  below.  It  is  pushed 
from  the  floor  of  one  chamber  to  another,  and  in  the 
last  chamber  is  exposed  to  hydrogen  generated  by 
the  decomposition  of  a  jet  of  steam  injected  upon  it 
to  aid  in  ridding  it  of  sulphur  and  phosphorus. 
Thence  to  the  cliarcoal  bed  and  refining  chamber, 
where  the  loop  is  formeil,  aud  whence  it  is  taken  to 
the  hammer. 

Henderson's  process  for  the  manufacture  of  iron- 
steel  (patents,  1870)  einbrai'.es  the  use  of  fluor-spar 
and  titaniferous  ores,  aud  treating  crude  ores  by 
fluorides  and  oxides. 

The  EUershausen  process  consists  in  "the  conver- 
sion of  crude  cast-iron  into  wrought-iron  by  the  ad- 
mixture of  granulated  inm  ore,  a  layer  of  niolten 
iron,  and  a  sprinkling  of  powdered  ore,  alteinating  in 
molds.  These  blooms  are  put  in  a  reverheratory, 
puddled,  .S(]ueezeil,  and  rolled. 

Bessemer  has  ]iatented  in  England  a  mode  of  ap- 
plying to  the  decarbonization  of  iron,  nitrate.s,  chlo- 
rates, and  other  salts,  which  evolve  oxygen  when 
heated. 


By  Blair's  process,  patents  Nos.  1211,  923,  924, 
92.'J,"of  1872,  the  oxides  of  iron  are  subjected,  in  con- 
tact with  solid  carbon  for  a  certain  time,  to  a  unilbrm 
red  heat,  the  access  of  other  oxygen  during  the  process 
being  prevented.  By  this  means  the  oxygen  leaves 
the  iron  ami  unites  with  the  carbon,  (lassing  off  in 
a  gaseous  state,  while  the  iron  renuiins,  being  re- 
duced to  a  metallic  state  as  iron  sponge.  The  me- 
tallic iron  thus  obtained  is,  however,  in  a  very  .sensi- 
tive condition  while  hot,  and  in  that  state  absorbs 
oxygen  with  great  avidity  ;  but,  if  cooled  before  be- 
ing brought  into  contact  with  the  atmosphere,  it 
does  not  readily  re-oxidize. 

After  reduction,  the  iron  sponge  retains  the  shape 
of  the  ore  from  which  it  is  derived,  liut  somewhat 
exjianded  in  bulk,  and  with  very  marked  loss  of 
weight.  It  has  a  s]iongy  texture  ;  is  readily  .sectile  ; 
is  easily  indented  by  the  linger-nail  ;  chews  like  lead 
between  the  teeth,  and  polishes  iiuickly  to  a  silvery 
luster.  Its  color,  uidess  influenced  by  some  color- 
ing matter  accidentally  present  in  the  ore,  is  grayish, 

Fig.  2698. 
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Angle,  Bar,  Girder,  and  Rail  Irons, 


varying  from  blackish  to  a  clear  lead-color.  When 
powdered  and  burned  in  the  open  air  it  sparkles 
brilliantly,  as  does  iron  burned  in  an  atmosphere  of 
oxvgen. 

Taylor  describes  a   method  of  making  cast-iron 
from  oxides  of  iron  by  reducing  magnetic  iion  ores 
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to  powder  and  separating  the  iron  oxides  therefrom 
by  magnets,  and  prepaiiiig  and  uniting  tlie  same  for 
use  in  tlie  furnace. 

See  Strel.  Also,  and  much  better,  see  Percy's 
"Metallurgy,  Iron  and  Steel,"  London,  1864. 

2.  An  instrument  or  utensil  of  iron. 

A  box-iron,  flat-iron,  smoolhiny-iron,  sad-iron,  or 


Fig.  2699. 


AngU^  Bar,  Girder,  and  Rail  Irons. 

Italian-iron  is  a  form  of  heated  instrument  for 
smoothing  damped  clothes,  starched  or  otherwise. 

Tlie  iron-hcatcr  is  a  piece  of  metal  or  wire  heated 
in  the  fire  and  placed  in  an  urn,  box-iron  or  Italian- 
iron,  to  heat  it. 

The  iron-lwlder  is  a  pad  upon  the  handle  to  pro- 
tect the  hand  ;  or  is  a  ring  or  tripod  to  stand  the 
iron  upon  temporarily. 


Tailors'  and  hatters'  irons  are  forms  of  smoothing- 
irons  adapted  to  the  uses  of  the  said  operatives.  A 
tailor's  iron  is  known  as  a  (joosc. 

A  jiluiic-iron  is  the  bit  or  cutting  portion  of  a 
joiner's  plane. 

3.  The  iron  portion  of  a  thing,  as  a  Joo«i-iron,  or 
ji;!(»y;-iron  ;  a  c/ij)  of  a  single-tree  ;  the  2>low-imns, 
the  iron  portions  of  a  plow,  etc. 

I'ron,  An'gle,  etc  Figs.  2698  and  2699  show 
forms  of  rolled  iron  for  bridges,  girders,  beams,  rails, 
etc. 

See  Brandt's  "  Eisen-Konstructionen,"  Berlin, 
1865  ;  Heinzerling's  "  Die  Briieken  in  Eisen  "  ; 
Fairbairn's  "On  the  Aj)plication  of  Cast  and 
Wrought  Iron,"  London,  1854  ;  Zoie's  "  Eecueil  de 
Fers  Speciau.x,"  Paris,  1853;  and  Maurer's  "Die 
Formen  der  Walzkunst  und  das  Fai-oneisen,"  Stutt- 
gart, 1865.     See  also  Angle-ihon. 

I'ron— block.  A  tackle-block  with  an  iron  shell 
and  strap.  The  illustration  .shows  several  kinds  and 
sizes. 

Fig.  2700. 


I'ron-boat.  One  made  of  iroivsheets,  riveted 
together. 

I'ron-bot'tle.  An  iron  bottle  with  a  screw-plug, 
for  holding  quicksilver.  It  is  made  by  swaging  and 
drawing  from  a  disk  of  tough  wrouglit-irou.  After 
being  brought  by  swaging  to  the  foiin  of  an  open- 
ended  cylinder,  it  is  put  on  a  steel  mandrel  and 
driven  through  holes  of  decreasing  dimensions  till  it 
becomes  a  long  cylinder.  The  neck  is  pressed  and 
twisted  into  sliape  and  fitted  with  a  screw-stopper. 

I'ron-bridge.  Iron-bridges  were  first  used  in 
China.  —  Du  H.iLDE. 


Fig.  2701 
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Cast-iron  Bridges. 
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Iroii-bii(l},'es  arc  of  many  forms  :  cast-iron  arohus, 
lattii'e,  truss-ginlers,  arclu-d  beam,  or  arili  and  tiuss, 
tubular  girtU'r,  tulnilar  arch,  suspension.  Tliese  are 
mo.'it  of  tliem  considered  under  the.se  separate  lieads. 

The  first  l)uilt  in  Enjjland  was  an  areli  of  cast- 
iron  sections,  erected  in  1779  over  the  Severn,  at  Coal- 
brookiUde,  Shropshire,  England,  by  Abraham  Darby 
and  John  Wilkin.son.  It  liad  five  rib.s,  each  cast  in 
two  pieoe.%  secured  where  they  join  at  the  crown  of 
the  arch  by  a  cast-iron  key-plnte,  and  eonneited  to- 
gether horizontally  and  vertically  by  cast-iron  bra(!es, 
formed  with  dovetails  and  tor<docks.  The  ribs  are 
covered  with  cast-iron  plates,  and  the  railing  to  the 
sides  was  of  iron. 


Dimensions  of  some  of  the  principal  Cast-iron  Bridges. 


Date. 


1779    Coalbrookdale 
1795    BuiUlwiia   . 
1791)    .Sunderhmd  . 
1818    Soutlnvurkt 
1836    "Carrousel" 
1859    Tara.scon    . 
1854    St   Petersburg 

New  Blaekfriai-s 

'Georgetown  Aqueduct  || 


River. 

c  S 

Span. 
Feet. 

Severn 

1 

100.5 

Severn    . 

1 

130 

Wear . 

1 

240 

Thames  . 

« 

240t 

Seine 

a 

187 

[lliane     . 

204  4 

Nova  . 

150 

Thames  . 

5 

185§ 

Rock  Creek 

1 

200 

Rise.   Weight. 
Feet.     Tons. 


45 

27 
30 

15  5 

l:i.6 

13.8 

17 

LO 


378  5*  Barby  &  Wilkinson 
173.9*  Telford. 
200*      Wilson. 
5,308*      Rennie. 

Polonceau. 


Meigs. 


*  English  tons  of  2,240  pounds, 
t  c,  Fig  2701. 

X  -4nd  two  .side  arche.s  of  210  feet  span  each. 
§  And  four  spaii.s  of  155,  175,  175, 155  feet ; 
roadway  and  sidewalk,  75  feet  wide. 


II  Two  cast-iron  pipes  having  a  water-way 
of  42  inches,  arched  in  form,  carrying  the 
roadway  aud  forming  couduita  for  the  wa- 
ter supply  of  Washington. 


In  ISOl  Telford  projiosed  a  cast-iron  bridge  (a, 
Fig.  2701)  of  60a  feet  span  acro.ss  the  Thame.s,  and 
one  of  ."iOO  feet  span  across  the  Menai  Straits  (b.  Fig. 
2701)  in  prefereiH'e  to  the  .suspension-bridge  of  570 
feet  span  erected  l)y  him. 

Other  forms  of  iron-bridges  involve  the  use  of 
wrought-iron,  as  in  the  examples  «,  b,  c,  Fig.  2702, 
which  are  combinations  of  the  arch  and  truss. 

a  is  known  as  the  rectangular  tubnlar  arcli  bridge. 

b,  iron-arch  and  lattice-.i^irder  bridge. 

c,  strut  girder  bridge. 

d,  The  Knilinburg  bridge  over  the  Leek,  an  arm 
of  the  Hhirte,  in  Hollanil.  It  has  nine  spans;  the 
principal  truss  shown  in  tliecut  is  513  feet  in  length, 
clear  span  492  feet,  depth  in  center  35.6  feet;  at 
ends,  26.24  feet;  weight  of  iron,  2,193.94  tons 
(English).  Total  length  of  bridge,  9  spans,  2,181 
feet;  total  weight,  4,490.14  tons  (English);  clear 
roadway,  26.25  feet  ;  double  railway  track. 

c  is  a  truss  bridge  over  the  Avon  in  England,  the 
center  resting  on  a  cluster  of  screw-piles. 


.  Dimensions  of  smne  of  the 

principal  IVrought-Iron  Bridges. 

River 

»S 

Widest  Arch 

Character.      Architect. 

&& 

Span. 
Ft  In. 

Rise. 
Ft  In. 

1850    "Britannia"' 

Mcnal  Straits 

4 

4.58  3 

29  3; 

1880    Plymouth 

Hamoaze 

433  6 

30  6 

Tubular    .      Brunei. 

1855    Dovne  . 

Foyle 

250 

32  0 

1858    Montreal*       . 

St   Lawrence 

330 

318 

Tubular    .      Stephenson. 

18  >7    Cologne 

Rhine    . 

313 

31 

Lattice  . 

IS  il    Dinichau  . 

Vistula 

398 

4') 

Lattice 

1874    St.  Louis  t    . 

Mi-sisBippi    . 

3 

515 

616 

18J6    Kuilinburg 

L«k 

y 

61.5t 

I*vcl.  I.«ttice  .         .  Michaelia.      1 

Louisville  §  . 

Ohio      . 

29 

400       Level.  Truss         .     I 

*  See  Teiui-AR  Bridge. 

t  Two  .side  arches  of  497  feet  each.    See  ToBUL\R-\RCH  Bridge. 
t  Clear  span  of  main  truss,  492  feet ;  also  one  span  of  202  feet :  seven  of  187  feet 
>ach.    See  (I,  Fig.  2702. 
§  Whole  length,  5,294  feet;  weight  of  iron,  8,723,000  pounds. 


The  iron  truss-girder  bridge  over  the  Tay  in  Scot- 
land, aliout  1^  miles  west  of  Dumlee,  is  to  be  10,1320 
feet  in  length,  and  to  have,  commencing  on  the  Fife- 
shire  siile,  spans  as  follows  :  three  s|ians  of  60  feet, 
two  of  70,  twenty-two  of  120,  fourteen  of  200,  si.\- 
tcen  of  120,  twenty-five  of  66,  one  of  160,  and  six 
of  27  feet.  The  bridge  will  thus  have  eighty-nine 
spans,  and  has  a  hight  of  about  78  i'eet  above  mean 
high  water. 

The  Girard  Avenue  Bridge,  Phila<lelphia,  is  shown 
on  the  opposite  ]'''g''-  't  crosses  the  Schuylkill 
River  at  the  entrancte  to  the  Fairniount  Park,  and 
was  built  by  the  Phcenixville  Bridge  Company.  The 
bridge  is  100  feet  wide  ;  the  frame  is  entirely  of 
iron,  the  flooring  being  iron 
joists  covered  with  corru- 
gated iron  ]dates  and  as- 
jdiate  con<'rete,  and  granite 
idocks  laid  in  cement. 

I'ron-cham'ber.  (Pud- 
dling.) That  ]ioition  of 
the  puddling- furnace  in 
which  the  iion  is  worked. 
The  rcverbcralonj-cliamber, 
chargr-clnrvibcr. 

I'rou-clad  Ves'sel. 
One  having  the  exposed 
portion  of  the  hull  ]iro- 
tected,  in  whole  or  in  part, 
by  a  covering  of  iron. 

At  the  siege  of  Ciibraltav 
in  1782,  the  French  and 
Spaniards  employed  float- 
ing batteries,  made  by  cov- 
ering the  si<les  of  ships  with  junk,  rawhides,  and 
green  timber  to  the  thickness  of  .seven  feet,  and 
bomb-proofing  the  decks.  The  largest  of  these  ves- 
sels was  1,400  tons  burden  ;  their  armament  was 
32-pounders,  and  they  were  manned  by  600  men. 
They  had  furnaces  lor  heating  shot.  These  vessels 
were  finally  .set  on  fire  by  red-hfit  shot.  In  1813, 
Fulton  constructed  a  steam  floating-battery  for  the 
United  States. 

The  first  application  of  iron  for  this  purpose  was 
by  the  French,  during  the  Ciimean  war  in  1855, 
to  gunboats.  The.se  had  a  displacement  of  aliout 
2,000  tons,  were  172  feet  in  length,  43  feet  beam, 
and  17  feet  deep,  protected  by  4J-inch  plating,  and 
mounted  16  guns,  all  of  which  could  be  fonglit  on 
one  side.  They  were  fre(|uently  struck  by  shot,  but 
received  no  severe  injury.  The  English  at  the  same 
time  built  gunboats  very  .similar  in  .size  and  con- 
struction. As  far  back,  howevei',  as  1842,  Mr. 
Theodore  R.  Tiniby  had  invented  an  iron-plated  tur- 
ret, adapted  either  to  ships  or  fortifications.  See 
MdNITOR  ;  TuiiiiET. 

The  civil  war  of  1861  gave  a 
great  impetus  to  improvements  in 
iron-clad  vessels  ;  the  success  of 
the  monitors  inducing  the  gov- 
ernments  of  Europe  to  engage  ex- 
ten.sively  in  the  construction  of 
iron  -  clads,  the  tendency  being 
constantly  to  increase  the  thick- 
ness of  the  armor. 

Iron-clad  vessels  are  of  the 
monitor  or  turret  class,  carry  guns 
merely  in  broadside,  or  have  the 
two  systems  combined. 

The  iron-clads  employed  by  the 
United  .States  on  tlie  Western  riv- 
ers during  the  late  civil  war  were 
mainly  river  steamers,  the  sides 
above  the  water-line  placed  at  an 
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angle  of  about  30°,  and  plated  with  2  to  i  inches  of 
iron,  backed  with  3  feet  of  oak.  Tliey  carried  4  to 
16  guns,  and  some  of  them  were  made  to  float  in  2i 
feet  of  water.  They  were  calculated  to  fight  "bow 
on,"  and  were  practically  invulnei-able  to  100-pound 
shot  when  in  this  position.  The  "  Benton,"  "  Ex- 
sex,"  "  Carondelet,"  "Lexington,"  and  a  large 
number  of  others,  were  of  this  construction.  Toward 
the  lattiu'  part  of  the  war  a  number  of  monitors  were 
built  for  service  on  the  Mississipfii. 

A  class  of  vessels  plated  with  J-inch  iron  were 
jocularly  called  tin-clads.  Their  armor  was  a  pro- 
tection against  riile-balls,  but  was  easily  penetrated 
by  shells  IVoni  the  lightest  field-pieces. 

Improvised  iron-clads,  consisting  of  river  steamers 
plated  with  railroad-iron,  were  used  by  both  parties 
on  the  Mississippi.  They  were  simjd}'  makeshifts, 
but  iu  some  cases  were  founil  to  be  rpute  forniidabje. 

The  "  Galena  "  was  one  of  thi'  first  three  sea-going 
iron-clads  built  for  the  United  States  government, 
the  "Monitor"  and  "New  Ironsides"  being  the 
other  two.  The  "Galena"  was  a  two-nuistcd  ves- 
sel, 1,000  tons,  300  hor.se-power,  ami  pierced  for  IS 
guns.  Her  armor  was  of  overlajiping  corrugated 
plates,  from  2i  to  4i  inches  in  total  thickness, 
backed  by  18  inches  of  oak  and  walnut.  In  service 
she  was  found  not  to  resist  shot  much  heavier  than 
64  pounds  at  short  range,  and  she  lost  many  men  in 
her  first  attack  on  Fort  Darling. 

The  "Monitor,"  Erics.son's  first  iron-clad,  was  a 
vessel  of  about  1,000  tons,  172  feet  long,  41  feet 
beam,  9  feet  depth  of  hold,  the  deck  about  2  feet 
7S 


above  the  water-line,  and  overhanging  the  hull  some 
6  feet  on  the  sides  and  20  feet  astern.  Under  this 
"overhang"  the  screw  worked.  The  deck,  and  the 
sides  for  6  feet  below  the  water-line,  were  ]ilated  with 
five  inches  of  iron,  in  one-inch  plates,  breaking  joints. 
The  turret  amidshi|is  was  a  round  box  of  iron, 
built  u|)  of  inch  jilates  to  20  feet  in  diameter,  9 
inches  thick,  and  9  feet  high,  with  a  grating  or  cov- 
ering of  railway  bars.  It  contained  two  11-inch 
gnns.  Her  defeat  of  the  "Menimac"  in  Hampton 
Roads,  JIarch  9,  1862,  rendered  this  little  craft  his- 
toric. She  foundered  in  a  storm,  olf  Hatteras,  De- 
cember 31,  1862.  See  Monitou.  See  also  Akmoii- 
PL.\T1XG,  i>.  152. 

The  "  Ironsides,"  comjileted  at  Philadeliihia  in 
1862,  was  the  only  foiniidable  side-gnn  iron-clad 
ever  ]mt  in  service  in  the  United  States.  She  was 
240  feet  long,  58^  feet  beam,  and  rated  3,250  tons, 
1,600  horse-power.  She  was  ]ilated  with  solid  plates 
ih  inches  thick,  and  cariied  eighteen  very  heavy  guns, 
.sixteen  1 1-inch  guns,  and  two  200-]ioun(ler  rifles.  She 
was  found  to  resist  all  but  the  very  heaviest  shot  at 
the  closest  range,  thus  juoving  tlie  supeiiority  of 
solid  over  laminated  armor.  She  was  stnick  more 
than  70  times  in  one  day,  and  sevi-ral  hundred  times 
in  all,  while  serving  in  front  «(  Charleston,  but  was 
never  seriously  injured.  She  was,  unfortunately, 
burned  at  the  whaif  in  Philadelphia,  1S65. 

The  "  Dunderberg  "  is  an  inclined  armor  broad- 
side ship,  of  7,000  tons  dispLicemeiit.  Her  armor 
consists  of  3i  and  4A  forged  iron  plates,  over  a  tim- 
ber backing  of  from  one  to  .six  feet.  She  was  built 
in  New  York  by  AV.  H.  "Webb,  Esq.  The  contract 
price  was  S 1 ,  400, 000. .  She  was  sold  by  pennission  of 
Congress  to  the  Emperor  of  the  Fiench  for  .§3,000,- 
000,  having  cost  much  more  than  was  antici]iated. 

The  "Eoanoke"is  an  old  United  States  wooden 
ship-of-the-line,  cut  down  to  near  the  water-line, 
plated  with  41  inches  of  iron,  and  has  three  turrets, 
11  inches  thick,  eaih  carrying  two  15-inch  gnns. 
She  was  only  used  for  harbor  defence,  being  found 
to  roll  so  much  as  to  be  almost  unseaworthy. 

The  "  Jlcrrimac "  was  a  L'nited  States  wooden 
ship-of-the-line,  and  was  set  on  fire  at  the  Norfolk 
Navy  Yard  when  that  place  was  abandoned  at  the 
breaking  out  of  the  war.  The  hull  was  raised  by  tlyt 
Confederates,  and  a  false  deck  put  on,  above  which  an 
iron-clad  foit  was  built,  the  sides  sloping  upward  at 
an  angle  of  about  30°.  She  carried  ten  heavy  guns, 
some  of  them  rifled  lOO-jiounder.s.  Her  first  engage- 
ment, March  8,  1862,  showed  her  to  be  more  than 
equal  to  a  fleet  of  wooden  vessels,  she  having  sunk 
the  "  Cumberland  "  and  crippled  the  "Congress" 
in  a  few  hours.  She  was  defeated  next  day  by  the 
"  Monitor,"  and  blown  up  two  mouths  later  to  es- 
cape capture. 

The  "Atlanta"  was  an  iron  vessel  cut  down, 
jilated  with  two  thicknesses  of  2-inch  iron  plates  over 
heavy  wooden  backing.  She  was  captured  by  the 
monitor  "  Weehawken,"  June  17,  1863,  having  been 
disabled  at  the  fourth  shot  from  that  vessel. 

Most  Briti.sh  iron-clads  are  built  on  the  broadside 
principle,  the  "Captain,"  built  something  on  the 
monitor  plan,  having  fmuidered  in  a  moderate  sea, 
carrying  down  all  on  board. 

Tlie  "  Lord  Clyde,"  said  to  be  the  fastest  Engli.sh 
iron-clad,  is  280  feet  long,  59  feet  beam,  21  feet  draft, 
4,067  tons  burden.  The  (•yliuders  of  her  engines  are 
116  inches  diameter,  having  4  feet  stroke.  The 
boilers,  nine  in  number,  have  brass  tubes  2i  inches 
in  diametei-,  with  an  aggregate  heating  surface  of 
19,000  square  feet. 

On  her  trial  trip  a  .speed  of  13J  knots  per  hour 
was  attained. 
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TliK  "Hercules,"  launched  in  February,  1868,  is 
325  feet  ion;,',  59  leet  beam  ;  tonnage,  5,li(i'2  ;  draft, 
2ik  feet  when  fully  equiiiiied.  Her  ram  is  a  solid 
mass  of  iron,  weighing  5  tons.  She  has  5  water- 
tight bulkheads.  The  iron  plating  is  from  6  to  9 
inches  thick,  the  former  thickness  extending  the  en- 
tire length  of  the  vessel  to  several  feet  below  the  water- 
line.    This  is  backed  by  10  inches  of  teak,  1^  inches 

Fig.  2703. 


Iron-C/ads. 

of  iron,  20  inches  more  of  teak,  and  f  inch  of  iron. 
The  engines,  of  1,200  nominal  horse-power,  are  ca- 
t«l)le  of  being  worked  up  to  7,000  horse-power. 
The  weight  of  iron  used  in  construction  of  the  vessel 
is  stated  at  9,520,000  pounds  ;  of  wood,  1,814,400 
pounds. 

The  thickness  of  ai-mor-plating  has  been  greatly 
increased  since  its  first  introiluction  ;  tliws  the 
"Warrior,"  built  in  1861,  ha.s  plating  4A  inches 
thick,  that  of  tlie  "  Bellerophon  "  is  6  inches,  and 


"Royal  Oak,"  "Royal 
and  ' '  Caledonia,"  4,045 

'  5-tuiTeted  vessel,  3,765 


that  of  the  "  Hercules,"  as  already  stated,  9  inches. 
The  French  have  increased  the  thickness  of  their 
plating  to  15  centimetres,  about  6  inidies  ;  and  the 
"  ilarengo  "  and  "Ocean"  have  jilating  20  centi- 
metres, or  nearly  9  inches,  in  thickness. 

Plates  for  experimental  purposes  have  been  rolled 
15  inches  thick,  and  it  is  claimed  that  plates  of  sound 
and  uniform  quality  can  be  rolled  10  inches  thick. 

To  resist  tile  attacks  of  iron-clads  the  Biitish 
government  is  erecting  at  Spitliead  two  foits,  plated 
with  15-inch  iron.  Each  fort  is  700  feet  in  ciictmi- 
ference,  230  feet  in  height,  and  is  armed  with  two 
tiers  of  guns,  one  consisting  of  twenty-four  600- 
p(Minders,  and  the  other  of  twenty-five  400-pounders. 
The  two  will  command  the  only  dee]i  chaniu-l  lead- 
ing from  the  sea  to  I'ortsniouth  Harbor.  The  esti- 
mated cositof  each  fort  is  about  £  1,000,000  .sterling. 

See  AUMllll-PI.ATI.NG. 

Fig.  2703  shows  broadside  views  of  a  number  of 
English  iron-clads,  and  is  introduced  to  illustrate 
the  niodes  of  arming  and  of  protecting  ;  the  shaded 
portions  indicating  the  partial  protection  only,  af- 
forded in  some  instances  to  the  batteiy  and  engines, 
and  at  about  the  water-line. 

a  shows  the  "  Wanior  "  and  "  Black  Prince  "  class 
of  6,039  tons. 

b,  the  "Achilles,"  of  the  same  .size. 

c,  the  "Defence  "  and  "  Resistance,"  3,608  tons. 

d,  the  "Hector"  and  "Valiant,"  4,063  tons. 

e,  the  "Northumberland,"  "Minotaur,"  and 
"Agincourt,"  6,621  tons. 

/,  the  "Prince  Con.sort," 
Alfred,"  "Ocean  Triumph,' 
tons. 

g,  the  "  Royal  Sovereign, 
tons. 

h,  the  "Prince  Albert,"  6-turreted  vessel,  2,629 
tons. 

i,  a  two-shield  ship  of  1,385  tons. 

j,  the  "Enterprise,"  990  tons. 

I;  the  "Favoiite,"  2,186  tons. 

The  lower  portion  oi'  the  figure  is  a  midship  sec- 
tion of  a  British  ivon-clad  ship  of  1,385  ton.s,  canry- 
ing  two  of  the  shields  as  adapted  by  Ca]itain  Coles 
of  the  British  service.  He  was  unfortunately  drowned 
in  the  "Captain,"  which  capsized  oH'  Cape  Finis- 
terre.  The  turret  is  .shown  as  rotating  on  a  central 
a.\is,  and  a  circulai'  .system  of  anti-friction  rollers. 
The  conical  portion  only  of  the  shield  is  exposed 
above  deck,  and  the  lailwarks  are  made  hinging,  so  as 
to  be  thrown  down  when  in  action.  The  ribs,  floors, 
iron-plating,  and  backing  are  also  clearly  shown. 

The  "  Glatton,"  a  modified  monitor  on  Captain 
Coles's  plan,  was  subjected  to  experimental  firing  by 
the  British  government  to  determine  whether,  by 
the  ini[iact  of  a  600-pound  shot  propelled  by  a  12- 
inch  rifled  gun,  this  tuiTet  could  be  jammed  or  pre- 
vented from  working.  There  was  also  to  be  ascer- 
tained the  probable  damage  that  might  be  caused  to 
the  guns  and  other  interior  fittings  of  the  turret. 

The  armor-jilating  of  the  latter,  against  which  the 
shot  was  to  be  thrown,  consisted  of,  first,  one  rolled 
covering  of  iron  fifteen  inches  in  thicknes.s,  dispo.sed 
in  two  tiers,  and  secured  to  the  backing  and  inner 
skin  by  bolts.  Behind  this  arnior-jilating  there  i.s 
fourteen  inches  of  teak,  then  an  inner  skin  formed 
of  two  J  inch  iron  jdates. 

The  gun  used  was  one  of  the  25-ton  12-inch  muz- 
zle-loading Fraser  guns,  made  at  the  Woolwich  Ar- 
senal. The  projectiles  selected  were  the  Palliser 
600-])ound  .shot,  solid  and  chill-headed,  and  the 
powder  charge  was  85  pounds  large  peljble.  The 
vessel  carrying  the  gun,  the  "Hotspur,  "was  moored 
at  a  distance   of  200   yards   from   and   on    nearly 
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a  parallel  line  with  the  "Glatton."  In  the  turret 
of  the  latter,  a  kid,  a  rabbit,  and  a  fat  hen  were 
placed  to  try  the  efl'eots  of  concussion. 

The  first  shot  which  struck,  took  the  turret  armor 
in  its  weakest  part,  in  the  center  of  the  turret-wall, 
upon  a  bolt-head  and  upon  the  lower  edge  of  the 
upjicr  1-1-inch  armor-plate.  It  lifted  the  ujiper  plate 
until  its  lower  edge  was  separated  from  the  U]i]ier 
edge  of  the  lower  (date  to  a  di.stauce  of  2t  iuclies, 
the  upper  edge  of  the  lower  plate,  where  the  shot 
penetrated,  being  depressed  nearly  one  inch  by  the 
sheer  downward  force  of  the  shot. 

The  fracture  extended  upward  from  the  plate's 
lower  edge  in  a  three-tjuarter-circle  form,  measuring 
17  inches  vertically  and  nearly  20  inches  along  the 
plate's  edge.  Inside  the  turret,  the  inner  eud  of 
the  bolt  struck  by  the  shot  was  found  to  ha\e 
driven  in  and  fractured  the  inner  skin  or  iron  lining, 
its  nut  breaking  otf  ami  kulging  upon  one  of  the 
trunnions  of  the  starboard  gun. 

The  depth  of  penetration  was  15  inches.  Still, 
with  all  the  inira?U3e  striking  force  of  the  shot,  esti- 
mated at  a  little  over  6,100  ton.s,  there  was  no 
through  penetration,  and  the  turret  was  found  to 
revolve  with  the  same  facility  as  before  the  shot  was 
fired.  None  of  the  gun  httings  or  gear  were  injured 
in  any  way.  The  kid,  the  rabbit,  and  the  hen 
looked  dazed,  but  they  had  sustained  no  other  in- 
jury. 

The  German  navy  has  the  following  iron-clads  : 
"King  William,"  .343  feet  long,  oSi  feet  beam,  cov- 
ered with  S-inch  iron-plates  and  20  inches  of  elastic 
wood;  it  has 23  guns.  "Prince  Frederick  Charles," 
282^  feet  long,  52j  feet  beam,  protected  by  5  inches 
of  iron  and  15  inches  of  el.ostic  wood  cushioning  ; 
carries  16  guns.  "  Crownprince  "  is  277S  fi'^t  long, 
48i  feet  beam,  covered  with  4i  to  5  inches  of  iron 
and  10  inches  of  elastic  cushioning  ;  bears  16  guns. 
"  Arminius  "  is  194  feet  long,  35  feet  beam,  covered 
with  ik  inches  of  iron  and  9  in-hes  of  cushioning  ; 
bears  4  guns.  "  Prince  Adalbert"  is  154  feet  long, 
has  4-inch  iron-plates,  8  inches  of  cushion,  and  car- 
ries 3  guns.  Tile  last  two  ships  are  monitors.  The 
guns  are  all  of  heavy  caliber. 

The  Russian  sea-going  turret  ship  "  Peter  the 
Great "  is  329  feet  8  inches  length  between  per- 
pendiculars. Her  greatest  outside  breadth  is  63 
feet.  The  builders'  measurement  is  5,352  tons,  and 
the  displacement,  with  coal,  stores,  and  water  in 
boilers,  will  be  9,665  tons,  at  a  mean  draft  of  23 
feet  9  inches.  The  plates  on  the  ship's  sides  and  on 
the  raised  building  amidships  vary  from  12  to  14 
inche.s,  and  the  armor-plate  protects  the  ship  to  a 
depth  of  6  feet  below  the  water-line.  The  vessel 
has  no  spur,  but  the  upright  stem  is  heavily  plated 
and  of  enormous  strength.  The  ship  has  two  large 
turrets,  which  are  plated  with  16  inches  of  iron  in 
two  thicknesses  of  14  and  2  inches.  She  has  no 
masts,  but  depends  entirely  on  her  compound  en- 
gines, which  were  built  at  St.  Petersburg.  Each 
engine  is  of  700  horse-power,  and  connected  with 
2  four-bl.aded  screws.  'There  are  12  boilers,  which 
will  require  at  full  speed  132  tons  of  coal  in  24  hours  ; 
and  at  this  rate  of  consumption  the  engines  will  work 
at  10,000  effective  horse-power,  and  the  ship  w-ill  be 
driven  at  14i  knots  speed  per  hour.  If  the  engines 
are  worked  at  the  second  grade  of  expansion,  .she 
will  have  coal  for  17  days,  steaming  12i  to  13  knots 
per  hour. 

With  the  single  exception  of  the  teak-wood  back- 
ing, all  the  materials  of  the  ship,  engines,  and  arma- 
ment were  produced  in  Russia,  by  Russian  work- 
men. 

A  round  vessel  invented  by  the  Russian  Admiral 


Popoffis  100  feet  in  diameter,  jilated  with  9  inc-hes 
of  iron,  and  propelled  by  six  screws  on  the  part 
which  may,  by  courtesy,  be  called  the  stern.  A 
turret  amiilships  carries  two  guns,  which  are  fired 
en  barbette.  Below  the  water-line  the  vessel  is  di- 
viiled  into  a  large  number  of  water-tight  compart- 
ments. 

I'ron,  Cor'ru-ga-ted.  CoiTugated  iron  is  used 
in  many  structuies,  —  houses,  sheds,  cars,  carriages, 
boats,  tanks,  etc. 

.\s  a  covering  for  buildings  it  was  first  used  as  a 
roof  for  the  Eastei-n  Counties  Railway  Station  at  the 
London  terminus,  1840.  The  plan  is  rectangular, 
with  three  aisles  230  feet  long.  The  middle  aisle 
36J  feet  wide,  the  side  aisles  20A  feet.  The  iron  is 
No.  16  wire  gage,  i^th  of  an  inch.  The  curve  of 
the  arch  is  at  right  angles  to  the  corrug-ation.  The 
sheets  are  riveted  together  in  the  direction  of  their 
length.  The  water  follows  the  curves  of  corrugation 
to  the  gutters,  which  lead  it  to  the  posts  ;  these  are 
hollow,  and  conduct  it  to  drains  beneath  the  pave- 
ment. 

Corrugated  iron  is  in  extensive  use  for  buildings 
in  countries  deficient  in  wood,  especially  in  .some  of 
the   English  colonies  iu  the  .southern  hemisphere  ; 

Fig.  2704. 
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Corrugated- hon  House. 

for  railroad  stations,  exhibition  and  temporary  build- 
ings, warehouses,  railroad  freight  cars,  fire-proof  floors, 
jiaititions  and  roofs,  gutters,  window-shutters. 

Fig.  2704  is  an  elevation  of  a  house  made  of  corru- 
gated sheet-metal  upon  an  iron  frame. 

I'ron-fur^nace.  {MetaUnrgij.)  A  furnace  in 
which  iron  ore  or  the  metal  is  exposed  to  heat.  The 
purjioses  and  construction  are  various.  The  subject 
is  treated  under  the  different  heads  :  Bl.^st,  Re- 
rii'ciN-o,  Desulphurizing,  Dec.\rbonizixg,  Pud- 
dling, FuKNACES.     See  list  under  JlET.iLLrRGY. 

I'ron-ing-board.  {Domrjitic.)  A  laundrj-  im- 
plement on  which  clothes  are  ironed  ;  sometimes 
having  a  special  shape,  as  for  bosoms,  pantaloons, 
etc. 

I'ron-ing-lathe.  (Hai-mak-ing.)  A  machine  hav- 
ing mandrels  carrying  blocks  on  which  hats  are 
mounted  for  ironing.  The  different  blocks  and  po- 
sitions shown  are  for  holding  tlie  hat  while  the  side, 
crown,  and  outside  and  inside  of  the  brim  respec- 
tively are  ironed. 

I'ron-ing-ma-chine'.  One  for  ironing  clothes, 
etc.  Specific  fomis  are  make  for  hat-ironing,  for 
hosiery,  and  for  tailors.     The  example   shows  one 
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Fig,  2706. 


Hal-Lathe. 


in  which  the  clothes  are  carried  on  the  endless  belt 
under  the  heated  roller.  The  table  is  depressi- 
ble  to  allow  the  passage  of  heavy  articles.  The  roller 
cover  is  the  bottom  of  the  tire-ehaniber,  and  the  tire 
is  urged  Ijy  air  from  a  blower  driven  by  the  crank 
which  carries  the  endless  apron. 

I'ron-liq'uor.  (Di/einii.)  A  solution  of  acetate 
of  iron,  used  as  a  mordant  by  calico-printers. 

I'ron-man.  (Co/ton-nmnufacture.)  A  name  ap- 
plied to  the  self-acting  mule  invented  in  1S25  by 
Roberts,  of  Jlanchester,  England.     The  working  of 
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Ironing- Machine. 


the  ordinary  mule  was  confided  to  the  most  skillful 
operatives.  The  machine  liy  which  their  services 
were  dispensed  with  was  regarded  as  a  triumph  of 
ingenuity,  and  was  thus  named.     See  Mule. 

I'ron-pa'per.  A  name  given  to  extremelv  tliin 
sheet-iron,  which  has  been  rolled  thinner  than  the 
finest  tis-sue-pajier.  In  the  American  Department 
of  the  British  E.xhibition  of  1851  very  thin  speci- 


mens were  shown,  and  from  this  period  a  lively  com- 
petition ensued  as  to  who  would  show  the  finest  and 
thinnest  specimens.  The  results  are  mentioned  un- 
der SnKKT-iKoN  (whiidi  see). 

I'ron-plpe.  Welded  iron  tubes  are  made  of  skelps 
bent  to  a  circular  form,  heated  to  a  welding  heat  in 
an  appropriate  furnace,  ami  then  drawn  on  a  ilraw- 
bencli  through  a  pair  of  jaws  with  bell  mouths.  The 
mouths  are  opened  to  receive  the  end  of  the  skelp, 
and  then  closed.  The  tube  is  drawn  without  a  man- 
drel.-   The  sizes  are  from  — 

6  inches  internal  diameter,  J  to  |  inch  thick. 

J  inch  internal  diameter,  T^,r  inch  bore. 

Kor  aist-ifuii  viiler-pijKS  tlie  working  tension  may 
be  J  of  the  bui-sting  tension,  say,  — 


Bursting  tension 
Proof  tension 
Working  tension 


16,500  pounds. 
5,500       " 
2,750       " 


The  working  tension  oi  cast-iron  stcam-jyipcs  should 
be  J  only  of  the  ultimate  tension. 

I'ron-rust  Ce-ment'.  A  cement  for  stopping 
joints  or  cracks  in  iron-work.  It  consists  of  iron 
borings  or  tilings,  112  ;  sal-ammoniac,  1  ;  sulphur, 
1 ;  whitening,  4.  Mix  with  water  and  use.  It  tonus 
a  dense  rust.     See  C'F.MEXT,  page  508. 

I'ron-sand.  1.  {Ptjrolfchnks.)  Steel  filings, 
used  in  ]'yrotechny  for  brilliant  tire,  etc. 

2.   .\  viiiiity  of  octohedral  iron  ore  in  gi'ains. 

I'ron,  Sheet.     See  Siii'.ET-iiiON". 

I'rou-stone  Chi'na.  One  of  the  contributions 
of  Wedgwood  to  the  ceramic  art. 

The  materials  of  the  StaHbrd.shire  ware  are  cal- 
cined flints  and  clay.  The  flints  are  burned  in  kilns, 
and  then,  while  hot,  quenched  in  water,  by  which 
they  are  cracked  through  their  whole  substance. 
After  being  quenched  they  are  ^'round,  with  water, 
in  ndlls  resembling  the  anastra.  The  mill  is  a  hol- 
low cylinder  of  wooden  staves  bound  with  hoops,  and 
having  a  bottom  of  blocks  of  chert  ;  the  mill-shaft 
is  perpenilicular  and  has  two  horizontal  arms,  be- 
tween which  are  laid  loose  blocks  of  chert,  which 
are  mo\'ed  round  on  the  bed-stone  as  the  ai-ms  re- 
volve, and  thus  grind  the  flint  with  water  to  the 
consistence  of  cream. 

The  clay,  from  Dorsetshire  and  Devonshire,  is 
mixed  with  water,  and  in  this  state,  as  well  as  the 
flint,  is  passed  through  fine  sieves  to  separate  the 
gi-osser  iiarticles.  Tin;  Hint  and  clay  are  now  mixed 
by  measure,  and  the  mud  or  cream  is  passed  again 
through  a  sieve,  in  order  to  render  the  mixture  more 
complete. 

In  this  state  it  is  called  slip,  is  then  evaporated 
to  a  projier  consistence  in  long  brick  trouglis,  and 
tempeied  in  the  pug-mill.  Cups,  pots,  basins,  and 
other  round  articles  are  turned  rough  on  the  hori- 
zontal ]jotter's-wheel,  and  when  half  dried  are  again 
tui-ued  in  a  lathe.  They  are  then  fully  dried  in  a 
stove,  and  the  remaining  roughnesses  are  afterwards 
removed  by  friction  with  coarse  paper.  Articles 
that  are  not  round,  and  the  round  ones  that  have 
embossed  designs  on  their  surl'ace,  are  made  of  thin 
sheets  of  clay  rolled  out  like  dough,  and  then  pressed 
into  molds  of  plaster  of  paris  ;  the  molds,  being 
previously  dried,  absorb  the  superficial  moisture  of 
the  clay,  and  thus  allow  it  to  part  from  them  with- 
out injury.  The  two  or  three  sc]iarate  pieces  com- 
posing the  article  are  then  united  by  means  of  slip. 
Spouts  and  handles  of  jugs  and  teapots  are  united 
with  the  body  of  the  vessel  in  the  same  way.  Small 
handles,  headings,  moldings,  etc.,  are  formed  by 
means  of  an  iron  cylinder  having  its  bottom  perfo- 
rated, so  as  to  mohl  the  clay,  as  it  pas.ses  through, 
info  the  required  figure.     A  piston  descends  slowly 
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in  tlic  cyliiiiler,  anil  drives  the  clay  out  through  the 
perfoi'atioii  ;  it  is  then  eut  oil'  in  lengths.  To  form 
a  plate,  a  lump  of  clay  is  beaten  or  rollej  into  a  Hat 
cake,  which  is  then  laid  on  a  mold  turned  to  the 
shape  of  the  upjwr  surface  of  the  plate.  A  rotary 
motion  is  given  to  the  mold,  and  an  earthenware  tool 
representing  a  section  of  the  bottom  of  the  plate  is 
pressed  on  it.  Cups,  saucers,  and  basins,  wjien 
rough  turned,  are  dried  on  the  block  to  keep  them 
from  warping.  The  ware,  being  thorouglily  dried, 
is  paekeil  into  saggars  and  burned  in  the  kiln  to  bis- 
cuit. Patterns  for  flat  or  nearly  flat  surfaces  are 
put  on  by  printing  the  pattern  from  a  copperplate 
with  an  ink  composed  of  oxide  of  cobalt,  o.xide  of 
iron,  or  other  coloring  matter,  nii.vcd  with  oil.  Tlie 
impression  is  taken  on  tissue-paper,  and  is  applied 
without  drying  to  the  surface  of  the  biscuit,  and 
slightly  rubbed  to  make  the  print  adhere  ;  the  bis- 
cuit is  then  soaked  in  water  till  the  paper  may  be 
stri[iped  ott',  leaving  the  print  or  pattern  behind. 
The  ware  is  then  dipped  in  the  glaze,  which  is  a 
mi.vture  of  flint  slip  and  white-lead,  and  the  bibu- 
lous nuality  of  the  biscuit  (tanses  a  suHicient  cpiantity 
to  adhere  ;  the  piece  is  then  dried  and  again  passed 
into  the  furnace,  whicli  brings  out  the  colors  of  the 
pattern,  and  at  the  same  time  vitrifies  the  glaze. 

The  finest  patterns  for  curved  surfaces  are  applieil 
after  the  glazing  has  bi,'en  completed,  by  taking  the 
impressions  from  the  copperplate  on  a  flexible  strap 
covered  with  a  strong  gelatinous  mixture  of  glue 
and  treacle.  This  strap  is  then  pressed  on  the  ware, 
and  gives  the  impression  in  glue  ;  the  coloring  pow- 
der is  then  dusted  over  it,  and  a  sulticient  portion 
ailheres  to  the  damp  parts  to  give  the  [lattern,  after 
having  been  again  in  the  kiln.  The  more  elaborate 
patterns  on  earthenware,  and  all  those  on  porcelain, 
are  finished  by  penciling  in. 

Iron  Ves'sel.  The  first  iron  boat  was  built  in 
17S7,  by  .J.  Wilkinson,  of  Bradley  Forge,  England. 
It  was  70  feet  long,  6  feet  Si  inches  beam.  Tlie 
plates  were  ts  inch,  secured  by  rivets.  The  stem  and 
stem-jiost  were  of  wood,  the  beams  of  elm  planks. 
Her  weight  was  8  tons,  capacity  32  tons  ;  slie  drew 
8  to  9  inclies  of  water  when  light,  and  plied  on  the 
Binuiugham  Canal. 

An  iron  )ileirsnre-boat  was  launched  on  the  Mersey 
in  1815  by  T.  Jevons  of  Liverpool.  It  was  scuttled 
by  jealous  shipbuilders,  and  an  iron  life-boat  launched 
by  the  same  person  in  181 7  experienced  the  same  fate. 

The  first  iron  steam-vessel  launched  and  put  to 
sea  was  projected  and  built  for  A.  Manby  of  Staf- 
fordsliire,  for  tlie  river  Seine,  in  1821.  She  took  in 
a  cargo  of  linseed-oil  and  iron  castings,  and  was 
navigated  direct  from  London  to  Havre,  and  from 
that  port  proceeded  to  Paris,  where  she  discharged 
her  cargo.  She  navigated  the  Seine  for  many  years, 
and  may  yet. 

The  iron  steamboat  "  Alburkah,"  for  the  Lander 
Expedition  up  the  Niger,  was  built  in  18.31.  She 
was  70  feet  long,  13  feet  beam,  and  &h  feet  deep. 
When  launched  she  drew  9  inches  of  water  ;  when 
e([uipped  slie  drew  40  inches.  She  was  navigated  to 
the  scene  of  her  exploits,  twice  ascended  the  river, 
and  her  ribs  upon  the  strand  of  Clarence  Cove  were 
visible  but  a  few  years  since,  and  may  yet  remain. 
Hei-  engines  were  16  horse-power.  Her  weight, 
witliout  engine,  33,600  pounds. 

The  "Garry  Owen  "  was  the  first  iron  vessel  with 
water-tight  bulkheads  ;  suggested  by  C.  W.  AVil- 
lianis.     See  Bl'lkhf..\i>. 

Iron  vessels  for  America,  Ireland,  France,  India, 
and  China  were  built  in  Scotland  and  on  tlie  Mersey, 
1833-39. 

The  iron  steam-vessels  "  Nemesis"  and  "  Phlege- 


thou "  were  used  in  the  \'illainous  Opium  War  of 
1842.  They  were  not  the  last  vessels  built  on  the 
Clyde  for  piratical  expeditions. 

The  "  Ironsides"  was  tlie  first  ii'ou  sailing  vessel 
of  any  magnitude  employed  for  sea  voyages. 

The  "  Great  Britain,"  built  at  Liverpool,  was  the 
boldest  ettbrt  in  iron  shipbuilding  in  her  time,  but 
was  eclipsed  by  the  "  Leviathan,"  afterwards  re- 
named the  "  Great  Eastern,"  which  was  built  from 
the  designs  of  Brunei,  by  Russell  &  Co.,  at  Millwall, 
on  the  Thames. 

She  was  commenced  in  1853,  and  was  four  years 
in  building. 

The  proportions  and  capacity  are  as  follows  :  — 

Length  between  perpendicular  .         .      680  feet. 

Length  oil  upper  deck  .  .  .  692      " 

Breadth  of  tlie  hull  .         .         .         .        83      " 

Breadth,  including  paddle-boxes  .  IIS      " 


Deptli  of  the  hull 
AVeiglit  of  iron  in  the  hull 
Weight  witli  eiigine.s,  stores, 

and  complement 
Draft,  loaded    . 
Number  of  iron  plates   . 
Number  of  rivets 
Passenger  capacity,  i3r.st  class 
Second  class 
Third  class     . 


60      " 
16,800,000  pounds. 

56,000,000      " 
30  feet 
.    10,000 
.     3,000,000 

800 
2,000 
1,200 

4,000 

.      400 

56  feet. 
13     " 
24     " 
160     " 


Crew  and  engineers  . 
Paddle-wheels,  in  diameter   . 
Float-boards,  in  length     . 
Screw-propeller,  diameter 
Screw-propeller,  length  of  shaft 

The  design  was  to  make  tlie  "  Cireat  Eastern  "  on 
the  principle  of  a  wrought-iron  girder.  For  this 
purpose,  tlie  bottom,  sides,  and  dei'k  are  cellular, 
and  eacli  .shell  water-tight.  The  distance  between 
tlie  shells  is  34  inches,  and  is  traversed  by  35  ribs  or 
webs  running  longitudinally  from  stem  to  stern. 
Similar  webs  travei-se  the  cellular  deck. 

An  elaborate  system  of  ti-ansverse  and  longitudi- 
nal bulkheads  divides  the  vessel  into  numerous  com- 
partnient.s,  so  airanged  as  to  form  the  reipiired  sjiaces 
for  engines,  boilers,  coals,  cargo,  and  passengers. 
Of  these  are  10  or  12  transverse,  water-tight  bulk- 
heads, which  have  no  ojienings  below  the  lower 
deck. 

The  means  of  propulsion  are  paddles,  screw,  and 
sails  ;  six  masts  carrying  6,500  yards  of  canvas. 

The  details  of  the  donkey  and  painiping  engines, 
gas  and  telegraph  apparatus,  the  fleet  of  boats,  and 
the  two  steani-tcnders,  90  feet  long,  hanging  from 
davits  abaft  the  paddle-boxes,  are  highly  interest- 
ing, and  may  be  found  in  the  journals  of  the  day 
and  in  works  specially  devoted  to  marine  and  steam 
engineering. 

I'rou-wheel.      See    Caruiage-wheel  ;    Cak- 

WHKEI.. 

I'ron-^work  Paint.     Graphite  and  hot  coal-tar. 

Solution  of  silicate  of  soda  (20°  Baume),  2  parts ; 
zinc  oxide,  1  part. 

Asphaltiim  and  resin,  ci^ual  parts,  dissolved  in 
spirits  of  turpentine. 

For  niachinery  :  caoutchouc,  2  pounds  ;  resin,  4 
pounds  ;  shellac,  2  pounds  ;  5  gallons  of  benzine. 

For  wrouglit-inm  structures :  scrub  with  wire 
brushes,  fill  crevices  with  a  putty  of  litliarge,  linsecd- 
oil,  varnish,  and  white  lead  ;  repeat  the  brushing  ; 
apply  a  \mnl  of  white-lead,  300  iioumls  ;  crude  lin- 
seed-oil, 10  gallons;  boiled  linseed-oil,  2  gallons; 
turpentine,  IJ  gallons.  Blow  white  sand  on  to  a 
second  coat  of  the  same. 
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Irrigating'  Brit^h. 


Rul)  the  work  witli  heavy  petrolpuin. 

Gnlvaniziiig-iiiiiiit :   zinc  (wwdcr  ami  oil  varnish. 

Rub  the  ri'il-hot  iron  with  wax,  talUiw,  jiitch,  or 
coal-tar.      Sec  also  V.viiN'I.sii. 

For  briglit-uurk  ;  during  transportation  and  at 
sea  :  tallow,  with  a  little  white-lead  to  give  it  con- 
sistence. It  is  ruljbed  otl'  when  the  machine  is  set 
uii,  or  the  vessel  is  lu'aring  port. 

Ir-reg'u-lar  Wheel.  Several  varieties  of  gears 
may  lie  tiTnii'd  iriegnlar  ;  hut  the  variability  of  each 
is  in  regular  terms,  if  the  motion  of  the  wheel  be 
rontinuous  ;  the  parts  passing  tlirough  reeurrent 
series  of  consei'utive  changes.   See  AxcJULAK  WlIEKL  ; 

C.\M    (iEAK-WHEKL  ;    EcCHNTRIC    WnEEL;    ElLII'TI- 

(■AL  Wheel;  Inteumittent  Wheel  ;  Mutilated 
Wheel  ;  SoitdLL-WHEEL  ;  SECTOii-WHEEL  ;  Si'IKAl 
Wheel;  Vaiuari.e  Wheel. 

Ir'ri-gat-ing-brush.  One  having  concealed  holes 

through  which 
Fig.  2707.  jets  or  spray  of 

water  passes, 
in  the  line  of 
the  bristles. 
Anela.stictube 
leads  the  wa- 
ter to  the 
brush.  It  is 
especially  used 
for  cleaning 
carriages. 

Ir'ri-ta'- 
tion-iu'stru- 
ment.  An  acicular  instrument  u.sed  to  penetrate 
tlu'  skin  as  J  local  irritant.  Sometimes  used  to  in- 
troduce a  vesii'atory  licpiid  beneath  the  epidermis. 
See  AcupuxcTURAToii ;  Hyi'ODEUMIC  SYiuxtJE. 

I'sin-glass.  A  fine  kind  of  glue  or  hardened 
gelatinous  composition,  composed  of  dis.solved  mem- 
braneous animal  tissues. 

The  gen  nine  is  made  in  Russia  from  the  sounds  and 
air-blailders  of  sturgeon,  but  other  kinds  are  made 
either  of  clean  scrajis  of  liide,  etc.,  or  the  purified 
jelly  derived  from  the  digestion  of  .skins,  hoofs, 
horns,  etc.  In  the  latter  cii.se,  it  is  glue  puritied  by 
the  discharge  of  fetid  smells  and  putrid  flavors. 

I-sod'o-mon.  A  style  of  masonry  in  which  the 
face  is  fcirmi'd  uf  si|uared  blocks,  the  courses  of  eipial 
hights,  and  the  filling  of  snndler  blocks  in  courses. 

The  pseudisudoinoii  had  courses  of  varying  liight. 
See  Ma.siin'ky. 

I-so-met'ri-cal  Pro-jec'tion.  A  mode  of  draw- 
ing marliincs  oi-  laiilding^,  in  wljich  the  plan  and 
elevations  are  showji  in  one  view.  Three  planes  are 
projeeti'd  at  an  ei[ual  angle  upon  a  single  plane. 

I-tal'ian  I'ron.     A  laundress's   smoothing-ii'on 
for  llnling  and  smoothing  frills. 
I-tal'ian  Roof.     A  hiji-roof. 
I-tal'ic.     Inclined  type  of  a  peculiar  form,  as,  — 
llaHi:  ti/pe  is  n'lid  to  have  b''en  copied  /mm  the 
hmidioritiiuj  of  Prtmrch,  htj  the  famous  printer  Aldus 
Manutiics.     lie  obtnined  n  pateut  for  the  use  of  this 
character  in  type  from  Pope  Leo  X.,  sumamed  The 
Great. 

I'vo-ride.  An  artificial  ivory.  A  vulcanite 
wliifenecl  by  abundant  quantity  of  some  white  nnr- 
terial.     Si-e  IvoiiY,  Artificial. 

I'vo-ry.  Specifically,  the  material  constituting 
the  tusk  of  the  I'lephant. 

In  a  more  general  sense  the  term  includes  the 
tusks  of  the  walrus,  narwhal,  and  even  the  teeth  of 
some  other  cetacea. 

The  African  ivory  is  preferred  to  the  Asiatic  ;  it 
has  a  greater  pro])cnlion  of  animal  matter,  and  is 
less  liable  to  discoloration. 


Animal  matter. 

Earthy  matter 

African  ivory 
Asiatic  ivory 

.     51 
38 

50 
50 

The  consumption  of  elephants'  tusks  in  Sheffield, 
England,  is  about  45,000  per  annum ;  and,  allowing 
for  the  occasional  finding  of  shed  tusks,  and  tho.se  of 
elephants  found  dead,  it  is  estinnited  that  20,000  are 
slaughtered  yearly  to  supjdy  this  cili/  of  cutlers. 

Ivory  is  rendered  flexible  by  steeping  in  a  solution 
of  hydrochloric  acid.  This  extracts  the  phosphate 
of  lime  and  gives  llexiliility  to  the  ivory,  without  im- 
pairing its  form.  Tubes  and  probes  of  this  material 
have  been  made,  and  the  partial  hardiness  which  oc- 
curs on  drying  may  be  removed  by  surrounding  the 
piece  with  wet  linen,  or  placing  pellets  of  wet  sponge 
in  the  cavities  of  the  instrument. 

Or  immerse  ivory  in  a  solution  of  pure  phosphoric 
acid,  s.  g.  1.1 '50,  until  the  ojiacity  is  removed  ; 
wash  and  partially  dry.  Will  become  hard  when 
perfectly  dry,  but  again  becomes  flexible  when  placed 
in  hot  water. 

Another  mode  of  softening  ivory  is  to  .soak  it  for 
three  or  four  days  in  a  mixture  of  3  ounces  of  spirit 
of  niter  and  15  ounces  of  spring-water,  when  it  will 
be  soft  enougli  to  oliey  the  fingers.  To  color  it  in 
this  state,  dissolve  the  projier  jiignient  in  spirit  of 
wine,  then  innner.se  the  ivory  and  leave  until  suffi- 
ciently tinged,  then  give  it  the  projier  ibrm.  To 
harden  it,  wrap  in  a  sheet  of  white  jiaper  and  cover 
with  dry,  decrepitated  common  salt,  ami  leave  for 
twenty-four  hours.  To  whiten  ivory  that  has  turned 
brown,  slack  some  lime  in  water,  decant,  and  boil 
your  ivory  in  this  till  white.  It  is  also  bleached  by 
sulphurous  acid,  by  chlcjride  of  lime,  or  by  soaking 
in  water  and  exposure  to  the  sun. 

Ivory  brought  from  Nineveh  in  a  fragile  and 
crumbling  state  was  restoi'ed  by  Professor  Owen  to  a 
ligid  condition  by  boiling  it  in  a  solution  of  gelatine. 
The  animal  mattei-  had  decayed  out  of  it,  leaving  the 
phosphate  of  lime  ready  to  fall  to  pieces. 

A  veneer  of  ivory  was  i-xhibited  at  the  World's 
Fair  in  London,  1851,  41  feet  long  and  14  inches 
wide.  It  was  sawn  from  a  block  in  a  continuous 
ribbon,  the  block  rotating  and  its  axis  gradually 
ajiproaching  the  plane  of  motion  of  the  saw. 

Russia  affords  a  large  sujiply  of  tnsks  fiom  the  re- 
mains of  an  extinct  variety  of  Repliant  which  once 
roamed  the  now  inlios]iitaide  shores  of  the  Siberian 
rivers.  These  bones,  though  not  essentially  clianged 
in  condition,  are  called  fossil  ivory,  from  the  cir- 
cumstances of  their  deposit  and  discovery. 

The  fruit  of  Phi/teicphas  viacrocarpa,  a  s]>ecies  of 
Peruvian  palm,  is  the  vegetable  ivory  of  connuerce. 

Ivory  has  always  been  considered  a  luxurious  ar- 
ticle in  countries  wliere  it  is  not  indigenous.  The 
Assyrians  caiTied  on  a  great  traflSc  in  ivory.  In  an 
Assyrian  obelisk  in  the  British  Museum,  the  captives 
or  tribute- bearers  ai'c  represented  as  carrying  ele- 
jihants'  tusks.  The  Egyptian  monuments  show  the 
tusks,  apes,  and  jieacocks  carried  to  Sesostris  ;  the 
.same  articles  were  also  brought  to  Solomon  by  the 
navy  of  Tarshish  some  hundreds  of  years  later. 
Diodorus  Siculns  states  that  the  Ethiopians  bronglit 
to  Sesostris  "  ebony  ami  gold,  and  the  teeth  of  ele- 
phants." Pliny  states  that  ivory  was  so  pli'iitil'ul  on 
the  borders  of  Ethiopia  that  it  was  used,  for  fences, 
door-posts,  and  cuttle-stalls. 

In  regard  to  its  ancient  uses,  it  seems  to  have  been 
essentially  a  regal  luxury.  "  All  manmM'  of  vessels 
of  ivory  "  are  enumerated  as  among  the  furnishing  of 
opulent  Babylon.  Hiram  fashioned  tlu'  great  ivory 
throne  of  Solomon,  and  overlaid  it  with  jmre  gold. 
Ivory  was  freely  used  in  the  chairs  and  conches  of 
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Egypt,  as  the  paintings  in  the  tonilis  yet  testify. 
Aluili's  ivory  house,  900  B.  c,  and  tlie  palace  of 
Meuelaiis,  desiribed  by  Homer,  were  protjably 
paneled  with  ivory,  or  the  walls  and  pillars  inlaid 
therewith.  Ezekiel  records  that  ivory  was  used  to 
ornament  the  Phcenician  galh'vs. 

Beds  inlaid  or  veneered  with  ivory  were  used  by 
those  who,  as  Amos  .says,  "are  at  ease  in  Zion," 
"that  lie  upon  beds  of  ivory  and  stretch  themselves 
upon  their  couehei." 

Two  hunting  inscriptions,  one  of  which  principally  1 
records  the  elephant  hnnts  of  Ptolemy  Philadelphus, 
were  discovered  and  copied  by  Lepsius  from  the 
colossi  of  Aboo  Siinbel.  .Since  ancient  times  ele- 
phants have  withdrawn  more  to  the  south  in  Eastern 
Africa  also,  .\ccording  to  the  testimony  of  Poly- 
bius,  when  African  and  Indian  elephants  encoun- 
tered each  other  on  fields  of  battle,  the  sight,  the 
smell,  and  the  cries  of  the  larger  and  stronger  Indian 
elephants  drove  the  African  ones  to  tlight.  The  lat- 
ter were  never  employed  as  war  elephants  in  such 
large  numbers  as  were  used  iu  Asiatic  expeditions, 
where  Khandragupta  had  assembled  9,000,  the  pow- 
erful king  of  the  Pra-sii  6,000,  and  Akbar  as  many. 

The  N'umidian  Metellus  had  142  elephants  killed 
in  the  circus.  In  the  games  given  by  Poni|)ey,  600 
lions  and  106  panthers  were  shown.  Augustus  sac- 
rificed -3,500  wild  beasts  in  tlie  festivities  which  he 
gave  to  the  people  ;  and  a  tender  husband  laments 
that  he  could  not  celebrate  the  day  of  his  wife's 
death  by  a  sanguinary  gladiatorial  fight  at  Verona, 
because  contrary  winds  detained  in  port  the  panthers 
which  had  been  bought  in  .Vfrica. 

To  come  down  to  a  later  date,  ivory  chairs  and 
furniture  were  among  the  spoils  of  .Seriugapatani 
when  Tippoo  yielded  up  the  ghost,  and  the  govern- 
ment of  5lysore. 

The  "Elephant's  Tower"  at  Futtehpoor  Sikra,  a 
favorite  residence  of  Akbar,  the  most  illustrious 
Asiatic  ruler  of  mxlern  times  {15,")6  -  1608),  is  ninety 
feet  high,  and  is  studded  with  elephants'  tusks  from 
top  to  bottom.  It  is  conjectured  to  have  been 
erected  over  the  remains  of  a  favorite  elejihant. 
This  Akbar  (very  great),  properly  Jel.a.l-ei)-1)IN 
MoHA-MMED,  was  truly  royal,  and  "  kept  house"  on 
a  very  extended  scale.  Bayard  Taylor  gives  a 
good  account  of  Futtehpoor,  a  red  sandstone  city, 
deserted  but  not  destroyed.  .-Vkbar  had  a  fancy  for 
ciiess-playing  mthin  a  checkered  court-yard  of  his 
palace,  with  beardless  epicenes  and  troojis  of  girls, 
who  strutted  and  trotted  liom  point  to  point  as  the 
dice  were  thrown  and  the  moves  called.    See  C'HKSs. 

I'vo-ry,  Ar-ti-fi'ci-al.  A  compound  of  caout- 
chouc, sulphur,  and  some  white  ingredients,  such  as 
gypsum,sulphate  of  baryta,  o.xideof  zinc,  or  pipeclay. 

Pinson's  :  immerse  a  sheet  of  gelatine  in  alumina, 
dissolved  in  acetic  acid.  When  fairly  combined, 
take  out,  hang  up  to  dry,  and  polish. 

Welling's  artificial  ivory  is  composed  of  10  ounces 
of  white  shellac,  4i  ounces  acetate  of  lea<l,  8  ounces 
of  ivory  dust,  and  5  ounces  of  cann>hor.  The  in- 
gredients are  reduced  to  powder,  heated,  and  mixed, 
then  pressed  in  heated  molds  into  sheets  or  other 
desired  forms.     See  Pykoxylin'E. 

Another  :  two  pounds  of  pure  imlia-rubber  are 
dissolved  in  thiity-two  pounds  of  chloroform,  and 
the  solution  saturated  with  purified  ammoniaeal 
gas.  The  chloroform  is  then  evaporated  or  distilled 
off  at  a  temperature  of  1S5°  Fall.  The  residue  is 
mixed  with  pulverized  phosph.ate  of  lime  or  carbo- 
nate of  zinc,  pressed  into  molds  and  cooled.  When 
the  phosphate  of  lime  is  used,  the  resulting  com- 
pound partaken  in  a  great  degree  of  the  nature  and 
composition  of  genuine  ivory,   for  the   phosphate 
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replaces  the  lime,  and  the  india-rubber  takes  the 
place  of  the  gelatine. 

Ivory  dust  mixed  with  albumen,  rolled  into 
sheets,  dried,  and  polished. 

Sulphate  of  baryta  and  albumen  rolled  into  sheets. 

Billiard-balls  made  of  a  mixture  of  paper  pulp, 
sulphate  of  baryta,  and  gelatine,  are  said  to  be 
equal  to  those  made  of  ivory. 

Plaster  of  paris  saturated  with  melted  spermaceti. 

The  following  United  States  patents  bear  upon 
this  subject ;  the  figures  are  day,  mouth,  year  :  — 

Welling 

Held 

Hackert 

Dupper 

AVheeler 

Wurtz 

Hackert 

Starr 

Stair  and  Welling  9.  6, 

Hyatt       .  "■■  ■ 

Gardner 

I'vo-ry-black.  A  species  of  bone-black  made 
by  the  calcination  of  ivory  scraps,  tniuiugs,  and  saw- 
dust. It  is  used  as  a  pigment  in  the  manufacture  of 
]>aints  and  printers'  ink. 

I'vo-ry-pa'per.  A  superior  article  of  pa.steboard, 
with  a  finely  prepared  polished  surface,  used  by 
artists. 

Ain.slie's  process  for  making  ivory-paper  is  as  fol- 
lows :  — 

Digest  four  ounces  of  (dean  ])archmeiit  cuttings  in 
water  for  four  hours,  and  strain  otl"  the  jelly.  Digest 
again  for  a  fartlier  ijuantity.  Keep  these  apart  as 
Nos.  1  and  2.  Saturate  with  No.  2  t*vo  sheets  of 
drawing-jiajier,  15  x  17  inches,  lay  them  together, 
and  strain  them  over  a  smooth  slate,  pasting  theni 
on  the  back.  Allow  them  to  dry  gradually.  Wet 
tliree  more  sheets  and  add  them  to  the  foinier,  one 
at  a  time.  When  dry,  smooth  with  sand-paper  ; 
wet  and  add  a  perfectly  clean  sheet.  Dry  it  and 
smooth  with  fine  glass-paper.  Heat  one  half-pint  of 
size  of  No.  1,  ami  stir  into  it  three  table.spoonl'uls  of 
plaster  of  paris  ;  distribute  it  over  the  surface  ;  dry  ; 
polish  with  glass-p;\per.  Spread  several  coats  of 
size  No.  1  upon  the  surface,  polishing  each  time 
with  fine  glass-paper.  Plaster  of  ]iaris,  oxide  of 
zinc,  and  carbonate  of  baryta  give  difierent  tints. 

I'vo-ry-sa'w.  A  thin  saw  stretched  iu  a  steel 
frame  for  .sawing  ivory  from  the  solid.  It  has  a 
blade  -^-q-  inch  thick,  lA  inch  wide,  and  15  to  30 
inches  long.  The  teeth,  5  or  6  to  the  inch.  A  frame- 
saw with  a  blade  made  of  a  fine  watch-spring  is  suita- 
ble for  the  purpose. 

I'vo-ry-tab'let.  Small  leaves  of  ivory,  arranged 
in  pocket-book  form,  for  receiving  meinoranda. 

Artificial  ivory  tablets  for  ]iliotogra]ihy  are  made 
by  mingling  finely  pulverized  sulphate  of  baryta  or 
heavy  spar  with  gelatine  or  allmmen,  compressing 
the  product  into  sheets,  and  drying  it. 

The  laws  of  the  twelve  tables  of  Rome  were  origi- 
nally written  on  oak,  then  transcribed  on  ivory 
tablets,  and  hung  up  pro  rostris  ;  after  approval  by 
the  peo]de,  they  were  engi'aved  on  bronze.  The 
opulent  Romans  used  their  slips  of  ivory,  called 
libri  cborki  or  llhri  cli-phautiiii ;  and  Ulpian  states 
it  was  common  to  write  on  such  with  black  ink. 

I'vo-ry-type.  (Plwtographij.)  A  kind  of  pic- 
ture in  which  two  finished  photogi-aphs  are  taken, 
one  light  in  color,  made  translucent  by  varnisli, 
tinted  on  the  back,  and  placed  over  a  stronger  pic- 
ture, so  as  to  give  tlie  effect  of  a  photograph  iu  nat- 
ural colors.      .Uso  known  as  Hellenntypc. 

I'vo-ry,  'Veg'e-ta-ble.  Tlie  nut  of  the  Phytele- 
phas  macrocarpa. 
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Jab.  (Xaidicfrl.)  To  catch  fish  by  proddiiif; ; 
said  iif  tisliiiij:;  witli  a  ijajf. 

Jabb.  A  jiuculiar  tishing-net  for  catching  the  fiy 
of  lish. 

Jack.  A  handy  tool.  A  name  applied  to  a  con- 
voniiMit  iniiilcini'iit  which  answers  in  the  place  of 
another  hand  or  of  all  assistant.  It  is  IVeiiuently 
comiiouniled  witli  other  words,  the  associated  word 
e.xpressiiit;  either  its  purpose,  structure,  or  relation. 

As  a  simple  wonl  it  has  meanings  ;  — 

1.  A  lifting  in.strument.  See  Jack-screw  ; 
W.-VGox-j.\c]<  ;  WiiEK.i.-.i.vi-K  ;  Cah-jack  ;  Fence- 
jack  ;  Kail-.iaok  ;  Hyuuostatic  Jack,  and  others 
in  the  list  below. 

2.  An  instrument  for  turning  a  roasting  joint  of 
meat.     A  bottlc-juck,  or  a  smokr-jack. 

3.  (Kiiiniiig.)  Tlie  pivoted  bar  or  lever  in  a 
kiutting-iiiaeliini-,  fnim  wliose  end  is  suspended  the 
sinker  wliich  forms  the  loop.      A  beater. 

i,  (S'pintiim/.)  A  coarse  bobbin  and  fly-frame, 
operating  on  the  sliver  from  the  carding-maeliine 
and  passing  the  product  to  the  fine  roving-machine, 
or  fitting  it  therefor. 

5.  (Wnivlny.)  The  Afci--iox  ,•  a  grated  frame  for 
conducting  the  threads  from  the  bank  to  the  warp- 
iiuj-iiiiU. 

6.  (Ml nine/.)  A  wooden  wedge  used  in  mining 
for  assisting  in  the  cleavage  of  strata.     A  gad. 

7.  A  saw»!i(U'se  or  saw-buck.  Two  X-shaped 
frames  united  by  a  round  or  ruiidle. 

8.  A  small  flag.  The  idiiou  without  the /i/.  See 
Flac. 

9.  {.Uda/  -workinri.)  A  form  of  metal,  pfaniiu)- 
maehinc  which  has  sliort,  quick  motions,  and  is  used 
in  shaping  objects,  planing  seats  for  valves,  faces  for 
the  same,  etc. 

10.  {XaiUkal.)     The  cross-trees. 

11.  (Mi(sic.)  Formerly  the  hammer  or  quill- 
carrier  of  a  clavicliord,  virginal,  harpsichord,  or 
spinet,  but  now  an  intermediate  piece  which  con- 
veys to  the  hammer  the  motion  imparted  to  tlie 
key. 

Tlie  piano-movement  jack,  which  imparts  the  mo- 
tion of  the  key  to  the  hammer,  is  the  invention  of 
Christofori  of  Florence,  1711.  IJimbault's  "Piano- 
forte," London,  1860.     See  I'lANO-FuurK. 

As  a  compound  word,  see  under  the  following 
heads  ;  — 


Boot-jack. 

Bottle-jack. 

Builder's  jack. 

C'ariiage-jack. 

Chimney-jack. 

Claw-jack. 

Crick. 

Fence-jack. 

Hand-screw. 

Hoisting-jack. 

Hydraulic  jack. 

Hydraulic  lifting-jaek 
(seeHvnuAi'Lirl'uEss- 
Es  AMI  Lifters)'. 

Hydrostatic  jack. 

Jack-arch. 

Jack-back. 

Jack-ljlock. 

Jack-boots. 

Jack  cross-tree. 


Jack-frame. 

Jack -head  pump. 

Jack-in-a-basket. 

Jaek-in-a-box. 

Jack-knife. 

Jack  -ladder. 

Jack-pin. 

Jack-plane. 

Jack-rafter. 

Jack-screw. 

Jack-sinker. 

Jack-staff. 

Jack-stay. 

Jack-timber. 

Knitting-machine  jack. 

Lever-jack. 

]..iftiiig-jack. 

llinute-jack. 

Pegging-jack. 

Piaiio-inovemcnt  jack. 


Spinning-jack. 
Swing-jack. 
Telescopic  jack. 
Thill-jack. 

Traversing  jack  (see  Hy- 
draulic Pressks  and 

LlFTER.s). 
Tripod-jack. 
Truck-jack. 
Wagon-jack. 
Warping-jack. 
■\Vlieel-jack  (see  H YDRAV- 

lic      presse.s      and 
•     Lifters). 
Windla.ss-jack. 
WiiidoH-jack. 


Post-jack. 
Pulliiig-jack. 
Pushing-jack. 
Kack-aiid-pinion  jack. 
Kail-jack. 
Kaili'oad-jack. 
Katchet-jack. 
Housting-jack. 
Kouudiiig-jack. 
Sciew-jack. 
Shackle-jack. 
Shaft-coupling  jack. 
Ship-jack  (see  Hydrau- 
lic Presses  and  Lift 

ER.s). 
Shoe-jack. 
Smoke-jack. 


Jack-arch.  An  arch  of  the  thickness  of  one 
brick. 

Jack-back.  1.  A  vessel  below  the  lneweiy-cop- 
pcr  wliieli  receives  the  infusion  of  malt  and  hops 
therefrom,  and  which  has  a  perforated  bottom  to 
strain  off  the  hops. 

2.  A  tank  or  cistern  which  receives  the  cooled 
wort  in  a  vinegar-factory. 

Jack-block.  (XauticaL)  A  block  used  in 
sending  tlie  tn]i-gallant  mast  up  and  down. 

Jack-boots.  1.  Large,  overall  boots,  reaching 
U]i  tlie  thigh  ;  worn  by  fishermen. 

2.  Large  boots  with  a  front-piece  coming  above 
the  knee  ;  worn  by  cavalry-men,  and  sometimes  by 
huntsmen. 

Jack  Cross-tree.  {Nautica!.)  An  iron  cross- 
tree  at  till-  head  of  a  top-gallant  mast. 

Jack'et.  An  envelojiing  or  outer  case  of  cloth- 
ing, steam,  water,  or  other  substance. 

1.  A  steiiin-jiickrl  is  a  body  of  steam  between  an 
inner  and  outer  cylinder  or  casing  ;  its  usual  pur- 
pose is  to  warm  or  maintain  the  wariiitli  of  the  con- 
tents of  the  inner  cvlinder.  It  was  inveiiteil  by 
Watt. 

The  steam  s]iacc  around  an  evaporating-jian  to 
heat  the  contents. 

Other  jackets  are  of  wood  or  other  non-comlucting 
material.  Cylinders  of  steam-engines  are  s^aiietinies 
covered  with  felt  and  an  oniami'Utal  wooden  casing 
to  prevent  radiation  of  heat.  Steam-boilers,  for  the 
same  purpose,  are  jacketed  with  felt  on  the  upper 
part.     Cleadhuj,  deadini/,  hii/i/iiuj. 

2.  (Nautieal.)     a.  A  double  or  outer  coat. 

b.  A  casing  for  a  steaiii-cliiinney  where  it  ]iasses 
through  a  deck. 

3.  A  swiiiiiiiiiig  garment  with  cork  lining.  A 
corl'-j'irhi. 

Jack-frame.  (CoUon-mnnufaclure.)  A  device, 
formerly  in  greater  favor,  for  giving  a  twist  to  the 
roving  as  it  was  delivered  by  the  drawing  rollers. 

In  order  to  give  a  certain  degree  of  cohesion  to 
the  sliver,  the  can  into  wliicli  it  was  received  from 
the  drawing  rollers  received  a  rapiil  rotation,  im- 
jiaited  by  the  table  on  wdiich  it  stood.  See  DuuB- 
l.iNfi ;  Kovixc. 

Following  this  process  was  that  of  winding  it 
upon  bobbins,  so  as  to  be  fed  from  thence  to  the 
sjiiiining-frame. 

"^hf  j'i(k--/mme,  or  jack  in  the  box,  wa.s  devised  to 
twist  anil  wind  the  sliver  and  form  it  into  a  roving 
on  a  bobbin  I'/t  the  enn. 
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The  twist  is  given  to  the  sliver  by  tlie  revolution 
of  the  can  on  its  vertii'al  .•ixis  ;  but 
Fig.  2708.  instead  of  being  coili'd  ti|>  within 
the  can  as  usual  (see  DcifBLI.NG), 
the  roving  was  wonnil  ujion  a  bob- 
bin b  lying  upon  a  carrier  cylinder  c 
made  to  revolve  by  wheel-work  (not 
shown)  at  such  a  rate  that  its  sur- 
face velocity  corresponded  to  that 
of  the  delivering  drawing  roller.  A 
guide-wire  y  moved  backward  and 
forward  in  front  of  the  bobbin  dis- 
tributes the  roving  equally  thereon. 
The  jack-fra/iw  was  superseded  by 
the  Bobbin  and  Fly-fii.\me  (which 
see).  The  mode  of  rotating  the 
bobbin  survives  in  Mason's  sjieeder. 
Jack-head  Pump.  A  form  of 
lift-pumps  for  mines  and  deep  bor- 
■Tadc-Frame.  ings,  in  which  the  delivery-pipe  is 
secured  to  the  cylinder  by  a  goose- 
neck.    See  Pluxgep.-pump. 

Jack-in-a-bas'ket.  (Xautical.)  A  basket  on 
a  pole  mavkiu'.,'  a  shoal.     A  beacon. 

Jack-in-a-box.  1.  A  name  confened  upon  the 
jack-fniiiii',  a  device  for  giving  a  twist  to  the  drawn 
sliver  and  wintling  the  same  on  a  bobbin  as  it  was 
received  in  the  roving  can.     See  jACK-FltAME. 

2.  a.  A  large,  wooden,  solid  screw  turning  in  a 
nut  in  a  bridge-piece  and  rotated  by  means  of  a 
lever.  It  is  a  clumsy  form  of  screw-jii'ess,  used  for 
various  purposes. 

b.  A  screw-jack  for  lifting  and  for  stowing  cargo. 
Jack'knife.    A  horn-handled  clasp-knife  with  a 
laniard,  worn  by  seamen. 

Jack-lad'der.  (^Nautical.)  Cue  with  wooden 
steps  and  side  ropes. 

Jack-pin.     (Xautical.) 
fife-rail  or  elsewhere. 

Jack-plaae.  {Carpentrtj.)  The  first  and  coars- 
est of  the  joiner's  bench-planes  ;  the  others  being 
the  tri/iiuf,  paiu^l,  and  sinooth  planes.  It  is  about 
18  inches  long. 

Jack-raft'er.    (Curpentnj.) 
rafters  used  in  a  hip-roof. 

Jack-screw.  A  lifting  implement  which  acts 
by  the  rotatiim  of  a  screw  in  a  threaded  socket.  In 
A  the  screw  is  double,  the  portion  a  turning  in  ft, 
and  the  latter  in  the  collar  of  the  base  c.  The 
spanner  d  rotates  the  nut  c  and  with  it  tlie  screw  ft, 
which  climbs  out  of  c  and  at  the  same  time  \syo- 
jects  a. 

£  is  a  railway-jack,  moved  by  a  lever  (which  is 
shown  broken  off ),  and  acting  by  pawl  and  ratcliet, 
either  throughout  a  circle  or  by  reciprocation  where 
the  position  is  confined. 

C  is  a  traversing-jack  which  moves  the  load  along 
by  a  secondary  screw  /  so  that  the  standard  ij  sli]is 
on  the  ways  h. 

In  another  fomi  the  screw  is  rotated  by  bevel- 
wheel  and  pinion. 

Jack-sink'er.  (fCniltinri-madiine.)  A  thin  iron 
plate  susi>einled  from  the  end  of  the  jock,  and  acting 
to  depress  the  loop  of  thread  between  two  needles. 
The  jack-sinkers,  alternate  with  Icod-sinkcrs,  the 
former  being  movable  separately,  but  the  latter  are 
attached  to  a  sinker-bar,  and  move  together.  See 
Knittinc.-m.\cuixk. 

Jack-staff.  (Xaidital.)  A  flag-staff  on  the 
bowsprit-rap  for  flying  the  jack. 

Jack-stay.  (S'autical.)  A  rib  or  plate  with 
holes,  nr  a  rod  running  through  eye-bolts,  passing 
along  the  upper  side  of  a  yard,  and  to  which  the 
sail  is  bent. 
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A  belaying-pin  in  the 


One   of  the  short 


Jack-tim'ber.  (Carpentry.)  A  timber  in  a 
building  wlach  is  shorter  than  the  other  timbers, 
being  intercepted  by  another  piece  ;  as,  — 

A  studdin;/  in  a  partition,  which  is  intercepted  by 
a  brace  or  a  window  or  door  frame. 

A  rafter  in  a  hip-roof,  which  meets  the  hip  and  is 
shorter  than  those  which  run  to  a  full  length  and 
meet  at  the  comb  or  ridge. 

A  rib  in  vaulting  or  groining,  .shorter  than  the 
main  rili. 

Ja'cob's  Lad'der.  (Xaii-tienl.)  A  rope  ladder 
with  wooden  rounds. 

Ja'cob's  Staff.  1.  An  in.strunient  for  taking  al- 
titudes, having  a  brass  circle  divided  into  (our  eijual 
parts  by  two  diametric  lines.  At  each  extremity  is 
a  perpendicular  riglet  over  the  lines,  with  a  hole  be- 
low each  slit  for  discovering  objects.  The  cross  is 
mounted  on  a  staff.     A  cross-sto{f. 

2.  (Siirvci/ing.)  An  instniinent  (a.  Fig.  2710) 
used  to  measure  distances  and  heights.  It  has  a 
square  rod,  with  a  cross  or  cursor,  which  has  a  set 
screw  to  keep  it  in  position  on  the  rod  when  re- 
quired. The  rod  is  three  or  fo\ir  feet  in  length,  and 
divided  into  four  or  five  eipial  parts.  The  cursor 
has  a  siiuare  socket  and  slips  on  the  staff ;  its  length 
is  equal  to  one  of  the  divisions  of  tlie  staH'.  The 
instrument  is  mounted  on  a  tripod  when  in  use,  the 
cursor  being  in  the  plane  of  the  horizon  when  meas- 
iiring  distances,  and  vertical  thereto  when  measuring 
bights. 

■rhe  cursor  is  adjusted  on  the  rod  to  the  second 
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Jacobus  Sca^, 


division,  and 
tlie  olwervation 
taken  friiin 
such  a  position 
that  the  iliree- 
tion  of  the  statf 
bisects  tlie  an- 
gle subtended 
by  a  line  drawn 
II  H   between    the 

r'"^"  two  objects. 
Q  Retire  or  ad- 
'  vance  with  tlie 
instrument  un- 
til from  the  sta- 
tion )ii  the  vis- 
ual line  from 
m  passing  to  c 
d  will  touch 
the  ends  c  f 
of  the  cursor. 
Place  a  jiicket 
at  Hi.  Slip  the 
cursor  on  to  the 
third  division 
of  the  statf  and 
retire  till  from 
a  new  station  n 
the  visual  rays 
from  thence  will 
reacli  the  same 
obj  ec  t  s,  c  (/ 
touching  c  f  as 
The  distance  between  the 


before.  Drive  a  [licket. 
pickets  is  eipial  to  the  distance  between  the  objects. 
This  is  but  one  illustration  of  its  application.  See 
Cresy's  "  Encyclopedia  Civil  Engineering,"  edition 
1865,  pp.  832-835. 

3.  A  straight  rod  h  shod  with  iron,  and  with  a 
socket  joint  and  piutle  at  the  summit  for  supporting 
a  surveyor's  circumfercutor. 

Jac-o-uet'.  (Fahric.)  A  fine,  close,  white  cot- 
ton goods,  like  I'arnliric. 

Jac'quard  Loom.  A  loom  for  weaving  figtired 
goods.  A  chain  of  perforated  cards  is  made  to  pass 
over  a  drum,  and  the  strings  by  wliiih  the  threads 
of  the  war[)  are  raised  pass  over  an  edge  with  a  wire 
or  leaden  weight  of  small  diameter  suspended  from 
each.  These  weiglits,  at  each  stroke  of  the  loom, 
are  presented  to  each  successive  card,  and  some  of 
them  are  intercepted  by  the  card  while  others  pass 
though  the  holes  therein,  the  latter  thus  determin- 
ing wliii'h  threads  of  the  warp  shall  lie  raised. 
In  this  way  the  figure' on  the  card  determines  the 
nature  of  the  ligure  on  the  fabric. 

Jaequard,  the  inventor,  was  a  straw-hat  manufac- 
turer at  Lyons.  His  attention  was  first  directed 
toward  mechanical  inventions  by  a  reward  being 
ofl'ered  for  the  jiroductiou  of  a  machine  for  making 
nets.  He  prcjduced  the  machine,  but  did  not  claim 
tht^  reward.  The  attention  of  Napoleon  was  called 
to  liis  inventive  genius,  and  he  was  sent  for  to  ascer- 
tain if  he  could  not  improve  on  a  loom  belonging  to 
the  government.  This  was  designed  for  weaving 
shawl  patterns  in  imitation  of  cashmere,  and  its  set- 
ting up  and  arrangement  were  very  troublesome  and 
expensive. 

The  great  war  minister  Carnot  is  reported  to  have 
said  to  Jaeipiard,  "Are  you  the  man  who  can  do 
what  the  Almighty  cannot  :  tie  a  knot  on  a  stretched 
string  ? "  Jaequard,  improving  on  the  model  of 
Vaucanson,  produced  the  ap]>aratus  which  bears  his 
name,  and  was  rewarded  with  a  pension  of  l.OflO 
francs.    This  was  afterwards  increased  to  6,000.    He  I 


was   also    awarded  a  bronze   medal  at  the   French 
Expo.sition  in  180L 

On  returning  to  Lyons,  he  met  with  great  opposi- 
tion front  the  weavers  there,  who  endeavored  to  for- 
cibly suppress  the  invention.  The  "Con.seil  de 
Prudhommes,"  a  board  of  master  workmen  in  the 
various  branches  {>f  trade,  who  are  ai>poiuted  to  look 
after  the  manufacturing  interests,  adjust  wages,  and 
settle  disputes  between  masters  anil  workmen,  or- 
dered his  machine  to  be  broken  up  in  the  public 
[  place,  and,  according  to  Jacquard's  own  e.xpression, 
"  the  iron  sold  for  iron,  the  wood  for  wood,  and  he, 
the  inventor,  was  delivered  over  to  universal  igno- 
\  miny."  The  value  of  the  invention  was,  liowever, 
soon  appreciated  elsewhere,  and  was  finally  recog- 
nized by  the  Lyonese  themselves,  to  whom  it  has 
since  proved  of  inestimable  value. 

Jag.     A  liarb  or  dovetail  which  resists  retraction. 

Jag-bolt.     One  with  a  barbed  shank. 

Jag'ger.  1.  (iJontestlc.)  A  small  wheel  mounted 
in  a  liandle  and  u.sed  for  crimping  or  ornamenting 
edges  of  pies,  cakes,  etc.,  or  cutting  them  into  orna- 
mental shapes.     A  jnfjyin(j-ir:m. 

2.    A  tootheil  cliiseL 

Jag'ging-board.  (Mctallunjii.)  An  inclined 
board  in  a  hitthll*:  or  frtniic  on  which  sfimcs  of  ore 
are  deposited  to  be  grailually  washed  by  a  current  of 
water  to  the  inclined  bed  where  the  slimes  are  sorted 
according  to  gravity.     See  Bi'ddlk  ;  FiiA.MiNG. 

Jal-ou-sie'.     A  loiirrc  or  Venetian  shutter. 

Jamb.     1.   (Architeeturc.)     The  upright  siiles  of 
an    a]ierture,    as    a   doorway, 
window,  or  fire]dace,  and  sup-  F'B-  2711. 

porting   the   lintel,    entabla- 
ture, or  mantel, 

Tlie  jdinb-Hnings  are  the 
casing,  and  have  a  rabbet  for 
the  door  to  shut  into. 

Jamb-i»osts  ai'e  framed  into     £U<"^ 
an  aperture,  and  u])ou  them  j 
the  linineis  are  attached. 

Jamh-stoiicsare  employed  in       Jamb  and  Filling 
building  sides  of  an  aperture. 


A,  architrave. 

/>,  plowed  ground. 

C,  door. 


1\  rablieted  joint. 
E,  quarter. 


2.   (Miiiinfi.)     A  pillar  of  ore  in  a  mine. 

Jamb-Un'ing.  (t'iirj)eHtri/.)  The  vertical  board- 
ing on  the  siiles  of  a  doorway. 

Jamb-post.  (CarpeHtrij.)  One  of  the  uprights 
on  the  sides  iif  a  doorway  or  window. 

Jamb-stone.  (Jrehitcclnrc.)  One  of  the  stone 
pillars  on  the  sides  of  a  doorway  or  of  a  window. 

Jam'da-ri.     (Fal/ric.)     A    Dacca   muslin  woven 
I  with  figures  of  flowers  and  other  ornaments. 

Jam-nut.  An  auxiliary  nut  screwed  down  ujion 
anotlier  one  to  hold  it.  A  chcck-niil^  lock-nut,  or 
pinrliiivi-niit.     See  Nut-lock. 

'      Jam-weld.      (Fonjimi.)     A  weld  in  which  the 
heateil  ends  or  edges  of  the  parts  are  square  butted 
against  each  other  and  welded. 
i     Jank'er.     (Sctitch.)    A  long  pole  on  two  wheels, 
used  ill  trans)iorting  logs. 

Jan'tu.  A  water-raising  device  of  great  antiqui- 
ty used  in  Bengal  for  land  irrigation.  It  is  a  trough 
couuterweighted  by  an  extended  arm  and  balanceil 
across  a  bar.  .-is  the  trough  end  descends  it  dips 
water,  and,  as  it  rises,  the  water  runs  towards  the 
axis  of  vibration  and  escapes  at  a  lateral  orifice  into 
a  trough,  which  conducts  it  to  the  field.  See  Gi'T- 
TEi'.  for  a  common  device  on  this  ]iiiuciple,  except- 
ing tlie  counterweights.      See  also  li.vii.-scoop. 

Ja'nus-cloth.     A  fabric  having  each  side  dressed. 
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aiid  ditfercnt  colors  on  the  respective  sides.     Sucli 
fabric  is  used  lor  reversible  garments. 

Ja-pan'.    1.  A  hard,  black  varnish,  obtained  from 
the  Stagmaria  rerniciflua  of  the  East  Indies. 
2.   An  asphaltum  varnish.     See  V.\nxisH. 
Ja-pan'-earth.    (Tanning.)    Term jajionica,  cat- 
echu, ontih.    An  astringent  matter  obtained  from  the 
Areca  mlcdiu  and  Amcia  mifclni  ;  used  in  tanning. 
Jap-a-nese'  Silk.      (Fabric.)     A  dress    goods 
having  a  linen  chain  and  silken  weft. 

Ja-pau'-ink.  A  writing-ink  which  has  a  dark, 
glo.ssy  color  when  drv.     See  Ink. 

Ja-panned'  Leath'er.  Leather  treated  with 
several  coats  of  .Japan  varnish  anil  dried  in  a  stove. 
Ja-pan'ning.  The  art  of  coating  wood,  metal, 
or  paper,  witli  a  thick  coat  of  hard,  brilliant,  var- 
nish. The  art  originated  in  Japan.  Japanning  in- 
volves the  baking  of  the  varnished  article. 

The  Japanese  em]iloy  a  lacquer  obtained  from  a 
tree  by  making  incisions  in  the  trunk  and  collect- 
ing the  juice  ;  this  is  at  first  like  cream,  but  be- 
comes black  by  exposure  to  the  air.  Their  process 
is  .said  to  be  as  follows  :  Alter  tlie  juice  has  assumed 
a  deep  black  color,  finely  iiulverizcd  charcoal  is 
added  to  it.  The  lacijuer  is  applied  to  an  artiide  in 
several  successive  coats,  each  being  drieil  in  the  sun 
before  the  next  is  put  on.  It  soon  becomes  ex- 
tremely hard,  and  is  polished  with  a  smooth  stone 
and  water  until  it  becomes  as  smooth  as  glass.  l)n 
this  surface  ornaments  and  ligures  are  traceil  with  a 
brush  dipped  in  a  varnish  of  boileil  oil  and  turpen- 
tine. Before  this  is  ciuite  dry,  gold  or  silver  leaf  is 
laid  on,  and  the  whole  afterward  receives  a  linish- 
ing  coat  of  varnish. 

With  ns  the  work  is  first  covered  with  a  giound 
composed  of  anime  (Hipncnaa  i-ourbiiril)  varnisli 
mixed  with  a  pigment  of  the  desired  color  ;  this  is 
dried  in  a  stove,  after  which  three  or  four  coats 
of  varnish  are  apjilied.  The  varnishes  employed 
are  copal,  anime,  mastic,  or  seed  lac.  The  latter 
gives  the  hardest  surface,  but  is  too  dark  for  the 
more  delicate  grounds,  and  is  therefore  usually 
mixed  with  some  other  kind  of  varnish.  Articles 
such  as  wood  or  pnpicr-niach ',  which  are  too 
coarse,  soft,  or  rough  to  receive  the  japaiming  im- 
mediately on  tiieir  surfaces,  are  first  covered  with 
Fig.  2712.  a  priming  composed  of  chalk  or  whiting. 
""  This  is  allowed  to  dry,  and  is  then  rubbed 

smooth. 

EngraWngs  or  drawings  are  transfeiTed 
to  japan  work  in  the  following  way  :  The 
engraving  is  printed  or  the  drawing 
maile  on  fine  paper,  previou.sly  prepared 
with  a  coating  of  isinglass  or  gum-water. 
This,  when  dry,  is  applied  face  downward 
upon  the  japan  grouml,  which  is  covered 
with  a  thin  coat  of  copal  varnish  ;  the 
paper  is  then  moisteneil  on  the  back  with 
warm  water,  which  loosens  it  so  that  it  can 
be  removed,  leaving  the  jirint  on  the 
work.  Or  a  print  may  be  made  on  an 
elastic  composition  of  glue,  etc.,  which 
may  be  applied  immediately  on  the  ja- 
^^  ^     panned  surface. 

1^  Jar.    1.   (jrell-boring.)    A  device  used 

in  boring  by  impact  of  the  chi.sel,  which 
is  alternately  lifted  and  dropped.  As 
the  rope  attached  to  the  piece  «  is  lifted, 
the  chisel-stock  C  slips  until  arresteil  by 
the  enlarged  portion  b.  When  the  jiiece 
a  is  dropped,  by  the  sudden  slacking  of 
the  rope,  the  chisel  falls,  and  the  portion 
,,^  e  comes  on  top  of  the  chisel-stock  D  to 
briUjar.    give  it  an  elJective  blow. 


2.  {Domes/ ic.)  A  vessel  of  glass  or  earthenware 
for  fruit,  preserves,  pickles,  and  various  domestic  uses. 

The  analogue  of  our  modern  fruit-jar  is  found  in 
tho.se  of  the  ancient  Egyptians,  who  seem  to  have 
been  given  to  laying  in  great  stores  of  pro\'isions  in 
this  way.  The  jiaintings  on  the  temples  and  tombs 
of  Egypt  show  the  storing  of  grain,  wine,  oil,  poul- 
try, and  many  other  things,  and  the  economy  of 
their  houses,  pantries,  and  granaries  shows  that  they 
made  the  most  ample  and  profuse  store  of  provisions. 
As  an  illustration,  see  Plate  V.  Vol.  2  of  Wilkinson. 

The  jars  of  the  accompanying  cut  have  lids  or 
stoppers,  which  are  luted  or  rendered  air-tight  by 
lirjuid  clay,  pitch,  gypsum,  or  mortar. 

Some  of  the  jars  had  Hat  bottoms  a,  and  were  set 
upon  the  cellar  or  store-room  floor  ;  and  others,  being 


Fig.  2713. 


Egj/ptian  Vases  and  Jars. 

pointed,  were  set  in  a  stone  ring,  like  the  amiihora;  b  b 
and  ring-base  e.  Late  excavations  on  the  site  of  Trtjy 
have  exluiraed  ranks  of  enormous  jai-s.  See  Fruit- 
J.\i:. 

Jas'per.   1.  A  silicious  mineral  of  several  varieties. 

"2.  Marble  of  a  greenish  color,  with  small  red  spots. 
Thc-re  is  an  antique  jasper  with  small  spots  of  black 
and  white. 

3.  A  kind  of  earthenware  prepared  from  pounded 
spar. 

Jaiint'ing-car.  An  Irish  vehicle  having  two 
si'ats,  back  to  back,  over  the  wheels,  a  well  in  the 
middle,  and  a  seat  for  tlie  driver  in  front. 

Jave'lin.  A  hurling-spear,  about  o|  feet  long  ; 
it  has  a  wooden  shaft  and  an  iron  head.  It  is  yet 
used  in  Europe  in  hunting  the  boar,  and  by  many 
savage  nations  in  ordinary  hunting. 

The  nssrgai  of  the  Caffre  is  a  javelin  of  native  iron. 

Ja^.     1.   (Jfacliincnj.)     a.  One  of  two  opposing  . 
members  capable  of  being  moved  towards  and  from 

Fig  2714 


Vtse-Jaws  for  Round-  VTork. 

one  another  ;  as  the  jaws,   check,  chaps,  chops,  or 
mouth  of  a  vise  or  wrench. 

b.  The  cheeks  of  a  stone  or  ore-crusher,  one  of 
which  is  moved  relatively  to  the  other,  so  as  to 
break  the  material  fed  between  them.  In  the  ex- 
ample (Fig.  2715)  C'is  the  moving  jaw,  and  £  is  a 
relatively  stationary  abutment.  The  movement  of 
the  jaw  E  is  by  an  eccentric. 

c.  The  opposed  portions  of  a  shearing-machine 
or  punch,  which,  by  moving  pa.st  each  other,  cut  the 
bar  or  sheet  of  metal  placed  between  them. 

2.  (Raihi-ay-cnrs.)  The  guard-]dates  in  which 
the  axle-boxes  of  railway-cars  play  vertically  as  the 
spiings  yield  and  recoil.     The  housings  or  i>edestals. 


JAW-LEVER. 
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Fig.  2715. 


3.  {Nautical.)  o.  The  forked  end  of  a  boom  or 
gaff,  which  pai-tially  embraces  the  mast.  The 
branches  of  the  jaw  are  called  horns,  and  are  united 
by  the  jaiv-rope. 

b.  The  space  in  the  shell  of  a  tackle-block  occu- 
pied by  tlie  sheave. 

Jaw-lev'er.  A  veterinary  in.strument  for  open- 
ing till'  mouths  of  animals  for  tlie  administration  of 
mt'ilii-ini'. 

Jaw-tools.  Tools  having  the  capacity  for  •grasp- 
ing, as  between  jaws  or  Kngers.  See  under  the  fol- 
lowing  heads  :  — 


Animal -clutch. 

Articulator. 

Balance-vise. 

Barrel-vise. 

Bench-vise. 

Bloom-hook. 

Bolt-cutter. 

Bottling-pliers. 

Bullet-mold. 

Burling-irons. 

Burr-cutter. 

Buttonhole-cutter. 

Calipers. 

Calking-vise. 

Chimney-tongs. 

('lump. 

Clinclifr. 

Clothes-pin. 

Clothes- tongs. 


Grapnalls. 

Grapple. 

Hanil-vise. 

Humbug. 

li'i'-tongs. 

Inside-calipers. 

Lasting- pinchers. 

Lazy-tongs. 

Monkey-wrench. 

Nail-clincher. 

Nippers. 

Nut-cracker. 

Pinchers. 

Pinching-tong.'?. 

Pipe-tongs. 

Pipe- vise. 

Pipe-wrench. 

Pliers. 

Pruning-shears. 


Clutch  for  hay-elevator.     Puiellas. 

Coal-tongs.  Punch-pliers. 

Compasses.  Rivet-cutter. 

Costotome.  Rotary  shears. 

Crane's-bill.  Rounding- tool. 

Crimping-tool.  Saddler's-pinchers. 

Crow's-bill.  Saw-vise. 

Crucible-tongs.  Scissors. 

Cutting-nippers.  Shanks. 

Dividers.  Shears. 

Drawing-pliers.  Snipe. 

Egg-tongs.  Spring-vise. 

Elbow-tongs.  Suspending-clutch. 

Entereotome.  Tongs. 

Forceps.  Tube-cutter. 

Gas-titter's  tongs.  Tweezers. 

Glass-tongs.  Vise. 

Glazier's-vise.  Wrench. 

Jaw-wedge.     A  wedge  to  tighten  the  axle-box 

in  the  jaw  or  guanl  of  a  railway  car-truck. 

Jeail.  (Fabrir.)  a.  A  twilled,  undressed  cloth, 
having  a  cotton  chain  and  woolen  tilling. 

b.  A  twilled  cotton  goods,  striped  or  white.  Satin 
jean  has  a  dift'erent  twill,  which  gives  it  a  smooth, 
glossy  surface. 

Jeara.  (NmUiml.)  A  fourfold  tackle  by  which  a 
lower  yard  is  siaii/rd  or  struck.  The  upper  lilock  of 
this  purchase  usually  hangs  from  the  trestle-trees. 
Jeers;  jeer-bits. 


Jed'ding-axe.  A  stone-mason's  tool.  It  has 
one  Hat  /mr  tor  knocking  oif  projecting  angular 
points,  and  a  pointed  pern  for  reducing  a  surface  to 
the  required  form.      A  aivil. 

The  sfw  or  znx  is  a  .slate-worker's  axe. 

Jeg.  A  templet  or  gage,  one  of  several,  for  veri- 
fying shapes  of  parts  in  gun  and  gun-stock  making. 

Jem'my.  1.  (Fabric.)  A  species  of  Scotch  woolen 
cloth. 

2.   A  small  crow-bar. 

Jen'ny.  (S/>iiiniiig.)  A  form  of  spinning-ma- 
chine invent^'d  by  Jacob  Hargreaves.  A  playful 
adaptation   of    the   word   enffine.      See   Spi.sning- 

JENNY. 

Jet.  1.  The  sprue  of  a  type,  which  is  broken 
therefrom  when  the  type  is  cold. 

2.  A  solid,  diy,  black  lignite,  harder  than  asphalt 
and  glossy  in  its  fracture. 

3.  A  spout  of  water  in  a  fountain. 

Jet-pump.  A  pump  stated  to  have  been  origi- 
nally contrived  to  empty  the  pits  of  submerged 
water-wheels.     It  acts  by  the  pressure  of  a  column 

I  of  air  passing  through  an  annular  throat ;  or  con- 
vi'rsely,  an  annular  jet  arouml  a  central  oiilice.  It 
has  since  been  used  in  oil-wells.     See  Ejectdu. 

Jette.     The  starlimj  of  a  bridge.     See  S'l'AitLlNG. 

Jet'ting-out.  (Anliiteclare.)  Tlie  projection 
of  a  orlu'l  ur  mcilding  beyond  the  general  surface. 

Jet'ty.  \.(Hy- 
draalic  Ewjineer-  F'g'  2716. 

imj.)  a.  A  con- 
struction of  wood, 
rubble- stone,  or 
masonry  ]>roject- 
ing  into  the  sea 
ami  serving  as  a 
wdiarf  or  pier  for 
landing  and  ship- 
ping, or  as  a  mole 
to  protect  a  har- 
bor. 

Although    lim- 
ited to  no  particu- 


lar  form,  a  very  com- 
mon   construction    of 
the  jetty  is  a   timber 
framing  A,  secured  by 
piles    or   loaded  witli 
rubble.      It    is    often 
built  in  the  manner  of 
a  sea-wall  ;    having  a 
double  row  of  sheeting 
]>iles,  the  interval  filled 
in  with  rubble  or  be- 
ton.     The  latter  is  ex- 
cellent.   The  tfrm  jetty 
is  also  a]iplied  to  ex- 
pensive   and 
solid   erec- 
tions of  ma/- 
sonry,  and  to 
Annisorland- 
ing-places  for 
boats. 

Tetord's 
jetty  B  at  the 
eastern    arm 
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of  Kingstown  Harbor,  Ireland,  is  an  example  of  a 
jetty  made  of  rubble,  with  a  traek  and  parapet  of 
coursed  masonry.  The  foreshore,  in  most  works  of 
this  kind,  is  faced  with  pitched  stones,  that  is,  an 
outer  layer  in  which  the  undressed  stones  are  not 
laid  at  random,  but  depositeil  end  on,  beginning  at 
the  lower  edge,  and  so  caused  to  bind  and  become 
mutually  sustaining. 

Jetties  of  masonry  (C)  hare  usually  ashlar  facinf/s 
and  luartinys  of  rubble  or  concrete.  The  walls  filled 
in  with  lieton  will  be  nearly  eipial  to  a  solid  mass  ; 
in  fact,  biiton  itself  makes  a  wall  of  such  tenacity 
that  its  strength  is  equal  to  a  homogeneous  block. 
When  the  ashlar  masonry  is  filled  in  with  eartli  it 
retiuires  a  bond  ;  when  this  is  of  masonry,  the  coun- 
terforts take  the  form  of  division-walls,  wdiich  thus 
red.ice  the  jetty  to  a  series  of  coinpartnicnts.  The 
stones  of  th?se  horizoatal  bonding  courses  should  be 
cramped  and  joggled  together,  and  the  top  carefully 
paved  to  prevent  infiltration. 

The  southern  jetty  (D)  of  the  port  of  Havre  is  ex- 
posed to  violent  storms  and  a  powerful  littoral  cur- 
rent. It  exemplifies  the  ashlar  facing,  horizontal 
bonding- walls,  rubble  filling,  paving,  parapets, 
aprons  of  piles  and  pkrre-prrdue  to  protect  the  foun- 
dations from  the  repercussion  of  the  waves,  all  exe- 
cuted in  a  style  which  has  provoked  the  admiration 
of  those  who  have  understandingly  examined  it. 

In  the  course  of  the  improvement  of  the  mouths 
of  the  Khine,  the  northern  arm  of  the  ilaese  is  be- 
ing widened,  dredged,  and  extended  into  the  sea 
by  jetties  of  about  1,200  feet  long  and  1,000  yards 
apart.  The  mode  of  their  construction  is  as  fol- 
lows :  — 

Long  fascines  are  formed  of  brushwood  and  placed 
upon  the  shore  near  the  site  of  the  works  ;  they  are 
laid  in  courses,  each  course  being  at  right  angles  or 
oblique  to  the  previous  one,  until  a  thickness  of 
about  three  feet  has  been  obtained  :  strong  stakes 
are  then  ilriven  through  the  mass  at  frequent  inter- 
vals, which  pi'oject  about  18  inches  at  the  bottom, 
and  12  inches  at  the  top.  The  stakes  are  then  tied 
together  with  a  willow  binding.  The  work  is  made 
in  sections  measuring  about  40  yards  by  20  yards. 
When  completed,  it  is  floated  to  the  site  of  the  jettj% 
and  sunk  into  its  place  by  being  evenly  loaded  with 
basalt  stone,  which  is  brought  down  the  Rhine 
from  quarries  near  .-indernai^h.  Piece  after  piece  of 
this  sort  of  work  is  addeil,  until  it  covers  the  whole 
breadth  of  the  base  of  the  jetty  for  a  portion  of  its 
length,  after  which  another  layer  is  formed  in  the 
same  manner,  ami  so  on  until  the  i-equisite  bight 
and  breadth  of  th;- jetty  have  been  obtained,  when  a 
fresh  length  in  advance  is  commenced.  The  pro- 
jecting stakes  soon  take  firm  hold  of  the  layers  above 
and  below  thejn,  the  sanil  silts  into  the  interstices 
of  the  brushwood,  and  in  a  few  years  forms  an  almost 
impenetrable  mass,  which,  when  consolidated,  is  cov- 
ered with  a  paving  of  large  basalt  stones. 

b.  A  structure  round  the  piled  foundation  of  a 

bridge  pier. 

Fig.  2717.  2.  The  iiart  of  a 

^____^_^_^  building  which  jets 

^^'-"''"'^      ,.       ^""^^^^  or  juts  over  beyond 

the  ground  plan. 

Jew'  el.  1. 
{JFalchmal-iiig.)  A 
crystal  or  precious 
stone  forming  a 
bearing  for  the 
pivot  of  an  arbor  ; 
especially  used  in 
watches. 
The  balance  jew- 


Watch-Jewel. 


1  el  always  has  an  end-stoni:,  or  cap  c,  the  balance  run- 
ning on  the_  end  of  its  pivot  in  order  that  it  may 
have  the  utmost  freedom  ;  the  pivot  being  but  the 
■rjjy  of  an  inch  in  diameter.  Diamonds  are  some- 
times used  for  end-stones,  but  rarely,  if  ever,  for 
jewels,  it  being  next  to  imjiossible  to  drill  a  hole 
sufficiently  small  in  so  hard  a  substance. 

The  invention  of  the  process  of  diilling  holes  in 
rubies  is  attributed  to  M.  Fazio,  a  native  of  Geneva, 
who  introduced  it  into  London  in  the  year  1700. 

Rubies  are  used  as  jewels  in  good  watches.  They 
are  the  hardest  stone  that  can  be  diilled,  hut  cheaper 
stones,  such  as  crystals,  garnets,  etc.,  and  even  glass 
of  hard  ([uality,  are  often  used. 

The  lower  portion  of  Fig.  2717  represents  on  an 
enlarged  scale  the  jeweled  pivot-hole  for  the  verge, 
or  the  axis  of  the  balance  of  a  marine  chronometer, 
ri  is  a  hardened  steel  jiivot,  which  is  turned  with  a 
fine  cylindrical  neck,  and  is  ni.ade  convex  at  the 
end  ;  "the  jewel  consists  of  two  stones  ;  one  i,  usually 
sap]diire  or  ruby,  is  convex  above  and  concave  be- 
neath, of  two  different  curvatures  to  thin  it  away  in 
the  middle,  where  the  pivot-hole  is  drilled. 

The  other,  c,  called  the  lop-sloiic  or  cnd-stmic,  is 
generally  a  ruby  of  plano-conve.^  form,  or  else  a 
diamond  cut  with  facets.  The  Hat  side  of  this 
touches  the  end  of  the  pivot. 

The  rubies  or  sajiphires  from  which  the  jewels  are 
made  are  sometimes  split  to  the  requisite  thickness, 
but  are  commonly  slit  by  arevolving  iron  disk  charged 
with  ilianmnd-powder  and  oil.  When  sliced  they 
are  ground  parallel  on  a  fiat  plate  of  cojiper  mounted 
on  a  lathe,  into  the  face  of  which  small  fragments 
of  diamond  have  been  hanunered,  and  afterwards 
polished  on  a  similar  plate  with  fine  diamond-pow- 
der. They  ai'e  afterwards  turned  circular  and  their 
edges  beveled.  In  turning  their  faces  to  concave 
ami  convex  I'oi'm  a  fragment  of  diamond,  mounted 
on  a  brass  wire,  is  enqiloyed. 

Drilling  out  the  holes  is  also  effected  by  a  splinter 
of  diamond  mounted  on  a  wire,  this  is  usually  ac- 
conqilished  at  two  operations,  drilling  into  the  two 
sides  successively,  after  which  the  interior  is  pol- 
ished with  a  fine  steel  wire  and  diamond-powder. 

2.  A  precious  stone  ;  a  gem.  See  (jEM-crTTiNG  ; 
Sf..\l  ;  DuMOXD  ;  Stuass  ;  Doi-blet  ;  Bkilliaxt, 
etc. 

The  ]iroficiency  of  the  ancient  Egyjjtians  in  the 
onnuiiental  arts  is  well  shown  in  collections  of 
Egyptian  jewelry.  One  ancient  collection,  dating 
back  to  1900  B.  c,  is  in  the  possession  of  the  Sul- 
tan, and  comprises  ear-rings,  necklaces,  seal-rings, 
and  amulets.  The  workmanship  is  of  the  most 
beautiful  description.  Jlany  handsome  specimens 
are  also  in  the  Jluseum  of  the  Historical  Society  of 
New  York.  The  museums  of  Europe  are  rich  in 
specimens  from  Phrenician,  Egjqitian,  Etruscan, 
CJreek,  and  Roman  sources. 

Je'V7'el-block.     {Xantkal.)    A 
yard-arm  of  a  shiii,  for  the  halyard 
of    a    s'nddiug-sail    yard   to   pass 
thi.nigli. 

Jew'el-ers'-red.     Crocus. 

Jew'el-set'ter.  (WrUch.)  A 
circular  steel  cutter  having  a  con- 
cave end  with  a  circumferential  an- 
gular edge,  which  slightly  exceeds 
in  circumference  the  bezel  into 
which  the  jewel  is  to  be  fitted,  and 
by  which  a  circular  burr  of  metal 
is  jmshed  down  upon  the  jewel. 

Jew^s-harp.  1.  {ymUical.)  The 
shackle  by  which  a  cable  is  bent  to  ^ 
the  anchor-ring.  J  wel- Setter. 
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Fig  2719 


2.  (.Uitfiic.)  An  instrument  having  a  tongue  vi- 
liniti-ii  |py  till'  linger  anil  a  frame  held  against  the 
ti'eth  for  a  .soun(ling-lK>ard. 

Jew's-harp  Sback'le.     A  clevis  and  pin  where- 
by the  rli:iin  ralili'  is  bent  to  tile  anchor. 
Jev\r8'  pitch.     Asplialtinn. 

Jib.  1.  (A'i(«'/f-i/.)  A  large  triangular  .sail  set 
on  a  stay,  lurw.U'd  of  the  fore  stay-sail,  between  the 
foie-toi)  mast-head  and  jib-boom  in  large  vessels. 
It  occu|iies  a  position  between  the  mast-head  and 
bowsiirit  in  cntter.s,  schooner.-j,  and  small  craft,  and 
does  not  necessarily  run  on  a  stay. 

Jibs  are  known  by  vaiiou.s  names,  according  to 
)iosition,  etc.,  as  inner-yib,  outer-jib,  stmidmg-]ih, 
flijiiuj-]\ht  spindle-]\h,  storm-jib,  jib-o/-jibs,  etc. 

A  Jib-lopsail  or  bnlloon-jib  extends  towards  the 
topmast  head,  and  in  cutter  yachts  is  sometimes  a 
very  large  sail. 

2.  (^Machinery.)  The  extended  arm  of  a  crane  ;  or 
that  spar  of  a  derrick  which  is  stepped  at  the  bottom 
and  connected  by  tackle  at  the 
top  to  the  vertical  post.  The 
post  II  is  maintained  vertical 
by  guys,  and  the  tackle  af- 
fords a  muan.s  for  adjusting 
the  inclination  of  the  jib  b, 
the  fall  being  carried  from 
the  top  of  the  post  to  a  small 
crab  on  the  ground,  distinct 
from  the  larger  crab  which 
operates  the  hoisting-tackle. 
See  Ckaxe  ;  Deuiuck. 

The  jib  of  a  derrick  is 
ste])|jed,  and  is  adjustable  in 
inclination.  The  jib  of  a 
crane  is  fast  to  the  frame  and 
rotates  horizontally  with  it, 
or  is  journaled  to  the  frame 
and  is  adjustable  thereon. 
Sometimes  vertically,  for 
hight ;  always  horizontally  for  sweep. 

Fig.  2719  shows  the  mode  adopted  for  hoisting 
the  successive  sections  of  the  .stand-pipe  for  the  East 
London  Water- Works.  «  is  a  jib-post,  secured  by  a 
hoop  to  the  standing  portion  of  the  pipe  c  ;  b  is  the 
jib  ;  d  is  the  section  to  be  hoisted  into  jilaci^  ;  c  c 
are  guy-ropes  ;  f  (j  the  falls  of  the  hoisting  and  thi' 
jib-tackles. 

Jib-boom.  (XatUical.)  A  movable  spar  running 
out  beyond  the  bowsprit,  for  the  purpose  of  affording 
a  base  to  the  jib  in  large  ves.sels,  and  to  the  Hying- 
jib  in  schooners  and  smaller  craft. 

Jib-door.  A  door  made  flush  with  the  wall  on 
both  sides. 

Jib-frame.  (Stcam-cnjinc.)  The  upright  frame 
at  the  sides  of  a  marine-engine,  connecting  the  cyl- 
inder, condenser,  and  the  framing. 

Jib-i'ron.     {Naatical.)     The  traveler  of  the  jib. 
An  iron  hoop  fi.\ed  to  the  jib  ami  .sliding  on  the  boom. 
Jib-3tay.    (S'cam-auiine..)    A  portion  of  the  stay- 
frame  of  a  marine  steam-engine.     See  Jib-fi;.\me. 

Jig.  1.  A  handy  tool.  The  name  is  ap)ilied  to 
various  devices,  and  iu  many  trades  small  and  .sim)ile 
niachiues  are  called  jigs.  In  the  armorer's  set  of 
tools  we  lind  cited,  — 

Drilling-jig.  Milling-jig.  Tapping-jig. 

Filing-jig.  Shaving-jig. 

2.  A  trolling  bait,  consisting  of  a  bright  spoon 
and  an  attached  hook.  A  ball  of  light  metal  on  a 
hook. 

Jig'ger.  1.  (Pottery.)  a.  A  horizontal  table  curry- 
ing a  revolving  mold,  on  which  earthen  I'essels  are 
shaped.     A  potters'-wheel  ;  a  throwing  wheel. 


Jib  and  Post. 


b.  A  templet  or  former  which  is  used  in  shaping 
the  interior  of  a  crucible  or  other  vessel  when  the 
clay  is  ujion  the  wheel.  See  Fig.  1536,  supra.  See 
also  "  Lei;ons  de  I'eramique,"  Vol.  II.  p.  122  rf  al.  ; 
also  "  Feldspath  I'orcellan,"  Weimar,  1835,  Figs.  79, 
80,  82,  Taf.  VII. 

2.  (Feltiiuj.)  To  harden  and  condense  a  felted 
fabric  by  reiieated  qinek  blows  from  rods,  or  by  a 
platen  or  platens  having  a  rapid  vibratory  motion. 

A  machine  for  felting  fiber  by  an  internnttent 
rolling  action  ujion  the  material,  which  lies  ujion  a 
table,  ami  is  kept  warm  and  wet. 

3.  (Nautical.)  a.  A  double  and  single  block- 
tackle,  used  for  such  jobs  as  holding  on  to  the  ca- 
ble, abaft  the  cajistan,  as  the  cable  is  heaved  in. 
Also  used  in  hanling  home  the  topsail  sheet  and 
other  similar  work. 

b.  A  small  tackle  attached  to  the  bight  of  another 
roi)e,  to  increase  the  jiurchase. 

c.  A  supph^mentary  sail  rigged  on  a  mast  and 
boom,  from  the  stern  of  a  cutter  or  other  vessel. 

d.  A  small  mast  erected  on  the  stern  of  a  yawl. 

c.  A  tishing-vessel  whose  rig  corresponds  to  that 
of  a  cutter,  excepting  a  snuiU  inizzen  in  the  .stern. 

/.  A  weighted  line  with  several  hooks,  set  back 
to  ba<'k,  dropped  into  the  water,  and  suddenly  jerked 
upward  to  catch  fish. 

4.  (I'oopcriufi.)  A  drawing-knife  with  a  hollow- 
ing blade. 

5.  (Leather.)  A  machine  for  graining  morocco 
leather,  consisting  of  grooved  boxwood  rollers  fitted 
in  a  frame  susijended  from  the  ceiling,  and  swung 
backward  and  forward  like  a  pendulum. 

6.  (Metallurgy.)  A  riildle  or  sieve  shaken  verti- 
cally in  water,  to  sejiarate  the  contained  ore  into 
strata,  according  to  weight  ami  conseiiuent  richness. 

The  ancient  Iberians  washed  gold-bearing  earth  in 
baskets  in  the  time  of  Strabo. 

The  sieve  a  commonly  consists  of  a  hoop  with  han- 
dles, and  a  bottom  ol'  sheet-brass,  finely  jierforated. 
It  is  used  by  striking  it  sipuirely  upon  the  water,  ami 
giving  it  a  semi-rotation  simultaneously,  to  sort  tlie 
pulverized  ore  according  to  gravity  ;  the  ore  being 
lifted  by  the  incoming  water  from  below,  and  the 

Fig.  2720. 


Jigger  and  Ji^gin^-Machim. 

heavier  portions  settling  first.  The  lighter  portions 
are  scraped  from  the  top,  and  the  lower  stratum  re- 
moved for  smelting  or  farther  concentration. 

The  object  is  to  keej)  the  particdes  suspended  for 
a  short  time  in  water,  so  as  to  give  the  heavier  por- 
tions a  cham-e,  by  rapid  subsidence,  to  arrange  them- 
selves as  the  lower  strata  in  the  sieve  ;  the  finest 
portions  pass  through  the  me.shes,  settle  in  tlie  vat, 
and  are  subsequently  washed  in  a  buddlc. 


JIGGER-KNIFE. 
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JIM-CROW. 


Several  applicatious  of  machinery  to  this  piirpo.se 
may  be  noticed. 

In  one  (6)  a  lieavy  sieve  is  su.spended  t'roni  a  lever, 
wliicli  has  a  horizontal  roller  for  a  rocking  axis.  Tiie 
lever  is  worked  by  a  man,  who,  by  a  saltatory  mo- 
tion, alternately  lifts  the  jigijcr  from  tlie  water  and 
allows  it  to  slap  down  again,  raising  the  ore  in  the 
sieve,  as  has  been  stated.  There  are  several  other 
applications  of  machinery,  perhaps  as  nearly  allied  to 
this  as  any  other,  and  may  here  be  noticed. 

1.  Submerged  sieves  agitated  by  steam  or  water 
power. 

2.  Submerged  sieves  in  which  the  water  is  intro- 
duced in  an  active  current  from  below. 

3.  A  box  with  a  tight  wooden  Hoor,  with  an  an- 
nular metallic  trougli  pierced  with  holes,  provided 
with  movable  sieves.  In  the  middle  of  this  circular  [ 
system  is  a  cylinder  in  which  a  piston  plays,  the  ef- 
fect being  to  alternately  elevate  and  depress  the 
level  of  water  which  passes  through  the  sieves  as  it 
Hows,  and  thus  lifts  the  charges  contixined  therein. 

4.  The  jigging-.sieve  is  attached  to  the  end  of  a 
vertically  reciprocating  rod  moved  by  a  lever,  which 
is  oscillated  by  a  wiper-wheel  on  a  rotating  shaft. 
The  eftect  is  similar  to  that  just  described,  the  laj'er 
of  ore  in  the  sieve  being  lifted  as  the  sieve  is  slapped 
down  into  the  water,  the  tendency  of  the  heavier 
particles  to  settle  first  gradually  sorting  the  charge 
into  strata  of  varying  weight  and  consequent  richness. 

Jig'ger-knife.  A  drawing-knife  with  a  blade  bent 
at  one  end  and  curved  at  the  other,  used  by  wheel- 
wrights. 

Jig'ging-ma-chine'.  One  in  which  the  pulver- 
ized ore  falls  on  to  a  sieve,  where  it  is  agitated  by  a 
rake,  in  water  \yhich  is  caused  to  pulsate  by  an  in- 

Kg.  2721. 


Jigghi^-Machine. 

termittent  plunger.  The  small  and  heavy  particles 
fall  through  ami  are  sorted  by  an  ojiposing  stream 
of  water  ;  tin-  heavy  and  larger  fall  into  a  ragging- 
box,  and  the  liglit  are  washed  otf. 

Jig-saiw.  A  vertically  reciprocating  saw,  moved 
by  vilirating  lever  or  crank-rod,  as  in  Fig.  2722,  in 
which  the  saw  is  arranged  between  two  sliding  head- 
blocks,  to  the  \ipper  one  of  which  is  attached  an  in- 
dex to  mark  the  bevel,  a  vernier  plate  being  fixed  to 
the  circular  iron-banded  timber  to  which  the  blocks 
are  secured  by  braces.  It  is  moved  liy  a  segment  of 
a  cog-wheel  under  the  carriage,  gearing  and  working 
into  pinions,  and  by  a  pulley-band  over  a  drum. 

Fig.  2723  is  a  form  of  portable  jig-saw,  which  is 
readily  attached  to  a  carpenter's  bench  or  an  ordi- 
nary table  by  means  of  a  screw-clamp.     The  iron 


arm  terminates  fg-  2722. 

in  the  guide  d, 
in  which  works 
the  spindle  to 
wliich  tile  ujiper 
end  of  the  saw  is 
attached,  its  low- 
er extremity  be- 
ing similarly  held 
in  the  guide  un- 
ilerneath  the  ta- 
ble. A  constant 
tension  of  the 
blade  is  main- 
tained by  the  bent 
springs  e  and  /. 
Motive  -  power  is 
cominu  II  icated 
from  the  treadle, 
which  may  be  at- 
tached, at  any 
convenient  point 
on  the  Hoor,  to  a 
rod  whicli  fonns 
a  sleave  for  a 
smaller  rod,  which 
is  connected  with 
tlie  crank  of  the 
large  wheel  a. 
The  object  of 
making  the  rod 
in  two  portions  is 
that  it  may  be 
adju.sted  to  suit 
any  bight  of  ta- 
ble, and  afterward 
held  in  position 
by  the  set  screw. 
Around    the    cir-  Jig-Saw. 

cnniference         of 

the  wheel  a  is  placed  a  covering  of  leather,  by  the 
friction  of  which  the  jiulley  b  and  the  Hy-wheel  con- 
nected  therewith 

are  actuated.     By  Jig-  2723. 

means  of  the  pit- 
man, as  shown, 
motion  is  trans- 
mitted to  the 
saw.  g  is  an  ad- 
justable metallic 
loot,  designed  for 
holding  the  work 
in  jilace  while  be- 
ingoijerated  upon. 
Jim-cro-w. 
1.  An  iiii|ilement 
for  bending  or 
straightening 
rails. 

In  the  examples, 
A  U  a.  screw  ma- 
chine, in  which 
the  rail  lies  upon 
the  hooked  feet. 

B  C  are  hy- 
draulic jira- 
crows  with  dif- 
ferent modes  of 
presentation,  the 
upper  one  being 
a  rail  -  bender, 
and  the  lower  one 
(C)  a  shaft- 
straightener,  and 


Portable  JJg-Saw. 


JIMMY. 
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JOGGLE-WORK. 


may  be  used  on  a  roil  in  a  lathe.  The  jack  swivels 
round  in  the  IVaiiie  so  that  the  handle  may  be 
worked  in  any  direction. 

2.    The  Jiiii-cruio   planing-machine   is   funii.shed 
with  a  reversing  tool,  to  jiUine  both  ways,  and  named 

Fig.  2724. 
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pin  a  a  let  into  the  F'g-  2'25. 

adjacent  faces  of 
two  stones  to  pre- 
serve them  in 
j)roper  relative  po- 
sition, it  may  vary 
in  form,  and  may 
approach  in  its 
shape  either  the 
Dowel  or  Champ 
(which  see). 

The  stones  of  the 
Parthenon  at  Ath- 
ens were  united  by 
oak  joggles. 

2.  {.4 rchitr.durc.) 
In  p/.  Shoulders 
b  on  a  truss-post, 
which  su]iport  the 
lower  ends  o\'  struts 
or  bnici's. 

Jog'gle-beam.  (Carpentry.)  A  built  beam,  the 
parts  ol  which  arc  joggled  together. 

Jog'gle-joiut.  (Slasonrtj.)  A  njode  of  uniting 
the  stiiiii's  ol  ashlar  masonry,     (a  a.  Fig.  2725.) 

Jog'gle-piece.  (Carpentry.)  The  upright  mem- 
ber in  the  njidiUe  of  a  truss.     A  kiiiij-posl. 

Jog'gle-post.  (Carpentry.)  A  2)0st  having 
shoulders  to  reii-ive  the  feet  of  struts.  See  b,  i"ig. 
2725  ;  also  Ki.Nc-i'U.ST. 

Jog'gle-truss.  (Carjjentry.)  A  hanging-post 
truss  with  only  one  post. 

Jog'gle-'work.  (Masmry.)  Work  in  which 
the  courses  aie  secured  hy  joyylcs,  as  at  c,  I'ig.  2725, 
so  as  to  prevent  their  slipping  on  each  other  ;  as  the 
courses  of  an  abutment  under  the  thrust  of  an  arch. 

Fig.  2726. 


Joggles. 


•    Jim-Crow. 

from  its  peculiar  motion,  as  the  tool  is  able  to 
"  wheel  about  and  turn  about."  The  table  is  moved 
endways  by  a  quick-threaded  screw,  which  allows 
the  dri\ing  niution  to  be  placed  at  the  end. 

Jim'my.     A  sliort  crow-bar. 

Jin'gal.  A  large  musket  used  as  a  wall-piece  in 
China  and  India. 

Jin'glet.  A  ball  within  a  spherical  bell,  which 
acts  as  a  clajipcr. 

Jin'ny-road.  (Mining.)  An  inclined  road  in 
a  coal-mine,  on  which  loaded  cars  descend  by  gravity 
anil  elevate  empty  ones.  'Also  known  locally  in 
some  jiarts  of  I^ngland  as  iijii/'brow. 

Jo'bent-nail.  (Lueksniiihinf/.)  A  thick-headed 
nail  (c/.  Eng.  jobber-nowl ;  a  blockhead  ;  a  num- 
skull).    A  (loij-nail. 

Jock'ey-pad.  (Sudilkry.)  A  knee-pad  on  the 
forepart  nf  a  saddle. 

Jock'ey-stick.  A  .stick  five  or  .six  feet  long, 
which  is  connected  at  one  end  to  the  hame  of  the 
near  horse  (jf  a  pair,  and  at  the  other  end  to  the  bit 
•of  the  oll'-horse,  to  keep  him  at  a  distance.  Used  in 
connection  with  a  single  line,  the  favorite  mode  of 
driving  a  team  in  most  parts  of  the  West,  many 
parts  of  the  South,  and  worthy  of  adoption  by  all. 

Jog.     (.Maehinrry.)    A  square  notch. 

Jog'gle.     1.  (Masonry.)    A  joint-piece  or  tioweZ- 


Jaiiur. 


JOINER. 
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JOINT. 


Join'er.  A  wood-working  machine  for  doing  va- 
rious kinds  of  uork,  sui.li  as  sawing,  planing,  and 
thicknessing,  mortising,  tenoning  (single  or  double), 
cros.s-cutting  and  sqnaring-up,  grooving,  tongneing, 
rabbeting,  niitering,  molding  and  beading,  chamfer- 
ing, wedge-cutting,  boring,  and  a  great  variety  of 
other  operations. 

Attachable  parts  adapt  the  machine  for  certain 
duties,  such  as  ripping  out  or  for  tenoning,  for  in- 
stance ;  the  illustrations  show  it  as  adaiited  for 
cross-cutting  and  for  planing  or  molding. 

Join'er's-chis'el.     A  thiu-bladed  paring  chisel. 

Join'er's-clamp.  A  carpenter's  appliance  used 
in  gluing  up  doors  and  other  wide  objects  ;  the  pur- 
Fig.  2727. 
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Joiner^s  Clamp. 

pose  of  the  arrangement  in  the  example  is  to  adapt 
it  to  fold  into  a  small  compass  when  not  in  use. 
See  also  C.\i;i>f,ntf,p.'s-clamp. 

Join'er's-gage.  A  scriliing  tool  to  make  a  mark 
on  a  board  parallel  to  the  edge  of  the  latter. 

Joia'er's-plane.  A  bench-plane  for  facing  and 
matc'lnng  lioards. 

Join'er's   Tools.     See  Wood-woukisg  Tools 

AND  JlAflllNES. 

Join'er-y.  ,\s  disting\iished  from  carpentry,  the 
art  of  framing  tlie  finishing  work  of  houses  ;  doors, 
windows,  shutters,  blinds,  cupboards  ;  hand-railing 
of  stairs,  balconies,  and  galleries  ;  mantel-pieces  (if 
of  wood),  the  construction  of  permanent  fittings, 
and  the  covering  of  all  rough  timber. 

The  carpenter  is  supposed  to  use  the  axe,  adze, 
chisel,  and  saw,  anil  lias  to  make  and  place  the  wall- 
plates,  joists,  and  other  floor-timbers,  floors,  stair- 
case, the  woodworl;  of  the  Toofs,  wooden  partitions, 
and  those  jjortions  of  the  frames  of  windows,  doors, 
and  skylights  whiidi  are  built  into  place. 

Joint.  A  junction  or  mode  of  joining  parts  in  a 
structure. 

Fig.  272S. 
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Joints. 


1.  (Cai-pmtry.)  A  mode  of  securiug  together  the 
meeting  edges  of  wooden  structures. 

The  s<ra('(//i/ joint  is  where  the  edges  make  a  butt- 
joint,  being  planed  straight. 

a,  the  bead  conceals  the  joint. 

b,  nniy  be  nailed  from  both  edges,  ami  has  a  jog 
to  prevent  slipping. 

c,  emjiloyed  for  pilasters  ;  it  has  interlocking  jogs, 
which  give  a  positive  hold. 

d,  employed   for   skirtings,    dadoes,    backs,    and 


back  linings  of  windows,  doors,  jambs,  and  internal 
angle-finishing. 

c,  miter-joint. 

/,  dovetail-joint. 

(/,  square  joint. 

h,  rabbet-joint,  with  beads. 

i,  tongue  and  groove  joint. 

y,  feather-joint. 

Other  joints  are  known  by  some  peculiarity  or 
finish  or  application,  as ;  Brucket,  chamfered, 
covering,  diamond,  frontal,  j^loin,  side,  suspended 
joints. 

To  joint  is  to  plane  straight  the  edges  of  boards. 

2.  (Plumbing.)  The  sheets  of  .sheet-metal  roofing 
are  joined  by  a  drip-joint  k  or  a  ftrishing-joint  I  in 
cases  where  they  are  not  solderetl.  The  drip  is  used 
when  the  joint  is  xcith  the  current,  and  serves  as  a 
conductor  for  water.  The  Jiashing  is  a  cap  strip 
where  the  edges  of  the  sheets  meet  on  a  projecting 
ridge.     See  also  Anglk-joint. 

A  flush  joint  or  jump  joint  is  a  6u(^joint  covered 
with  a  jilate  on  the  inner  side,  called  the  butt-plate. 
In  a  /«j9-joint  the  pieces  overlap  each  other. 

3.  {Masonry.)  The  face-joints  of  voussoirs  are 
those  which  appear  on  the  face  of  the  arch. 

The  vertical  joint  is  between  stones  of  the  same 
course. 

The  horizontal  joint  is  between  courses.     ■ 

The  coursing-joint  is  the  joint  between  the  courses 
of  voussoirs. 

The  heading-joint  is  that  between  two  voussoirs 
in  the  same  course. 

The  flush-joint  is  filled  up  to  the  face  by  pointing 
with  mortar. 

4.  (Bookbinding.)  The  lateral  projection  of  the 
back  to  correspond  to  or  cover  the  thickness  of  tlie 
sides. 

See  also  under  the  following  heads  : — 


Abiitting-joint. 

Angle-joint. 

Back-joint. 

Ball  and  socket  joint. 

Bayonet-joint. 

Beaking-joint. 

Belt-clasp. 

Bevel-joint. 

Break-joint. 

Butt-joint. 

Calking-joint. 

Carvel-joint. 

Clincher-joint. 

Close-butt  joint. 

Cog. 

Compass-joint. 

Cone-joint. 

Coupling. 

Coursing-joint. 

Dovetail. 

Dowel. 

Drip-joint. 

Elbow-joint. 

Expansion-joint. 

Face-joint. 

Fantail-joint. 

Faucet-joint. 

Feather-joint. 

Fish-joint. 

Flange-joint. 

Flashing-joint. 

Flush-joint. 

Folded-angle  joint. 

Gimbal-joint. 

Ground-joint. 


Halving. 

Heading-joint. 

Hinge-joint. 

Joggle. 

Joint-chair. 

Jointer. 

Joint-fastening. 

Joint-file. 

Jointing-plane. 

Jointing-rule. 

Joint-pliers. 

Joint-saw. 

Joint-stool. 

Joint-wire. 

Jump-joint. 

Knee-joint. 

Lute. 

Miter-joint. 

Mortise. 

Notching. 

Overlaji-joint. 

Pipe-joint. 

Plumb-joint. 

Prop-joint. 

Rabbet-joint. 

Rail-joint. 

Rivet-joint. 

Roll-joint. 

Rule-joint. 

Rust-joint. 

Rustic-joint. 

S-joint. 

Scarf-joint. 

Shift-joint. 

Splice-joint. 


JOIXT-CHAIR. 
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Square-joint. 

Strap-joint. 

Surfacf-joiiit. 

SypluT-joint. 

T-joiiit. 

Teiioii-joiut. 


Thirnlile-joiut. 

Toggle-joint. 

Tongue  and  groove  joint. 

Union-joint. 

Universal-joint. 

\Veld-joint. 


Joint-chair.      {Railroad.)       A     railway     cluiir 
wliii-h  sni'iiirts  the  ends  of  abutting  rails. 
Joint-coupling.     A  form  of  universal  joint  for 

Fig.  2729. 


Joint-  Coupling. 

e.oupling  seetions  of  shafting.  In  tlie  example,  the 
pivoting  points  enter  recesses  cast  in  tlie  elani]iing- 
iron,  wliieh  is  made  in  two  parts,  lield  together  hy 
a  holt.  See  al-^o  .ToiN'r,  for  list  of  varieties. 
Joint'ed-mi'cro-scope.  A  poiket  mieroseope 
in  which  the  liandle  and  lens- 
holder  shut  down  against  the 
slide  on  which  the  object  jiliers 
are  adjustable. 

Join'ter.  (.l/nsonri/,)  a. 
A  tool  for  tilling  the  mortar 
cmcks  between  courses  of 
bricks.      A  pniating  tool. 

b.  A  tool  for  marking  the 
'  mortar-joints. 

2.  (Coopering.)  The  stave 
jointer  is  a  large  stationary 
plane  on  which  the  edges  of 
the  staves  are  worked. 

The  heading  jointer  haj?  a 
straight-edged  bit. 

The  hacking  or  side  jointer, 
otherwise    called     the    over- 
share,    has   a   concave-edged 
bit,  and  is  used  for  <lressing  the  backs  of  staves. 

The  inshare  ha.s  a  convex-edged  l)it,  and  is  used 
for  dressing  the  inner  faces  of  staves. 

3.  A  bent  strip  of  iron  inserted  into  a  wall  to 
.strengthen  the  joint. 

Joint'er-plane.  (Cooperinef.)  A  plane  five  or 
six  feet  long,  its  lower  end  resting  upon  the  ground, 
and  its  upper  end  supported  upon  a  Jirop,  tlie  in- 
clined sole  being  presented  upward  for  the  staves, 
which  are  jointed  thereon. 

The  Hindoos  and  Chinese  bore  a  hole  through  the 
front  of  a  plane  for  a  stiidc  whereby  a  boy  assists  by 
jiuUing  the  plane  across  or  along  the  work.  When 
the  plane  is  very  large,  the  Chinese  place  it  at  an 
angle,  resting  one  end  on  the  ground,  in  the  manner 
of  our  cooper's /Vv/'ii/.v. 

Joint-fas'ten-iug.  (liailiray.)  A  fish-bar  or 
other  means  of  locking  together  the  adjacent  ends 
of  two  rail\\;ty  rails. 

Joint-file.     A  small  file  witliout  taper,  and  cir- 
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I  eular  in  its  cross-section.    It  is  used  for  dressing  out 
tlie  holes  for  the  joint-wire  in  .snufl'-bo.\es,  etc.,  and 
in  preparing  the  apertures  for  the  pintles  of  hinges. 
,      Joint-hinge.     A  strap-hinge.     See  Hixgk. 
I      Joint'ing-plane.     (.luiamj.)     A    plane   with   a 
[  long  stuck.  Used  to  true  the  edges  of  boaids  or  staves 
which  are  to  be  accurately  litted  together.     It  is  2 
feet   6  inches  long,   and  the  work   is  called  shoot- 
ing tin-  jiiiatn. 

Joint'ing-rule.  (Brielclaying.)  A  straight  rule 
about  six  feet  long,  used  by  bricklayers  in  marking 
with  white  paint  along  each  joint  of  the  brick- 
work, (otherwise  called  penciling,  and  designed  to 
render  the  joint  conspicuous. 

Joint-pipe.  {Gns-apporatiis.)  A  short  section 
of  pipe,  Ibrming  a  connection  between  two  lengths, 
and  usually  having  threadi'd  sockets  into  which  the 
parts  are  screwed. 

Joint-pli'ers.  A  pliers  adapted  for  securing  the 
joints  of  compasses  and  similar  instruments  ;  also 
one  by  which  the  hinging  of  watch-cases  is  as- 
sisted. 

Joint-sa'w.    A  saw  with  a  curved  working  face, 
used  in  making  the  joints  of  compa.sses  and 
other  simihir  work.  Kg-  2731. 

Joint-stool.  A  block  holding  up  the 
ends  of  jiaits  which  belong  in  apposition, 
as  railway  rails,  ways  of  vessels,  etc. 

Joint-virire.      (Jl'atchmaking.)      The 
tubular  wire,  sections  of  which  form   the 
joints  of  watch-eases,  lockets,  etc.  ;  a  piece- 
is  hard  soldered  to  each  leaf,  and  a  solid 
wire  inns  through  to  fonu  the  pintle.     It 
is  drawn  upon  a  piece  of  steel  wire,  one  end 
being  tapered  of!'  with  a  file,  so  that  the  ; 
tube  and  wire  are  grasped  together  by  the  '~j_ 
dogs  and  drawn  after  the  majiner  of  a  solid      '^•''^ 
wire.  Jaint-Saw. 

Joist.  (Carpenlr;/.)  A  horizontal  tim- 
Iier  supporting  a  floor  or  ceiling,  one  or  both. 

Single  Mooring  is  formed  with  joists  reacliing  from 
wall  to  wall,  where  they  rest  on  plates  a  of  timber 
built  into  the  brick-work.  The  tloor-boards  are 
nailed  on  the  upper  edges  of  the  joists,  whose  lower 
edges  receive  the  lathing  and  plastering  of  the  ceil- 

Fig.  2732. 


FlooT-Jaists. 


ings.  Double  floors  are  constructed  with  stout 
binding  joists  bb,  a  few  feet  apart,  reaching  from  wall 
to  wall,  and  supporting  ceiling  joists  c  c  which  carry 


JOLLY-BOAT. 


1219 


JOURNAI^BEARING. 


the   ceiling,  and  bridging  joists  c  c  on  which  are 

nailed  the  tioor  boards. 

When  the  main  timbers  of  the  floor  are  girders  d 
which  rest  on  the  wall  plates  and  support  the  bind- 
ing joists  b  b,  the  floor  is  called  a  framed  jjoor.  The 
binding  joists  b  b  support  the  bridging  joists  e  e  and 
ceiling  joists  c  c  as  before. 

The  trimming  joists  are  short  joists  into  which 
trimmei-s  are  mortised.  Trimmers  are  pieces  around 
a  fire-hearth  or  a  hatchway,  where  the  continuity  of 
the  joists  is  broken. 

The  strength  of  joists,  of  eijual  thickness,  is  as 
the  square  of  the  height.  A  joist  4x6  has  one 
quarter  the  strength  of  a  joist  4  x  12.  The  latter  is 
only  twice  as  large. 

Timber  is  weakened  b}'  sawing.  A  floor  of  16 
feet  bearing,  supported  by  12  joists  8  inches  square, 
1  foot  apart,  is  stronger  than  a  similar  floor  of  24 
joists,  8x4,  placed  edgeways,  6  inches  apart.  The 
quantity  of  limber  is  the  same  in  both  cases. 

Jol'ly-boat.  (Dutch  yo?  ;  Danish  ^o/Zc  ;  a  yawl.) 
A  small  boat  used  for  the  general  miscellaneous  work 
of  a  ship,  such  as  bringing  ott'  marketing,  etc. 

A  boat  of  this  kind  attached  to  I'nited  States 
vessels  of  war  is  called  a  dingy.  It  is  clinker-built, 
from  16  to  20  feet  long,  with  a  beam  from  .33  to  .29 
of  its  length. 

Jour'naL  {Machinery.')  That  portion  of  a  shaft 
which  rests  in  the  bearings. 

Jour'nal-bear'ing.  (Machinery.)  The  support 
of  a  shaft  or  axle,  generally  boxes  or  brasses  in  a 
piVoic-biod:. 

Fig.  2733  shows  fonr  varieties  of  journal-bearings 
for  machinery. 

In  one  A  is  the  cap,  B  the  pillow  ;  D  D  are  screws 
with  set  nuts  for  adjustment. 

In  another,  the  lower  half  b  of  the  box  rests  in  an 
oil  reservoir  c,  from  which  the  lubricant  is  led  u]i 
by  wicking  k. 

In  the  lower  figure  to  the  left,  the  bearing  is  made 
in  three  parts,  c  d  c',  movable  by  means  of  the  wedge- 
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Journal-Bearings. 

faces  d  d  of  the  block /towards  a  common  center  to 
'  compensate  for  wear. 

The  right-hand  figure  below  shows  a  shield  above 
the  journal  to  prevent  the  oil  from  being  thrown 
through  the  joint  between  the  two  parts  of  the  bo.x. 

Fig.  2734  .shows  a  removable  oil-reservoir,  which 
can  be  detached  without  disturbance  to  the  journal- 
box.  The  ends  extend  beyond  the  box,  with  cajis 
to  fit  over  such  projections.  An  oil  passage  leads  to 
the  top  of  the  box,  for  the  conveyance  of  oil  to  the 
top  of  the  box  by  means  of  a  capillaiy  substance. 


Journal- Bearing  Lubricator. 


and  a  like  pa.s.sage  on  the  other  side  of  the  box  con- 
ducts back  to  the  reservoir  any  surplus  oil  carried 
over  by  means  of  rapid  motion. 

Fig.  2735  shows  two  forms  of  journal-bearings  in 
suspended  hangers. 

In  the  one  to  the  left,  the  box  is  surrounded  by  a 
shell  whose  lower  portion  contains  the  oil  which  is 
raised  by  inclined  wires  in  the  shoulders  of  the 
shaft.  The  oil  is  canied  up  to  the  points  which  de- 
pend from  the  upper  portion  of  the  shell,  and  it 
then  drops  into  the  oil-holes  of  the  box. 

In  the  other  view,  the  oil  is  carried  up  by  the  col- 


Fig.  2735. 


Hanger-  Bearings. 


lar  C,  distributes  right  and  left,  and  returns  by  the 
longitudinal  channels  G.     IT  If  are  sediment-boxes. 

Fig.  2736  shows  a  number  of  bearings  for  axles. 

Above,  to  the  left,  is  one  in  which  the  axle-arm  F 
rests  on  a  wheel  D  which  revolves  in  the  oil-reser- 
voir. 

To  the  right  of  this  figure  is  one  with  anti-fiiction 
rollers  around  the  shaft  ;  these  are  prevented  from 
shifting  endways  by  the  circular  flanges  F  on  the 
axle  and  in  the  box  which  project  within  the  periphe- 
ral grooves  in  the  rollers  I). 

The  circular  .system  of  anti-friction  wheels  for  a 
journal-bearing  is  desciibed  in  Tate's  English  pat- 
ent, 1802. 

Below  this  figure  is  one  in  which  the  anti-friction 
balls  are  used.  Tlie  casing  has  annular  grooves  in 
which  balls  of  ditfei'ent  diameters  are  jilaccd  alter- 
n.ately,  so  that  the  large  balls  will  all  turn  in  one 
direction,  and  the  .small  balls  mil  keep  the  large 
ones  in  position. 

To  the  left,  below,  is  a  view  of  a  railway  car  axle 
and  box.     See  Car  Axlf.-box. 

Fig.  2737  shows  a  journal-bearing  for  a  vertical 
shaft,  with  journal-box  a  in  one  piece.  The  spin- 
dle ft  is  inserted  from  below,  and  coupled  by  a  screw 
coupling  or   otherwise.     The  bolt  above  aflbrds  a 


JOURNAL-BEAKING. 


1220 


JUMPER. 


Fig.  2736. 


Bforings  0/ Journals  0/ Axles. 

Ipearing  for  the  end  of  the  .spindle,  and  the  hox  has 
a  receptacle  for  Uibricant.  Otlier  lubricating  cham- 
bers may  be  provided,  as  shown  at  c. 

The  lower  portion  of  Fig.  2737  sliows  an  adjusta- 
ble box  consisting  of  two  portions  d  d,  inside  the 
strap  A  of  a  connecting  rod. 

The  lubricity  of  oil.s  or  their  comparative  fitness 
I'or  the  -lubrication  of  licarings  and  ]racking-boxes 
may  he  ascertained  by  a  machine  which  determines 
tlie  amount  of  frictional  motion  tliat  is  necessary  to 
proiluce  a  given  temperature. 

Girard's    pnlicr    glissant 
Fig.  2737.  emi)loys  water  to  act,  fir.st, 

by  its  pressure,  to  lift  the 
journal  to  be  lubricated  ; 
and,  secondly,  by  its  Huidity 
to  form  a  liquid  bed  or 
cushion  between  the  journal 
and  its  box,  on  which  the 
journal  may  rest  in  its  revo- 
^;_  liition  without  touching  the 
""  metal  of  the  box  at  all. 

Water-bearing  for  steps 
and  shafts  is  described  in 
liramah's  English  planing- 
machine  patent,  1802.  He 
describes  it  as  a  licjuid  bear- 
ing for  steps  of  vertical 
shafts,  and  makes  it  adjust- 
alile  by  pumping  in  liipiid. 
Known  also  as  palter  glis- 
siiiil ;  hydraulic  pivot. 

BabbUl's    Anti  -  attrition 
.t/^ctal.     Melt  i  lbs.  copper  ; 
add,  by  degrees,  12  lbs.  best 
Jnirnal-Brarin^.         banca  tin,  8  lbs.  regulus  of 
antimony,  and  12  ll)s.  more 
of  tin.     After  4  or  ,')  lbs.  tin  have  been  ailded,  re- 
duce the  heat  to  a  dull  red,  then  add  the  remainder 
of  the  metal  as  above. 

This  comiiosition  is  termed /jarrfc;iinO' ;  for  lining, 
take  1  lb.  of  this  h'lnlcning,  melt  with  it  2  lbs.  banca 
tin,  which  produces  the  lining  metal  for  use.  Hence, 
the  proportions  for  Uning  metal  are  4  lbs.  of  copper, 
8  of  regulus  of  antimony,  and  96  of  tin.  See 
Alloy. 

Devlan's  compositions  for  lining  journal-boxes  are 
various   combinations  of   vegetable   fiber,  graphite, 


■steatite,  gum,  bitumen  ;  or 
]ta])er  pulp  and  silicate  of  soda 
or  potash  ;  or  vegetable  fiber, 
graphite,  steatite,  and  silicate 
of  an  alkali. 

Metal ine  is  a  material  formed 
of  metals,  oxides  of  metals, 
and  organic  matter,  reduced 
to  powder,  conijionnded  with 
wax,  gums,  or  fatty  njatters, 
and  subjected  to  heavy  ])ress- 
ure,  so  as  to  form  solids  of 
jproper  shajie  to  foi'm  boxes  and 
bearings  for  sliafts  or  axles. 

The  following  compositions 
are  stated  ;  — 

Lignum  vitte  and  sperma- 
ceti. 

Ivory-dust  and  spermaceti. 

Tin  and  petroleum  residu- 
um. 

Zinc  and  caoutchouc. 

Plastic  bronze  and  caout- 
chouc. 

Type-metal  and  caoutchouc. 

Anthracite  and  tallow. 
Oxide  of  tin  and  beeswax. 

Jour'nal-box.  The  carrier  of  a  journal.  See 
j0Ur>NAL-BK.\RING  ;   AXLE-BOX  ;    Cau  Axlk-eox. 

Jour'nal-box  Met'al.     See    Babbitt-mktal  ; 
Alloy. 
Jour'ney. 

.see). 

Juc'ten.  A  name  by  which  Itiissia  leather  is 
known.     Juflrn.     See  Rus.sia  Leathek. 

Jug'gle.  A  lilock  of  timber  cut  to  a  length, 
either  in  the  round  or  split. 

Fig.  2738. 


A  corraption  from  JouiiNAL  (which 


Juggles. 

Jump.  (Forging.)  a.  To  upset  by  endwise 
blows,  which  contract  the  olject  in  length,  but 
thicken  and  spread  it  laterally.  Apjilied  Xo  jumpers, 
tamping  bars,  axes,  etc.     See  Upsetting. 

b.  To  attacli  by  a  butt-weld,  in  contradistinction 
to  a  hip-weld. 

A  transverse  piece  attached  by  welding  is  said  to 
\>e  jumped  on.  If  formed  from  a  portion  of  the  rest, 
it  is  said  to  be  headed  on. 

c.  A  gun-barrel  made  of  a  ribbon  of  iron,  or  lami- 
nated iron  and  steel,  coiled  around  a  mandrel  at  a 
red  heat,  then  raised  to  a  welding  heat  and  ]ilaced 
on  a  cylindrical  rod,  which  is  struck  licavily  and 
vertically  on  the  ground,  is  fiaid  to  \ie  jumped.  The 
effect  is  to  cause  the  edges  of  the  ribbon  to  unite,  a 
junction  which  is  completed  by  the  hanmicr  on  an 
anvil,  the  mandrel  retaining  its  -position.  Such 
barrels  are  said  to  be  tv-isted.  The  twist  is  stub,  u-ire, 
or  Damaseu.i,  according  to  the  moiie  of  manufacture 
of  the  ribbon.     See  Twi.st  ;  Gux-bai;rel. 

2.  (Mining.)  A  fault  or  dislocation  of  a  vein  or 
lode. 

Jump'er.  1.  (Qwarn/ing.)  a.  A  quarryman's 
boring-tool.  A  rod  of  steel,  or  pointed  with  steel, 
which  breaks  the  rock  by  being  alternately  jumped 
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up  and  down  to  form  a  hole  for  blasting  or  for  an 
artesian  well. 

b.  A  steel-faced  cliisel  m  hold  hy  one  man  while 
another  strikes  it  with  a  hanuuer  n.  Used  in  drill- 
ing holes  in  rock  for  blasting  or  sjditting. 

Fig  2739. 


Jumpers. 

2.  A  cheap!}' formed  sled  c,  in  which  supple  pieces 
of  wood  ibrm  the  shafts  and  runnei-s,  and  support  a 
box  or  trestle  in  or  on  which  the  jierson  rides. 

3.  (Horology.)  a.  A  spring  used  in  repcating- 
clocks  to  assist  tlie  motion  of  tlie  star-wheel. 

b.  A  species  of  click  in  the  repeating-watch,  pre- 
venting the  motion  of  a  wheel  in  either  direction. 

4.  (Planing.)  .\  plow-bit  or  machine-jointer, 
having  an  intermediate  bearing  upon  the  board. 

5.  (Husbandry.)  A  plow  having  an  upturned 
cutter  iu  front  of  its  share,  and  which,  going  below 
the  share,  prevents  its  being  caught  on  roots,  etc. 

Jump-joint.     1.  A  butt-joint. 

2.  A_//KsA-joint,  in  wliich  the  plates  or  planking 
make  a  smooth  face.  In  shipbuilding  it  is  eipiiva- 
lent  to  mriJiZ-build. 

Jump-seat.  (Vehicle.)  A  kind  of  open  buggy 
which  has  a  shifting  seat  or  seats.  For  instance,  it 
may  be  arranged  as  a  double  or  single  seat  vehicle. 
In  the  former  case,  the  main  seat  is  moved  over 
backwardly,  and  the  extra  seat  brouglit  up  in  front. 
As  a  single-seat  vehicle,  the  main  seat  is  thrown  into 
a  central  position,  the  extra  seat  being  placed  below 
the  other  one. 

Junc'tion-plate.  (Boilcr-mal-ing.)  A  welt  or 
break-joint  plate  riveted  over  the  edges  of  boiler- 
plates, wliich  make  a  butt-joint. 

Junc'tion-rails.  (Rai/road-cnginecring.)  Switch 
rails  which  connect  tracks. 

Junk.  1.  (Vessel.)  (Dutch,  yont,  perhaps  from 
Chinese  yoiifi,  the  sea.)  A  vessel  cm]iloyed  by  the 
Chinese,  Japanese,  and  Malays  in  navigating  their 
seas. 

It  is  the  largest  kind  of  Chinese  vessel.  It  has 
no  prominent  stein  or  keel.  The  bow  on  deck  is 
square,  and  the  anchors  are  on  each  side  of  the  bow. 
The  stern  is  full,  the  rudder  su.sprnded,  and  at  sea 
is  lowered  beneath  the  depth  of  the  bottom  of  tlie 
vessel.  The  immense  masts  are  iu  one  piece,  the 
lug-sails  are  sometimes  of  matting. 

2.  Old  cable  and  ro]ie  cut  into  lengths,  to  make 
mafs,  swnbn,  gaskets,  sinnct,  nnkum,  etc. 

Junk -ring.  (Sleain-cngme.)  a.  A  metallic 
ring  width  is  screwed  down  upon  anil  confines  the 
hemp  packing  of  a  piston. 


b.  A  steam-tight  packing  around  the  piston  of  a 
steam-engine. 

Junk-Twad.  (Ordnance.)  A  wad  made  of  oakum 
hound  with  spun-yarn,  and  filling  the  bore  of  the 
gun.  It  is  placed  between  the  charge  and  the  ball. 
Ju'ry.  (Naiiikal.)  A  term  applied  to  temporary 
structures,  such  as  masts,  rudders,  etc.,  used  in  ail 
emergency. 

Ju'ry-mast.  (NauUcal.)  A  temporary  mast 
erected  in  place  of  one  that  has  been  carried  away  ; 
or  for  navigating  a  vessel  to  a  plac;e  where  the  per- 
manent equipment  of  masting  and  rigging  is  fur- 
nished. 

The  temporary  rig  is  termed  jury-rigged  ;  a  rud- 
der of  tlie  same  character,  a.  jury-rudder. 

Jus'ti-ii-ca'tion.  1.  (Printing.)  The  ad- 
justment of  distance  between  the  letters  in  the 
words  and  the  words  in  a  line,  so  as  to  avoid  any 
glaring  disproportion,  and  make  them  fill  the 
measure. 

2.  (Bookbinding.)  Attention  to  keeping  the 
matter  of  pages  in  exact  register  or  correspond- 
ence, to  secure  even  margins. 

Jute.  (Fiber.)  The  fiber  of  Cochorus  capsu- 
laris  and  C.  olitorius,  which  is  used  in  India 
for  making  gunny-bag.s,  matting,  rope,  and  other 
coarse  fabrics. 

In  the  manufacture  of  fabric  from  this  article, 
the  jute,  after  being  taken  from  the  bale,  is 
sprinkled  with  oil  and  water,  spread  out  on  a  table  for 
a  dayortwo,  and  then  passed  between  rollers  to  render 
the  fibers  soft  and  pliable.  It  is  next  passed  between 
toothed  rollers,  which  bring  the  fibers  nearly  parallel, 
arranging  them  into  a  species  of  ribbon  or  sliver, 
which  is  again  passed  between  two  rollers  with  finer 
teeth  than  the  preceding  pair.  These  two  machines 
are  called  the  hrcakcr-card  and  the  Jiiiishcr-eard. 
The  slivers  thus  formed  are  received  into  cans  and 
subjected  to  the  action  of  the  drawing-frame,  wliich 
is  similar  in  its  operation  to  that  emjiloyed  in  the 
cotton  manufacture,  drawing  out,  narrowing,  and 
thinning  the  slivers.  The  .sliver  is  then  .slightly 
twisted  and  wound  upon  bobbins  by  the  roviii(}- 
machine,  and  afterwards  spun  by  a  throstle;  the 
throstles  making  from  3,000  to  4,000  revolutions 
per  minute. 

The  finished  yarn  for  the  warp  is  wound  on  large 
bobbins  in  the  irinding-maehinc,  and  placed  on  the 
loom  lieam  by  the  bcaming-mnchinc  ;  the  welt  yarn 
is  wound  on  the  pirns  of  the  .shuttles  by  t\\f  jtirning- 
machine.  The  loom  and  shuttle  are  larger  aiid 
stronger  than  those  employed  for  weaving  cotton, 
the  fabrics  made  being  generally  coarser. 

The  finest  jute  yarns  bear  the  lowest  numbers, 
while  in  cotton  the  reverse  is  the  case. 

Jute-twine  is  sized  with  glue-water,  starch,  tal- 
low, and  China  clay. 

Crossley's  patent  floor-covering  has  a  foundation 
of  coarse  jute  coated  with  a  layer  of  wool,  and  the 
t«'o  united  by  felting.  The  surface  is  Huislied  by 
printing. 

In  Jlonach's  process  for  preparing  jute  as  a  sub- 
stitute for  wool,  the  jute  or  jute-yarn  is  boiled  for 
two  hours  in  a  solution  of  caustic  alkali  of  a  gravity 
of  60°  to  80°  Twaddell.  After  washing,  it  is  steeped 
a  short  time  in  a  weak  solution  of  sulphuric  acid  to 
neutralize  the  alkali,  and  is  then  washed  and  dried. 
Jut'ting  -  out.  (Architeclurc.)  A  projection  ; 
saiil  of  « iudows,  corbels,  cornices,  etc. 

Jutty.  (.Architecture.)  A  projecting  part  of  a 
wall,  as  of  a  T>roniinent  course.  * 

Jut-wiu'dOTW.  (Carpentry.)  A  bow-wiudow, 
projecting  from  the  face  of  a  building.  A  bay- 
tvindou: 
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Ka'jak.  The  boat  of  the  Esquimaux.  It  is  from 
IS  to  20  It-et  long,  IS  inches  broad  in  the  middle, 
tapering  to  both  ends,  and  about  a  foot  deep.  It 
lias  no  outriggers,  and  is  difficult  to  manage.  It  is 
covered  with  skins,  and  closed  at  to])  with  the  ex- 
ception of  a  hole  in  the  middle,  which  the  boatman 
oc^euiiies,  sitting  on  the  lloor  of  the  boat. 

The  kajak  is  the  men's  boat.  The  umifik  is  the 
women's  boat  ;  has  a  flat  bottom,  and  is  unich 
largi-r.  It  is  made  of  slender  laths,  fastened  with 
whalebone,  and  covered  with  seal-skin. 

Ka-lei'do-phone.  -In  instrument  invented  by 
Professor  Wlieatstone,  to  ilUistrate  the  ]jhenomena 
of  waves  of  sound.  An  elastic  thin  bar  is  fixed  l>y 
one  of  its  extremities,  and  at  its  free  eiul  carries  a 
silvered  or  polished  ball  ;  a  ray  of  light  is  reflected 
from  this  ball,  and  when  the  thin  plate  is  put  in 
vibration,  tile  fine  point  of  light  describes  various 
curves,  corresponding  with  the  musical  notes  pro- 
duced by  tlie  viln-ations. 

Ka-lei'do-scope.  An  optical  instrument,  in- 
vented by  David  Urewster,  1S14-17.  ^.n  .arrange- 
ment of  mirrors  produces  a  symmetrical  reflection  of 
beautiful  imiges,  deriverl  from  the  association  of 
pieces  of  colored  glass,  which  assume  new  relations 
as  the  tube  is  slowly  rotated. 

This  instrnment  is  first  noticed  by  Baptista  Porta 
in  his  "Natural  Magic,"  under  the  name  of  poly- 
phaton.  Kircher  describes  a  similar  invention  of 
his  own,  but  the  application  of  two  reflectors  so  in- 
clined to  each  other  as  to  form  symmetrical  images, 
changing  as  the  instrument  is  rotated,  was  invented 
by  Brewster. 

"  He  subsequently  found  means  to  obtain  multi- 
plied images  of  such  objects  as  flowers,  trees,  and 
even  persons  and  things  in  motion,  and  thus  tlie 
importance  of  the  instrument  was  greatly  increased. 
For  this  pnrposc,  he  caused  the  two  mirrors  to  b3 
fixeil  in  a  tube  as  before,  but  this  tube  was  contained 
in  another,  from  which,  like  the  eye-tube  of  a  tele- 
scope, it  could  be  drawn  at  pleasure  towards  the  eye. 
At  the  opposite  end  of  the  exterior  tube  was  fixed 
a  glass  lens  ofconveiucnt  focal  length,  by  which  were 
formed  iniAges  of  ditt'erent  objects  in  the  upper  sec- 
tion, and  which,  being  multiplieil  by  successive  re- 
flections from  the  mirrors,  produced  in  t!ie  field  of 
view  symmetrical  patterns  of  great  beauty.  The 
properties  of  the  instrument  have  been  greatly  ex- 
tended ;  and  when  it  is  so  constructed  that  there 
may  be  projected  on  a  screen  a  magnified  image  of 
the  whole  pattern,  and  tlie  tuba  is  supported  on  a 
ball  and  socket  joint,  the  figures  in  its  field  may  be 
easily  ski'ti-hed  by  a  skillful  artist."  — TiMBS. 

KaVlif- thor'gan.  A  nuisicii  instriuuent  played 
as  a  piano,  and  imitating  the  efl'ect  of  a  violin,  vio- 
loncllo,  and  double-bass. 

Kal'muck.  {Fabric)  A  coarse,  shaggy  cloth, 
resjmbliiig  a  hi'ar-skin. 

A  co.usF',  I'olored,  cotton  cloth  made  in  Persia. 

Kal'so-mine.  A  mixture  of  clear  glue,  Paris 
white,  and  water,  laid  on  to  a  wall  as  whitewash. 
Commence  by  soaking  4  ounces  of  glue  in  a  qu.art 
of  warm  water  for  24  hours  ;  then  add  a  pint  of  wa- 
ter, and  the  tin  vessel  should  be  jdaced  in  a  kettle 
of  liot  watc-r  over  a  fire,  the  glue  being  agitateil  till 
it  is  thorougldy  dissolved  and  the  solution  quite 
clear.  Put  5  or  6  pounds  of  powdered  Paris  white 
into  a  large  bucket,  and  add  hot  water  sufficient  for 
the  mixture  to  be  of  the  eonsi.stency  of  cream  ;  color 


according  to  taste.  Then  mix  the  glue-water  with 
it,  stir  it  well,  and  paint  the  walls  with  the  mixture 
with  the  usual  whitewash-brush. 

Kamp-tu'li-con.  A  floor  covering  made  of  in- 
dia-rnbbcr,  gutta-percha,  ami  cork.  Thit  two  former 
having  been  liquefied,  the  other  is  added  in  the  form 
of  fine  dust.  (Galloway's  English  patent,  February 
14,  1S44.)  The  mixture,  while  warm  and  .soft,  is 
]iresscd  into'sheets  between  rollers.  It  is  very  elas- 
tic, and  is  printed  like  floor-cloth. 

Ka'o-lin.  The  Chinese  name  for  porcelain  clay  ; 
which  is  derived  from  the  decomposition  of  felspar. 
In  the  Chinese  manufacture  of  porc:elain  the  kaolin 
is  mixed  with  a  fusible  earthy  matter,  call  2)c.tuntse. 
See  PoKCEL.iix. 

Eas.     1.  A  horsehair  sieve. 

'2.    .\  negro  drum. 

Kath'e-tom'e-ter.    See  C.\tiietoj[f,ter.     ' 

Keck'ling.  (Xautical.)  A  mode  of  protecting  a 
cable  or  hawser  from  chafing  at  the  hawse-hole,  or  from 
being  chafed  by  ice,  etc.,  by  means  of  a  wrapping  or 
serving  of  rope,  small  chain,  or  other  envelope. 

Kedge.  A  small  and  portable  anchor,  used  in 
warping  and  other  of  the  lighter  duties  of  an  anchor. 
See  Anchor. 

Keel.  1.  {Shipbuilding.)  a.  The  lower  longitn- 
dinal  Ijeam  of  a  vessel,  answering  to  the  spine,  and 
from  whii'h  the  ribs  proceed. 

In  wooden  vessels,  an  additional  timber  beneath 
is  called  the  false  keel. 

A  timber  resting  on  the  flooring  timbers  and  above 
the  keel  is  the  keelson. 

Timbers  secured  parallel  to  the  latter  are  the  sister- 
keclwn.i,  or  side-keelsons. 

Heavy  timbers  resting  on 
the  timbers  before  men- 
tioned, and  lying  athwart- 
ships,  are  tyross-keelsans,  for 
sustaining  the  boilers  and 
engines  of  steamships. 

The  ii/gc-keel  is  a  longi- 
tudinal piece  fastened  on 
the  bilge  to  protect  it,  or 
to  prevent  rolling,  in  the ; 
case  of  iron  vessels  without 
true  keels. 

The  keel  is  laid  upon 
blocks  wbo.seupper  surfaces 
form  an  angle  of  about  3* 
with  the  horizcm.  The 
blocks  are  about  three  feet 
high  and  four  feet  a[iart. 

In  England  the  keel  is  usually  of  ehn,  the  pieces 
being  scarfed  together  to  attain  the  requisite  length. 
In  a  first-rate  liiie-of-battle  ship  the  keel  is  20  x  20 
inches.  American  elm  does  not  suit  for  the  pur- 
pose, and  white  oak  is  used. 

A  sUding  keel  is  a  board  amidships,  working  in  a 
trunk  in  the  line  of  the  keel  and  extending  from  the 
bottom  to  the  deck.  It  is  lowered  to  form  a  lee- 
board  for  a  vessel  when  under  canvas. 

The  upper  portion  of  Fig.  2740  shows,  in  cross- 
section,  the  keel  in  the  cant  frames. 
A",  keel.  SP,  stepping-pieccs. 

FK;  false  keel.  HF,  half-floors. 

D,  deadwood.  XS,  keelson. 

The  lower  figure  shows  the  keel  nearer  to  mid- 
i  ship. 


Fig.  2740. 
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jr,  keul. 
KS,  keelson. 
FJC,  false  keel. 
HF,  half-Hoors. 


GS,  gavboard-strakes. 
L,  liiiibeis. 
ZJ3,  liinlier-boarJs. 
LS,  limber-strakes. 


b.  A  small  coal-carryiug  ci-aft,  used  on  the  rivei- 
Tyne. 

"2.  .\  broad,  sliallow,  cooling  vat. 

Keel-boat.  A  large,  covered  boat,  used  on 
Aniei'ican  rivers.  Before  the  time  of  steamlioats, 
keel-boats  were  used  for  passengers  and  merchan- 
dise, lieing  floated  down  stream  and  ^o?cd  up  stream. 

Keel-fat.     A  cooler  for  wort,  etc. 

Keel'sou.  (SldphuiJdin'j.)  A  longitudinal  piece 
above  the  ttoor-timhers,  binding  them  to  the  keel. 

The  sister-keelsons  lie  on  each  side  of  the  keelson. 
Also  called  side-keclsoiu. 

The  iiilercostal-kcclson  is  a  short  piece  between 
frames. 

Midcr-i-eclsons  are  auxiliary  keelsons  placed  above 
the  main-keelson  to  give  additional  strength.  See 
Kkf.l. 

Keep.  {Architecture.)  The  tower  or  place  set 
apart  in  a  castle  for  the  continement  of  prisoneis. 
A  redtubt. 

Keep'er.  A  ring,  strap,  pocket,  or  the  like  de- 
vice for  detaining  an  object ;  a.s,  — 

1.  {Harness.)  The  keeper  of  a  buckle-strap  ;  a 
loop  which  slips  upon  the  end  of  the  strap,  or  into 
which  the  strap  slides. 

2.  A  ring  worn  on  the  finger  to  keep  a  larger  one  on. 

3.  A  jam  nut. 

4.  The  box  on  a  door  jamb  into  which  the  bolt  of 
a  lock  protrudes,  when  shot. 

5.  The  armature  of  a  magnet.  A  piece  of  iron 
which  connects  tlie  two  poles. 

6.  The  mousing  of  a  hook,  which  prevents  its 
accidehtal  disengagement. 

7.  The  gripjier  of  the  flint  in  a  flint-lock. 
Keeve.     A  large  vessel  or  vat,  used  for  mashing, 

fermenting,  or  storing  beer.      See  lilcCK  ;   V.\T. 

For  holding  a  bleaching  liquor  or  alkaline  lye. 
See  Keik. 

For  elevating  ores.     See  Corf. 
An  iron-bouml  tub  of  a  truncate,  conical  form,  set 

upon  the  smaller 
Fig.  2741.  end,  and  used  for 

collecting  the  fine 
grains  of  copper. 
In  use  it  is  kept 
half  full  of  water, 
a:id  the  contents 
agitated  by  a  shov- 
el till  the  heavier 
particles  seek  the 
.  bottom,  leaving 
the  water  to  be 
dipped  out  and 
the  refuse  lighter 
upper  stratum  to 
he  removed. 
In  the  illustra- 
tion the  keciv  is  shown  with  a  central  shaft  and  a 
paddle,  which  is  revolved  until  all  the  mineral  con- 
tents are  involved  in  the  gyration  of  the  water,  when 
the  action  is  moderated  and  the  heavier  particles 
gradually  assume  the  lower  position  and  eventually 
reach  the  bottom.  The  action  is  called  tossing  or 
tozing.  Other  contrivances  in  which  the  commi- 
nuted ore  is  agitated  in  water  are  known  as  jiggers, 
etc.     See  Met.\llurgv. 

Keir.  A  vat  for  holding  a  bleaching  liquor. 
The  alkaline   vat   of  a   bleachery.     See    ISfCici.NO- 

KlER. 


TossiTtg  with  the  Keeve. 


Kel'lach.  A  wicker  sledge  or  cart  used  in  Scot- 
Uuiil. 

Kem'e-lin.     A  brewer's  vessel. 

Ke-men'geh.  An  Arab  violoncello,  with  two 
strings. 

Kemps.  1.  ]m]iuritiesof  fur;  that  is,  knots  and 
hairs  which  do  not  possess  the  felting  property. 

i.  The  coarse,  rough  hairs  of  some  grades  of  wool. 

Ken'net.     (Xautical.)     A /icrc/ or  large  cleat. 

Ken'uets.     A  coarse  cloth  made  in  AVales. 

Kent-bu'gle.  The  key-bugle  invented  by  Logier 
early  in  this  century,  and  named  alter  the  Duke  of 
Kent,  the  father  of  Queen  Victoria.  It  has  six  keys, 
and  is  the  predecessor  of  the  great  tribe  of  cornets. 

Kent-ledge.  Pigs  of  iron  for  iiernianent  balla.st, 
laid  over  the  keelson- plates. 

Ke'per.  A  German  twilled  linen  goods  resom- 
bling  marsella.     Kofer. 

Ker'a-tome.  A  s\irgical  knife  used  in  the  opera- 
tion for  artificial  pupil.  Also  called  iridrctome  or 
artificial-pupil  knife.  It  is  spear-pointed,  double- 
edged,  and  may  be  straight  or  angular.  It  is  used  for 
making  an  incision  through  the  cornea  into  the  ante- 
rior chamber,  and  by  slight  movements  of  its  cutting 
edges,  upward  or  downward,  the  wound  is  made 
of  proper  dimensions,  after  which  the  operation  is 
completed  with  other  instruments.  Also  used  in 
operations  for  cataract. 

Kerb.     {Masonry.)     Called  also  curb. 

1 .  The  assemblage  of  stones  surrounding  the  mouth 
of  a  well  or  similar  opening.     See  Ci'kb. 

2.  The  line  of  stones  set  on  edge  which  .separates 
a  foot  ]iavenient  from  the  gutter  or  carriage-way. 

Kerf.     The  slit  or  notch  made  by  a  saw. 

Kerfing-ma-chine'.  A  nuichine  for  sawing  a 
series  of  parallel  kerfs  on  one  surfirce  of  a  board,  in 
order  to  enable  it  to  be  bent. 

It  consists  of  a  table  and  a  series  of  circular  saws 
upon  a  horizontal  mandrel,  the  latter  being  verti- 
cally adjustable,  so  as  to  allow  the  saws  to  project 
above  the  surface  of  the  table  to  an  extent  equal  to 
the  desired  depth  of  kerf. 

Ke'rite.  A  compound  invented  by  Austin  G. 
Day  (patent  October  9,  1SG6),  and  by  him  termed 
keritc  or  artificial  caoutchouc,  and  in  which  the  raw 
caoutchouc  or  rubber  is  replaced  by  tar  or  asjdialtum, 
which,  combined  with  animal  or  vegetable  oils,  is 
vulcanized  by  sulphur,  the  product  closely  reseni- 
blingrubber,  the  hard  and  soft  varieties  being  produced 
by  difl'erent  proportions,  etc.  The  principal  use  of 
kerite  has  been  as  an  insulating  material  in  telegra- 

Daj',  in  his  patent,  gives  the  following  formulas. 
Parts  by  weight.  Heats  to  260°,  gradually  increases 
to  300°  F. 

a.  Linseed-oil,  2  ;  cotton-seed  oil,  1  ;  raw  tur- 
pentine, 2  ;  sulphur,  2.     Time,  1  hour. 

b.  Linseed-oil,  2  ;  castor-oil,  1  ;  liipiid  coal-tar, 
2  ;  petroleum,  1 ;  turiientine,  2  ;  sulphur,  2.  Time, 
30  minutes  or  more. 

c.  Linseed-oil,  2  ;  petroleum,  1  ;  crude  turpen- 
tine, A  ;  sulphur,  4.      Time,  3.5  minutes. 

Ke 'rite-wire.  Wire  used  in  telegraphy,  insu- 
lated bv  a  covering  of  kerite. 

Kern.  1.  (Printing.)  The  part  of  a  letter  which 
overhangs  the  shank.  It  occurs  more  frequently  in 
italic  than  in  Roman:  "  jnllij  ohl  farj"  embraces 
the  kerned  letters  of  an  italic  Ibnt. 

2.   {Mutiny.)    A  hand-mill  for  gi-ain.    See  QfERX. 

Ker'sey.  {Fnhric.)  A  jirobable  corruption  of 
Jei-sey,  whence  it  came.  A  coarse  ribbed  cloth 
made  from  wool  of  long  staple. 

Ker-sey-mere'.  {Fabric.)  A  light  woolen 
twiUcil  goods  with  an  oil  finish,   for  lucu'.s  wear. 
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rscij,  in  Yoiksliiie,  England.     Cassi- 
(Fabric.)      A     tliiii     woolen 


Named  I'loni  A' 
mere. 

Ker-sey-nette 
cloth.      Cassinritc. 

Ketch.  (I'lhscI.)  An  almost  obsolete  funn  of 
two-masted  vessel,  carrying  a  tall,  square-rigged 
main-mast  forward,  and  a  .shorter  fore-and-aft  rigged 
mizzen  aljaft. 

Being  a  favorite  form  of  mortar  vessel,  we  fre- 
iiuently  read  of  bomb-^etch  in  the  wars  of  a  [last  age. 

Ket'tle.  \  metallic  vessel  in  which  water  or 
other  liijuid  is  boili.'d.  In  sugar-houses  kettles  are 
arranged  in  rows  called  batteries.  Capacities  and 
sizes  of  sugar  pans  and  kettles  are  as  follows  :  — 

Shallow. 


Size. 

Diameter. 

Depth. 

Rim, 

25  gallons. 

29i  inches. 

in,  inches. 

3V  inches. 

.30      " 

31        " 

12 ,      " 

3i      •' 

40      '• 

33'      " 

13        " 

4 

60      ■' 

39 

13  .■      " 

4V      " 

CO      " 

42 

15        " 

4;      " 

80      " 

4:il      " 

16        " 

4;      '• 

100      " 

49,      " 

17 

4i       " 

125      " 

53;      " 

18'.      " 

5 

150      " 

58.,      " 

20        " 

51      " 

Weigh  about  5^  poands  to  a  gallon. 
Deep. 


Size. 

Dinmetcr. 

Depth. 

Rim. 

20  gaIlon.s. 

27    inches. 

S'r  inches. 

\%  inches. 

30      " 

2D        *' 

13;       •' 

IJ      " 

40      ■' 

31        " 

15        " 

2}      " 

60      " 

3i 

13:    " 

25      " 

60      " 

41 

17 

2j      'i 

80      " 

42 

18 

2        " 

100      " 

47 

171      " 

3        " 

120      " 

49,      " 

18i       " 

3 

Weijjh  about  6  pounds  to  a  gallon. 
Extra  Sizes. 


,  200  gallons 

250  " 

300  " 

350  " 

400  " 

450  " 

600  " 

550  " 

COO  " 


Diameter. 


70  i:icliei 

75  " 

79  " 

01  " 

82i  " 

84  " 

86  " 

86  " 

87  " 


Depth. 


24  inches. 

27  " 

29i  " 

30i  " 

81 V  " 

32i  " 

33  " 

34  " 

35  " 


Weigh  about  7  pounds  to  a  gallon. 

The  old  mode  of  Tuaking  brass  kettles  was  by 
hammering  upon  a  sheet  of  metal,  until  by  degrees 
the  required  sliape  was  assumed.  The  i>lau  now  in 
use  is  known  as  "  Hayden's  patent,"  December  l.i, 
1851.  Scjuare  blanks  of  sheet-brass  are  cut  into 
circles  of  a  diameter  corresponding  to  the  size  of 
kettle  reiiuired.  After  annealing,  the  met.allic  disks 
are  brought  in  contact  with  cast-iron  chucks  revolv- 
ing horizoutiiUy  with  great  velocity.  A  small  .steel 
friction  roller,  resemlijing  a  button,  is  then  brought 
in  close  contiguity  to  tlu^  metal,  and,  ninuiug  along 
the  outer  surface  of  the  blank,  spins  it  out  to  the 
shape  of  the  mold.  Four  such  operations  are  com- 
monly required  before  the  kettle  assumes  its  finished 
form,  the  metal  rccjuiring  to  be  annealed  after  each. 


The  cour.se  of  the  roller  is  marked  by  the  concentric 
rings  which  are  found  upon  most  of  the  brass  kettles 
in  market.  The  jirocesscs  of  wiring,  ti.\ing  on  the 
ears  and  bales,  are  all  required  to  make  the  kettle 
complete.  Sizes  range  from  h  gallon  to  32  gallons 
capacity. 

Ket'tle-boil'er.  An  old  form  of  steam-boiler 
whose  lower  portion  was  shaped  as  an  inverted  conical 
frustum,  unci  the  upper  part  a  dome.  The  form  re- 
sembles that  of  a  tea-kettle. 

Ket'tle-drum.  The  keUlc-drnm  is  so  named 
from  its  rcscuililance  to  a  hemispherical  kettle.  It 
is  formed  of  thin  copper,  and  has  a  head  of  parch- 
ment or  vellum.  Kettle-drums  are  u.sed  in  jmirs, 
slung  on  each  side  of  the  withers  of  a  cavalry  horse. 
One  drum  was  tuned  to  the  key-note  and  the  other 
lo  the  fifth  of  the  key  in  which  the  ]]iecc  in  which 
they  arc  to  figure  is  written.  The  tuning  is  by  a 
hoop  and  screws. 

They  are  now  usu.ally  sujiported  upon  tripod  and 
used  in  orchestras.  The  liim-tnm  is  the  original  ket- 
tle-drum, .and  has  for  its  ciuigeners  the  chtntbookah 
of  Egypt,  the  derbck-ki'h  of  Syria.  These  are  the 
lineal  ilesceiulants  of  the  Egyptian  drum  so  com- 
monly used  in  the  festivities  of  the  Pharaonic  Egyp- 
tians.    See  DiiUM. 

Tliis  brass  band  or  orchestral  instrument  is  classed 
with  those  of  percussion,  in  contradistinction  to 
stringed  and  ivincl  instruments.  Kettle-drums  are 
used  in  pairs,  of  which  the  larger  is  used  for  the 
lower  sound. 

Drumsticks  are  of  three  kinds  :  rcoodm,  wood  cov- 
ered with  leather,  sponge  ends. 

Drums  are  also  jilayed  open  or  mnffled.  The  latter 
is  by  a  ]iiece  of  cloth  covering  the  head  and  deaden- 
ing the  sound.     See  Drum. 

Ket'tle-fur'nace.  (.Uctalhlre/)/.)  a.  A  basket- 
furnace  or  cresset  in  which  lead  or  solder  is  Incited 
for  plumbing. 

b.  A  furnace  in  which  a  kettle  or  kettles  are  set 
in  a  brick  arch,  as  in  sugar-boiling  furnaces;  or 
above  a  box-furnace,  as  in  agricultural  boilers.  See 
Ev.KPouArou. 

Ket'tle-stitch.  {Bookbinding.)  The  stitch  made 
in  sewing  at  the  heail  and  tail  of  a  book. 

Kev'el.  1.  (Nautieal.)  a.  A  largi^  cleat  for  be- 
laying. Sometimes  formed  by  the  ends  of  the  top 
timbers  which  rise  above  the  gunwale,  or  formed  by 
timbers  lu'ojecting  at  a  small  angle  li'om  the  sides  to 
belay  large  rope.s,  such  as  the  sheets  and  tacks  of 
tlie  main-sail  and  fore-sail.     See  Cleat. 

b.  A  frame  for  spreading  the  main-sail. 

c.  An  anchoi'-/;a/j)i. 

2.  A  stone-mason's  hammer,  u.sed  in  spalling  stone, 
and  having  a  blade  and  point  at  the  respective  ends. 

Kev'el-head.  UVaulieal.)  The  end  of  a  top 
timber  jirojeeting  above  the  gunwale  and  acting  as 
a  bitt  or  kevel,  to  belay  large  ropes,  to  fasten  or 
veer  away  a  warp,  etc. 

Key.  1.  (Maehinery.)  a,  a  joggle-piece  form- 
ing a  lock  or  draw-pin  in  a  joint.     See  Hook-bi!TT. 

b,  a  wedge-piece  of  iron  used  for  tightening  the 
brasses  of  a  hearing. 

c,  a  fastening  piece,  such  as  a  wedge  or  cotter  in 
a  chain.     A  fore-lock. 

d,  a  piece  a.  sometimes  used  in  a  morti.se  in  con- 
ucctitui  with  gibs  b,  in  attaching  a  strap-head  to  a 
connecting  rod. 

c,  a  lin  or  wedge  c  fastening  a  crank  on  its  shaft  d. 
A  long  key  on  a  shaft,  which  prevents  the  r(!volution 
of  the  wheel  thereon,  but  pennits  longitudinal  mo- 
tion, is  called  a  spline.     See  Si'i.lN'K  ;  Fi;.\THEU. 

2.  A  spanner  or  wrench  by  which  to  turn  a  coup- 
ling-piece. 
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Fig.2T42.  3.   A  portable 

insti'uinent  for 
shooting  the  bolt 
of  a  lock. 

The  locks  of 
Egy[)t  were  slid- 
a  iiig  bolts,  mov- 
j,  iiig  in  keepei-s 
attached  to  the 
doors,  and  were 
probalily  moved 
from  the  outside 
by  keys,  some- 
what similar  to 
that  shown  in 
the  illustration 
c,  wliich  is  an 
aneifiit  iron  key 
brought  from 
Egypt  by  Wil- 
kinson. Ancient 
iron  keys  have 
been  found  at 
Thebes,  and  are 
prtsi-rved  in  the 
British  Museum. 
They  are  from  1  j 
inches  to  5  inches 
long.  See  Lock. 
We  read  also 
in  Judges  iii. 
Ktys.  23  -  25,        that 

"  Ehud  went 
forth  through  the  porch  and  shut  the  doors  of  the 
parlor  upon  him  and  lockeil  tlu-m,"  and  "his  ser- 
vants ....   took  a  key,  and  opcneil  them." 

The  modern  key  of  Jlosul,  in  the  vicinity  of 
what  remains  of  the  ancient  Nineveh,  is  a  long  bar 
of  wood,  with  two  projections  towards  the  end  about 
a  foot  in  length.  As  one  traveler  remarks,  it  is 
"  well  qualified,  not  only  to  open  a  door,  but  to 
knock  down  any  one  who  might  attempt  to  enter 
without  permission." 

The  invention  is  ascribed  by  Pliny  to  Theodore 
of  Samos,  730  B.  c,  but  keys  are  mentioned  in  the 
siege  of  Troy,  1193  B.  c.  The  bolt  of  the  lock  men- 
tioned in  tlie  Odyssey  was  moved  by  |iulling  a 
latch-string  which  pa.sseJ  through  the  door  ami  hung 
outside.  Denon  has  engraved  an  Egyptian  lock 
which  no  doubt  had  a  key. 

The  Roman  keys  were  very  various  (see  fgh  i. 
Fig.  2742),  some  like  the  ohi  Egyptian  and  othei-s 
like  the  modern.  The  rinrj,  or  bov\  stem,  and  bit  are 
all  there.  Some  have  hollow  barrels,  like  our  trunk 
keys.     Thirty  varieties  are  shown  by  Montfaucon. 

The  keys  found  at  Herculaneum  show  that  the 
art  of  lock-making  (a.  d.  79)  was  well  understood. 

4.  (Joinery.)  a.  A  piece  of  timljer  let  trans- 
versely into  the  back  of  a  board,  which  consists  of 
several  breadths,  for  the  purpose  of  preventing 
warping. 

b.  The  last  board  of  a  floor  or  platform  which  is 
driven  into  position  and  keys  up  the  others. 

c.  A  tenon  piece,  of  the  nature  of  a  dowel  enter- 
ing coincident  parts  in  matched  boards,  and  holding 
them  together,  or  in  correspondence. 

d.  The  roughing  on  the  under  side  of  a  veneer, 
which  is  made  by  a  toot/iing-plaiif,  and  is  designed 
to  give  the  glue  a  better  chance  of  adhering. 

€.  One  of  the  wedge-shaped  pieces  or  sfn'king- 
plalcs  beneath  the  ribs  of  a  bridge  ccntcriit'/,  and  by 
driving  in  which  the  centering  is  struck  and  the 
arch  left  self-sustained. 

5.  (Mtisie.)     a.  One  of  a   series  of  level's   in    a 
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piano,  organ,  etc.,  which  are  operated  by  the  fingers 
of  tlie  performer.  (.See  Pi.vxo  Moveme.xt.)  Keys 
are  maniuil  and  pedal,  b.  The  fundamental  tone 
of  a  movement  ;  or  of  an  instrument,  and  to  which 
its  modulations  are  referred. 

An  illustration  may  be  afforded  by  giving  a 
comparative  statement  of  the  different  keys  of  the 
coriul-d-pistons,  the  trumpet,  and  the  Iwni. 


Cornet-a-Piston3. 

Trumpet. 

Horn. 

1st, 

C  typical  kev. 

Ab 

C  high. 

2d, 

bB 

gB 

bB" 

3d, 

Bb 

Gb 

Bb" 

4th, 

K 

F 

aB" 

5th, 

Ab 

V 

E,B 

A 

Ab 

6th, 

G 

Eb 

Gfl      A 

7th, 

Gb 

dH 

Gb       1 

8th, 

F 

Db 

% 

X 

f"^    ^ 

9th, 

eB 

C  typical. 

eB 

10th, 

Eb 

Bfi 

^ 

Eb 

11th, 

D 

Bb 

1 

dB 

A 

V 

Db 

C  tvpical. 

bB    T 

Bb   V 

C 

Morse's  Key. 


See  Berlioz's  "  lustramentation  and  Orchestration." 

6.  (Tehgrnphy.)  A  device  for  breaking  and 
closing    electric 

circuits,  so  that  the      ^^  Fig-  2744. 

current  may  be  in- 
terrupted to  give  sig-        —      -j^^.  '=»>^.i 
nals.  %,T    "  Vy" 

Jlorse's  key  for 
t  ransmitting  the 
currents  by  wliich 
the  characters  of  his 
alphabet  are  indi- 
cated, consists  of  a 
pivoted  lever  provided  with  a  spring  a.  When  a 
message  is  being  transmitted,  the  operator,  by  tup- 
ping on  the  button  b,  brings  the  jioiiits  c  d  in  con- 
tact, connecting  the  battery  and  line  wire,  and  pro- 
ducing the  combination  of  dots  and  dashes  wliieh 
form  the  Morse  alphaljet.  When  not  in  use  for 
transmitting,  the  siiring  ft  keeps  those  ]ioints  out  of 
contact,  and  currents  arri\'iiig  l\v  the  line  wire  are 
conducted  by  the  points  cf  to  the  indicator  or  to 
the  relay. 

7.  A  tooth-drawing  instrument. 

8.  (M(t.sonry.)     Tlie  highest  stone  of  an  arch. 

9.  (Plastering.)  That  portion  of  the  rendering  or 
first  coat  of  hair  jdaster  wlii(di  forces  its  way  be- 
tween the  laths,  and  holds  the  body  of  the  plaster 
in  place. 

10.  (Well-boring.)     A  bent  bar  of  iron  spanning 
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the  boiing-roil  just  beneath  a  coupling,  aiul  servin 
to  support  tlie  train  of  rods  at  the  bore-mouth, 


11.  A  term  applii 
serted  and  turned. 


d  to  instruments  wliieli  arc  in- 
Sue  under  the  tollowinj'  heads  : 


Bedstead-key.  Key  {plaslcriiui). 

liit-key.  Key-seat. 

Box-key.  Key-serew. 

C'lieket.  Keystone. 

Cental  key.  Key-valve. 

Kalse-key.  Key-way. 

Kaueet-key.  Latch-key. 

Foot-key.  Linch-pin. 

Fore-lock  key.  Master-key. 

Fo.\-key.  Pass-key. 

Key-licd.  Pick-lock. 

Key-board.  Press-key. 

Key-bugle.  Screw-key. 

Key-fastener.  Skeleton-key. 

Key-file.  Spanner. 
Key-grooving  machine.      Stepped  key. 

Key-hole  guard.  Telegraph-key. 

Key  (carprntrij).  Tuning-key. 

Key  {lock).  Turn-key. 

Key  (machinery).  Watch-key. 
Key  (musical  instrument).  Wrench. 

12.   A  quaij  or  wharf. 

Key-bed.  Tlie  groove  or  seat  of  a  key,  which 
secures  a  wliecl  on  its  shaft. 

Key-board.  Tlie  finger-board  of  an  organ,  pi- 
ano, or  meludi.'on,  on  which  the  keys  are  exposed 
to  view  and  toueli. 

Before  the  end  of  the  sixteenth  century,  the  pres- 
ent chromatic  scale  and  key-board  were  introduced, 
the  latter  having  the  seven  white  and  five  black  keys 
in  each  octave.  The  octave  was  divided  into  twelve 
equal  parts  about  1548. 

Key-bolt.  One  secured  by  a  cotter  or  wedge  iii- 
.stead  of  a  thread  and  nut. 

Key-bu'gle.  (Music.)  A  brass  wind-instrument 
witli  keys,  seven  usually.  It  will  traverse  chromat- 
ically a  compass  of  more  than  two  octaves,  beginning 
from  Bfl  beneath  the  stave  up  to  the  C  above  the  stave. 
The  bugle  with  pistons  or  with  cylinders  has  a 
lower  compass  than  the  preceding. 

Key-coupler.     An  attachment  in  a  melodeon 

or     parlor-or- 
rig.  2745.  gan  to  couple 

keys  in  octaves 
when  desired. 
Tlie  coupling- 
levers  cross 
each  other, 
have  their  ful- 
crunis  at  their 
rear  cuds,  and 
Keij-  Coupler.  are     attached 

at  their  inter- 
section. When  the  levers  do  not  act,  an  additional 
pressure  is  p\it  upon  the  valves. 

Keyed  Har-mon'i-ca.  (Music.)  An  instru- 
ment in  which  plates  of  glass  are  struck  by  keys. 
The  glockcnspcil  has  bells  struck  by  keys  ;  a  varia- 
tion of  the  latter  approaches  the  character  of  the 
keyed  harmonica,  having  bars  of  steel  for  sounders. 
Key-fas'ten-er.  An  attachment  to  a  lock  to 
prevent  the  turning  of  tlie  key  by  an  outsider. 

Key-file.  A  Hat  fib-  having  a  constant  thick- 
ness, and  used  in  filing  the  ward-notches  in  keys. 

Key-groov'iug  Ma-chine'.  (.Mctal-workiaij.) 
One  for  .slotting  llic  center-holes  of  wheels  to  make 
a  groove  for  the  key,  wbiidi  fastens  the  wheel  to  its 
sh.TJ"t,  so  that  it  may  not  turn  thereon. 

It  is  a  modification  of  the  planing-niachine,  wliich 
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Fig.  2747. 


grew  out  of  the  slide-rest.  *''S-  2746^ 

It  was  invented  by  Roberts 
of  Manchester,  England. 
The  wheel  to  be  grooved  is 
dogged  to  the  sliding-bed 
and  fed  beneath  the  tool, 
which  is  rcci])rocated  ver- 
tically above  it  by  means 
of  a  crank  or  eccentric.  To 
make  the  groove  taper,  the 
work  is  tip]ied  to  the  re- 
ipiired  e.\tent  ;  to  make  ' 
several  key-ways,  the  wheel 
is  mounted  on  a  turn-table 
with  notches  cut  in  its 
edges,  to  indicate  the  exact  L 
relative  positions,  as  in 
planing  scjuares,  hexagons, 
etc.     See  Fig.  2748. 

The  sZo«tH./7-machine  is  an  outgrowth  of  the  hcij- 
grooviuf/  machine. 

Key-guard.  A  shield  which  shuts 
down  (i\'er  a  lock-key  to  prevent  its  being 
pushed  out  of  the  lock  from  the  outside. 
In  the  exiiniiile,  a  slotted  escutcheon  on 
the  jdate  shuts  over  a  flattened  portion  of 
the  key-shank  to  jirevent  its  being  tui-ned 
by  an  outsider.  A  pawl  acts  as  a  detent 
for  the  escutcheon. 

Key'hole-pro-tect'or.    Mitchell  and 
I.awton's  Knglisli  jiatcnt,  1S15,  has  a  re-  Key-Guard. 
volving  curtain  for  closing  the  keyhole. 

Day  and  Newell's  jiarautojitic  lock  has  a  revolv- 
ing ring  or  curtain,  which  moves  with  the  key  and 
shuts  the  hole,  so  that  wires  and  tools  cannot  be 
introduced  alongside  the  key. 

Mordan's  keyhole  protector  (English),  1830,  has 
a  short  jiipe  which,  after  the  door  has  been  locked, 
is  thrust  into  the  keyhole  ;  attached  to  the  pipe  is 
a  small  lock  so  contrived  that,  on  turning  its  key, 
two  lancet-sha])ed  pieces  Hy  out  laterally  and  bury 
themselves  in  thi'  wood.  The  escutcheon  cannot  be 
removed  until  the  small  key  has  reacted  u])on  the 
small  lock  ;  and  until  this  removal  has  taken  place, 
the  large  key  cannot  reach  the  keyhole. 

Key'hole-saw.  A  long,  thin  saw.  See  Com- 
pass-saw. 

Key-mod'el.  A  mode  of  modeling  vessels  by 
shaping  boards  according  to  the  horizontal  lines, 
and  laying  them  upon  one  another  horizontally. 

Key-pipe.  The  jiipb  of  a  lock  in  which  a  key 
is  turned. 

Key-screw.  A  lever,  wrench,  or  spanner,  for 
turning  sere\\s. 

Key-seat.  The  groove  in  a  wheel  and  shaft  to 
rereivi'  the  key  which  secures  them  together. 

Key-seat  Cut'ter.  A  machine  for  cutting 
grooves  for  keys  in  the  center-holes  of  pulleys  and 
gear-wheels.  The  wheel  h  is  clamped  by  binder  c 
and  bolts  to  the  table  a.  The  cutter  or  saw  i  is  re- 
cijn-ocated  liy  wheel  c,  lever  k,  and  pitman  </  below, 
driven  by  band  applied  to  tlie  pulley  d.  The  saw  is 
passed  up  to  its  work  by  means  of  the  lever  h,  by 
the  arrangement  of  the  wrist-liox  sliding  in  the  slot- 
ted lever  k  ;  a  .slow  downward  movement  is  attained, 
and  a  ipiick  return,  at  which  time  the  pressure  ou 
the  lever  h  is  slacked. 

The  machine  for  cutting  key-.seats  has  a  horizon- 
tal plate  for  attachment  to  the  table  of  a  idauing- 
machiue,  and  the  plate  has  a  vertical  ]iortioii,  to 
wliicli  a  wheel  may  be  clutched.  A  mandrel,  hav- 
ing a  pUmiug-tool,  is  secured  by  a  jointed  .section  to 
the  head-stock  of  the  jilaner,  and  is  made  to  recip- 
rocate within  the  eye  of  the  wheel.     The  forward 
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eud  of  the   mandrel  passe.s  through  a   guide-ring, 
whiuh  has  trunnions  with  bearing  in  a  Iranie  verti- 


Kei/Seal  Cutter. 

cally  adjusted  in  the  guide-standards  by  means  of  a 
scre^x'. 

Key 'stone.  1.  (Masonry.)  The  central  voussoir 
at  the  verte.'c  of  an  arch.  The  row  or  course  of  said 
stones  along  the  crown  of  an  arch  is  the  key-course. 

The  length  of  the  keystone,  or  the  thickness  of 
the  archivolt  at  top,  is  ,t-  or  1-5  of  the  span. 

2.  In  chromo-lithographic  printing,  the  stone  on 
which  a  general  outline  of  the  picture  is  drawn  or 
photo-lithogra|)hed.  Its  object  is  to  furnisli  a  guide 
for  the  production  of  the  work  upon  the  several  color- 
stones.  Transfers  from  the  keystones  in  common 
printing-inks,  more  jnoperly  called  "  offsets  "  ,  to 
distinguish  them  from  transfers  from  which  impres- 
sions can  be  printed,  are  made  upon  as  many  stones 
as  there  are  colors  required.  Tlie  outlines  thus  ob- 
tained are  identical  in  form  and  size,  and  when,  by 
means  of  the  crayon  or  fluidlitho-ink,  —  with  subse- 
quent etching,  —  certain  portions  of  each  are  given 
the  power  of  printing,  the  superimposition  of  im- 
pressions from  all  upon  a  single  sheet  of  paper,  each 
being  printed  with  its  proper  color,  will  give  the 
desired  result  in  perfect  register.  The  keystone 
may  be  one  ol"  those  used  in  printing,  but  in  the 
higher  class  of  work  it  is  an  outline  merely,  used  to 
aid  the  artists  in  the  manner  described. 

Key-valve.  (.Uusic.)  The  pad  or  plug  which 
closes  an  aperture  in  a  wind-instrument.  The  valve 
being  retracted  the  wind  passes  through,  and  the 
note  is  sounded.  Valves  are  applied  to  the  open- 
ings in  the  reed-board  of  a  reed  or  organ,  melodeon, 
accordeon,  or  concertina  ;  on  the  faces  of  the  keys 
of  flutes,  clarinets,  flageolets,  cornets,  bugles,  etc. 

Key-way.  A  slot  in  the  rotind  hole  of  a  wheel 
for  the  reception  of  the  key,  whereby  the  wheel  is 
fastened  to  tlie  shaft. 

Kib'ble;  kib'bal.  (ilivinii.)  A  strong  iron 
kettle  with  a  liail,  made  of  J-inch  sheet-iron,  riv- 
eted, an<l  used  as  a  bucket  in  raising  ore  from  a 
mine.  The  term  is  used  in  copper-mining,  and  may 
have  a  Cornish  origin. 


Kib'bling-mill.  Fig.  2749. 

A  liand-niill  ulsteel 
attached  to  a  post, 
and  nsed  for  crush- 
ing or  grinding 
j  beansorother  grain  !'< 
I  for  feed.  A  kib-  ' 
bliii'i-iiiiiiliiac. 

Ki-bit'ka.  A  ,1 
Russian  one-horse  ij 
vehicle  with  two 
wlieels.  The  ki- 
bitka  is  of  various 
sizes,  and  may  be 
either  completely 
covered,      entirely 

open,  or  provided  with  a  hood  behind.  It  has  a 
single  pair  of  long  runners,  and,  to  prevent  upset- 
ting, is  provided  with  a  guard-frame,  which,  start- 
ing from  the  body  of  the  sleigh  in  front,  s]«eads  out 
some  twelve  or  eighteen  inches  from  the  sides  at  the 
rear  end.  As  soon  as  the  vehicle  tips,_  this  frame- 
work toucdies  the  ground,  and  must  break  before  the 
vehicle  can  capsize. 

Kick.  (Brickmnkiiig.)  The  piece  of  wood  fast- 
ened to  the  upper  side  of  a  stock-board  to  make  a 
depression  in  the  lower  face  of  the  brick  as  molded. 

Kid.  A  bundle  of  bushes  or  sticks  planted  on  a 
beach  to  stop  shingle  o'r  gather  sand,  to  act  as  a 
(jroinie. 

Kid'der-min-ster  Car'pet.  A  carpet  so  called 
from  being  made  somewhat  extensivelj'  at  a  town  of 
that  name  in  England.  The  carpet  is  also  known 
as  Scotch,  for  a  similar  reason.  Another  of  its 
names,  rnr/rnin,  signifies  that  it  is  made  of  wool  or 
worsted  dyed  in  the  grain  ;  that  is,  before  maimfac- 
tuie.  Its  names  liro-ply  or  three-ply  imlicate  the 
number  of  webs  which  go  to  the  making  of  the  fabric. 

It  is  composed  of  two  webs,  each  consisting  of  a 
separate  warj'ed  woof  ;  the  two  are  intei'woven  at 
intervals  to  produce  the  figure,  one  part  being  above 
and  the  other  below.  \Vlien  diflerent  colius  are 
nsed,  the  pattern  will  be  the  same  on  both  sides,  but 
the  colors  reversed. 

Kid'dle.     A  weir  or  fish-trap. 

Kid'uey-link.  (Harness.)  A  coupling  for  the 
hainess  beluw  tlte  collar. 

Kid'nip-pers.  (Molding.)  Nippers  used  in  gun- 
molding  for  bringing  the  hoops  taut  around  the  mold. 

Kil'las.  (Mining.)  The  clay-slate  in  which  the 
ores  of  copper  and  tin  are  found  in  Cornwall,  Eng- 
land. 

Kiln.  A  furnace  for  calcining  ;  as  plaster  of 
paris  or  carbonate  of  lime  in  its  shapes  of  marble, 
chalk,  or  limestone.     See  Lime-kiln. 

Or  for  baking  articles  of  clay  in  the  biscuit  condi- 
tion.    A  biscuit-kiln.     See  Glaze-kiln. 

Or  for  drying  malt,  hops,  lumber,  grain,  fruit, 
starch,  biscuit,  etc. 

Or  for  vitrifying  articles  of  clay,  such  as  pottery, 
porcelain,  bricks.     See  Pokcelaix  ;  Brick. 

Herodotus  sjieaks  of  baking  bricks  in  kilns.  The 
latter  word  may  refer  to  a  clamp,  however.  They 
certainly  used  kilns  of  some  kind  for  their  pottery, 
which  was  made  of  many  kinds. 

Hoffman's  annular  kiln  (.i.  Fig.  2750),  patented 
June  13,  1S65,  consists  of  a  circular  channel,  a  a, 
which  receives  the  objects  to  be  fired,  introduced 
through  doors,  b  b,  in  the  outside  wall.  Flues,  ccc, 
lead  from  the  heartli  of  the  kiln  to  the  smoke-cham- 
ber, eee,  which  surrounds  lheba.se  of  tlie  chimney, 
d.  Tlie  eomnninication  of  each  flue  can  be  cut  off 
at  will,  by  means  of  a  cast-iron,  hell-.shaped  damper. 
An  intercepting  slide  can  be  lowered  in  grooves,  g  g. 
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built  into  the  walls  of  the  kiln,  immediately  after 
each  Hue,  so  as  to  separate  it  at  any  distiiiet  oi-  ei[ui- 
distaut  i'iiui|jartineut.  The  fuel  passes  through 
apertures /(/(,  wliieh  are  coustrueted  iu  the  areh, 
and  falls  through  cluiiiuels  formed  by  the  objeets  to 
be  burn(Hl  to  a  chamber  in  tlie  hearth  of  tlie  kiln, 
from  which  a  certain  number  of  small  Hues  radiate 
to  produce  a  free  current  from  lire  to  tire. 

The  kiln  has  twelve  comiiartments,  to  which  there 
are  twelve  entries  or  doorways  i  b,  also  the  same 
number  of  Hues  c  c.  c,  communicating  with  the  smoke- 
Fig.  2750. 


Kilns. 


chamber  e  e,  and  just  as  many  openings  g  r/  in  the 
arch  for  the  reception  of  the  large  intercepting 
damper  .slide  ;  thus  tlie  kiln  can  be  divided  at  any 
one  of  the  twelve  parts. 

The  apartments  are  u.sed  successively  ;  while  one 
is  being  charged  with  bricks,  tiles,  orjiottery,  others 
are  being  burned,  others  are  cooling,  and  one  or  more 
may  b;'  discliarging. 

The  kiln-fiie  is  supplied  with  warm  air  drawn 
through  the  ajiartments  wdiich  are  being  cooled. 
The  heat  passing  from  the  apartments  where  the  lire 


is  burning  heats  the  one  ne.\t  in  series  to  such  an 
extent  that  the  fuel  introduced  into  the  latter  is  ig- 
nited, and  it  conimences  Inirning  on  its  own  account. 
D^mipers  in  the  Hues  connecting  the  apartments, 
and  in  the  radial  Hues  leading  to  the  chimney  stack, 
permit  the  caloric  current  to  be  turned  as  recpiired. 
An  older  form  of  potteiy  kiln  for  burning  crockery 
is  shown  at  £. 

Tlie  jiiles  of  seggars  are  introduced  through  the 
large  opening  in  front  ;  when  the  kiln  is  fully 
charged  this  is  bricked  up,  and  tires  started  in  the 
furnaces  surrounding  the  kiln.  The  heat  is  main- 
tained until,  in  the  judgment  of  the  operator,  the 
ware  is  sufficiently  baked,  when  tlie  fires  are  drawn, 
and  wdien  sufficiently  cool  the  biick-woik  is  removed 
and  the  seggars  withdrawn. 

A  ]ieeuliar  kiln  is  cniidoyed  in  the  vicinity  of 
Paris  for  liurniug  plaster  of  paiis.  This  substance, 
a  sulphate  of  lime,  frei(Uently  contains  a  pro]iortion 
of  the  carbonate,  as  is  the  case  in  that  olrtained 
from  the  great  quarry  of  llontuiartre,  near  Paris, 
where  it  is  employed  instead  of  lime  for  making 
mortar. 

The  kiln    is    about    ten    feet    long,    and    has 
walls  at  two    sides  and   one   end.      Within,  longi- 
tudinal walls  are  built  up  of  the  blocks  of  gypsum 
as  they  come  i'rom  the  ipiarry,  the  interspaces  be- 
ing tilled  with  billets  of  wood.    Over  these,  arches 
are    built   with   the    gypsum   blocks,  sufficiently 
stable  not  to  fall  in    when  the  fuel  is  consumed. 
Over  these  are   laid    alternate  layers   of  charcoal  or 
dry  wood  to  the  depth  of  eighteen  or  twenty  inches. 
An  aperlure  about   si.x   inches  S([U;>re   in  the  end 
wall  provides  for  draft.      Fire  is  kindled  in  the  Hues 
formed  at  the  other  end,  and  maintained  by  farther 
supplies  of  small  wood  for  from  twenty-lour  to  forty 
hours,  until  the  calcination  is  eoiu|ilete. 

The  cement  made  by  combining  the  calcined  gyp- 
sum with  water  and  sand  sets  cpiiekly,  and  is  better 
adapted  for  stone,  the  common  building  material  of 
Paris,  than  for  brick. 

Kin.  A  Chinese  instrument  having  a  body,  a 
sounding-board,  and  five  silken  strings  of  different 
sizes. 

Kin'cob.     {Fabi-ic.)   An  East-Indian  laced  satin. 
Kin'dler.     An  attachment  to  a  stove,  by  which 
a  body  of  easily  lit  mate- 
rial is  brought  against  the  Fig  2751. 
fuel  in  the  stove  to  kindle 
it.     In   the  example,  the 
ba.sket    to    contain     kin- 
dlings is  hinged   beneath 
the  grate,  and  wdien  ele- 
vated  in    front    is   in    a 
proper  ])osition  for  the  ig- 
nition of  the  fire. 

Kiii'dling-TKrood 
Ma'cliine.  An  appara- 
tus for  .splitting  the  short 
wood  used  for  kindling 
coal  fires,  etc.  In  that 
illustrated  in  Fig.  2753 
the  vertically  reciprocat- 
ing cutter  is  operated  by 
a  crank  shaft  rotated  by 
pulley  and  belt  connee- 
tion.s,  making  about  125  ^= 
strokes  per  minute  ;  the  '^ 
wood  is  jilaced  on  a  circu- 
lar table  below  the  cutter,  and  the  machine  is  ad- 
justed to  cut  different  lengths  by  varying  the  ele- 
vation of  the  table  and  by  a  clearing  plate,  shown 
detached  to  the  left  of  the  base  of  the  machine. 
The  bundling-machine  is  operated  by  a  lever,  which 
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works  a  toggle-joint,  causing  a  loop  to  compress  the 
bundle,  placed  in  a  semicircular  rest,  while  being 
tied. 

Fig.  2752 


Kindling-Woad  Macliine. 

In  another  bundling-machine,  the  split  wood  from 
the  cutter  falls  into  boxes  on  an  endless  belt,  and  is 
conveyed  to  the  clamps  into  which  the  charges  are 
dropped.  These  are  closed  by  cam  movement,  a 
wire  is  passed  around  the  bundle  and  automatically 
cut  and  twisted. 

Still  another  machine  has  a  cutting-edged  cylinder, 
to  which  the  bundles  are  delivered  by  a  feed-wheel  be- 
ing forced  tln-oiigh  by  a  plunger  and  trimmed  smooth. 

Ki-iae'to-scope.  An  instrument  invented  by 
Perigal,  for  illustrating  the  result  of  the  combina- 

Fig.  2753. 


/,  spring-beam  ortie-beara. 
/,  tie-rod  (upper  tigure). 


g,  pole-plate. 
h,  wall-plate. 


King-Bolt. 

tion  of  circular  movements  of  different  radii  in  the 
production  of  curves.     Also  called  kinescope. 

King-bolt.  (J'eliiclcs.)  a.  A  vertical  bolt  which 
attaches  the  front  of  the  body  to  the  fore-carriage, 
and  forms  the  axis  of  oscillation  when  the  said  car- 
riage is  turned  sideways. 

b.  A  similar  (lart  in  a  car,  which  forms  the  axis 
of  revolution  of  the  car  upon  the  track  in  turning 
curves.     See  C.\R-TltucK. 

In  the  example,  an  elastic  sleeve  intervenes  be- 
tween the  king-bolt  and  the  metallic  bushing,  to 
absorb  the  jar. 

King-post.  (Carpentnj.)  A  main  jiost  bene.ath 
the  crown  or  ridge  of  a  roof-frame. 

Also  known  as  crown-post  or  joggle-pnst.  King- 
post trusses  have  several  minor  variations  :  — 

ff,  king-post.      (King-rod  c,  rafter. 

in  the  upper  tigure).       d,  strut  or  purlin-post. 
'',  principal  rafters.  e,  purlin. 


fig.  2731. 


King-Posts  and  IVusses. 

A  is  a  roof  on  the  quay  Jemappes,  Paris. 

B  is  from  the    roof  of  the   church   of   Lagorce, 
France,  twelfth  century. 

(7  is  an  ordinary  barn-roof. 

D  a  Gothic  roof. 

King-post  Truss.    See  King-post. 

King-post  Roof.      (Carpentry.)     One   having 
bnt  one  vertii'al  post  in  each  tni.ss. 

King-rod.     A  tension  rod  depending  from   the 
ridge  of  a  roof  and  uniting  with  the 
tie-rod  ;  occupying  the  position  of  Fig.  2755. 

the  king-post  in  wooden  roofs.    See 

KlNT.-POSl-  (A). 

King'ston's  Valve.  A  conical 
valve,  forming  the  outlet  of  the 
blow-off  pipe  of  a  marine  engine  ; 
it  opens  through  the  side  of  the 
vessel  liy  turning  a  screw. 

King-truss.  A  roof  or  bridge- 
tru.ss  framed  with  a  King-post 
(which  .see). 

Kink.  (Xautical.)  A  sharp 
bend  in  a  rope  or  cable  which  pre- 
vents its  reeving  through  a  block 
or  a  hole.  Kingston's  Valve. 
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Kinsh.     A  crowbar  used  in  quarrying. 

Ki'o-tome.  (Storgical.)  A  knife  for  cutting 
nuMiiliiMiR-  ;  especially  certain  pseudo-membraneous 
banils  in  tlie  rectum  and  bladder. 

Kip.  Leatlier  of  yearling.s  or  small  cattle.  A 
grade  between  calf  anil  cowhide.      Ki/)-shin. 

Kirb.    See  CuiiB. 

Kish.  {Smelting.)  a.  A  carburet  of  iron  which, 
wlien  cold,  appears  in  bright  shining  scales,  but 
which  is  in  Uie  liquid  form  iu  the  iron-smelting 
furnace,  where,  owing  to  its  levity,  it  floats  upon 
the  surface.  It  possesses  most  of  the  properties  of 
gi'aphite,  but  contains  less  carbon. 

b.  The  impurities  which  float  on  the  surface  of 
molten  lead  in  a  furnace. 

Kit.  1.  {Photoijmpluj.)  Also  known  as  "  inside 
frame."  A  thin,  flat,  rectangular  frame  of  wood 
which  fits  within  a  plate-holder  for  the  purpose  of 
enabling  the  latter  to  carry  a  sensitized  plate  smaller 
than  that  for  which  it  was  originally  designed. 
There  may  be  many  of  these  for  oue  holder,  ;ind  they 
often  fit  one  within  the  other,  forming  a  "nest." 
The  inside  corners,  as  is  the  ease  in  the  |ilate-hoMer 
itself,  are  provided  with  glass  or  hard  rubber  angle- 
pieces,  upon  which  the  jilate  rests  to  prevent  con- 
tact between  the  wood  and  nitrate  of  silver  solution 
adhering  to  the  wet  plate,  which  would  cause  stains 
upon  the  negative. 

2.  (Ger.  KM.)  A  cement  for  stuffing  canvas  to  place 
over  the  vents  of  carcasses  to  keep  out  the  damp. 

3.  A  small  fiddle. 

4.  A  large  bottle. 

5.  A  milk-pail  or  churn. 

6.  The  tools  of  a  workman  or  outfit  of  a  tourist. 

7.  A  Haring-bottonu'd  tub  for  fish  or  butter. 
Kite.     1.   A  light  frame  covered  with  paper  or 

cloth,  and  Hown  at  the  end  of  a  string. 

Centuries  of  use  among  the  Chinese,  and  the  re- 
markable use  by  our  Benjamin  Franklin,  have  aided 
to  make  the  kite  respectable.  Benjamin  had  a 
roughly  made  kite,  two  cross-sticks,  over  which  was 
stretched  a  silk  handkerchief,  and  this  was  Mown  in 
June,  1752.  '  Franklin  was  not  a  boy  at  this  time, 
but  a  mature  man  of  46.  Betsy  Trotwood  observed, 
"  Franklin  used  to  fly  a  kite.  He  was  a  Quaker  or 
something  of  that  sort,  if  I  am  not  mistaken,  and  a 
Quaker  flying  a  kite  is  a  much  moie  ridiculous  ob- 
ject than  anyliody  else  "  ;  so  he  might  have  ap- 
peared to  some  of  the  Philadelphians.  Some  of  his 
propositions  for  conducting  and  using  the  electric 
current  seem  strangely  modern.  He  proposed  to 
fire  spirits,  kill  animals,  drive  machinery,  and  dis- 
charge gnns.     Some  of  tlie.se  things  he  performed. 

Tile  kite  has  been  u.sed  in  scaling  eminences  ;  two 
remarkable  occasions  may  be  cited  :  the  ascent  of 
"  Pompey's  Pillar,"  a  pillar  of  reil  granite  114  feet 
liigli,  near  Alexandria  ;  and  iu  the  ascent  of  the 
Peter  Botte  Mountain  in  the  ilauritius.  It  is  also 
used  for  lodging  a  cord  on  steeples  and  other  struc- 
tures, to  enable  them  to  be  fitted  with  lightning-i'ods 
or  for  the  purpose  of  repair.  The  first  wire  of  the 
foot  Suspension-Bridge  at  Niagara  was  carried  over 
by  a  kite. 

In  1827  Pocock  yoked  a  pair  of  kites  to  a  carriage, 
and  traveled  from  London  to  Bristol.  He  deter- 
mined that  a  12-foot  kite  gave  the  power  of  a  man, 
with  a  moderate  breeze,  and,  when  the  wind  is 
brisker,  a  power  of  220  pounds.  (This  is  an  incom- 
plete statement,  but  the  figures  are  not  ours.)  The 
force,  he  states,  in  a  rather  high  wind,  is  as  the 
squares  of  the  lengths  of  the  kites  ;  and  two  kites, 
of  12  and  15  feet  respectively,  will  draw  a  carriage 
and  four  or  five  passengers  at  the  rate  of  20  miles 
per  hour.     (Grade  not  stated.)     Pocock  had  an  extra 


line  to  vary  the  angle  of  the  surface  of  his  kite,  so 
as  to  adjust  its  tractile  force,  and  side  lines  to  vary 
the  direction  of  the  motion  till  it  came  nearly  to  a 
ri'dit  angle  with  the  course  of  the  wind.  His  kites 
were  made  of  vainislied  linen  on  jointed  frames,  so 
as  to  lie  folded  and  stored  compactly. 

The  Indian  and  Chinese  kites  are  made  of  Chinese 
paper,  thin  and  tough,  and  the  frames  of  finely  split 
bamboo.  They  are  gayly  colored,  and  are  sometimis 
made  in  the  shape  of  dragons,  —  wliatever  that  may 
be,  — eagles,  or  spiders.  The  string  is  made  of  the 
silk  obtained  fixini  a  wild  species  of  worm,  and  is 
called  nnck :  after  spinning,  it  is  treated  with  gum  or 
glue,  and  then  drawn  through  ]iounded  glass.  Being 
dried  in  the  sun,  it  is  ready  for  duty.  This  gritty 
coat  is  to  enable  it  to  saw  asunder  an  adversary's 
line,  should  it  become  fouled,  when  Hying  on  a  wager 
or  for  sport.  The  Celestials  put  as  much  enthusiasm 
into  the  business  as  do  the  owners  of  trim  wherries, 
fast  nags,  fleet  greyhounds,  ram]iant  game-cocks, 
surly  bull-dogs,  dapper  terriers,  or  the  other  thousand 
and  one  devices  or  excuses  foi'  actively  wasting  time. 

Chinese  kites  are  sometiTnes  furnished  with  vari- 
ous ffiolian  attachments  which  imitate  the  songs  of 
birds  or  the  voices  of  men.  The  pigeons  also  in  Pe- 
kin  are  frequently  provided  with  a  very  light  kind 
of  seolian  harp,  which  is  secured  tightly  to  the  two 
central  feathers  of  their  tails,  so  tliat  in  flying 
through  the  air  the  harps  sound  harmoniously. 

The  frame  of  the  Japanese  bird  kite  is  made  of 
thin  bamboo,   and  is   cov- 
ered   with    colored    paper.  Fig.  2756. 
The     wings,     which     are 
somewdiat      concave,     and  , 
fall  back  a  little,  are  dark 
maroon,  and  the  body  and 
tail  represent  a  bird.   Small 
white  twine   is  used.     By 
various  devices,  the  hover- 
ering  and  soaring  of  a  hawk 
can  be  admirably  imitated. 
Length  of  middle  cane  20 
inches,  spread  of  wings  26         Japanese  Bird-Kile. 
inches  ;  a  b,   points  where 

the  "belly-band"  must  be  attached.  Dotted  lines 
show  the  paper. 

2.  (Nautical)  One  of  the  unusual  sails  above 
the  royal  ;  skii-sails,  moon-rakcrs,  etc. 

Kit-ty-soi'.  (Sp.  Qidtasol.)  The  Chinese  paper 
parasdl. 

Klick'et;  Kliuk'et.  (Fort.)  A  gate  in  a  pali- 
sade fur  the  passage  of  a  sallying  party. 

Kli-nom'e-ter.     An  instrument   for  measuring 


Fig.  2757. 


the  angle  of  the  dip  of  strata. 

Kuap'ing-ham'nier.  (Scotch.) 
The  stoue-bieaker's  hammer. 

Knap'sack.  A  soldier's  or 
tourist's  case  or  wrapper  forclotlies, 
etc. ,  to  be  carried  on  the  back 
during  a  march.  See  AccoUTEii- 
MEXT. 

A  tourist's  or  traveler's  satchel. 
That  shown  has  a  pocket  A  and 
strap  /?. 

Kuead'ing-ma.-chine'.  A  ma- 
chine for  incorporating  dough.  It 
usually  consists  of  certain  stir- 
ring-blades and  stationary  arms,  i 
and  a  spiral  blade  fop  discharging 
the  homogeneous  dough. 

The  jKtri.i.Kui;  or  mechanical  bread-maker,  of 
Cavallier  &  Co.,  Paris,  consists  of  a  strong  wooden 
trough,  nearly  square,  with  its  two  longe.st  sides  in- 
clined.    The  bottom  of  the  trough  is  semi-cyliiidri- 
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cal,  and  the  ends  su|ipoit  the  axis  of  a  cast-iron 
roller.  A  knife-eilp;e  is  placed  above  the  roller  in  a 
longitudinal  position,  and  forms  a  practical  division 
of  the  trough  space  into  two  seuii-cylinders  on  the 
line  of  the  axis  of  the  roller.  The  roller  being  ro- 
tated, the  dough  is  drawn  between  it  and  the  bottom 
of  the  trough,  whi(.-h  space  is  governed  by  lever  ad- 
justment. The  knife-edge  arrests  it  above  ;  and 
when  all  has  passed  to  one  side  the  motion  of  the 
roller  is  reverseil,  when  it  is  drawn  back  again. 
This  is  repeated  until  the  materials  are  perfectly 
commingled  and  the  quality  uniform. 

Another  English  kiuadhifi-nuichinc  has  separate 
cells  and  heavy  balls.  A  third  has  an  agitator  with 
a  revolving  axis  and  a  series  of  rings  angularly  at- 
tached, and  ojierating  in  a  trough. 

The  micinri-machinc  of  the  ship-biscuit  factory  of 
the  Victualing  Department,  Portsmoutlt,  England, 
is  a  mixing-trough  with  a  revolving  axis  furnished 
with  two  sets  of  knives,  which  mix  280  pounds  of 
flour  with  13  gallons  of  water  in  2.^  minutes.  The 
kncadiiig-mnchinc  is  a  cast-iron  roller  weighing  1,500 
pounds,  which  rolls  hack  and  forth  upon  a  bench, 
flattening  out  the  slab  of  dough,  which  is  again  and 
again  doubled  and  laid  in  the  track  of  the  roller. 
See  BisouiT-M.\cniN'E. 

Repeated  passage  between  rollers,  doubling  the 
sliver  between  passages,  is  the  ordinary  mode  of 
machine  kneading.  Harrison's  biscuit-machine 
(English)  operates  thus  (see  Bisi-riT-M.U'HiNF,),  and 
so  do  the  American  C'r,.\rKF,n-M.A.CHiSEs  (which  see). 
The  hard-baked,  unfermented  cakij  called  a  biscuU 
by  the  French,  English,  and  seafaring  people  gen- 
erally, is  a  cracker  among  tlie  landsmen  of  the 
United  States,  where  it  assumes  many  forms  and  is 
variously  ([ualified  as  to  ingredients,  consistence, 
etc.,  c.  (J.  sugar,  water,  butter,  soda  crackers. 

Cracker-dough  was  formerly  kneaded  by  an  instru- 
ment called  a  break.  It  was  a  lever,  pivoted  at  one 
end  to  a  ring  in  the  wall,  and  ojierating  on  a  semi- 
circular bench  on  which  the  dough  was  laid.  The 
man  who  operated  it  was  called  a  breakman,  and 
brought  his  weiglit  to  bear  on  the  lever,  giving  it 
and  himself  a  dancing  motion  as  the  break  travcrseil 
in  its  curved  path,  giving  a  succession  of  radiating 
impressions  upon  the  slab  of  dough  beneath  it. 

Knee.  1.  (Shipbui/ding.)  A  compass-timber. 
A  naturally  grown  bent  piece  used  to  secure  parts  to- 
gether, acting  as  a  brace  and  tie.  The  back  or  out- 
side bent  portion  is  fayed  to  the  parts  to  be  united. 

Fig.  2758. 


Knees. 


The  exterior  angle  of  a  knee  is  the  breech  ;  the  in- 
terior angle  is  the  elboiv  or  throat. 

The  square  knee  has  a  right  angle. 

The  knee  without  a  square  has  an  obtuse  angle. 

The  /t'HM  within  a  square  has  an  acute  angle. 

The  knee  derives  its  specific  name  from  its  posi- 
tion, or  the  parts  to  which  it  is  accessory,  as,  — 

Chcck-knec ;  a  compass  timber  at  the  head  ;  also 
known  as,  — 

Hcad-kntc  ;  a  molded  timber  fayed  edgeways  to 
the  cutwater  and  stem. 

Hamjing-knce  ;  one  fayed  to  the  side,  in  a  verti- 
cal position.     The  knee  up  and  down. 


Lodging  or  deck-beam  knees ;  fayed  to  the  side 
horizontally  to  secure  the  deck  beams. 

Daggcr-knccs,  i.  e.  diafjotud  knees  ;  fixed  obliquely 
to  avoid  a  ]ioi't. 

Stundard-k-ncc  ;  one  arm  bolted  to  the  deck,  and 
the  other  against  the  ship's  side. 

The  carl ing-k-nee  is  in  the  angle  formed  hy  the 
junction  of  a  carling  with  a  deck  beam. 

Heel-knee  ;  a  compass  timber  which  connects  the 
keel  and  .stern-post. 

Transom-knee  ;  helm-post  knee,  etc. 

2.  (Carpentrg.)  A  piece  of  wood  having  a  natu- 
ral bend,  or  sawed  to  shape  and  fitting  into  an  angle 
as  a  brace  and  strut. 

3.  An  elbow  piece  which  connects  parts  as  that 
shown  in  Fig.  2759,  in  which  the  side  plates  are  let 
into  the  pieces  of  timber  and  bolted  thereto.  The 
flanges  lap  around  the  edges. 

4.  A  piece  framed  into  and  connecting  the  bench 
and  runner  of  sled  or  sleigh.     It  is  usually  mortised 


Fig.  2759 


Metallic  Knee. 

into  the  respective  parts, 
but  in  the  example  the 
knee  is  sunk  in  the  sock- 
Sieigk-Knee.  etsof  the  metallic  blocks. 

Fig.  2760  shows  a  hol- 
low metallic  knee  c  secured  by  a  straining-bolt  C 
and  screw-bolts  D  to  the  bench  B  and  runner  A. 

5.   An  elbow  or  toggle-joint. 

Knee-cap.  (Harness.)  A  padded  or  leatlier 
cap  secured  by  straps  over  the  knees  of  racing,  hunt- 
ing, and  other  valuable  horses  when  at  exercise,  to 
protect  the  part  against  abrasion  in  case  of  an  acci- 
dental fall. 

It  is  made  of  fabric,  leather,  caoutchouc,  gutta- 
percha, compressed  cork  in  a  double  pad,  etc. 

Knee-joint.  A  joint  consisting  of  two  pieces 
arti'-ulated  endwise  to  each  other,  like  the  human 
kni'C.     A  logglc-joi/it.     See  Toggle. 

Knee-joint  Press.  One  in  which  power  is  ap- 
jdied  by  means  of  a  double  knee-joint  articulated  at 
the  top  to  the  upright  framework,  and  at  the  bot- 
tom to  a  cross-heail,  from  which  proceeds  the  shaft 
which  applies  the  force,  and  whii/h  works  through  a 
guide.  At  the  junction  of  the  branches  the  articula- 
tions are  made  with  masses  of  metal  forming  screw- 
nuts,  through  which  passes  a  horizontal  screw,  right- 
handed  for  one  half  its  length,  and  left-handed  for  the 
other  half.  This  screw  is  operated  at  first  by  means 
of  a  set  of  crank-handles  at  one  end  of  it ;  and  when 
the  resistance  becomes  very  great,  by  means  of  a 
counterpoised  ratchet  lever,  which  is  shown  in  the 
middle  of  the  frame.  The  foice  applied  in  this  way 
is  very  great,  since  the  operator  can  act  on  the  lever 
with  jiis  wliole  weight. 

Knee-stop.  (Music.)  A  lever  operated  by  the 
knee  to  work  the  swell  of  a  caliinet  organ. 

Knee-sTwell.    (^fnsie.)     An  arrangement  in  an 
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Fig.  2761. 


Fig.  2762. 


Knee-joint  Pn»s. 

organ  by  which  a  greater  or  lesser  amount  of  wind 
may  be  turned  on  to  the  reeds  to  vary  the  loudness 
of  tlie  tone. 

Knife.  1.  A  cutting  -  implement  having  a 
blade  sharpened  on  the  edge,  and  distinguishable 
from  a  sword,  a  colter,  and  other  things,  by  its  form 
and  uses. 

The  earliest  forms  of  knives  are  made  of  flints 
(a,  6,  «,/,  (I,  Fig.  2762),  and  after  the  introduction  of 
bronze  (c)  they  were  still  retained  for  the  perform- 
ance of  religious  observances.  This  is  shown  by 
the  use  of  a  "sharp  stone  "  in  performing  the  oijer- 
ation  of  circumcision,  as  recorded  in  E.xodus  iv.  25, 
where  Zipporah  operated  upon  her  child  in  conform- 
ity to  the  .lewish  law.  Herodotus  says  that  an  Ethi- 
opic  stone  was  used  for  making  the  incision  in  the 
body  of  persons  brought  to  be  embalmed,  in  order  1 
to  remove  the  intestines.  Diodorus  Sicnhis  says 
that  "  it  was  not  lawful  to  use  metal."  In  the  Ber- 
lin Museum  are  two  flint  knives  (n,  h)  of  ancient 
Egypt,  which,  no  doubt,  were  used  in  their  religious 
observances  ;  for  tlie  embalming  of  bodies  was  of  this 
character,  and  was  under  the  control  of  the  priests. 
c  is  the  knife  as  represented  in  the  Egyptian  hiero- 
glyphics. 

d  shows  an  old  Egyptian  butcher  with  his  dismem- 
bering-knife, and  his  steel  stuck  into  his  belt. 

efg  are  from  Assyrian  knives  in  the  British  Mu- 
seum. 

In  the  Egyptian  museum  of  the  late  Dr.  Abbott, 
New  York  C'ity,  arc  several  of  the  Egyptian  knives 
of  Ethiopic  stone.  The  operarion  of  circumcision  is 
now  performed  in  Barbary  witli  an  ordinary  pair  of 
scissors.  ] 

The  knives  of  ancient  Egypt  were  usually  of] 
bronze,  though  blades  of  iron  and  steel  were  not  un- 
known. Those  of  the  latter  metal  have  seldom,  if 
ever,  come  down  to  our  times,  as  they  so  readily 
rust  and  fall  to  pieces.  They  are,  however,  clearly 
distinguished  from  the  bronze  by  being  colored  blue 
in  the  paintings  of  Byban  el  Molouk,  the  bronze  be- 
ing red  or  brown.  Blue  swords  (steel)  are  shown  in 
the  paintings  of  Thebes. 

These  old  knives  had  tangs  like  our  case-knives, 
and  for  the  same  purpose. 

.\mong  the  tirst  mentions  of  knives  is  that  of 
Abi-aham,  who  took  his  knife  to  slay  his  son  on  Mt. 


Ancient  Knives. 

Moriah.  The  history  of  edge-tools  would  include 
the  history  ol'  the  knife,  and  would  carry  one  back 
to  the  Lacustrians  and  other  remote  inhabitants  of 
the  globe.  History  opens  with  nn>n  using  knives 
of  metal,  but  still  retaining  the  Hint  knife  for  sacri- 
ticial  occasions,  as  in  Egyjit,  Jle.xico,  and  among  the 
Hebrews.  Other  isolated  races  contented  tlieni- 
selves  with  shells,  as  among  the  C'aribs  ;  Obsidian 
among  the  Peruvians,  Mexicans  ;  flint  in  ancient 
Enrol  le  and  many  other  places.  The  fir.st  metallic 
knives  wei'e  made  of  copper,  and  these  were  after- 
wards hardened  by  the  addition  of  tin,  making 
bronze.  From  the  time  of  Osirtasen  and  Jacob  down 
tothetinieoftheCajsarsand  Tliny,  bronze  maintained 
its  ascendency,  but  eventually  gave  way  to  iron  and 
steel. 

The  Mexicans  had  no  iron  tools  ;  the  material  was 
bronze  or  obsidian,  known  by  them  as  i/zlli.  Of 
this  they  made  knives,  razors,  and  serrated  swords. 

The  knife  of  the  Tahitians,  previous  to  the  advent 
of  Euro])eans,  was  splinter  of  bamboo.  All  the  tools 
of  the  islanders  were  of  bone,  wood,  shell,  or  stone. 
Metal  was  nnknow  n,  and  iron  was  at  first  supposed  to 
be  a  very  hard  wood.  The  first  nails  they  received 
were  planted  in  the  gardens,  in  the  hope  that  they 
might  sprout. 

The  pruning-knives  of  the  Feejees,  when  first  dis- 
covered, were  of  tortoise-shell  on  wooden  backs. 
Their  hoes  were  a  bone  from  the  back  of  a  turtle,  a 
plate  of  tortoise-shell,  or  an  oyster-shell.  With 
their  tortoise-shell  knives  they  dexterously  cut  up 
their  hciknlo  (long  pig),  as  they  call  a  baked  human 
carcass,  to  distinguish  it  from  short  pig,  the  swine, 
whose  meat  it  is  said  to  resemble. 

IVhinliiuj  is  not  a  modern  or  merely  American 
pastime  :  — 

"  A  ShefeM  thwitcl  bare  he  in  his  hose." 

Chaoceb. 

Stow  says  that  one  Matthews  on  the  Fleet  Bridge 
was  the  first  in  England  who  made  fine  knives,  and 
that  he  obtained  an  act,  1563,  against  the  importa- 
tion of  foreign  ones. 

Clasp  or  spring  knives  came  to  England  from 
Flanders,  ancl  were  common  in  1650. 

In    the  manufacture  of  pocket-knives,   a  bar  of 
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steel  ilestiiic'd  to  furnish  a  number  of  blades  is  lieated 
to  reiluess.  A  length  is  cut  off,  and  the  forger 
speedily  moods  this,  that  is,  shajies  it  roughly 
iuto  the  form  of  a  pocket-knife  blade.  Another 
heating  is  then  reriuired  to  tit  the  end  for  Lieing 
fashioned  into  the  tang,  and  another  before  tlie 
operation  o(  smithing,  the  last  stage  of  which  is  the; 
stamping  of  the  mark  of  the  thumb-nail  to  facilitate 
opening.  The  tang  is  then  ground  and  the  blade 
marked  with  the  name  of  tlie  firm.  The  slight 
bulge  on  tile  reverse  side  caused  by  tliis  operation  is 
removed  by  fire  or  the  grindstone.  The  blade  is 
then  hardened  by  heating  it  to  redness  and  then 
plunging  it  into  water  up  to  the  tang.  Then  fol- 
lows the  tempering  to  a  light  straw  color.  After 
this  the  various  kinds  of  blades  undergo  sundry 
grinding  operations  to  lit  them  for  being  halted. 
Twelve  distinct  processes  ha\'e  by  this  time  been 
gone  through,  and  many  more  are  necessary  before 
the  knife  is  completely  finished,  although  the  num- 
ber of  hands  which  it  has  yet  to  pass  through  de- 
pends in  a  great  measure  on  the  finish  to  be  given 
to  the  handle,  and  the  i|Uality  of  the  blade. 

For  varieties  of  kuives,  see  under  the  following 
heads  :  — 


Opening-knife. 

Oyster-knife. 

Palette-knife. 

Paper-knife. 

Parallel-knife. 

Paring-knife. 

Pen -knife. 

Pharyngotome. 

Plow-knife. 

Pocket-knife. 

Pruning-knife. 

Putty-knife. 

Raee-knife. 
j  Raising-knife. 
I  Razor. 

Rhinoplastic  knife. 

Round  knife. 

Rubber-knife. 

Saddler's-knife. 

Scalpel. 

Scythe. 
j  Serpette. 
1  Shave. 

Shoe-knife. 


Amasette. 

Aniputiiting-knife. 

Arteryotome. 

Balance-knife. 

Bark-knife. 

Beam-knife. 

Bill. 

Bistoury. 

Board-cutting  knife. 

Bowie-knife. 

Bread-knife. 

Bronchotome. 

Building-knife. 

Butcher-knife. 

Butteris. 

Butter-knife. 

Cane-knife. 

Cane-stripping  knife. 

Can-opening  knife. 

Canvas-cutter. 

Carving-knife. 

Case-knife. 

Cataract-knife. 

Catling. 

Catty.' 

Cephalotonie. 

Cheese-knife. 

Chondrotome. 

Chopping-knife. 

Cionotome. 

Cii'sotome. 

Clasp-knife. 

Cleaver. 

Cleaving-knife. 

Clipper. 

Coreotonie. 

Cork-cutter's  knife. 

Corn-knife. 

Corn-stripping  knife. 

Costotome. 

Cradle-scythe. 

Craniotorae. 

Cream-slice. 

Currier's  knife. 

Cutlery. 

Cystitome. 

Cystotome. 

Desk-knife. 


Dirk-knife. 

Dissecting-knife. 

Dofting-knife. 

Double-knife. 

Drawing-knife. 

Edge-tools. 

Eutereotome. 

Erasing-knife. 

Fish-knife. 

Fleshing-kuife. 

Flint-knife. 

Floor-cloth  knife. 

Folder. 

Fruit-knife. 

Gardener's  knife. 

Glazier's  knife. 

Grafting-knife. 

Graiuer. 

Hack. 

Hacking-ont  knife. 

Half-moon  knife. 

Ham-knife, 

Hay-knife. 

Heailing. 

Hoof-paring  knife. 

Howel. 

H  ysterotome. 

.Tack-knife. 

Jigger. 

Keratome. 

Kiotomc. 

Knife-cleaner 

Knife-edge. 

Knife-file. 

Knife-polisher. 

Knife-rest. 

Knife-.sharpenei-. 

Lancet. 

Leather-knife. 

Ledger-blade. 

JIachete. 

Meat-knife. 

Meatu.s-knife. 

Metrotome. 

Jlicrotome. 

Mincing-knife. 

Jloon-knife. 

Neurotome. 


Slicker. 

Sorghum-knife. 

Spatula. 

Splitting-knife. 

Sportsman's-knife. 

Spring-blade  knife, 

Steel. 

Stopping-knife. 

Striking-knife. 

Stripping-knife. 

Swing-knife. 

Synosteotome. 

Syringolome. 

Table-knife. 

Tenotoniy-knife. 

Tobacco-knife. 

Trachitome. 

Tonsilitome. 

Trinmier. 

Unhai  ring-knife. 

Urethratome. 

Uterotome. 

Valentin's  knife. 

Welt-knife. 


2.  A  blade  in  a  machine,  as  in  a  slraw-cutlcr,  ray- 
cncjinc,  and  what  not. 

Knife-board.  (Domestic.)  One  with  powdered 
bath-biick  to  clean  knives  upon. 

Knife-clean'er.    (Doiiicstic.)    An  imjilement  for 
cleaning    knives.       In 
the  example,  the  frame  Fig.  2763. 

is    clamped    by    a    set      ^-  _. "'i— .pj 

screw    to    a    bench    or  j*"^  '~    \ 

table,  and  the  cylinder  ^"  "" 
is  rotated  by  driving 
wheel  atid  jiinion  ;  the 
guard  holds  a  supply  of  i 
]!olishing  material,  and 
the  knife  lies  on  a  block 
which  is  pressed  by  a 
sjiring  against  the  cyl- 
inder. 

Knife-edge.  A 
sharpened  .steel  edge 
resting  against  a  hori- 
zontal surface,  the  two 
serving  as  a  means  of  suspending  a  scale  beam,  or 
the  scales  from  the  beam,  of  a  delicate  balance,  so 
as  to  oliviatc  friction  as  much  as  po.ssible. 

Knife-file.  A  file  with  a  very  acute  edge,  the 
cross-section  being  an  isosceles  triangle  with  a  short 
base.     Known  also  as  Si  feat/icr-cdge  &]&.     It  is  used 

Fig  2765. 


Knife-  Ch:aneT. 


Mowing-Knife  Grinder- 
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in  cutting  narrnw  nutclies,  anil  in  making  an  enter- 
ing lierf  lor  .saws  and  fur  tiles  with  broader  edges. 
.\lso  in  lieveling  or  chamfering  tlie  sides  of  narrow 
grooves. 

Knife-grind'er.  1.  A  grindstone  or  emery- 
wheel  lor  gj'inding  knives.  See  Guin'DSTune  ; 
Emkkv-whekl  ;  T.v.NlTE  ;  L.\p  ;  Gl.^zek,  etc.  See 
list  under  GitiNDiNi;  .\.su  Polishing. 

2.  A  maLdiine  for  special  service,  as  in  the  exam- 
j)Ie,  which  is  a  stone  for  giinding  the  knives  of 
mowers  and  reapers.  It  lias  a  liolder  set  at  such  an 
angle  with  the  frame,  and  also  at  such  an  inclination 
as  to  present  the  triangular  knife-sections  to  the 
grinding  face  of  tlie  stone. 
Knife-pol'ish-er.    {Doineslic.)    A  machine  for 

cleaning  the  rust 
Fig.  2765.  and    stain    from 

talile-knives.  In 
the  e.\ample  the 
knife  -  blade  is 
slipped  between 
a  ]iair  of  disks, 
which  are  re- 
volved by  the 
crank.  The 
disks  are  covered 
witha  felted  fab- 
ric, composed  of 
linen  and  wool. 
The  fabric  is 
made  by  enclos- 
ing a  linen  bat 
between  two  bats 
of  wool  in  the 
process  of  felt- 
ing. 

£  is  ft  bevel- 
faced  grindstone 
for  sharpening 
knives. 

Knife-Polisher.  KnlfC-reSt. 

A    little    pillow 

of  metal  or  glass  to  rest  the  blade  of  a  knife  upon, 

at  table.     Balance-handle  knives  have  rendered  it 

unnecessary  exi^ept  with  can-crs. 

Knife-sharp'eu-er.      (Domestic.)     a.    A  steel. 

b.  An  iuijili'mcnt  lor  sharpening  table-knives  by 

drawing  them   between  two  steel  edges.     In   Fig. 
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Kiii/e-Sharpener. 

2766  it  consists  of  two  screw-tlireaded  rolls  set  in  a 
frame,  secured  in  a  handle,  and  between  which  the 
knife  is  to  be  drawn. 

In  Fig.  2787,  there  are  two  inclined  jaws  with  a 
plate    which     crosses     them 
Fig.  2767.  obliquely.     The  middle  plate 

is  adju.stable  between  the 
oblique  side  slots,  and  forms 
one  side  of  c;irh  cutting  jaw. 
Knife -tool.  .\  graver 
shajied  like  a  knife. 

Knight.  {Xautical.)  A 
wooden  block  with  a  sheave 
abaft  the  fore  or  the  main 
masts,  and  known  respec- 
tively as  the  /u)Y-knight  and 
Kni/e-Skarpmer.         7noj«-knight. 


Knigbt'head.  (SUipbuildinij.)  One  of  the  first 
CTfiMinibers  on  each  side  of  the  stem,  which  ri.se 
obliquely  from  the  keel  and  pass  on  each  side  of  the 
bowsprit,  to  secure  its  inner  end. 

Knit'ting-burr.  A  wheel  having  wings  arranged 
radially  and  diagonally  across  its  face,  and  adapted 
to  operate  upon  the  yarn  and  the  fabric.  There  are 
several  kinils,  as  folio  .vs  :  — 

A  luop  wheel,  whose  wings  are  notched,  and 
which  take  the  yarn  delivered  by  the  guide,  and  push 
it  up  under  the  hooks  or  beards  of  the  needles.  A 
sinker  wdu'el,  h  hich  presses  the  yarn  into  loops  be- 
tween the  needles,  to  insure  that  there  shall  be  enough 
to  form  the  proper-sized  stitch  in  the  fabric.  A  laiul- 
ing  heel,  which  raises  the  loops  of  the  fabric  a  short 
distance  above  the  points  of  the  needle-beards  while 
they  are  closed  by  the  presser.  And  a  stripping  or 
knockiiiff-over  wheel,  which  throws  the  loops  of  the 
fabric  entirely  over  tlie  tops  of  the-  needles  to  com- 
plete the  stitch.       See  KNlTTING-MAdllNE. 

Knit'ting-gage.  The  number  of  loops  contained 
in  three  inclics  of  lireadth. 

Knit'tiug-ma-chine'.  The  art  of  knitting  is 
modem  ;  it  cannot  be  traced  back  farther  than  about 
A.  I).  1500,  and  is  believed  to  have  originated  in 
Scotland  shortly  ])revious  to  that  date.  It  consists 
in  the  construction  of  a  loo[)ed  fabric  in  which  for 
the  first  row  a  succession  of  loops  are  cast  nn  or  pref- 
erabh'  kniltrd  on.  to  a  needle,  and  in  succeeding  rows 
each  loop  is  passed  through  the  loop  of  each  suc- 
ceeding row.  Itdiliers  distinctly  from  braiding,  net- 
ting, and  weaving,  which  is,  perhaps,  the  order  of 
invention  ;  knitting  being  scores  of  centuries  later 
than  either  of  the  others. 

Braiding  is  .synonymous  with  ;;?n(7('«,r/,  and  is  found 
among  the  most  barbarous  nations  ;  none  so  ignorant 
that  they  cannot  ]dait  strips  of  liide  or  of  bark,  or 
braid  a  number  of  vines  together  to  make  a  V)and. 
This  is  one  degree  of  advance  upon  what  nature  pro- 
vides them  ready  made,  a  rope  of  twisted  tendrils 
or  vines  which,  in  reaching  after  a  su|iport,  have 
mutually  embraced  and  climbed  upward.  The  na- 
tives of  Tahiti,  when  discovered  by  Cook,  were  very 
skillful  in  making  mats,  which  were  plaited  so  as  to 
resemble  a  woven  fabric,  and  in  other  countries  such 
are  farther  embellished  by  tufts.  The  process  of 
making,  however,  was  not  by  warp  and  irrft,  —  was 
not  wearing,  —  but  was  by  braiiling  or  plaiting  a 
given  number  of  strands  arranged  on  two  sides  of  a 
square,  like  the  crosses  we  used  to  make  of  strips  of 
differently  colored  pajiers  when  at  school. 

Ac??jH(/isquite  another  matter,  and  is  a  fabric  whose 
meshes  are  made  over  a  mesh-stick  and  knotted  at 
the  intersections  ;  as  Dr.  Samuel  Johnson  learnedly 
defines  :  "  Network.  Anything  reticulated  or  decus- 
sated at  equal  distances,  with  interstices  between 
the  inter.seetions." 

The  width  of  the  mesh-stick  determines  the. size 
of  the  meshes,  which  are  knotted  upon  it.  Kefer- 
ences  to  netting  are  freipient  in  tin'  Hebrew  chroid- 
cles,  the  Book  of  Job,  the  l'ro]diets,  in  Homer,  Vir- 
gil, and  elsewhere.  Oppian  distingui.shes  many 
kinds.  They  are  freqnently  shown  in  the  Egyptian 
tombs  and  temples.      See  Net. 

Weaving  involves  a  machine,  tliough  this  is  some- 
times of  an  extremely  simple  kind.  It  involves  a 
beam  or  a  means  of  stretching  out  the  yarns  into  a 
Hat  row  ;  also  some  means  uf  dividing  the  yarns  into 
a  series  above  and  one  below,  the  sjtace  between  being 
the  shrd  into  wbiidi  the  weft  is  laid  ;  the  upper  and 
lower  sets  of  yarns,  changing  places,  lock  the  weft, 
and  form  another  shed  for  a  second  weft  thread,  and 
so  on.  See  Loom  ;  also,  for  list  of  jiarts  and  appli- 
ances, see  Weaving. 
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Kiiitt.iiij  consists  ill  making  a  fabric  by  enchain- 
ing a  single  thread.  It  is  thought  to  have  origi- 
nated in  Scotland  about  \.  D.  1500.  It  was  in  use 
for  supeiior  articles  of  hose  in  England  and  France 
in  the  iirst  half  of  the  si.xti'enth  century.  Knitted 
silk  stockings  were  worn  by  Henry  II.  of  France, 
1547,  and  by  Queen  Elizabeth  iu  15ti0.  About  this 
time  knitted  worsted  stockings  were  made  by  Wil- 
liam Rider  of  London,  after  the  pattern  of  some  im- 
ported iVom  Mantua.  Silk  ami  worsted  stockings 
were  importeil  from  Spain  and  Italy  into  England 
during  tlie  reign  of  Henry  VIII.  Spain  was  always 
famous  for  its  sheep  and  wool.  (S..'e  Meuino.)  In 
1530  the  word  knit  was  common  in  England,  and 
occurs  in  Palgrave's  grammar,  hi  1577  the  country 
folks  knitted  tUeir  own  stockings. 

In  1589,  William  Lee,  M.  A.,  of  Cambridge,  Eng- 
land, invented  and  made  a  model  of  a  knitting- 
frame.  He  applied  to  Elizabeth  for  help,  and  then 
to  Henry  IV.  of  France,  who  promised  it.  The  as- 
sassination of  Henry  threw  him  into  poverty  and 
obscurity,  in  which  he  died.  His  workmen,  with 
their  stocking-frames,  settleil  in  Derbyshire  and 
started  a  factory,  which  soon  threw  the  hose  of 
woolen  cloth  and  leather  entirely  nut  of  the  market. 
Queen  Elizalieth  refused  a  patent  to  William  Lee  on 
account  of  the  value  of  his  invention  ;  as  it  wmilil 
interfere  with  the  employuiMit  of  a  great  number  of 
her  subjects,  and  to  make  the  stockings  for  a  whole 
people  was  too  large  a  grant  for  any  individual. 
About  the  same  style  of  remark  as  was  urged  by 
Jefferson  against  one  of  Oliver  Evans's  patents,  the 
"hopper-boy,"  so  called. 

Cotton  stockings  were  first  made  by  hand  about 
1730.  The  Derby  ribb,'d  stockings  were  patented 
,  by  Jeremiah  Strutt,  in  17.')9. 

The  knotter  frame  patented  by  Horton,  1776. 

Of  a  Chinese  village  called  "  the  old  Duck,"  the 


Abbe  Hue  writes:  "What  .struck  us  mo.st  in  this 
place  was  that  the  art  of  knitting,  which  we  had 
imagined  unknown  in  China,  was  here  carried  on 
very  busily ;  and,  moreover,  not  by  women,  but  by 
men.  Their  work  appearetl  to  be  very  clumsy  ; 
the  stockings  they  made  were  like  sacks  ;  and  their 
gloves  had  no  separation  for  the  lingers.  It  looked 
very  odd,  too,  to  see  moustachioed  fellows  sitting 
before  their  doors  spinning,  knitting,  and  gossiping 
like  so  many  old  women. " —  Trards  in  Tartary. 

Lamli's  knitting-machine  (Fig.  267S)  is  given  as 
an  exam)ile  of  that  class  which  employs  straight 
rows  of  needles  ill  contradistinction  to  the  machines 
using  a  circular  system  of  needles,  and  to  the  single- 
needle  machine.  In  the  Lamb  machine,  a  tubular 
web  is  produced  by  the  operation  -of  two  straight 
parallel  rows  of  needles,  widening  and  narrowing  be- 
ing accomplished  by  increasing  or  diminishing  the 
number  of  needles  in  action. 

The  frame  is  attached  by  tlnimb-screws  to  the  edge 
of  a  talkie,  and  has  its  two  upper  sides  inclined  to- 
wards each  other,  their  U]>per  edges  being  separated 
far  enough  to  allow  the  fabric  jiroduced  to  pass  dow  u 
between  them.  Su]iported  by  the  needle-bed  is  a 
carriage,  reciprocated  liy  means  of  a  crank.  Through 
the  arch  that  passes  over  the  top  of  the  machine  is 
a  horizontal  rod  upon  which  moves  a  slide  that  car- 
ries the  guide  for  delivering  the  yarn  into  the  hooks 
of  the  needles.  Parallel  grooves  or  channels  are  cut 
across  the  bed  in  which  the  needles  are  placed.  In 
these  grooves  the  needles  can  be  moved  their  entire 
length,  and  can  thus  be  brought  into  ojieration  lor 
widening,  or  thrown  out  of  operation  for  narrowing, 
without  removing  them  from  the  machine. 

The  neeilles  employed  are  self-knitting,  being  cnn- 
stracted  in  such  a  manner  that  when  fed  by  the  yarn 
and  carried  an  inch  forward  and  back  they  form  the 
loops  by  their  own  action.     The  lower  ends  of  the 


Fig  2768. 


Lamb'f  Knillhts-Marhhie. 


KNITTING-MACHINE. 


1236 


KNITTING-MACHINE. 


net'iiles  have  ar  npriglit  sliaiik,  exteniliiif;  above  the 
tace  of  the  needle-bed,  and  are  ojJei'ated  ujion  by 
cams  that  are  attached  underneath  the  center  of  the 
carriage  in  such  a  manner  as  to  move  the  needles 
forward  and  back.  There  are  two  sets  of  these  cams, 
one  for  eaeli  row  of  needles. 

5  is  a  representation  of  one  of  the  sets  of  cams, 
which  consists  of  the  plate  «,  tlie  two  wing-cams 
cc,  and  the  V-shaped  cam  i,  which  is  held  in  place 
by  the  screws  that  pass  through  the  washer  d,  in  tlie 
diagonal  slot  of  tlie  plate  a.  As  tiie  carriage  to 
whii-h  these  cams  are  attached  is  drawn  back  and 
forth  over  the  needle-bed  by  the  crank,  the  needles 
are  carried  up  on  one  side  of  the  V-shaped  cam  in 
the  groove  or  space  between  that  and  the  wing-cams, 
the  yarn-guide  at  the  sami!  time  dcUveiing  the  yarn 
into  the  hooks  of  the  needles,  which  arc  then  drawn 
down  by  the  wing-cam  on  the  other  side  of  the  V- 
cam,  thus  forming  the  loops. 

Tlie  slide  a  is  made  to  shift  by  its  lower  jirojection 
coming  in  contai-t  with  adjustable  cam-stojis,  that  j 
are  placed  at   the   ends  of  the  needle-bed.      When  j 
the  plate  comes  in  contact  with  the  riglit-hand  cam- 
stop,  the  screw  through  the  washer  d  is  forced  up  ; 
the  diagonal  slot,  and  brings  ii]i  the  V-shaped  cam,  i 
thus  closing  the  space  between  it  and  the  wing-eams. 
When  closed,  the  needles  pass  below  the  cam  with- 
ont  operating.      By  the  adjustment  of  tlie  cam-stops 
either  or  both  of  the  cams  may  be  left  open  or  closed 
at  the  same  time,  so  as  to  ojierate  the  two  rows  of 
needles  separately,   alternately,   or  together  ;    thus 
forming  three  entirely  distimt  webs,  —  tubular  web, 
plain  Hat  web,  anil  rilibed  Hat  web. 

As  any  number  of  needles  can  be  moved  up  at  the 
start,  or  be  moved  up  or  down  at  either  end  of  the 
rows  of  needles  at  any  time,  so  any  size  of  web  can 
be  set  np  and  any  number  of  loops  can  be  added  to 
or  taken  from  it  at  will.  Hy  thus  knitting  the  fab- 
ric, either  tubular  or  flat,  plain  or  ribbed,  in  any 

Fig^  2769. 


desired  shape,  a  gi'eat  variety  of  staple  and  fancy- 
knit  goods  may  be  jn'oduced. 

The  loops  are  formed  on  precisely  the  same  princi- 
ple as  in  hand-knitting. 

The  Bickford  knitting-machine  (Fig.  2769)  is  a  spe- 
cimen of  the  circular  system.  A  bed-plate  having  a 
vertically  projecting  and  giooved  needle-guiding  cyl- 
inder or  bed  i  is  secured  to  a  table  or  suitable  sup])Ort. 
On  the  bed-]date  is  a  loose  ring,  ]trovided  with  a 
thread-guide  for  conducting  the  thread  to  the  needles, 
and  about  the  needle-cylinder  is  a  revolving  cylinder 
h  having  an  annular  groove  inteirnpted  by  a  cam  por- 
tion (see  A)  and  provided  witli  adjustable  cams  k  m, 
which  govern  the  downward  motion  of  the  needles,  and 
conser|Uently  the  length  of  the  loops,  and  raise  the 
needles  ;  and  two  ofthe.se  latter  cams  are  needed  to 
provide  for  rever.sing  the  machine  for  knitting  the 
heel  or  a  flat  web.  The  cam-cylinder  is  moved  liy  a 
bevel  gear  connected  to  a  driving-crank,  and  when 
moved  continuously  in  one  direction  knits  a  circular 
web  ;  and  tliis  web  may  be  narrowed  as  desired  to 
fashion  the  leg  by  removing  needles,  and  jilacing 
their  loops  on  adjacent  needles.  The  needle  on  the 
left,  at  C,  is  receiving  the  thread  within  its  hook, 
and  it  is  subsequently  moved  by  the  cam-cylinder 
into  the  positions  shown  to  form  the  thread  so  taken 
into  a  loop.  When  the  heel  is  to  be  I'ormed,  a  por- 
tion of  the  needles  are  drawn  iiji,  thus  retaining 
their  loops,  and  the  number  of  needles  left  in  action 
correspond  with  the  wiilth  of  the  heel  to  be  formed. 
The  cam-cylinder  is  now  to  be  reciprocated  in  oppo- 
site directions,  and  in  order  to  kee)i  the  thread-guide 
in  advance  of  the  descending  needles  sufficiently  far. 
so  that  the  thread  will  be  caught,  pins  are  inserted 
ill  the  bed-plate,  and  engage  the  heel  of  the  thread- 
carrier,  and  stop  it  just  before  the  cam-cylinder  is 
.stop|)ed. 

Fig.  2770  is  an  example  of  w-hat  is  known  as  the 
single-needle  machine.  The  loops  are  formed  and 
held  on  the  teeth  of  a  comb,  which  is  moved  along, 
one  tooth  at  a  time,  by  means  of  a  rack  on  its  rear 
side,  whose  teeth  are  engaged  by  a  iin  on  a  wheel  c 

Fig.  2770. 


Bick/ord  Knitting-Machine. 


iiW^^'".i*- 


Hinckley^s  Knitting-Machine. 

on  one  end  of  a  shaft  »,  that  is  driven  by  the  main 
wheel  (T,  one  part  of  the  fin  being  movable,  .so  that 
it  can  be  swung  from  siclc  to  side,  to  vary  the  direc- 
tion of  the  motion  of  the  comb  by  a  tri-armeil  lever 
located  in  the  wheel  c,  and  which  strikes  one  or  the 
other  of  the  movable  stops  (j. 

A  single  needle  h,  carrying  the  yarn,  and  a  looper, 
are  used,  the  former  being  shown  in  the  cut  as  thi'own 
up  out  of  operation,  for  the  purpose  of  being  threaded. 
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When  ill  o|UTation,  it  reciprocates  in  an  arc  under  I      B,  Fig.  2771,  shows  a  piece  of  ordinary  knitted 

the  comb,   the  slot   in  its  .ictiiatinj;  arm  engaging  |  goods  with  loops  distended. 

a  ci-ank-pin  on  the  side  of  the  wlieel  c.     Tlie  looper  ,      Fig.  2772  is  a  machine  of  tliekind  which  produces 

reciprocates  in  an  arc  above  the  comb,  a  jiin  in  its    a  plain,  Hat  strip  of  fabric  ;  it  is  an  ordinary  straight 

actuating  arm  projecting  into  a  groove  in  the  side  of  !  machine,  and  operates  as  follows  :  — 

the  wheel. 

FiR.  2772. 


The  needle  and  looper  being  in 
their  rearmost  position,  and  there 
being  a  loop  on  each  tooth  of  the 
comb,  the  necille  advam'es  under 
the  comb  and  through  one  of  the 
loops,  which  it  removes  from  the 
comb  and  holds  a  while.  The 
looper  then  advances  above  the 
comb,  and  its  point  enters  between 
the  yarn  and  the  side  of  the  needle. 
The  needle  then  recedes,  leaving 
its  yarn  in  the  form  of  a  loop  on 
the  looper,  ami  dropping  the  old 
loop,  and  the  looper  also  receding, 
deposits  its  loop  on  a  tooth  of  the 
comb,  the  latter  being  then  moved 
forward  one  tooth  for  the  formation 
of  the  next  loop  in  the  same  man- 
ner. 

Fig.  2771  is  a  machine  of  the 
ordinaiy  circular  kind,  and  pro- 
duces a  plain  tube.  The  needles 
are  bearded  and  fixed  around  the 
)ieriphery  of  a  rotating  cylinder. 
They  have  no  endway  motion,  but 
the  stitch  is  formed  as  follows,  it 
beiug  assumed  that  there  is  already 
a  row  of  them  upon  the  needles  anil 
near  their  lower  ends.  The  yarn 
delivered  through  the  eye  in  the 
end  of  the  guide  a  is  taken  and 

Pig.  2771. 


Circular  Knitting- Mac/line. 

pushed  by  the  notched  wings  on  the  Inop-whccl  b  \ 
up  under  the  beards  of  the  needles.  The  wings  of 
the  ne.xt  or  sinker  ir/i>'el  c  then  press  the  yarn  in 
between  the  needles  to  insure  that  there  .shall  be  a  suf- 
ficient ((uantity  to  form  the  proper-sized  loops.  The 
needle-beards  are  then  pressed  in,  so  that  their 
points  enter  a  depression  in  the  stems,  by  the 
presscr-v:hccl  d,  the  yarn  being  tluis  inclosed  be- 
tween the  beard  and  the  stem,  the  old  loops  being  i 
at  the  same  tiicie  raised,  by  the  !andi>iff->cheel  c, 
a  short  distance  above  and  outside  of  the  points 
of  the  beards.  The  xlripphui  or  kniiclitiri-ovcr  wheel 
/  then  throws  the  old  loops  entirely  over  the  tops 
of  the  needle.s,  and  the  fabric,  with  the  newly  formed 
row  of  loops,  is  pressed  ilown  to  the  lowei"  ends  of 
the  needles  by  the  curved  cloth-presser  g. 


Fiat-Web  Kniuin^-^Tarkine. 

The  meshes  being  in  their  extreme  foi-ward  posi- 
tion, and  the  last-formeil  row  of  stitches  being  near 
their  rear  ends,  the  guide  ffi  moves  along  the  front 
of  the  machine,  laying  the  yarn  on  the  stems  of  the 
needles.  The  sinkers  c  are  at  the  .same  time  de- 
pressed, one  after  another,  by  the  cam  or  slur  above 
them,  and  depress  the  yarn  into  loops  between  the 
needles,  which  latter  are  then  drawn  slightly  back- 
ward so  that  the  yarn  may  [lass  under  tlieir  beards. 
The  presser-bar  then  descends  n]ion  and  (doses  the 
beards,  which  then  enter  the  old  loops  of  the  fabric, 
and  the  sinkers  are  raised  in  a  body  by  the  lifting, 
bar  in  their  rear  (shown  below  in  the  sectional 
view).  The  needles  receiling  to  their  extri'ine  back- 
ward position,  the  old  loops  are  thrown  over  their 
heads  by  being  drawn  against  the  plates  //.     A.s 
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the  iioedlfs  move  forward,  the  sinkers  ai'C  all  de- 
presseil  in  a  Ijody  ill  front  of  the  liil)rie,  by  the  bar 
in  front  of  the  sinkers,  to  keep  the  loops  back  on 
the  needle-sterns.  The  needles  then  move  entirely 
forward,  and  the  looping  operations  are  repeated. 

The  following  are  the  technical  names  of  tlie  parts 
employed  in  knitting-machines  :  — 

Beard  ;  a  long  flexible  hook  on  the  n]iper  end  of 
the  needle,  and  over  and  umler  which  the  yarn  is 
moved  to  form  the  loop  or  stitch. 

Dividbuj  {or  bar)  sinkers;  sinkers  placed  inter- 
mediate of  the  jack-sinkers,  and  which,  after  the 
jack-sinkers  have  operated,  descend  in  a  body  to 
divide  the  yarn  into  proper-sized  loops  between  the 
needles. 

Fashioniny-needle  ;  one  of  a  series,  placed  at  each 
or  either  end  of  the  row  of  needles,  which  are  brought 
into  or  thrown  out  of  operation  to  fashion,  that  is, 
widen  or  narrow  the  fabric. 

Jack  ;  a  lever  connected  directly  to  and  operating 
the  sinkers. 

Knockniij-orcr  bar :  the  bar  against  which  the 
loops  and  fabric  are  drawn  as  the  needles  retieat,  so 
that  the  loops  shall  be  thrown  or  knocked  over  the 
heads  of  the  needles. 

Latch  ;  a  jiivoted  piece  on  the  shank  of  a  needle, 
and  which  swings  forward  to  coyer  tlie  hook  and 
allow  a  loop  to  pass  over  its  head,  or  back  to  uncover 
the  hook,  so  that  it  may  receive  yarn  to  form  a  new 
loop. 

Lalch-opcncr :  a  device  operating  between  the 
latch  and  the  hook  of  the  needle  to  throw  back  a 
closed  latch,  so  that  the  yarn  shall  be  surely  laid 
under  the  hook. 

Lead:  a  block  of  lead  <;aat  around  and  holding 
the  shanks  of  two  or  more  needles. 

Point-sliiftcr,  or  tickler ;  a  pointed  instrument 
which  takes  a  loop  from  one  needle  and  transfers  it 
to  another  for  narrowing  the  labric. 

Presscr ;  a  device  which  closes  or  depi'esses  the 
beards  of  the  needles. 

Prcsscr-bar ;  the  bar  which  carries  the  pressor  in 
a  straight  machine.  * 

Shifter.     See  Point-shifter  (supra). 

Shnrjging  ;  giving  endway  motion  to  a  bar  carrying 
yarn-gnides. 

Shifter-bar;  the  bar  which  carries  the  shifters, 
2>oints,  or  ticklers. 

Sinker  ;  a  device  which  presses  the  yarn  down  on 
to  and  between  the  needles. 

Slack  course  ;  a  row  oflong  loops  made  at  the  end 
of  a  piece  of  rilibed  fabric  (a  sock-top,  for  instance), 
to  facilitate  its  being  placed  upon  the  needles  of 
another  machine. 

Sleij  ;  a  grooved  or  partitioned  bed  or  bar  in  which 
the  needles  or  sinkers  slide. 

Slur-cock  ;  a  cam  which  depresses  the  .sinkers. 

Spring  take-up ;  a  spring-actuated  device  which 
bears  again.st  the  yarn  to  pre\ent  slackness. 

Thread  or  i/am  guide  or  carrier ;  a  device  which 
delivers  the  yarn  or  tliread  to  the  needles. 

Tinkler.     See  PoiNT-sniFTF.it  (supra). 

IFelt ;  a  portion  of  the  knit  fabric  turned  over  on 
itself  and  fastened  down,  to  prevent  raveling  ;  re- 
sembling a  hem  in  woven  fabrics. 

IVork-rollcr  ;  the  roller  upon  which  the  finished 
fabric  is  wound. 

Besides  these  are  some  other  terms,  some  local, 
probably,  some  synonyms  :  — 


I  Knit'ting-ma-chine' Jack.  (Knitting-machine.) 
I  One  uf  tlie  set  of  horizontal  levers,  to  whose  ends 
\\\\',  jack-si iikcrs  are  susiiended.  'Vhitjimks  are  moved 
in  succession  by  a  slur,  which  traverses  beneath 
their  jioints,  thus  moving  in  consecutive  order  the 
jack-sinkers  wliich  depress  the  loops  between  the 
needles. 

Knit'ting-ma-chine'  Nee'dle.  Tin;  hooked 
iiieiiiber  of  the  machine  wiiiidi  passt.'s  through  a  jire- 
viuiisly  ijiaile  loop  catches  tlie  yarn,  and  retreats 
through  the  loop,  bringing  the  liight  of  the  yarn 
with  it,  forming  another  looji.  The  essential  feature 
of  a  knitting-macliine  needle  is  that  it  .shall  catch 
and  draw  the  yarn  to  form  the  looj),  and  shall  cast  it 
oil'  by  allowing  it  to  slip  over,  at  another  period  of 
the  action.  The  devices  for  this  purpose  are  flexible 
beards  and  latches. 

a  (Fig.  2773)  shows  the  English  knitting-machine 
needle,  which  lias  a  hook  at  one  end  with  a  pliable 
barb,  which  bends  down  into  a  groove  in  the  shank 
when  depressed  by  a  presser-har.     The  barbed  hook 

Fig.  2773. 


Beator. 

Hook. 

Neck, 

Bo-vl. 

Knoi'k-ofF. 

Shifter. 

Catcli-bar. 

Jtu-k-sinlcer. 

Slur. 

Olawker. 

*   Latch-clo-er. 

Warp  roller-reel 

Fly, 

Lifting-bar. 

Wiper. 

Knitting-Machine  Needles, 

then  becomes  a  closed  ey(^ ;  and  if  a  thread  looped 
over  the  stem  of  the  needle  be  drawn  forward  while 
the  barb  is  thus  closed,  it  will  pass  over  the  barb  of 
the  needle  and  come  off  at  the  end.  If  the  thread 
be  drawn  forward  while  the  barlj  is  open,  it  will  be 
caught  under  the  hook.  The  principal  action  of  the 
macliine  depends  upon  this  feature. 

b  c  show  two  positions  of  the  fofc/i-needle  :  one 
with  the  latch  lying  back,  the  hook  being  in  condi- 
tion to  catch  the  thread  ;  the  other  showing  the 
hook  closed  by  the  latch,  which  acts  as  a  mous- 
ing. 

cl  e  are  two  views  of  a  needle  which  has  a  closing 
slide.  The  lower  view  of  the  two  is  a  section  show- 
ing the  slots  which  travei'se  on  tlie  jiins. 

/  shows  a  group  of  needles  with  the  yarn  looped 
thereon,  as  when  the  raai'hine  is  at  work.  The  nee- 
dle employed  is  .shown  complete  at  1.  In  the  other 
numbers  a  portion  of  the  lower  |iart  is  broken  away. 
The  needle  consists  of  a  body,  an  angular  lu'iit  por- 
tion or  foot  )■,  a  hook  s,  and  a  latch  t.  The  latter  is 
pivoted  to  the  body  of  the  needle,  and  works  partly 
ill  a  slot  formed  in  the  body.  The  latch  has,  more- 
over, a  spoon-shaped  end,  which,  when  the  latch  is 
closed,  as  shown  in  needle  2,  meets  and  )iartly  sluits 
over  the  point  of  tlie  hook  s,  so  that  the  loop  formed 
on  the  needle  easily  slips  off  when  the  latter  makes 
its  dowii\^-iird  movement.  The  needle  1  has  passed 
up  through  a  loop  of  the  previous  row,  and  the  hook 
s  has  caught  the  yarn  ;  the  mou.sing-lateli  is  thrown 
back,  as  shown  also  at  b,  same  figure.  The  needle 
1  descends,  drawing  with  it  the  yarn,  as  shown  at  2, 
the  position  of  the  previous  needle  ;  the  loop  on  the 


KXITTING-NEEDLE. 


1239 


KNOCKINGS. 


shank  Iiiis  come  ngainst  the  latch  ^  ami  closed  it 
against  the  point  of  the  hook,  so  that  the  hook  anil 
its  yarn  slij)  thiough  the  loop,  which  is  cast  olt',  as 
shown  at  needle  3.  Presently  the  needle  commences 
to  rise  again,  as  its  turn  of  work  recurs,  and,  as  it 
does  so,  as  shown  at  needle  4,  the  looji  lying  in  the 
hook  slips  down  the  shank,  capsizes  tlie  latch  t,  and 
falls  over  it  ilito  the  depression  in  the  shank,  as 
shown  at  ueidle  1.  This  is  one  round  of  wurk  for 
a  needle.  Knitting  by  machinery  is  a  rapid  repeti- 
tion of  these  motions. 

Knitting-machine  needles  are  made  in  machines 
by  which  the  wire  is  reduced.  In  Aiken's  machine 
the  blanks  are  clamped  in  the  arbors  and  brought 
singly  between  the  grooved  rest  and  rotating  cutter, 
and  are  reduced  by  the  cutter,  which  turns  in  a  lon- 
gitudinal plane,  the  arbors  rotating  meanwliile. 
After  the  blank  lias  been  reduced,  it  is  drawn  back 
from  between  the  rest  and  cuttei',  the  arbor-wheel  is 
unlocked  from  the  spring  detent-pin,  and  another 
blank  brought  into  position. 

In  another  machine,  for  making  the  tongues  of 
knitting-needli'.s,  the  machine  first  f  rnis  the  bowl 
and  nick  of  the  tongue,  and  simultaneously  forces 
back  the  feeder  upon  the  wire.  The  wire  is  then 
moved  between  the  flattening  dies  ;  it  is  then  moved 
to  the  punching  dies,  then  to  the  dies  rouiuling  the 
end  next  the  hole.  The  tongue  with  the  sharp  piece 
projecting  from  it  is  then  cut  olf. 

Knit'ting-iiee'dle.  .\  plain  wire  witli  smoothed 
ends,  u.sed  in  pairs  in  hand-knitting  of  Hat  (joods 
and  in  lours  for  tubular  work. 

Knit'tle.  1.  (Ximlical.)  A  small  line  composed 
of  two  or  three  yarns  laid  together  and  twisted  with 
the  finger  and  thumb  against  the  twist  of  yarn. 
Used  for  miscellaneous  purposes  on  board,  such  as 
seizings,  lashings,  hammock-clues,  pointing,  graft- 
ing, etc. 

2.   A  draw-string  of  a  bag. 

Knob.  1.  (Glass.)  The  boss  or  central  bulb  of  a 
table  of  gla.ss  when  cut  for  u.se. 

2.  The  handle  on  the  spimlle  of  a  lock  or  latch. 

3.  A  rounded  handle  of  a  door,  lock,  drawer,  etc. 

4.  (Architecture.)     A  knop,  bunch,  or  boss. 

5.  (Ordnnncc.)     The  ca.scabel  of  a  gun. 
Knob'bing.     [.Vasoary.)     The   rough   dressing, 

or  knocking  olf  the  projections  of  stones  in  the 
quarry. 

Knob'bling-fixe.  A  sunken  refining  hearth,  of 
small  size,  in  which 
crude  or  partially  re- 
fined iron  is  worked 
into  a  ball  or  knob  in 
contact  with  charcoal 
and  under  inlluence  of 
blast.      A  hloomary. 

Knob-latch.     One 

in  which  the  bolt  is  re- 

i.ujt=L_i  L^       tractable   by  the    knob 

□                    P           L-iL     or    rotary    handle,     in 
J s Ft— Ei^  contradistinction  to  one 

which  is  moved  by  a 
key.  In  the  e.xample, 
the  latch-bolt  C  rests 
upon  a  horizontal  bar  A, 
one  end  of  which  is 
pivoted  to  the  lock- 
case,  while  the  other, 
supported  by  a  s)iring, 
]irotrudes  through  an 
opening  in  the  edge  of 
the  case,  so  that  the  bolt  can  be  disengaged  fiom 
the  arms  of  the  hub  by  simply  depressing  the  end  of 
the  bar. 


Enock-do'wn.  A  j)iece  of  furniture  or  other 
structure  adapted  to  be  disconnected  at  the  joints  so 
as  to  pack  compactly. 

The  shook  nuiy  be  said  to  be  a  knock-down  barrel. 

The   e.\:ample  shows  the   parts   of  chairs   down, 
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bundled,  and  tied.  The  dill'erent  figures  show  re- 
spectively a  dozen  front  legs  ami  rounds,  as  many 
bac'ks,  seats,  side  rounds  ;  also  a  chair  complete  and 
box  to  hold  a  dozen  knocked  down. 

t      Knock'er.    1.  An  attachment  to  an  e.xterior  door 

.  of  a  house,  to  give  notice  to 

1  those  within  that  some  one  r>g-  2776. 

I  stands  without. 

I  2.  An  attachment  in  a 
flour-bolt   to  jar  the  frame 

I  and  shake  the  flour  from 
the  meshes  of  the  bolting- 
cloth.      In  the  example,  the 

;  knockers  are  pivoted  weiglit- 

I  ed  arms  ;  as  the  bolt  iv- 
volves,  the  weights  tilt  the 

'  arms  and  strike  the  bolt- 
frame. 

j      Knock'er-off.       (A'»i7- 

ling.)  A  wheel  with  luojections  to  raise  the  loop 
over  the  top  of  the  needle  and  discharge  it  there- 
from. A  similar  wheel,  called  a  sinker,  depresses 
the  varn  between  the  needles.      See  Bnt. 

Enock'ing.  (Bookbindinij.)  Setting  even  at 
the  edges,  by  taking  a  bunch  or  pile  of  sheets  or 
leaves  and  striking  an  eilge  on  the  bench. 

I  Knock'ing-do'wn  I'ron.  (Eookhindincj.)  An 
iron  for  jionnding  down  the  projecting  twines  (slip^)' 
to  which  the  slieets  are  sewed,  so  that  they  shall  not 
project  and  mark  the  back  cover. 

Knock'ings.  1.  (.)felalhirg>/.)  The  larger 
pieces  of  ore  and  gangue  which  are  fucked  out  of  the^ 

\  sieve.     The  sorting  of  lead  ore  by  the  sieve  develops. 


FlouT-Bolt  Knockers. 
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three  ijualities,  hiwkiiuj.^,  raidlings,  and  fell.  The 
forraer  are  large  scraps,  wliicli  are  picked  out. 

The  ri(hl'iiu/s  are  what  reniaiu  in  tlie  sieve. 

The/ell  is  tiie  sniaUest,  and  falls  through. 

2.  {Masonnj. )  The  small  pieces  broken  olF  from 
stone  by  hamnieriug  or  chiseling.  Large  pieces  are 
spalh. 

Knock-off.  (KnitUruj-inachinc.)  The  piece 
wliicli,  at  the  proper  moment,  removes  the  loops 
from  tile  tirr  of  needles. 

Knock-stone.  (Miniiuj.)  A  block  on  wliich 
ore  is  brokrn. 

Knot.  1.  (XaiUkal.)  a.  A  device  formed  by  in- 
tertwining a  rope  or  cord  so  as  to  attach  one  part  of 
it  to  another  part  of  itself,  to  another  rope,  or  to  any 
otherobject.  The  kinds  of  knots  eniployeil,  especially 
by  nautical  men,  are  too  numerous  to  admit  of  de- 
Fig.  2777. 


Knou. 


scription,  aad  we  content  ourselves  with  exhihitin" 
iV  few  of  the  raore  prominent. 

Those  shown  are  generally  in  open  position,  so  as 
to  more  clearly  explain  the  way  in  which  the  parts 
•of  the  rope  run  previous  to  being  drawn  taut  in  or- 
der to  join  them  together  and  )n-event  slipping. 

Some  kinds  of  knots  are  called  Mtclies  antX  lirnds, 
wdiich  terms  usually  indicate  that  they  are  chiefly 
«mployeil  for  making  the  rope  fast  to  another  object, 
or  for  seeui'iug  two  objects  togethei-. 


1,  simple  overhand  knot.  25,  lark's  head. 

2,  slip-knot,  seized.  2t),  simjile  boat-knot. 


27,  lixip-knot. 

28,  double  Flemish  knot. 

29,  running  knot,  checked. 

30,  crossed  running-knot. 


3,  single  bow-knot. 

4,  stpiare  or  reef  knot, 
.'i,  scjuare  bow-knot. 
G,  weaver's  knot. 

7,  German,  or  hgure-of-S  31,  lashing-knot, 
knot.  32,  rosette.' 

8,  two   half-hitches,    or  33,  chain-knot, 
artiticer's  knot.  34,  double  chain-knot. 

9,  doubles  artificer's  knot.  35,   double  running-knot 

10,  simple  galley-knot.  with  cheek-knot. 

11,  capstan    or   prolonge  36,  double  twist-knot. 


knot. 

12,  bowline-knot. 

13,  rolling-hitch. 

14,  clove-hitch. 

15,  blackwall-hitch. 

16,  timber-hitch. 

17,  bowline  on  a  bight. 
IS,  running-bowline. 
19,  catspaw. 


37,  builder's  knot. 

38,  double  Flenash  knot. 

39,  English  knot. 

40,  shortening  knot. 

41,  shortening  knot. 

42,  sheep-shank. 

43,  dog-shank. 

44,  mooring-knot. 

45,  mooring-knot. 


20,  <loubled  running-knot.  46,  mooring-knot. 

21,  (loul>le-knot.  47,  pigtail,  worked  on  the 

22,  .si.\fold-knot.  end  of  a  rope. 

23,  boat-knot.  48,  shroud-knot. 

24,  lark's  head.  49,  a  bend  or  knot  u.sed  by 
.sailors  in  making  fast  to  a  spar  or  to  a  bucket- 
liandle  before  casting  overboard  ;  it  will  not  run. 
Also  used  by  horsemen  for  a  loop  around  the  jaw 
of  a  colt  in  breaking  ;  the  running  end,  after 
jiassing  over  the  head  of  the  animal  and  through 
the  loop,  will  not  j.am  tlierein. 

50,  a  granny's  knot.  51,  a  weaver's  knot. 

The  principle  of  a  knot  is,  tluil  no  two  parts  which 
would  move  in  the  same  direction  if  the  rope  weio 
to  slip  should  lie  alongside  of  and  touching  each 
otlier. 

The  slanding-pnrl  of  one  rope  and  the  end  of  the 
other  should  not  lie  siile  by  side.  This  feature  dis- 
tinguishes tlie  shcci-bcnd,  boiclinc-kiLot,  carrick-bcnd, 
rerf-knot,  etc.,  from  the  ffranny's-knot,  slippery- 
hileh,  etc. 

b.  A  nautical  or  geographical  mile  ;  ^Ju  of  a  degree 
of  latitude  ;  about  2,025  yards.  The  English  statute 
mile  is  5,280  feet. 

A  log-line  is  a  knotted  cord,  the  distance  between 
the  knots  being  yl^j  of  a  nautical  mile  apart,  that  is, 
50  -/A  ket.  The  log  line  is  allowed  to  run  out  for 
30  seconds,  which  is  y'^n  of  an  hour,  so  that  the  dis- 
tance between  knots  on  the  cord  bears  the  same  ratio 
to  a  degree  that  the  time  does  to  an  hour. 

Thus  if  8  knots  on  the  log-line  run  through  the 
hand  of  the  seaman  while  the  .sand  in  the  i-minnte 
glass  is  running  out,  it  is  an  indication  that  the  ves- 
sel is  traveling  8  nautical  miles  per  hour.     See  Log. 

2.  (Britsh-making.)     The  brush-maker's  term  for 
a  tuft  of   bristles  ready   for   insertion   into  a  hole  . 
drilleil  in  the  stock. 

3.  So  many  skeins.     See  Hank. 

Knot'ter.  (Paper-mokintj.)  A  sieve  wliieh  de- 
tains knots  in  the  pulp,  so  that  they  do  not  pass 
to  the  moving  wire-plane  on  which  the  paper  is 
formed.      See  PAPF.n-.MAOIllNK. 

Knot'tiiig  and  Stop'ping.  1.  (Painting.)  A 
yirocess  luriitninary  to  ])ninting,  consisting  of  paint- 
ing over  the.  knots  of  wood  witli  red-lead,  and  the 
stopping  of  nail-holes,  cracks,  and  faults  with  white- 
lead. 

A  silver  leaf  is  sometimes  laid  over  tlie  knots  in 
su]ierior  work. 

2.  ((.'loth-making.)  Removing  weft  knots  and 
others  from  cloth  by  means  of  tweezers. 
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Knout.  The  Russian  whip  for  ciiminals  and 
other  offenders. 

It  lias  a  handle  2  feet  long,  and  a  thong  4  feet  long 
tenurnating  in  a  brass  ring.  To  the  latter  is  at- 
tached the  tail,  2  feet  long,  and  running  from  2 
inches  wiile  at  the  ring  to  a  point.  This  is  soaked 
in  milk  and  dried  to  harden  it.  The  tail  is  changed 
every  sixth  stroke. 

Knubs.  The  offal  or  waste  silk  in  winding  off 
from  tile  coeoon.  ■ 

Knuckle.  1.  (ikchnnks.)  The  joint-pieces  of 
a  hinge  through  which  the  pintle  passes. 

Knuck'le-joint.  A  joint  in  which  a  projection 
on  earh  leg  or  leaf  of  a  device  is  inserted  between 
corresponding  recesses  in  the  other,  the  two  being 
connected  by  a  pin  or  pivot  on  which  they  mutually 

turn.       The 
Fig.  3778.  legs  of  divid- 

ers and  the 
leaves  of  butt- 
hinges  are  ex- 
ain]iles  of  the 
tine  knuckle- 
joint.  The 
term,  how- 
ever, has  been 
somewhat 
commonly  ap- 
plied to  joints  in  which  the  motion  is  not  contined 
to  one  plane.  Such  are  really  universal  joints,  a 
form  illustrated  in  the  ball  and  sockxt  and  the  giin- 
bal.     A  ginglynius. 

The  example  (Fig.  2/ 78)  differs  somewhat  in  char- 
acter from  those  just  described.  In  this,  designe  I 
for  coupling  the  tumbling-rods  of  thrashers,  and  for 
other  cou]ilings  which  reiiuire  play,  the  head  of  the 
shaft  D  has  projections  c  which  tit  in  corresponding 
grooves  in  the  socket   A,   enabling  the  rods  B  U 

Fig.  2779. 
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to  be  turned  either  to  the  right  or  the  left,  as  de- 
sired. 

In  Fig.  2779  the  rings  b  h  are  let  into  annular  re- 
cesses in  the  arms  c  a  of  the  two  parts  to  be  coupled, 
relieving  the  center-pin  from  all  strain.     See  Coup- 

LT  N'O. 

Knuck'le-sMeld.  One  to  save  the  knuekles  in 
washing  and  serul.ibing.  The  example  shows  one 
made  of  india-rubber. 

Knuckle  -  tint'ber.     (Shipbuilding.)      A    top 
timber  in  the  fore  body,  where  a  reverse  of  shape 
causes  an  angle  on  the  tim- 
ber. 

Knurl'ing.      Providing 
with   ridges   to   assist   the 
j  grasp,   as   in    the    knurled 
'  (or  milled)  head  of  a  set- 
screw. 

Koff.     (J'e.':si-I.)     A  two- 
masted.  Dutch  fishing-ves- 
sel, carrying  a  sprit-.sail  on 
KnuckU-Skield.  each  mast. 


Fig  2780. 


Kom'po'wr.  {Fabric.)  A  strong,  white  linen  of 
China. 

Kreel.     1.  A 'fish -basket  of  osiers. 

2.   A  framework  lish-trap. 

Kris.     A  shoit  sword  of  the  Malays.     A  crease. 

Krum-hom.  (.Music.)  A  old  musical  instru- 
ment resembling  a  cornet. 

Alter  a  singular  change  of  orthography,  it  is  rep- 
resenteil  by  the  crcmona  stop  in  an  organ. 

Kus'si-er.  (Music.)  A  Turkish  musical  instru- 
ment, having  a  hollow  body,  a  skin  covering,  and 
five  strings. 

Kutch.  (Gold-bcatiiig.)  The  packet  of  vellum 
leaves  in  which  gold  is  jilaced  to  be  beaten. 

The  package  of  gold-beater's  skin  in  which  gold- 
leaf  is  placed  for  the  second  beating  is  called  the 
shodcT. 

After  the  second  beating,  the  pieces  are  cut  up 
and  re-ari-aiiged  in  gold-beater's  skin,  the  package 
being  called  a  inold. 

Ky'an-iz-ing.  Named  from  Kyau,  the  inventor 
of  the  process  (1S32).  To  prevent  the  decay  of  wood, 
cordage,  or  canvas,  it  is  s.aturatcd  with  a  solution  of 
corrosive  sublimate  in  open  tanks  or  under  pressure. 

The  timber  is  prepared  as  follows  :  A  w ten  tank 

is  put  together  so  that  no  metal  of  any  kind  can 
come  in  contact  with  the  solution  when  the  tank  is 
charged.  The  solution  consists  of  corrosive  subli- 
mate anil  water,  in  the  proportion  of  1  pound  of 
coiTosive  sublimate  to  10  gallons  of  water  as  a 
maximum  strength,  and  1  pound  to  15  gallons  as 
a  minimum,  according  to  the  jiorosity  or  absolution 
of  the  timber  subjected  to  the  ju'ocess. 

Oak  and  fir  timber  absorb  nearly  alike,  but 
some  other  woods,  such  as  beech,  po]dar,  elm,  etc., 
are  more  porous. 

The  period  rerpiired  for  saturating  timber  depends 
on    its  thickness  ;    24  hours  are  reiiiiircd   for   each 
inch  in  thickness,  for  boards  and  small  tim- 
bers. 

The  timbers,  after  saturation,  should  be 
placed  under  a  shed  or  cover  from  the  sun 
and  rain,  to  dry  gradually. 

In  about  14  days  timber  not  exceeding  3 
inches  in  thickness  will  be  perfectly  dry  and 
Seasoned,  and  fit  for  ii.se.  Large  timbers 
will  require  a  proportionate  time,  according 
to  their  thickness. 

Some  processes  of  similar  import  may  be 
shortly  stated. 

In  Bethel's  process,  creosote  is  employed  and 
forced  under  heavy  pressure  into  the  pores  of  the 
wood.     (1S38.) 

Robbins  expels  moisture  by  heat  and  then  saturates 
with  coal-tar,  resin,  or  bituminous  oils,  at  325°  Fah. 
(1865). 

BIythe  treats  with  steam  combined  with  hydro- 
carbon vapor. 

Burnett  employs  chloride  of  zinc  in  solution, 
underpressure.     (1838.) 

Boucherie  u.sed  pyrolignite  of  iron.     (1840.) 

Payne,  sulphate  of  iron.     (1842.) 

Margary,  acetate  or  sulphate  of  co]iper.     (1837.) 

Van  der  Weyde,  solution  of  silicate  of  jiotash. 

Heinemann  .:  boil  wood  in  alkaline  .solution,  and 
treat,  under  pressure  and  heat,  with  resin,  carbolic, 
acid,  and  tar. 

Nicholson,  tar  and  petroleum. 

Behr,  solution  of  borax. 

Earl,  protosulphate  of  iron. 

Payeii,   sujierficial    carbonization.         See  Wood, 
.  rr.F.sr.nv.iTiox  of. 
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La'bel.  A  jiliicai'd  or  slip  attached  to  an  object 
ti)  iuiliciitc  contents,  destination,  or  owucrsliii-i.  See 
Bacjcagk-ciiulk,  for  instance. 

1.  Aniniiil  labels  arc  of  many  forms  :  — 

a.  A  metallic  strip  bent  into  a  link-shape,  the 
ends  beinj4  passed  through  two  slits  in  the  ear.  Ou 
the  outsiile  is  shown  the  name  of  tlie  owner  or  the 
nnmber  of  the  animal  on  tiie  stock-book. 

h.   A  i>late  secured  by  rivet  to  the  ear. 

c.  A  Imtton  is  inscribed  with  the  name  of  tlie 
owner  and  fastened  to  the  ear  by  means  of  a  locking 
plate,  which  enters  i\\('.  tubular  shank  of  the  button. 

d.  A  tag  attached  to  the  horns,  wool,  mane,  etc., 
to  indicate  ownership,  class,  prize,  merit,  etc. 

2.  A  card  or  tablet  attaidied  to  a  bottle,  jar,  draw- 
fir,  etc.,  by  a  chain,  or  placed  in  a  panel. 

One  on  a  can  of  fruit  or  other  vegetables.  In  one 
case,  the  whole  series  of  customary  contents  are 
placed  on  tlie  margin  of  tlie  can,  and  the  kind  con- 
tained in  the  can  is  indicated  by  a  mark. 

3.  A  brass  rule  with  sights,  formerly  used  in  con 
neetion  with  a  circunifenMitor  to  take  altitudes. 

4.  {Architecture.)  A  molding  over  a  doorway  oi 
window.  A  head-molding  or  hood- mo! ding  in  tin 
interior  ;  a  drip,  dripstone,  or  weather-molding,  on 
the  e.xterior. 

La'bel-cor'bel  Ta'ble.  {Arehiteclurc .)  A  coi 
b(d-supiiiirted  head-mulding  over  a  doorway  or  win 
(low.      Known  also  as  a  drip-stone  or  hood-riioldi/iij. 

lia'bel-ing-ma-ohine'.  A  device  for  attaching 
labels  to  cans,  jars,  or  bottles.     The  e.\aniple  shows 


Labeting-Machine. 

one  form,  in  which  the  can  is  fed  in  at  the  chute  a,  and 
is  taken  up  l)y  the  revolving  star  b.  It  is  there  re- 
tained in  place  limg  enough  to  receive  the  label  from 
tlie  gununing-wings  c.  The  cam  d  gives  downward 
motion  to  the  cro.ss-head  e,  and  thence  to  the  arms 
/  /  with  the  smoothing-roUers  attached  thereto. 
The  can  is  then  discharged  by  a  partial  revolution 
of  the  star  b  nn  to  tin'  tdnite/.  Power  is  ap])lied  at  r/. 
The  finger  li  holds  the  label  in  place  while  tile  guni- 
ming-wings  return  for  anothei'  label.  It  takes  in 
four  sizes  of  cans,  and  has  labeled  ft, 000  in  ten  hours. 

Lab-i-dom'e-ter.  A  foroe]is  with  a  measuring  nt- 
tachment  for  asi'iM-taining  the  size  of  the  fetal  head. 

Lab'o-ra-to-ry.  1.  A  liouse  or  apartment  in 
which  chemical  experiments  are  conducted. 


2.  A  manufactory  of  chemical  articles. 

3.  A  place  where  Hreworks  are  prejjaied. 

4.  A  department  in  an  arsenal  where  cartridges, 
fuses,  primers,  etc.,  are  made,  shells  charged,  etc. 

Lab'o-ra-to-ry  - ap-pa-ra'tus.  Instruments 
and  appliances  used  by  the  chemist  in  his  study. 
Aniimg  llieni  may  be  cited  the  cupellatioii-furnace 
A,  cupel/,  Liebig's  condenser  </,  the  retort  and  hlter- 
stand  h,  measuring-glasses  i  i,  pipette  k. 

A  filter  lor  chemical  solutions,  w  ithout  access  of 
fresh  bodies  of  atmospheric  air,  is  also  shown  ill  the 
ligure  :  the  vessel  a  containing  the  solution  and  the 
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Labotatonj-Appwalus, 

hUering-matter  occuiiies  the  neck.  As  the  lirpiid 
leaches  the  vessel  b  it  displaces  a  body  of  air,  which 
]iasses  by  the  jiipe  c;  to  the  chamber  a,  entering 
through  the  stopple  d,  which  is  ground  or  provided 
with  cork.     See  also  Bai.an'OE. 

Lab'y-rinth.  {Metallurgy.)  a.  A  sinuous  chan- 
nel in  which  the  ground  ore  (slime)  and  water  are 
conducted,  in  order  that  the  metallic  portions  may 
be  deposited  according  to  their  respective  gravities. 

b.  A  chamber  of  many  turnings  in  which  fumes, 
derived  fioni  dry  distillation  of  mercury,  etc.,  are 
condensed.     See  Condkxseh. 

Lac.  A  resin  obtained  from  the  Ficus  indica.  See 
Restn. 

Lace.  A  kind  of  network  of  threads  of  flax,  cot- 
ton, gold  or  silver  wire,  or  other  .suitable  material, 
forunng  a  fabric  of  transparent  texture.  Its  origin  is 
not  known,  but  it  aiipears  to  have  been  used  by  the 
ladies  of  ancient  Greece  and  Rome.  It  was  early 
used  in  Northern  Italy,  and  is  said  to  have  been 
introduced  into  France  by  Mary  de  Medicis.  In 
14S3  its  importation  into  England  was  prohibited. 


LACED-STOCKIXG. 
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The  systematic  manufacture  was  iutroJueeJ  into 
England  by  refugees  from  Flanders. 

Lace  was  anciently  worked  by  the  needle.  The 
invention  of  lace  knittimj  is  attiihuted  to  Barbai-a, 
wife  of  Christopher  Huttnian,  a  German  miner,  in 
1560.  A  manufactory  was  established  in  France  by 
Colbert,  in  1366. 

roin'  luce  was  embroidered  with  the  needle.  Bone 
lace  (temp,  of  Charles  I.)  was  a  kind  of  tliread  lace, 
and  received  its  name  from  the  bobbins  being  made 
of  bone.  About  1768,  a  stocking-weaver  of  North- 
ampton produced  a  machine  for  making  lace  ;  it  was 
called  the;jt«-/ra//ic,  and  is  still  employed  in  France 
for  making  the  lace  called  tulh. 

The  method  of  Barbara  Huttman  is  as  follows  : 
The  lace-maker  has  a  hard  cushion  in  licr  lap  on 
which  the  i)attern,  ti'aced  on  parchment,  is  laid,  and 
pins  passed  through  the  ]iarchnient  into  the  cushion 
at  places  determined  by  the  jiattern.  She  has  also 
a  number  of  bobbius  on  which  tlie  threads  are  wound, 
fine  tliread  being  used  for  the  meslies  or  net.  The 
work  is  Ijcgun  by  attaching  the  threads  in  pairs  to  the 
pins.  The  threads  are  then  intertwined  by  means  of 
the  bobbins,  so  as  to  form  the  required  pattern. 

In  lacc-vcarimj,  the  threads  of  the  weft  are  twist- 
ed round  those  of  the  warp.  The  manner  of  twist- 
ing determines  the  character  of  the  net  and  its  name. 

Fig.  2T83. 


Lace-Weaving. 

as  ic/tip-net,  viail-net,  pattern-net,  drop-net,  spider- 
net,  ballooH-net,  Paris-net,  bobbin-net. 

The  clas.sitication  of  laces  at  the  English  e.Yhibi- 
tion  of  1851  was  as  follows  :  — 

1.  Pillow-lacc,  the  article  or  fabric  being  wholly 
made  by  hand  (known  as  Valenciennes,  Jlcchliu, 
Ilonilon,  Buckingham)  ;  or  Guipure  made  by  the 
crochet-needle  ;  and  siik  lace,  called  blonde  when 
white,  and  Chantilly,  Puy,  Grammonl,  and  black 
Buek-inghamshire,  when  black. 

2.  Lace,  the  ground  being  machine-wrought,  the 
ornamentation  made  on  the  pilloir  and  afterwards 
applied  to  the  ground  (known  as  Brussels,  Honilon, 
or  appliquec  lace). 

3.  Machine-made  net  or  quillings,  wholly  plain, 
whether  warp  or  bobbin  (known  as  bobbin-net,  tulles, 
blondes,  C'ambraie,  Mechlin,  Malines,  Brussels,  Alcn- 
<;on,  etc.). 

4.  Lace,  the  ground  being  wholly  made  by  ma- 
chine, partly  ornamented  by  machine  and  partly  by 
hand,  or  wholly  ornamented  by  hand,  whether  tam- 
boured, needle-embroidered,  or  darned. 

5.  Lace,  wrouglit  and  ornamented  by  machinery, 
con\\iY\s\n^  trimming  laeaot  every  descrii)tion,  veils, 
falls,  scarfs,  shawls,  lappets,  curtains,  etc. 

The  dates  of  some  of  tlie  inventions  connected 
with  lace-making  are  as  follows  ;  — 

Bobbin-lace  invented  by  Barbara  Huttman  of  St.  Anna- 
berg,  Germany 1561. 

Pillow-lace  making  taught  at  Gt   Marlow,  England     .  1(20. 

Strutt's  machine  for  making  openwork  stockings    .         .  1758. 

Crane's  Vandyke  machine 1758. 

Else  and  Harvey's  "  pin  ■■  machine 1770. 

Frost's  point-net  machine 1777. 

Dawson's  point-net  machine 17!)1. 

Heathcoafs  bobbin-net  machine  .....  1804. 

Hill's  plain  ground  net  machine ISl'i 

'*  Limerick "  lace  made 182&. 


Laced-stock'iug.  A  bandage  sujiport  for  vari- 
cose Veins.  Wf;ik  leL's.  etc. 

Lace-making  Ma-chine'.  Lace  is  a  delicate 
kind  of  network  coni]iosed  of  silk,  fla.x,  or  cotton 
threads,  twisted  or  plaited  together.     See  Lack. 


The  meshes  are  of  an  hexagonal  figure,  in  which 
thick  threads  are  also  interwoven  to  form  the  jiat- 
tern,  according  to  some  design  ;  and  these  threads, 
which  are  called  ggmp,  form  the  ornauient  of  the  lace. 

'  The  point-net  frame  was  invented  by  Moriis  (Eng- 
land) in  1764,  and  is  a  variety  of  the  stocking-frame, 

I  making  a  stitch  or  loop  like  that  of  a  stocking,  and 
formed  by  a  continuance  of  one  thread.  The 
thread  is  by  the  machine  fomied  into  loops,  a  whole 
course  at  once,  by  pressing  it  down  alternately  over 

J  and  under  between  a  number  of  parallel  needles.  A 
second  course  is  then  made  of  similar  loops  on  the 
same  needles,  and  the  loops  of  the  hist  arc  drawn 
through  tho.sc  of  the  second  in  such  a  manner  as  to 
form  meshes  by  retaining  the  first  loops  ;  the  second 
are  then  retained  by  a  third,  and  these  by  a  fourth, 
and  so  on. 

The  learp-nct  frame  is  also  a  variety  of  the  .stock- 
ing-frame, but  the  parts  are  very  dili'erently  ar- 
ranged, the  movements  being  produced  by  treaiUes, 
leaving  the  hands  of  the  workman  to  manage  the 
machine,  which  is  a  piece  of  mechaiiisni  applied  in 
front  of  the  row  of  needles  of  the  liaiue.  In  the 
irarp-net  frmne  the  piece  of  lace  is  not  formed  of 
one  continuous  thread,  as  in  the  point-nci  frame,  but 
there  are  as  many  difierent  threads  as  there  are 
needles  in  the  frame  ;  these  threads  are  u:arpcd  or 
wound  upon  a  roller  or  beam  the  same  as  a  loom, 
and  it  is  from  this  circumstance  that  the  machine  is 
called  a  warp-frame.  These  threads  ]iass  through 
eyes  in  the  ends  of  small  points,  called  guides,  which 
are  opposite  the  needles  ;  ami  these  guides  are  fixed 
on  two  bars,  each  of  whicli  has  half  the  guides  fas- 
tened on  it ;  that  i.s,  one  guide  is  fast  to  one  bar,  and 
the  next  to  the  other,  and  so  on  alternately  of  the 
whole.  Each  of  the  guides  presents  a  thread  to  its 
needle,  and  all  are  at  once  moved  by  the  hand  to 
twist  the  threads  two  or  three  times  round  the 
needles  that  are  opjiosite  to  them.  The  loop  is  now 
made  in  a  manner  similar  to  that  in  the  point-net 
frame.  The  next  time,  the  alternate  guides  are 
shifted  endways,  so  as  to  apply  thenibelves  to  other 
needles  than  those  they  were  opjiosite  to  before  ; 
this  crosses  the  thread  so  as  to  make  a  net,  but  the 
((Uantity  that  is  shifted  endways  is  changed  evei-y 

j  time  by  means  of  the  mai-hinery,  so  as  to  move  a 
certain  number  of  needles,  whicli  number  is  changed 
every  time  to  produce  the  pattern. 

The  lace-making  machine  for  weaving  the  real 

]  twisted  lace,  like  that  made  on  the  pillow,  was  in- 

!  vented  by  Heathcoat,  1804. 

i      The  gioundwork   of  the  invention  is  to   extend 

1  those  tlireads  which  form  the  wai]i  of  the  lace  in 
parallel  lines,  and  ili^pose  the  diagonal  threads  upon 
small  bobbins,  which  arc  detached,  ami  are  capable 
of  passing  round  the  extended  warp-threads  so  as  to 
twist  with  tlieni  ;  by  this  means  the  number  of  bob- 
bins is  reduced  to  one  half.  In  this  machine  there 
are  two  horizontal  beams  or  rollers,  one  to  contain 
the  thread  and  the  other  to  receive  tlii'  lace  ;  also  a 
number  of  small  bobbins  to  contain  the  thread. 

Mr.  Hebert  thus  enumerates  the  varieties  of  bob- 
bin net-lace  machines  :  — 

The  Loughborough  double-tier       .  HfathcoaCs. 

The  siiaglc-tier Stfv<r.son^s. 

The  improved  double-tier        .         .         .  Braitit/'s. 

Tile  improved  .single-tier      .         .         .  L-  i-rr's. 

The  Loughborough  improved  ;  with  pumping-tackle. 

T'le  pusher  principle 

The  traverse  warp  ....  Beran  If  Freeman's 

,  The  traverse  warp,  rotary    .         .        .  Lind'.tti  tf  Lr.cei/s. 

The  straight  bolt Ke::da' if  Mauley's. 

The  circular  bolt Mnutetf's. 

The  circular  comb   .....  H  rvet/s. 

The  improvetl  circular  comb         .         .  Hervet/'s. 

,  The  farther  improved  single-tier     .         .  Lever's. 


LACE-PAPER, 
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Lace-pa'per.  PapiT  liaviug  an  opfinvork  pat- 
trrii  and  jji'ironitioiis  mailer  in  iiiiitatiuii  of  hwr.. 
The  piori'ss  usually  consists  in  giindiuf?  otV  the  <-lf- 
vatcil  jiortions  of  enihossed  [laper,  which  is  acconi- 
plisheil  liy  passing  the  paper  between  two  rolleis, 
one  ol"  which  is  covered  with  ground  glass  or  emery, 
the  other  is  iniiiiesseil  with  a  dnplicate  of  the  design 
on  the  paper.  The  grinding-roller  is  made  to  revolve 
at  Jiigh  \'eIocity. 

Lace-piece.  1.  (Shipbuilding.)  The  main- 
piece  of  the  head,  or  beak-shaped  projection  from 
the  luad  of  a  vessel.     Sec  JIain-pieck  ;  .Stem. 

2.   (Xai(/ici(/.)     The  rope  used  to  fasten  a  s.ail  to  i 
it.s  yard  or  gaff. 

Lach'ry-mal-duct  Di-lat'or.  (Sun/iml.)  A 
jirobe,  by  means  of  which  the  nuinial  caliber  of  the 
nasal  duct,  in  cases  of  obstrui-tiou,  is  restored.  They 
are  njade  of  eight  diH'ercnt  sizes,  of  silver,  lead, 
whalebone,  hard  rubber,  and  /aminariic  dirjitata. 
The  silver  is  the  most  useful  ;  whalebone  and  hard 
rubber  are  easy  to  guide,  ami  less  liable  to  injure 
the  mucous  membrane.  The  Iciminnria,  after  in- 
troduction, giadually  swells  up  fiom  imbibition  of 
the  tears,  and  thus  (lilates  the  canal. 

Lac'iug.  1.  A  Aistening  by  a  cord,  thong,  or 
whang,  which  pas.ses  through  lioles  prepare<l  in  the 
respective  parts  of  the  object  so  fastened.  The  term 
is  applied  to  fastening  up  the  front  opening  of  some 
kinds  of  boots  ;  also  to  the  fastening  together  of  the 
pieces  which  constitute  a  machine  belt. 

2.  (Bookbindiny.)  Securing  the  book  to  the  .sides 
by  carrying  the  bands  or  slips  tlirough  perforations 
in  the  lioards. 

3.  (Nuutical.)  The  rope  used  to  contine  the  heads 
of  sails  to  their  gaffs  or  yards. 

Lac'quer.  Primarily,  a  varnish  composed  of 
shellac  dissolved  in  .alcohol  and  coloreil  by  means  of 
gamboge,  saffron,'  aunotto,  and  various  other  color- 
ing matters.  It  is  applied  to  wood,  to  papier-mache, 
and  to  metals  to  pi-otect  them  from  lUst  and  imjirove 
their  color.  The  term  is  also  applied  to  composi- 
tions containing  none  of  the  above  ingredients,  they 
being  rephiccd  fiy  turpentine,  resin,  etc. 

The  proportions  of  the  shellac  and  alcohol  vary. 
Two  g;dlons  of  alcohol  to  one  pound  of  shellac  is 
probably  the  most  common  proportion. 

Resides  the  coloring  nuittcrs  above  referred  to, 
turmeric,  dragon's  blood,  gum  sandarach,  and  red 
Saunders  are  ireiiucntly  eniploycd  in  red  and  gold 
colored  lacciuer.s,  the  articles  and  their  relative  ]U'o- 
]iortions  being  varied  according  to  the  tint  desired. 
In  the  military  service  the  following  lacquers  are 
used :  — 

For  Small-Arms,  or  Water-Proof  Paper. 
Beeswax      .         .         .         .13  pounds. 

Spirits  turpentine  .         .  13  gallon.s. 

Boiled  linseed-oil        .         .  1  gallon. 

All  the  ingredients  should  be  pure  and  of  the  best 
quality.  Heat  them  together  in  a  co]iper  or  earthen 
vessel  over  a  gentle  fire,  in  a  water-bath,  until  they 
are  well  mi.xed. 


For  Brifjhl  Iron  IVork. 
Linseed-oil,  boiled 
Litharge    ..... 
White-lead,  in  oil . 
Resin,  pulverized 


80.5 

5.5 

11.25 

2.75 


Add  the  litharge  to  the  oil  ;  let  it  siunner  over  a 
slow  lire  three  hours  ;  strain  it,  and  add  tlie  resin 
and  white-lead  ;  keep  it  gently  warmed,  and  stir  it 
until  the  resin  is  dissolved.  For  ordnance,  .shot,  or 
shells,  or  other  iron  work  not  designed  to  be  kept 


liright,  coal  tar  thiinied  with  spirits  of  turpentine 
forms  a  veiy  cheap  and  permanent  lae<|Uer. 

Lac-tom'e-ter.  Called  also  galactomer,  A  spe- 
cies of  hydrometer,  graduated  to  show  the  compara- 
tive specific  gravity  and  conse(jucnt  value  of  ditl'erent 
specimens  of  milk. 

The  in.strument  is  a  good  evidence  of  the  specific 
gravity  of  milk,  and  the  specific  gi'avity  is  a  proba- 
ble, but  not  positive,  evidence  of  quality.  Taken 
in  connection  with  the  per-cent  gla.ss,  which  meas- 
ures the  per  cent  of  cream  that  ri.ses.  it  is  nearly  a 
positive  indicator  of  pure  and  watered  milk. 

One  form  of  the  laclometcr  for  ascertaining  the 
amount  of  cicain  in  ndlk  consists  of  a  tube  with 
a  funnel  month  for  convenience  in  charging  it,  and 
having  the  up)ier  )iortion  graduated.  The  tube  is 
about  a  foot  in  lengtli,  and  being  tUleil  the  cre.ini  is 
allowed  to  lise,  when  its  richness  is  determined  by  the 
number  of  graduated  spaces  occujiied  by  the  cream. 

The  hydrometer  alone  is  notaila]ifed  to  determine 
the  amount  of  cream  in  milk,  which  can  only  readily 
be  determined  by  test.  Dr.  Ure  snggists  it  may  be 
apjilied  t"  the  skinnned  ndlk  to  determine  the  pro- 
portions of  curds  and  whey. 

Lac'to-scope.  An  instrument  invented  by 
Donni'  (if  Paris,  for  a,ssi.sting  in  determining  the 
(jnality  of  milk  by  asi'ertaining  its  relative  ojiacity. 

The  "three  times  ,skimnicd  sky  blue"  of  Bloom- 
field  is  the  bottom  of  the  scale,  unless  the  pump- 
water  milk  fur  urban  distribution  iscmisiileredaszero, 

Dingler's  "  Polytechniscdies  .Journal  "  describes  a 
simple  ap]iaratus  for  determining  the  richness  of 
milk,  as  nn^asured  by  its  transparency.  Two  pol- 
ished jilates  of  glass  arc  adjusted  by  means  of  a  screw 
to  stand  at  different  distances  from  each  other.  The 
milk  is  placed  between  them,  and  the  distance  of 
the  jilatcs  I'rom  each  other  when  the  Hame  of  a 
stearine  candle  is  rendered  invisible,  is  the  mea,sure 
alike  of  the  transparency  and  comparative  richness 
of  the  milk. 

Lac-var'nish.  One  made  fi-om  shellac  dissolved 
in  alcoliol.  Colore{l  by  red,  orange,  or  yellow  mat- 
ters, Lac  is  obtained  from  the  Fifus  indica,  and  the 
)iroilnct  is  sliel-  hie,  serd-Iac,  sliclloe,  and  Inc-lake. 

Lad'der.  1.  A  frame  —  usually  movable  —  hav- 
ing a  series  of  steps  attached  to  side-bars  or  ropes. 
The  varieties  are  distinguished  by  their  purposes, 
position,  or  by  some  feature  of  construction. 

A  hiddcr  ilifi'ers  from  a  stairs  in  that  the  latter 
has  treads  and  lisers,  being  thus  bo.Kcd  in  below. 
The  ladder  has  merely  steps. 

Of  the  nautical  ladders,  we  have,  — 
Acconinioeleition-XaAHiKi: 
C'oHi^ani'oji -ladder. 
Foreeastle-\a.k\({^Y. 
//oZiMadder. 
Jacob' s-\M\i\f\\ 
Quartcr-\MUn. 
.SYrfc-laddei'.  , 

.%7-)j-ladder. 

As  to  purpose,  we  have,  — 
Fire-eseitpe. 
/"i'rc-ladder. 
Fniit-\\\iW'Y. 
irftrdrn-\-M\i{vT. 
Sailin(i-\M\i\vv. 

The    names    denoting   con- 
struction are,  — 
C/(n/)i-ladder. 
jE'.cdt'Ms/oH-lmlder. 
YiO/ic-ladder. 
Itulc-joinl  ladder. 
■S'te/'-ladder.  Cotlapsirts-f.nrl-l,7. 


LADDER-CARRIAGE. 
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The  coUapsimj-  laddtr  (Fig.  2784)  has  rounds 
pivoted  to  thf  side-rails,  recesses  in  wliiuh  receive 
them  when  the  ladder  is  foldeil.  When  the  side- 
pieces  are  drawn  apart,  the  rounds  assume  a  hoiizou- 
tal  position. 

A  movable  ladder  is  sometimes  used  in  ascending 
and  descending  sliafts.  Two  poles  ascend  and  de- 
scend alternately,  and  have  stages  on  to  or  from 
which  the  pei-son  steps  from  or  to  the  corresponding 
step  on  the  other  |)ole,  at  the  moment  when  they 
become  stationary.     See  JI.\N-EXf;iNK. 

Scaling-ladders  are  shown  in  the  triumphal  monu- 
ments of  Rameses  II.,  the  great  Sesostiis,  1355  B.  c. 

The  tii'st  ladiler  of  record  was  that  seen  by  Jacob 
in  his  dream,  and  it  is  the  longest  and  best  of  which 
we  have  any  account.  It  is  the  only  one  mentioned 
in  the  Bible. 

2.  {Xauiieal.)  The  acconunodntiouAAdiler  is  a 
stairs  slung  at  the  g-.mgway.  The  forecastle  and 
Iwld  ladders  are  at  these  respective  places.  The 
JcKob's-lAihler  abaft  the  top-gallant  m.a.sts,  where 
there  are  no  ratlines  at  the  shrouds.  The  quarter 
and  slcrii  ladders  are  for  reaching  or  leaving  the 
boats  moored  astern. 

3.  A  notched  cleat  or  stick  in  a  bookcase,  for  sup- 
porting shelves. 

Lad'der-car'riage.  One  for  convepng  fire-lad- 
ders. In  the  example,  the  bed-frame  .serves  its  a  con- 
nection in  coupling  the  wagon,  and  braces  the  ladder 


Fig.  2785. 


Ladder-  Carriage. 


when  raised.  The  windlass,  having  its  bearings  at 
the  foot  of  the  frame,  extends  tlie  sliding  sections  of 
the  ladder.  The  basket,  attached  by  a  rope  to  the 
pulley  at  the  top  of  the  ladder,  fomis  a  fire-escape. 

Lad'der-'way.  \.  (.ilininJ].)  Or  foot- way  shaft. 
The  shaft  of  a  mine,  by  whirh  the  workmen  ascend 
and  descend. 

2.  (Nautical.)  A  eompanimi-way  or  sciUtle-Vfay 
on  board  slii|>. 

Iia'dies.  {.'ikating.)  A  size  of  skates;  15x18 
inches. 

Iia'ding.  (^^'.w.)  The  transfi-rence  in  cisterns 
of  molten  glass  from  the  pot  to  the  table,  in  plate- 
glass  making. 

La'ding-hole.  (Gla.9s.)  An  aperture  in  the  side 
of  a  furnace  for  plate-gla.ss,  at  which  the  curette  for 
earning  the  metal  is  introduced  or  is  filled.  See 
page  6t;9, 

1.  (Foundinfi.)    A 


La'dle. 


Fig.  2786. 


small 
bullel- 


Foundry- Ladle. 


pan  with  a  handle 
to  hold  molten 
metal. 

On     a 
scale,   the 
ladle  is  a  familiar 
instance. 

The  large  ladle 
used  in  the  foun- 
dry is  called  a 
Shanks  (which 
see). 


Lailles  are  protected  by  a  thin  coat  or  layer  of 
loam,  and  every  time,  before  being  used,  the}'  are 
brushed  over  with  blai;k  wash  and  carefully  dried. 

The  e.xample  has  a  lunate-shaped  plate  F  pivoted 
to  the  rim,  and  serving  to  keep  back  impurities 
floating  on  the  metal. 

2.  (Vrdiiantc.)  An  implement  used  for  removing 
the  shot  when  it  is  not  wished  to  fire  the  gun.  It 
is  a  semi-cylinder  of  copjier,  lieveled  at  the  end,  and 
attached  to  a  stall'.  For  use,  the  muzzle  of  the  gun 
is  slightly  depressed  and  the  ladle  jiassed  in  so  as  to 
run  under  the  shot,  which  is  received  in  it  ;  when 
the  ladle  is  withdrawn,  it  brings  the  shot  out  with  it. 

1.  A  cylindrical  scoop  of  copper  for  loading  loose 
powder  into  a  cannon. 

3.  (Pyrotcduiics.)  A  copper  scoop  for  filling  rock- 
ets. 

4.  (Glass.)  A  vessel  in  which  molten  glass  is 
canied.     A  cuvette. 

5.  (Domestic.)    A  large  dipping  spoon. 

6.  (Hi/draulics.)     The  float-board  of  a  mill-wheel. 
La'dle-board.     A  mill-wheel  float. 

Lag.  1.  One  of  the  hoards  or  staves  forming  the 
covering  of  a  large  band-drum,  or  the  upper  casing 
of  a  earding-machine,  or  the  covering  of  a  steam- 
boiler  or  cylinder. 

The  lags  of  the  dnmi  are  fastened  by  lag-screws  to 
the  frame  of  the  wheel. 

The  lags  of  the  carding-macliine  are  clothed  with 
cards  on  the  under  sides, 
and  are  separately  remova- 
ble. 

The  lags  of  the  boiler  or 
cylinder  are  wooden  staves, 
hooped,  and  enclosing  a 
body  of  non-conducting 
material.  Otherwise  called 
cicading. 

2.  (Stcain-cngiiu. )  The 
retardation  of  the  valre. 

Lag'ging.      1.    (Steam- 
engine.)    The  non-conduct- 
ing jacket  or  clothing  of  a 
steam-boiler    or    cylinder, 
to  prevent  radiation   of  heat.     Cicading,  dcading, 
sheathing,  clothing. 

2.  (Carpcntrt/.)  Narrow  planks  extending  from 
one  rib  to  another  in  the  centering  of  arches  and 
forming  the  board  covering  u])on  which  the  courses 
of  voussoirs  *-e  laid. 

Lag-ma-chine'.  (IVood-working.)  A  machine 
for  hollowing  out  the  insides  of  lags  or  covering  for 

Fig   2787. 


Lag-Machine. 

wooden  rolls  or  drums  ;  or  the  cZeorfiTi^  for  jacketing 
cylinders  or  steam-pipes. 

Lag-screTW.     A  flat-headed  screw  used  to  attach 
lags  to  band-drums. 


LAID. 
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Laid.  (Piip.'r.)  Paper  having  the  marks  made 
by  tile  wires  of  tlie  deckle. 

Tlie  choice  uf  coloring  matter  occasions  the  names 
cretim-hiidy  bluc-hiid^  etc. 

I>aid-on.  (Joiiuri/.)  A  term  apiilii'il  to  mold- 
in<i;s  which  are  i^ot  out  in  strips  and  nailed  on  to  the 
surface  (jf  the  object. 

Laid-pa'per.  Paper  made  with  a  ribbed  surface 
like  thil  foniicrly  made  in  the  hand-frame. 

Lam'bre-quiii.  1.  A  euitain  on  the  helmet  to 
protect  fri):n  the  rays  of  the  sun,  like  the  cap  with 
a  valance  named  from  the  East  Indian  heio  "  Have- 
lock." 

2.  A  festooned  drapery,  forming  an  ornament  at 
the  upper  p:irt  of  a  window,  and  covering  the  cur- 
tain rin^-i  and  bar. 

Lamb's  Tongue.  A  jilane  with  a  deep,  narrow 
bit  for  making  quirks. 

Lam'e-ro.  A  walled  receiver,  where  the  slitn^-s 
(mud  chargi'il  with  auriferous  or  argentiferous  parti- 
cles, itv  botli)  are  deposited  from  the  arrastra,  to  part 
with  a  portion  of  their  water,  and  accumulate  till 
suttivient  to  form  a  torta,  in  which  the  amalgamation 
is  iierformed.     iSee  A.MAL;:.VM.\ror.. 

Lam'i-na-ted  Arch.  \  timber  arch  made  of 
.succ'ssive  thicknesses  of  planking  bent  on  to  a  cen- 
tering ami  secured  together  by  tree-nails.  Sec 
AllCIIEn  lil'.AM. 

The  0ns 'burn  Viaduct  of  the  Newcastle  and  Tyne- 
mouth  Ruh'o.ul,  England,  was  erected  on  this  prin- 
ciple. It  is  108  feet  high,  and  consists  of  5  andies, 
each  ll(i  feet  span,  and  two  stone  archies  at  each 
end,  4.T  feet  span. 

Another  briilge  has  7  arches  of  120  feet  each. 

Each  ai'ch  has  3  segmental  ribs,  each  of  which  has 
30  deck  deals,  3  inches  wide,  being  2  deals  in  wi<lth 
and  15  in  height.  The  deals  vary  from  20  to  45 
feet  in  loigtU,  and  are  laid  .so  as  to  break  joint. 
They  are  connected  by  oak  treenails,  each  of  which 
passes  through  3  thicknesses.  A  layer  of  brown 
paper  dipped  in  boiling  tar  is  laid  between  thick- 
nesses. The  ends  of  the  ribs  are  let  into  cast-iron 
shoes,  which  are  li.xcd  to  the  imposts  of  the  masonry 
piers.  The  ribs  are  connected  by  diagonal  braces 
and  iron  ties.  The  spandrels  are  strongly  framed. 
All  the  w<iod-\vork  was  ki/'inhed. 

Lam'i-na-ted  Pipe.  Water,  sewer,  or  gas  pipe 
made  of  thicknesses  of  veneer  or  scale  board  succes- 
sively wrapped  to  obtain  thickness  and  strength. 
Each  layi'r  is  thoroughly  saturated  *'ith  asphalt. 
and  the  grain  of  alternate  layers  passes  in  transverse 
directions,  so  as  to  secure  an  intimate  bond  and  a 
line  of  resistance  to  disruption  in  any  direction, 
lengthwise,  oblirpie,  or  across  the  pipe  circumfer- 
ence. The  veneer  is  sometimes  made  to  alternate 
with  fabric  or  an  ailhesive  composition. 

Lam'i-na-ted  Rib.  An  arched  beam  made  of 
planks  licut,  laiil  llitwise  in  layers,  and  secured  by 
bolts.      See  .\m  iiKi>  ISivVM. 

Lam'i-nat-iug- ma-chine'.  A  gold  -  heater's 
rolling-mill  fir  redaring  the  ini/n/  of  gold  to  such  a 
thichue.ss  that  a  s  |uare  inch  wiU  weigh  6h  grains. 
The  ingot  weighs  2  ounces,  and  is  J  inch  bi'oad. 
The  rollers  are  of  hard  steel,  and  extend  the  ingot 
to  a  ribbon.  The  gold  is  frerpieutly  annealed  during 
the  process. 

Lam'i-nat-ing-roU'er.  (,.Ucla!-icorl-i)ig.)  One 
of  a  set  by  which  a  fagot  or  bloom  is  drawn  out  into 
a  bar  or  sheet. 

Lamp.  A  device  in  which  an  artificial  light  is 
produced  by  the  burning  of  a  wick  saturated  in  oil 
or  licpiid  fat. 

Lamps  were  used  before  candles.  The  oil  was 
conducted  to  the  flame  by  means  of  a  wick,  before 


y 


man  learned  to  use  the  suet  which  hardened  upon  a. 
wick  and  made  a  rigid  rod  of  grease. 

"The  invention  of  artificial  light  has  extended 
the  available  term  of  human  life,  by  giving  the  night 
to  his  use  ;  it  lia-s,  by  the  social  intercour.se  it  en- 
courages, polished  liis  manners  and  refined  his  tastes, 
perhaps,  as  nmch  as  anything  else,  has  aiilcd  his 
intellectual  progress." 
—  DnAi'Ei:.  Fig.  2788. 

Lamps  Were  used  in 
early  ages  i[i  all  the 
ancient  civilized  coun- 
tries, China,  India 
Egypt,  Greece,  and  j 
Home.  Many  beauti-  \ 
ful  forms  from  these 
countries  are  to  be 
found  in  collections: 
es|iecially  from  the  ex-  t> 
cavations  of  Pompeii. 
Sepulchral  lamps  were 
conmionly  j'laccd  in 
tombs,  and  have  thus 
been  Jiieservcd  in  many 
cases. 

Homer  makes  no 
mention  of  them, 
though  they  had  been 
long  in  use  in  Egypt, 
and  it  is  understood 
that  he  had  seen  the 
Thebes  he  portrayed. 
The  upper  three  fig- 
ures, a  b  c,  are  repre- 
sentations of  Egyptian 
lamps  found  in  the 
tombs.  The  constella- 
tion Leo,  shown  upon 
the  largest  lamp,  was 
IJic  favorite  sign  in 
Egypt,  for  then  Osiris 
(the  Nile)  came  forth 
and  embraced  all  the 
fertile  laml  of  Egypt 
even  unto  the  desert, 
and  retiring  left  the 
fertile  deposit,  from 
which  sprung  all  the 
prod\ictions  of  the 
country. 

(/  c  f  are  ancient  Eu- 
ropean lamps. 

The  Egyptian.s,  ac- 
conling  to  Clemens 
Alexandrinns,  were  the 
first  who  used  lamps 
in  their  temples. 
Green  porcelain  lamps 
were  found  in  the  great 
]iyramids  of  Ghizeh 
and  Sakkarah.  The 
festival  of  Isis  at  Bu- 
siris  was  called  the 
Feast  of  Lamps.  The 
lamjis  had  wicks  float- 
ing in  oil  which  rested 
on  salt-wati'r.  Tliey  were  used  in  tin 
and  in  the  temple  of  the  ,Iews. 

In  Hero's  "Spiritalia,"  150  B.  c,  is  a  description 
of  a  lamp  (f/)  in  which  a  supply  of  oil  I'rom  a  reser- 
voir below  is  driven  up  by  means  of  air  introduced 
into  the  base  by  au  air-pumji.  In  another  form  of 
Hero's  lamp,  the  oil  is  rai.sed  by  water,  introiUiced 
below  the  oil  by  means  of  a  pipe. 


•:i- 


Ancient  Lamps. 

talicrnacle 
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"Al-mansur  first  i-,hisl'(1  w;ix  to  be  burnt  in  the 
interior  [of  the  mosque  of  Cordova]  in  addition  to 
oil,  thus  combining  the  etiect  of  lioth  liglits."  — 
JIaklvari's  (Arabic)  "  History  of  the  Slohainniedaii 
Dynasties  of  Spain." 

For  varieties,  see  under  the  following  heads  ;  — 


Annealing-lamp. 

Aphlogistii-damp. 

Argand-lamp. 

Astral-lamp. 

Carcel-lamp. 

Car-lantern. 

Clock-work  lamp. 

Davy-lamp. 

Dobereiiier's  lamp. 

Electrical  lainp. 


Jliner's  lamp. 

Jlonochromatic  lamp. 

Petroleum-lami). 

Pump-lamp. 

Safety-lamp. 

Signal-lamp. 

Singeing-lamp. 

Sinumbra-lamp. 

Solar-lamp. 

Street-lamp. 


Fountain-reservoir  lamp.    Student's  lamp. 


Sul)uiarine  lamp. 

Sun-burner. 

Switch-lantern. 

Tar-lanip. 

Vapor-burner. 

Vapor-larap. 


Frost-lamp. 

Hydrogen-lamp. 

Hydrostatic  lamp 

Lamp-stove. 

Lantern. 

ilagnesiuni-larap. 

Meeliauical  lamp. 

Lamp'black.  A  black  pigment,  consisting  of 
pure  charcoal,  the  particles  of  which  are  in  a  very 
fine  state  of  diHsion.  It  is  principally  prepared  from 
refuse  tar,  resin,  or  turpentine,  tliough  it  may  lie 
produced  from  a  variety  of  other  substances,  animal 
and  vegetable. 

The  tar,  resin,  etc.,  is  burned  in  iron  pots  or  a 
furnace,  a  quantity  of  air  just  suHicient  to  support 
combustion  being  admitted,  in  order  to  produce  a 
dense  smoke  with  little  flame. 

The  smoke  is  let  into  cylindrieal  iron  chambers, 
lined  with  sheepskin,  woolen  cloth,  or  canvas.  Each 
chamber  is  provided  with  a  roof  fitting  within  it  and 
suspended  by  a  pulley  and  chain.  This  is  lowered 
occasionally,  scraping  the  lampblack  from  the  sides 
of  the  cylinder,  and  depositing  it  on  the  bottom, 
whence  it  is  removed  through  a  small  door  liy  means 
of  a  hoe  or  scraper.  A  series  of  chambers  may  be 
u.sed,  communicating  with  each  other  by  horizontal 
passages.  In  this  case  the  roof  of  the  last  is  partially 
open  at  top  to  permit  a  draft.  The  black  de- 
posited in  this  is  the  finest  of  all,  but  contains  more 
or  less  resinous  and  oleaginous  matter.  This  is  re- 
moved by  heating  the  black  to  a  red  heat  in  cast- 
iron  boxes  with  close  covers,  and  maintaining  it  at 
that  temperature  for  two  or  three  hours. 

Ivory-black,  largely  used  as  a  ])igment,  and  bone- 
black,  employed  in  refining  sugars,  are  produced 
from  animal  bones.  A  bluish  black,  termed  peach- 
black,  is  derived 
from  the  combus- 
tion of  peach  ker- 
nels. 

Lamp'black- 
fiir'nace.  A  cy- 
lindrical chamber 
lined  with  sheepskin 
or  canvas,  and  hav- 
ing a  conical  top. 
The  top  is  provided 
with  a  cowl  through 
which  the  more  vol- 
atile products  of 
combustion  escape, 
the  carbon  adhering 
to  the  lining  of  the 
chamber.  At  one 
side  is  a  smaller 
Lamphlark  Furnace  (J  0  m  m  n  n  i  e  a  t  i  n  g 


compartn\ent  provided  with  a  grate,  on  which  a  ves- 
sel containing  the  hydrocarbon,  resin,  coal-tar,  or 
similar  substance,  is  placed,  and  heated  by  a  fire 
beneath. 

When  a  sufficient  quantity  of  black  has  accumu- 
lated, a  cone,  having  a  small  jierforation  at  its  sum- 
mit, suspended  within  the  main  chamber,  is  low- 
ered, scraping  ott'  the  deposit  accumulated  on  the 
lining,  and  causing  it  to  fall  to  the  bottom,  whence 
it  is  removed  by  a  suitable  implement.  In  this 
stateitcontains  resin- 
ous, bituminous,  and 
other  impuiities, 
wliich  are  driven  otf 
by  heating  to  redness 
in  a  close  vessel,  leav- 
ing nearly  pure  char- 
coal in  an  extremely 
comminuted  state. 

Lamp-brack'et. 
A  brancli  extending 
from  a  wall  or  pillar, 
to  hold  a  lamp.  C  is 
the  ring  for  the  lamp- 
bowl,  if  the  reflector 
which  slips  on  the 
]iin  J  oi  the  bracket 
B,  which  is  hinged  to  the  jilate  so  as  to  swing  hori- 
zontally. 

Lamp-bum'er.  The  portion  of  a  lamp  at  ivhieh 
the  wick  is  exposeil  and  ignited.  It  has  devices  lor 
adjusting  the  wick,  and  its  crowning  portion  is 
usually  such  as  to  dellect  a  current  of  air  ujion 
the  wick  to  insure  a  more  perfcit  combustion.  In 
the   example,  F  is   the  wick-raising  wheel,  E  the 

Fig  2702. 


hamp- Bracket 


Lamp-Burner. 


Double-Wick  Burner. 


wick-tube,  D  the  gallery  for  the  Hanged  foot  of  the 
lamp-chimney. 

In  Fig.  2792  the  wicks  in  the  two  curved  tulies 
are  raised  simultaneously  by  two  serrated  wheels, 
which  mash  together.  The  air  ]iasses  iipward  both 
within  and  outside  the  wick-tubes. 

Lamp-ce-ment'.  A  cement  for  brass  mountings 
on  glass,  sucli  as  on  lanijcs,  is  made  by  boiling  resin 
3  with  caustic  soda  1  in  water  5,  thus  in.iking  a 
kind  of  soa]i,  which  is  mixed  with  half  its  weight  of 
plaster  of  paris,  zinc-white,  white-leail,  or  precipi- 
tated chalk.  It  is  unaffected  by  petroleum  or  sind- 
lar  burning-fluids. 

Lamp— chim'ney.  The  glass  funnel  which  in- 
creases the  draft  ami  protects  the  flame  of  a  lamjL 

L'Ange  invented  the  lam])-chimney.  He  added 
it  to  the  tubular  wick  and  central  air-tube  of  Ar- 
ganil's  lamp,  and  peifectcd  the  invention. 

Lamp-chimneys  are  usuallv  of  gla.ss,  but  have 
been  made  of  mien,  metal  with  mica  windows,  hoiTi, 
and  porcelain.  Their  forms  are  various,  from  the 
straight  cylimler  of  the  German  .student's  lamp  to 
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the  obese  biilh  of  coninioiiei'  varieties.  They  have 
also  been  inaile  in  various  eonvoluteil  aiij  spiral 
forms,  <lesigneil  to  give  greater  liberty  of  e.xpaiisiou 
witli  rliaiiges  of  temperatui'e.  They  have  also  been 
split  longitiiclinally,  spirally,  anJ  made  with  holes, 
tile  intention  bcin.i;  in  each  ease  to  make  them  less 
liabli'  to  I'lartuiv  liy  heat  or  a  lilow. 

Lamp-chim'ney  Ad-just'er.  A  means  for 
raising  and  lowering  a  glass  lamp-ehimney  in  order 
to  modily  the  dralt,  or  to  allow  the  wiek  to  be 
snntl'ed  without  lifting  olV  the  rliininey. 

Lamp-chim'iiey  Clean'er.  {Domestic.)  A 
pad  or  brash  for  cleaning  the  ehinmeys  and  glasses 


Fig.  2793. 


Lamp-Ckimney  Chaner.y 

of  lamps.      It  is  usually  made  e.xpanding,  so  as  to 

bear  upon  opposite  portions  of  the  inside.     A  few  of 

the  many  varieties  are  shown  in  Fig.  2793. 

Lamp-chim'ney   Tongs.      An  implement  for 

grasping  a  hot  lamp-chimney  and 

Fig  2794.  removing  or  rcplai'ing  it. 

Lamp-cone.  A  dome-shaped 
or  conic'al  cap,  with  a  slit  for  the 
flame,  and  placed  over  and  around 
the  wick  and  wick-tube  of  a  lam]), 
to  concentrate  the  current  of  air  at 
throat   of  the   cone.     See    Lami'- 

BlinXEU. 

Lamp-el'e-ya-tor.    A    means 
of  adjusting   the   hight  of  a  sus- 
pended lamp  in  a  room.     It  usually 
has  a  telescopic  tube,  lazy-tongs,  or 
I  pulleys  and  chains,  with  connter- 
"weights.     Sci!  Diioi'-i.ToiiT. 

Lamp-hang'er.     A    means    of 
snspi'uding  a  lamp,  con.sisting  of  a 
ring  and  chains,  or  other  device. 
A  stand  for  a  street-lamp,  usually 
the  pipe  rises  inside  the  hollow 
post,  with  a  burner  on  top  surrounded  by  a  glazed 
lantei'u. 

Lamp-posts  are  made  to  subserve  other  purposes, 
such  as  holding  basins  for  drinking-fountains,  the 
water  being  conducted  up  the  hollow  of  the  post. 
Through  the  same  may  also  pass  the  wires  whereby 
the  jet  of  gas  is  lighted  by  electric  action. 

Lam'pro-type.  (Pliotograp/ii/.)  A  polished  col- 
lodion ]>ictui-e  ;  from  the  Or.  himpros^  beautiful. 

Lamp-shade.  A  screen  placed  above  the  light 
to  iutercu'])t  or  mellow  it.  It  may  have  a  dark  ex- 
terior  and   reflecting  interior  surface.     In  the  list 


Lajnp-Chimney 
Ton»s. 

Lamp-post. 
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below  are  some  comparisons  of  transparent  and  par- 
tially opaipie  materials. 

Loss  of  Light  by  Use  of  Shades  and  Colored  Media. 
(F.  If.  Storer  and  Allan  Stevenson.) 

Glass,  etc. 
American  enameled 
Crown        .... 
t-'rystal  plate . 
English  plate 
Porcelain  transparency  . 
Parisian  pink  tinge    . 
Deep  red 
Window-glass     . 
Window-glass  (green) 
Window-glass  (ground) 

The  shade  is  nsnally  supported  from  the  lamp- 
stem  or  around  the  base  of  the  burner  by  means  of 
a  three-branched  frame  known  as  a  shade-holder. 

Lamp-stove.  One  in  which  the  heat  is  ob- 
tained by  the  burning  of  oil  in  wicks  beneath  the 
kettle,  oven,  or  what  not. 

Lamp-wick.  The  capillary  or  foraniinous  ma- 
terial which  conducts  oil  or  grease  to  the  part  where 
it  is  consumed  in  the  flame. 

Wicks  are  usually  of  woven  fiber,  —  cotton,  for  in- 
stance,—  but  have  been  made  of  muslin,  J)aper-pulp, 
asbestus,  biscuit  of  fire-clay,  etc. 

The  tubular  lamp-wick  was  made  for  the  Argand 
lamp,  to  admit  air  to  the  inside  of  the  flame  as  well 
as  the  outside.  Wicks  ai-e  also  made  Hat,  to  admit 
air  to  each  si<le  of  a  Hat,  conijiaratively  thin  Hanje. 

The  tubular  wick  leu-  candles,  in  imitation  of  the 
wick  of  the  Argand  lamp,  has  been  patented  si,\ 
times  in  England.  Candle-wicks  are  al.so  made  flat  ; 
double,  with  space  between,  to  l:>end  out  in  burning  ; 
wick  woven  or  wound  sjurally :  plaited  wii-e  en- 
closed in  longitudinal  thrcails  ;  woven  with  asbes- 
tus ;  parallel  threads  laid  longitudinally  ;  wicks 
coated  with  various  materials,  such  as  resin,  stearic 
acid,  silicate  of  soda,  size,  glue,  oil,  or  in  solution 
of  alum,  salts  of  bismuth,  borax,  chlorate  and  nitrate 
of  jiotash,  ammonia,  sal  ammoniac,  acetates  of  lead 
or  zinc  ;  wicks  which  bend  out  of  the  flame  in  burn- 
ing ;  stationary  wicks  to  which  candle  is  raised  ; 
double,  triple,  (Compound,  and  nmltiple  M'icks  ;  flat 
wicks,  maile  hollow  by  folding  around  a  wire  ;  can- 
dles with  seveial  small  wicks. 

Lamp-'wick  Trim'mer.  A  pair  of  scissors  or 
nipiier.s  specially  designed  for  cutting  off  the  charred 
tojis  ol'  wiiks  without  drojiping  the  snufl'. 

Lan'cas-ter  Gun.  A  canm^n  with  a  twisting, 
slightly  o\al  bore  and  comadal  projectile. 

Lan'cas-ter  Ri'fle.  One  with  an  elliptic  rifling, 
the  bore  being  slightly  oval  in  section.  The  twist 
is  one  turn  in  32  inches,  which  is  the  length  of  the 
barrel  ;  bore,  .498  inch  ;  eccentricity,  .01  in  half  an 
inch.  The  lateral  expansion  of  the  bullet  causes  it 
to  fill  the  bore.  Length  of  bullet,  2i  diameters  with 
a  windage  of  4  thousandths,  and  has  a  ]>aper  patch, 
—  the  first  of  its  kind.     Named  from  the  inventor. 

Lauce.  1.  (Jl'capon.)  A  weapon  consisting  of 
a  long  shaft  with  a  sharp  point,  much  used,  partic- 
ularly before  the  invention  of  fire-arms.  It  was  the 
principal  weapon  of  the  Macedonian  phalanx,  and 
the  Koman  infantry  were  armed  with  it  as  well  as 
with  the  pilnm  or  javelin. 

In  the  Middle  -Ages  it  was  held  in  the  highest  re- 
put(^  by  knights  and  men-at-arms  who  formed  the 
main  strength  of  European  armies  ;  it  was  gradually 
sujierseded  by  the  invention  of  gunpowder. 

The  lance  used  by  knights  of  the  Miildle  Ages  was 
of  a  peculiar  form.    Near  the  lower  end  the  shaft  was 
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very  thick,  with  a  deep  opening  in  which  the  arm 
was  placed  when  the  lance  was  put  in  rest  prepara- 
tory to  a  charge.  Iin!nediately  in  front  of  tlie  open- 
ing, the  shatt  was  from  a  foot  to  a  foot  and  a  half 
in  diameter,  and  sloped  off  towards  the  uppt'r  end, 
which  was  from  a  half-inch  to  three  quarters  in  di- 
ameter. 

From  this  weapon  the  cavalry  of  the  Middle  Ages 
took  their  name.  A  lance  denoted  a  man-at-arms 
(horseman  completely  armed)  with  four  or  five  at- 
tendants. Anion";  the  French  in  the  fifteenth  cen- 
tury these  attendants  consisted  of  three  archers, 
one  coutilicr  (so  named  from  the  long  broad  dirk  in 
his  belt),  and  one  page  or  varlet  (mod.,  ralct).  The 
introduction  of  lire-arms  gradnally  led  to  the  disuse 
of  the  lance  in  Western  Europe,  though  it  continued 
in  use  among  the  Poles,  Russians,  and  other  .Sclavonic 
tribes,  as  well  as  the  Turks,  Tartars,  and  kindred 
nations.  Frederick  the  Great  introduced  lancers  into 
the  Prussian  army,  and  was  soon  I'oUowed  by  the 
Austrians,  who  term  them  Uliitis,  and  they  have 
been  since  introduced  into  all  or  most  of  the  armies 
of  Europe. 

The  lances  now  in  use  among  the  European  cav- 
alry have  a  shaft  of  ash  or  beech-wood  from  8  to  IG 
feet  long,  with  a  steel  point  S  or  10  incites  long, 
and  to  pr'event  this  from  being  cut  off  by  a  saber 
.stroke,  the  shaft  is  guarded  by  a  strip  of  iron  on 
each  side  from  one  and  a  half  to  two  feet  long.  The 
other  end  has  an  iron  cap  to  ]>rerent  splitting.  The 
point  has  a  small  pennon,  intended  to  frighten  the 
enemy's  horses.  When  not  in  use,  the  lance  is  car- 
ried in  a  leatliern  shoe  by  the  right  stirrup,  depend- 
ent by  a  leathern  thong  on  the  right  arm.  In  use, 
it  is  carried  under  the  right  arm.  Their  attempted 
introduction  into  the  American  service  in  the  Army 
of  the  Potomac  was  not  a  .success. 

2.  (PjirolrciiHics.)  Lances  are  small  paper  ca.ses, 
Idled  with  composition,  and  attached  to  light  frames 
of  wood  or  bamboo  to  mark  the  outlines  of  the  figures 
in  pyrotechnical  devices.  Various  chemicals  are  used 
to  give  the  desired  color  to  the  Hame,  viz.  :  — 

For  white  :   26  niter,  9  sulphur,  5  mealed  powder. 

For  yellow  :  8  nitrate  of  soda,  2  sulphur,  2  mealed 
powder,  1  lampblack. 

For  red  :  30  nitrate  of  strontia,  16  niter,  10  sul- 
phur, 7i  mealed  powder. 

For  blue  :  4  niter,  1  sulphur,  2  sulphate  of  cop- 
per, ammoniated. 

For  green  :  12  niter,  8  sulphur,  1  lampblack,  2i 
nitrate  of  baryta. 

3.  (Carpciiinj.)  A  pointed  blade,  usually  em- 
ploj'ed  to  sever  the  grain  on  each  side  of  the  intend- 
ed path  of  a  ell  ipinii'j-bit  or  router. 

It  is  used  in  crozes,  planes,  and  gages  of  certain 
kinds. 

Lance-buck'et.  (C'nvalr;/.)  The  shoe  in  which 
the  butt  of  a  lance  is  carried  by  the  troopers  of  cer- 
tain bodies  of  cavalry. 

Lan'cet.  1.  (Surgical.)  An  instrument  for 
bleeding. 

a,  gum  lancet  with  three  blades  of  different  shapes. 

b,  vaccinatiii'j  lm\cft,  spear-shiiped. 

c,  needle-pointed  vaccinating  lancet. 

el,  scarifieat'jr  for  lancing  the  skin  preparatory  to 
cupping. 

e,  syjn'Hjf-lancet  for  bleeding,  consists  of  a  spring, 
trigger,  and  blade.  The  spring  is  cocked,  blade  ad- 
justed to  the  vein,  and  by  pressing  the  trigger  the 
blade  operates  instantly.     Shown  in  its  pocket-case. 

/,  Mifi/ii-lancet,  so  called  from  the  manner  of 
holding  it. 

The  discover}'  of  minute  vessels,  termed  Inctrals, 
which  absorb  a  white  lifpiid,  the  chyle,  and  pour  it 


into  the  blood,  was  maile  by  Aselli,  in  1622.  Their 
presence  had  been  noticed  by  Eristratus  in  the  time 
of  Ptolemy,  but  their  function  was  not  undei-stood. 
Aselli  described  them  in  his  De  Venis  Lnctei-s,  Mi- 
lan, 1627.  Tliis  work  is  remarkable  as  being  the 
tirst  anatomical  work  illustrated  by  colored  plates. 
The  arteries  and  veins  in  red,  the  lacteals  in  black. 

Fig.  2795. 


The  smaller  circulation  of  the  lilood,  that  from  the 
heart  through  the  lungs  and  return,  was  observed  by 
Servetus.  He  was  burnt  October  27, 15o-3,  at  Geneva, 
by  the  order  of  the  city  council  of  Geneva,  aided  by 
one  who  had  barely  escaped  the  same  fate,  and  knew 
better.  The  pulmonary  circulation  was  distinctly 
described  by  Kealdus  Columbus  in  his  De  Re  Anato- 
mien,  published  in  lo59,  and  by  Andrew  Cajsalpinus, 
who  also  noticed  the  refluent  motion  of  the  blood  in 
the  veins.  Sylvius  noticed  the  venal  valves.  Fabri- 
cius,  of  Acquapendente,  noticed  that  they  all  opened 
towards  the  heart. 

William  Harvey,  liorn  in  1578,  studied  at  Cam- 
luidge,  and  under  Fabricius  at  Padua,  and  made  the 
discovery  of  the  nature  of  the  arterial  and  venal 
circulations,  and  the  complete  double  circulation,  in 
1616. 

Lancets  of  copper  were  disinterred  in  Pompeii  in 
1819,  in  the  house  of  a  Eoman  surgeon  in  the  Via 
Consularis.  They  were  in  company  with  a  probe, 
bullet-hook,  cathetei-.s,  forceps  of  vaiious  kinds,  nee- 
dle, lever  for  raising  depressed  bones,  cautery,  spat- 
ulas, etc. 

2.  (Metal-H'Orkiiig.)  The  tapping-b.ar  of  a  metal 
furnace. 

Lan'cet-arch.  {Masminj.)  An  arch  with  a 
sharply  pointed  top.      See  Akcii. 

Lan'cet-vrin'do'v?.  (Architecture.)  A  high, 
narrow  \i  indow  terminating  in  a  very  pointed  arch. 
It  is  characteristic  of  the  style  of  Gothic  known  as 
Early  Eugli.sh. 

Land.  1.  (.Villing.)  That  part  of  the  face  of 
a  millstone  which  is  not  furrowed  ;  that  which  in- 
tervenes between  the  furrows. 

2.  {Agriculture.)  The  unplowed  portion  of  a  field 
as  distinguished  from  the  furrow  and  the  plowed 
portion. 

3.  (Firc-anns.)  That  portion  of  the  bore  of  a 
rifle  which  is  not  occupied  by  the  grooves. 

4.  (Steam-engine.)  The  unperforated  portion  of 
the  face-plate  of  a  slide-valve. 

5.  (Nautical.)  The  lap  of  the  strakes  in  a  clinch- 
er-built lioat.     Also  called  landing. 

Lan'dau.     (Vehicle.)    A  carriage  with  a  folding 
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top,  called  from  Landau  in  Germany,  where  they 

were  ori^iuiilly  made. 

Lan-dau-let'.     A  chariot  ojieiiing  at  top. 

Land'ing.  1.  A  pier,  wharf,  or  jetty,  lor  disem- 
barkiii^  passengers. 

2.  Tlie  platlurm  of  a  railway  station. 

3.  Tlie  jilatform  of  a  furnace  at  the  charging  liight. 

4.  A  level  .space  at  the  top  of  a  liight  of  stairs. 
Laud'ing-strake.      (yaulical.)        The     upper 

.strake  liut  uiie,  of  a  boat. 

Land-mark'er.  A  machine  for  laying  out  row.s 
for  planting.  In  the  example,  the  vehicle  has  four 
angular-tired  wheels,  which  are  at  the  rei^uired  dis- 


Fig.  2796. 


Land-3Iarher. 

tance  apart,  say  44  to  48  inches,  for  planting  corn, 
according  to  latitude  and  kind  of  corn,  m  is  the 
driver's  seat,  supported  on  posts  on  the  outer  sec- 
tions. 

Land-paring  Ma-chiue'.  A  machine  for  cut- 
ting sods  and  turfs  at  a  regulated  distance  beueath 
the  surface.     A  form  of  plow. 

Land-roU'er.  One  for  leveling  ground  and 
mashing  clods  in  getting  land  into  tilth  for  crops. 

Fig.  2797. 


In  the  example,  the  rollers  are  so  coupled  together 
that  they  may  travel  in  different  planes,  and  are  left 

Fig.  2793. 


Lnnf/-Rotlfr  trtlft  Seeder. 


free  to  pass  over  obstructions  independently.  The 
roller  in  two  parts  is  turned  readily,  as  one  may  re- 
volve in  one  direction  and  the  other  in  the  other 
direction  'in  turning  short  at  the  end  of  a  bout. 

Fig.  "27SI8  is  a  roller  witli  circumferential  ridges 
to  break  clods,  and  has  a  seeding  deWce  at  the  rear. 

Laud'side.  (Plow.)  The  Hat  side  of  a  plow,  to- 
wards the  land.  The  lower  portion  is  a  bar  extend- 
ing liack  fro[n  the  .share  ;  and  the  uppier  ]>ortion  is  a 
[ilate  attached  to  the  sheth  and  the  lamlside  hainile. 

Land-tie.  A  rod  securing  a  face-wall  to  a  bank. 
Sec  I'll.K, 

Lan'gate.    A  linen  roller  used  in  dressing  wounds. 

Lan'grel.  (IFcajmn.)  A  kind  of  missile  formerly 
used  to  destroy  the  rigging  of  an  enemy's  vessel. 

It  was  a  cylindrical  cage  or  bundle  to  lit  the  bore 
of  the  gnn,  and  w.as  filled  with  bolts,  nails,  and 
chunks  of  iron. 

Lan-guet' ;  Lan-guette'.  ].  [Music.)  (Fr. 
lancjuc,  tongue.)  The  tongue  of  a  metallic  organ- 
pipe  of  the  mouth  or  flute  kind.  It  nearly  closes 
the  area  of  opening  in  the  pi)ie  at  a  point  opjio.site 
to  the  slit,  so  as  to  compel  the  air  entering  at  the 
lower  end  of  the  pipe  from  tlie  bellows  to  |iass  to- 
wards the  slit  which  forms  the  moufh.  The  issuing 
sheet  of  air  impinges  against  the  metal  bounding  the 
up]ier  edge  of  the  slit,  so  as  to  divide  against  the  lip, 
and  acquire  a  vibi-ation  which  is  conmiunicated  to 
the  column  of  air  in  the  tube,  producing  a  musical 
note.     See  Mouth-pii'e  ;  Pipe. 

2.  A  thin  tongue  of  metal  placed  between  the 
blades  of  a  comb-cutter's  saw,  to  preserve-  their 
distance. 

3.  A  small  piece  of  metal  on  a  sword-hilt  which 
overhangs  the  scabbard. 

Laii'iard.  (Nautical.)  A  coitl  or  line  for  seiz- 
ing iibjcits  on  board  .ship.     See  L.\nyaku. 

Lan'tern.  1.  A  case  with  transparent  sides  or 
panes  for  holding  and  protecting  a  himinons  body. 

The  /iHHrf-lantern  (o),  ((r»i -lantern  (4),  breasl-\<m- 
tern    (c),    are    named 
from  the  modes  of  car-  Fig.  2899. 

rying  them. 

They  are  known  on 
board  ship  by  their 
position  or  duty  ;  as, 
^Mt^i-lantern,  potvder- 
rooin  lanteni,  etc. 

I'crliaps  the  original 
lantern  is  to  be  found 
in    some   varieties    of 
firellies,  in  which  the 
phosphorescent   light,  •* 
like    Alfred's    lantern 
(.\.  n.  890),  is  protect- 
ed by  a  horny  cover- 
ing.    The  ordinary  American  firetly  and  the  glow- 
woini  have  integuments  over  their  little  bunches  of 
brilliancy. 

Some  species  of  nocturnal  moths  sail  through  the 
dark  oceans  of  night,  carrying  lanterns  at  their  prows 
in  the  shape  of  eyes,  which,  black  or  brown  by  da)', 
become  glowing  sparks  in  the  gloom. 

It  may  not  be  entirely  out  of  ]dace  to  class  some 
of  these  natural  lights  among  the  "electric  lights." 
Some  of  them  are  intermittent,  and  we  suppose  them 
to  be  urged  into  brilliancy  by  what  we  call  a  Voltaic 
imjiulsi'  fi'om  the  battery,  the  brain. 

The  r?(()'A:-lantern  is  arranged  to  display  or  hide 
the  light,  as  may  be  required.  It  is  used  by  jiolice- 
men  and  by  burglars. 

The  ?nf/(/i'f-lanterii  is  a  nmde  of  dis]ilaying  pic- 
tures, which  are  made  to  slide  between  a  light  and  a 
lens,  their  image  being  throivn  upon  a  screen. 


Lanterns. 
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LANTERN. 


Fig.  2S00. 


Perhaps  the  earliest  example  of  a  lantern  is  in  a 
sculpture  at  Alahastvon,  Egypt  (a,  Fig.  2S00),  rep- 
resenting a 
patrol  on  its 
rounds,  two 
soldiers  being 
armed  with 
spears,  shields, 
and  battle- 
axes,  and  a 
third  one  car- 
rying a  lan- 
tern a  little  in 
advance.  The 
panes  were 
probably  of 
talc,  the  lapis 
specnlarius  of 
the  Ronians. 

The  modern 
Egyptian  lan- 
tern consists  of  a  waxed  cloth 
strained  over  a  cylinder  of  wire 
rings,  and  having  a  top  and 
bottom  of  perforated  i-opper. 

The  mob  came  out  from  Jeru- 
salem to  search  for  the  Saviour 
with  lanterns  and  weapons. 
Tlie  moon  rose  at  about  6  i:  M. 
on  that  night,  but  it  was  prob- 
';)  ably  cloudy,  or  ,T\idas  may  have 
suspected  that  his  master  would 
hide  in  some  covert  on  the  moun- 
tain. 

Lanterns  are  referred  to  by 
the  Greek  authors  :  — 

*'The  man  who  first  invented  the 
idea 
Ofwalkingoutby  nijht  iritha  lantern, 
Was  very  careful  not  to  burn  his  fin- 
gers.'" 

Alexis. 


3.  The  upper  member  of  a  lighthouse  containing 
the  light. 

4.  {Architecture.)   A  small  cupola  or  dome-topped 
structure  on  a  roof  or  tower.     A  Iholiis.     The  tho- 


Fig.  2801 
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Ancient  Ijinterns. 
a,  Egyptian ;  6,  Roman. 


'*  So  taking  out  the  candle  from  his  lant«m." 

Ibid. 

"  A  well-lit  horn  lantern." 

EuM£Lus ;  quote-J  by 
AthexjEus,  .t.  D.220. 

The  lanterns  of  Epictetus  and  Diog.'Ues  will  not 
be  soon  forgotten.     See  also  Candle. 

Lanterns  are  referred  to  by  the  Roman  author.s 
Plautus,  M.irtial,  and  Pliny  ;  have  been  disinterred 
at  Herculaneum  and  Pompeii.  In  the  latter  place, 
one  was  fountl  in  the  vestibule  of  a  house  alongside 
a  skeleton  ;  the  person  was  evidently  trying  to  es- 
cape in  the  thick  darkness  of  the  descending  a.shes. 
We  read  of  the  use  of  lanterns  in  the  games  of  the 
circus,  the  sacred  games  of  Greece,  in  augury,  and 
by  the  military.  In  the  latter  case,  the  Roman 
soldier  carried  the  lantern  on  a  pike,  as  did  the 
Egyptiin  ten  centuries  previously,  and  how  much 
anterior  to  that  time  we  do  not  know. 

The  Roman  lantern  (laienia)  was  usually  of  bronze, 
with  panes  of  bladder,  horn,  mica,  parchment,  oiled 
silk,  or  sometimes,  under  the  em]ieror.s,  of  glass. 

One  is  shown  at  h.  Fig.  2800.  It  is  cylindrical. 
The  bottom  plate  has  three  balls  for  feet,  anrl  three 
posts  for  suspension.  The  metal  is  bronze.  Within 
is  a  lamp  of  the  same  metal.  The  interior  was 
reached  by  raising  the  hemispherical  cover. 

A  great  ship-lantern  hanging  by  the  poop  of  a 
vessel  appears  on  Trajan's  column. 

Alfred  the  Great  had  a  horn  lantern  aroimd  the 
graduated  cjrndle  which  was  his  time-measurer. 

2.   The  light-chamber  on  top  of  a  lamp-post. 


Lantern- BeUoics. 

Ins  of  the  United  States  Capitol  is  illuminated  by  a 
cluster  of  burners  lighted  by  electricity  from  the 
level  of  the  rotunda  floor,  264  feet  below\ 

5.  A  trundle-wheel.    A  wallovxr.    See  Lantekn- 

WHEF.L. 

6.  (Calico-printing.)  A  certain  description  of 
apparatus  by  wdiich  steam  is  apjilied  to  cloths  in 
order  to  fix  the  colors  with  whicli  they  have  been 
printeil.  The  colors  consist  of  a  mixture  of  dye- 
extracts  and  mordants.  ■  The  lantern  has  a  frame 
with  tenter-hooks,  from  which  the  cloth  is  suspend- 
ed in  a  zigzag  manner  ;  and  a  jjenthouse,  with  a  py- 
ramidal roof  encloses  the  frame  and  cloth,  shutting 
in  the  steam  around  them. 

7.  (Founding.)  A  hollow,  perforated  core  of  large 
diameter  relatively  to  its  length. 

FiK.  2802 


Lnntem-Pump. 
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LAP-150AUD. 


Lan'tern-bel'loTws.  So  called  I'lom  its  resem- 
blance ti)  a  jiapi'i-  lantern. 

■  Air  is  ailiiiitted  througli  an  inwanlly  oi)eiiing 
valve  at  tlie  outer  end  of  the  belluws  in  the  action 
of  drawing'  it  out,  and  ex]ieUed  liy  pushing  it  in  liy 
means  of  the  liandles  operated  ^in  the  exanii)h')  by 
the  right  and  h'ft  liands  of  the  workman,  their  altei-- 
nate  action  causing  a  continuous  blast.  Tliey  may 
lie  arranged  to  be  ojierated  by  the  feet.  Tliis  appa- 
ratus is  of  great  antiipiity,  and  is  still  in  general  use 
in  Asia  and  Egypt. 

Lan'tern-pin'ion.  A  pinion  of  rundh-s  between 
disks  niadiiug  into  the  cog-wheel  of  some  kinds  of 
horse  powers.      See  L,\NTIii;N-\VHE[;L. 

Lan'tern-pump.  Om?  having  a  pair  of  disks  at 
the  ends  of  a  tle.\ible  cylinder,  like  a  Chinese  lan- 
tern.    See  B.\G-i'r.Mr. 

Lan'tern  Stuffing-box.  A  long  stuHing-bo.x 
Vitli  tightening  bolts,  used  in  some  marine-en- 
gines. 

Laii'tern-'wheel.    This  is  allied  to  the  cog-wheel, 
the  bars  or  spindles  which  con- 
Fig.  2803.  nect  the  parallel  heads  being  so 
spaced    and   proportioned   as    to 
engage  with  the  cogs  of  tlie  spur- 
wheel.     It  is   a   ciieap   form  of 
wheel,  anil  is  sehlom  used  where 
faiilities  are  at  hand  for  making 
Lantern-W/ieel.       better.      It  bears  the  relation  of 
a  pinion  to  the  spur-wheel.     It 
is  sometimes  called  a  njallower  or  trundle  wheel, 
from  the  Ir.iindlrs  or  nmdles  of  which  it  is  made. 

Lan'yard ;  Lan'iard.  (Nautical.)  A  cord,  line, 
gasket,  or  sennit,  for  seizing  or  lashing  objects  on 
board  ship  ;  as,  — 

The  rope  which  passes  through  the  dead-eyes, 
hearts,  or  thimbles,  used  in  setting  up  shrouds  or 
stays. 

The  lanyards  of  the  cat-hook  ;  the  fish-tackle. 

The  lanyards  of  the  buoy  ;  the  lashing. 

Tlie  lanyards  of  stoppers,  etc. 

A  lashing  for  securing  the  gun-ports  ;  fastening 
spars  in  their  bcclccts  ;  boats  to  the  ring-bolts  on 
deck  ;  the  hatches  to  the  coaniiiifis ;  the  binnacle  in 
its  ])lace  ;  suspending  the  hammocks  from  the  hooks 
of  the  deck-beams. 

{Ordnance.)  A  strong,  double-twisted  twine  about 
2  inches  in  diaim^ter,  12  feet  long,  and  having  a 
liook  at  one  end  and  a  toggle  at  the  other.  It  is 
used  to  pull  the  trigger  of  the  gun-lock  of  a  piece  of 
ordnance,  or  to  jerk  the  frii-tion  tube,  according  to 
the  modern  plan  of  tiring  cannon. 

Lap.  1.  [(irindimj  and  Polishing.)  A  wdieel, 
disk,  or  piece  of  soft  metal  used  to  hold  a  polishing 
powder,  as  in  cutting  and  polishing  gems.  Hence 
the  term  "  lapid'irifs  art."  It  is  usually  a  rotating 
wheel  on  a  vertical  or  horizontal  axis,  with  a  work- 
ing face  or  periphery  respectively. 

Laps  are  made  of  various  metals  and  alloys,  such 
as  brass,  cast-irnn,  cnppcr,  lead,  and  pewter. 

Brass  is  used  by  opticians  with  emery  and  water, 
for  smoothing  len.ses  and  speculums. 

Cast-iron  is  useii  with  sand  or  emery  in  many 
trades  ;  by  gl-ass-grinders,  opticians,  etc.  The  cast- 
iron  lap  of  tlie  lapidary  is  called  a  skive,  and  is 
charged  with  diamond-powder. 

Copper  is  used  by  macliinists,  by  lapidaries,  glass- 
grinders,  and  glass-engravers.  It  is  usually  charged 
with  emery. 

Lead  and  its  alloys  are  used  by  machinists,  cut- 
lers, lapidaries,  jewelers,   watchmakers,   etc.     It  is 
charged  with  emery,  rottenstone,  crocus,  etc. 
Tin,  zinc,  and  their  alloys  are  also  used. 

The  powiler  in  either  case  is  burnished  into  the 


metal,  the  latter  merely  forming  a  vehicle  for  the 
abradant  or  polisliing-powder. 

Lead  laps  sometimes  consist  of  a  ilisk  of  metal, 
secured  by  a  screw- 
nut  against  a  shoulder  ^'ig-  '^SOi. 
on  the  spindle,  but  are 
better  cast  upon  a  per- 
forated iron  plate, 
wliieli  gives  rigidity  to 
tiie  lap,  while  the  soit 
lead  or  pewter  allows 
thegrinding-iiowder  to 
be  imbedded  therein. 

Some  atlopt  a  disk 
of  wood  with  a  leaden 
tire  cast  around  it. 

The  cutler's  lap  is 
cylindrical,  and  has  a 

wooden    center    made  Horizontal  Lap. 

in  several  pieces,    the 

grain  of  the  wood  presented  outwardly,  and  the 
disks  of  which  it  is  composed  fastened  by  circular 
plates  at  the  ends.  The  wooden  center  is  turned  to 
the  required  widtli,  and  has  a  groove  in  the  middle 
of  the  face  ami  chamfers  at  the  edges  to  hold  the 
metallic  rim  which  is  cast  thereon.  This  is  composed 
of  tin  1,  and  lead  4  or  5  jiarts.  The  edge  is  then 
tunieil  true,  ami  is  piepared  for  u.se  by  a  dressing  of 
emery  and  oil.      Also  known  as  a  glaxr. 

This  wheel  may  be  used  for  grinding  or  polishing, 
by  having  regaril  to  the  kind  of  enieiy,  the  degree 
oi'  pressure,   and  the  mode  of  lioldiiig  the  articles 

See  GlUNDlNG-MATEi;iAL.S. 

2.  (Steam-engine.)  a.  Lap  of  the  .slide-valve  on 
the  steam  side  is  the  space  which  it  advances  beyond 
the  ojieniug  of  the  steam-port  after  it  has  closed  it, 
and  is  given  for  the  purpose  of  causing  the  engine 
to  work  expansively,  by  emitting  off  the  admission 
of  steam  before  the  end  of  the  stroke.     Inside  lap. 

b.  Lap  on  the  exhausting  side  of  the  piston  causes 
the  passage  to  tlie  condenser  to  be  closed  before  the 
end  of  the  stroke,  the  piston  being  then  said  to  lie 
cushioned  by  the  elasticity  of  the  conKned  vapor  upon 
which  it  descends.      Outside  lap. 

3.  A  plate  covering  the  line  of  junction  of  two 
iron  plates  which  make  a  flush-joint,  and  to  whicdi 
they  are  both  connected  by  solder  or  lines  of  rivets. 
See  C.\i;VEI.-BUILI). 

The  usual  lap  of  iron  plates  in  ships  is  from  5  to  6 
diameters  at  double-riveteil  joints,  and  about  3  di- 
ameters at  single-riveted  joints. 

4.  (Roofing.)  The  distance  which  the  tail  ot  a 
shingle  or  slate  overlaps  the  head  of  the  second 
course  below.  The  overhip  on  the  course  immedi- 
ately below  is  the  cover.  The  exposed  portion  is 
the  margin:  the  width  of  the  margin  is  the  gage. 
The  gnge  with  shingles  is  about  one  third  of  the 
length,' so  that  two  thirds  is  corcr.  The  gage  of 
slates  is  something  under  one  half  the  length.  The 
excess  over  twice  the  gage  is  the  lap  or  bond. 

5.  (Masonrg.)  The  overlay  of  a  stone  in  a  wall 
on  its  bed.stone. 

6.  (Fiber.)  A  layer  or  continuous  band  of  cotton 
liber  made  into  batting,  and  wound  or  lapiied  u]ion 
an  axis  or  roller  ready  for  carding. 

The  sheet  of  cotton  as  it  enters  the  carding-ma- 
cliine.      As  it  conies  therefrom  it  is  called  thi'fircce. 

Lap'ar-a-tome.  An  instrument  for  performing 
laporotomy,  or  cutting  into  the  abdomen  in  the  re- 
gion of  the  loins. 

Lap-board.  (Tailoring.)  A  board  resting  on 
the  lap  and  holloweil  out  on  the  side  next  the  user. 
Employed  by  tailors  and  seamstresses  to  cut  out 
work  upon. 
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LAPIDEON. 


Lap-dove'tail.  (Joinery.)  A  form  of  scavl  or 
conceiiled  dovetailing,  which  .shows  tile  thickiicsii  of 
the  lap  only  on  the  return  edge,  where  it  has  the 
appearance  of  a  thin  board.     See  Dovetail. 

Lap-frame.  (Fhix-numufiKlarc.)  A  machine 
in  which  several  slivers  of  carded  tow  from  the 
breaker,  or  first  carding-niachiiie,  are  united  in  a 
lap  ami  wound  on  a  bobbin,  from  which  they  may 
be  fed  to  the jf;UiVif/--card. 

Lap'i-da-ry-mill.  The  grinding  and  polishing 
apparatus  of  the  lapidary.  See  Lapid.\iiy-wheel  ; 
Lai'. 

Lap'i-da-ry-'wheel.  The  ait  of  diamond-cut- 
ting was  probably  known  in  China  and  India  at  an 
earlj'  day,  but  the  stone  was  little  known  among 
the  ancients  of  Euroiie  and  Westi^-n  Asia.  Other 
varieties  of  .stones  were  mounted  and  used  in  great 
numbers.  Pliny  refers  to  gem-cutting :  "  How 
many  hands  are  worn  down  that  one  little  joint  of 
our  finger  may  be  ornamented."  The  Arabians 
bi'ought  the  diamond  into  notice.  The  discovery 
of  the  Brazilian  mines  iu  1/30  rnade  it  more  com- 
mon. Berghen  of  Bruges  furnished  the  lapidaries' 
wheel  with  diaumnd-dust,  enabling  him  to  cut 
diamonds,  a.s  other  stones  were  cut  by  the  emery 
previouslj'  used.  Diamonds  were  previously  set  in 
the  rough.  They  are  now  cut  into  hriUinnts  or 
rose-diamonds.     See  BiuLLiAST  ;  Diamond. 

The  plano-conve.'c  lens  of  rock-crystal  found  at 
Ximroud  by  Layard  showed  the  marks  of  the  lapi- 
dary's wheel.  The  seals  of  this  wonderful  nation 
required  the  la])  to  redui-e  them  to  iorm.  They  were 
of  various  hard  materials,  such  as  amethyst,  agate, 
.  etc.,  gems  and  semi-gems.      See  Se.al. 

The  wheels  of  the  lapidary  are  of  two  kinds. 

The  slieer,  which  is  a  thin  iron  wheel  touched 
with  diamond-dust,  and  used  like  a  circular  saw. 

The  leip  or  horizontal  wheel,  called  a  mill,  whose 
Hat  face  is  touched  with  materials  of  a  liardness 
adapted  to  the  subject  and  to  the  stage  of  the  work. 

The  operations  are  called  cutting,  grinding,  OT pol- 
ishing. 

The  mills  are  known  as  slilting,  roughing,  smooth- 
ing, or  polishing. 

The  materials  of  the  mills. are  iron,  lead,  tin,  wil- 
loiv,  mahogany,  or  of  wood  covered  with  list  or 
leather. 

The  abrading  materials  are  rfi'ftftJOTirf-rfiw/,  sapphire, 
rub'/,  eorunduiii,  crncrt/,  rottcnston^^,  etc. 

Slieing  by  a  circular  saw  or  spHtling  in  the  lines 
of  natural  cleavage  are  resorted  to  when  admissible. 

The  slitting-\\\\eii\  is  usually  of  iron  touched  with 
diamond-dust. 

The  grindiug-\\'\i(ie\  is  usually  oilcad  touched  with 
emery. 

The  polishing-viheA  of  tin  touched  with  rotten- 
stone.      See  Dl.*.MOND-CUTTING. 

Fig.  2805  is  a  view  of  the  lapidary's  bench,  show-- 
ing  the  crank,  the  driving-wheel,  the  lap,  and  the 
gim-pcg,  which  latter  has  holes  iu  which  rest  the 
upper  end  of  the  dopp,  on  wliich  the  gem  is  cement- 
ed to  be  applied  to  the  lap.  The  choice  ot  holes  de- 
termines the  iiu-lination  of  the  dopp,  and  conse- 
quently the  angle  of  the  fac'et. 

Carnelian,  as  an  example,  is  first  slit  with  the 
thin  iron  sheer,  fed  with  diamond-dust,  and  mois- 
tened with  brick  oil ;  secondly,  it  is  rough  ground 
on  the  lead-mill  with  coarse  emery  and  water  ;  and, 
thirdly,  it  is  smoothed  either  on  the  .same  kip  rubbed 
down  fine,  or  with  a  similar  lap  used  with  finer 
emery. 

Carnelian,  and  stones  of  similar  or  sujierior  hard- 
ness, which  are  not  smaller  than  about  one  third  of 
an  inch  in  diameter,  are  polished  on  a  lead-mill  sup- 


plied with  rottenstone  and  water.  The  face  of  the 
polishiug-kip  is  hacked  or  jarred,  to  enable  the  pow- 
der to  adhere.  This  luuking  is  done  by  holding  a 
knife  in  a  slanting  position,  so  as  to  chatter  upon 
the  revolving  lap  and  make  small  furrows  therein, 
which  hold  the  powder. 

Smaller  and  harder  stones  are  polished  ou  a  pew- 
ter lap,  and  still  hai-der  upon  a  copper  lap. 

Hounded  stones,  said  to  be  cut  en.  caboehon,  are 
wrought  by  means  of  the  woodcn-niiU  with  fine  em- 
ery, the  list-mill  with  pumice-stone,  and  leather-lap 
with  putty-powder. 

faceted  work  ou  pastes  and  artificial  stones,  also 
carnelians,  amber,  jet,  etc.,  are  cut  on  lead-wheels 
with  emery  and  polished  on  jiewter  with  rottenstone. 
Liems  of  a  somewhat  harder  kind  use  a  jiewter  lap 
and  fine  emery  for  the  cutting,  and  a  copper  lap  with 
rottenstone  for  the  polishing.     For  sapphires,   the 


Fig.  2805. 


Lapidartps  BeTich. 

chrysoberyl,  and  some  few  other  stones,  a  copper 
lap  witli  diamond-]<owder  is  used  for  cutting  the  fa- 
cets, and  a  copper  lap  with  rottenstone  for  polishing 
them.  Lastly,  for  the  diamond,  two  stones  are 
rubbed  in  a  peculiar  manner,  the  one  against  the 
other,  to  start  the  facets,  and  they  are  cut  and  ]iol- 
ished  by  means  of  an  iron  lap  or  .•skire  fed  with  dia- 
mond-]iowder,  being  cenu*nted  on  a  dopp  and  held 
upon  the  lap  by  means  of  a  gim-pcg,  as  above  de- 
scribed.    See  also  DiAMoXD-cTTTiNO. 

Substances  treated  by  the  lapidary  like  canielian : 
agate,  amethyst,  aquamarine,  beryl,  blood-stone, 
Brazilian  topaz,  carbuncle,  cat's-eye,  chalcedony, 
chrysolite,  chrysoprase,  crystal,  elvans,  emerald, 
feldspar,  flint,  fluor-spar,  ganiet,  granite,  heliotrope, 
jade,  jaspar,  lapis-lazuli,  marble,  mina  nova,  onyx, 
opal,  pastes,  peridot,  plasma,  porphyry,  ([uartz, 
sard,  sardony.x,  Rerpentine,  topaz.  See  Feuchtwang- 
er's  "  Poimlar  Treatise  on  Gems." 

La-pid'e-on.  A  musical  instrument  contrived 
by  M.  Baudry,  made  of  flints  and  schist  suspended 
from  an  iron  frame,  and  struck  with  a  Hint  ham- 
mer to  ]U'nduce  the  notes.  The  Hints  are  about 
fortv  in  number  and  elongated,  but  of  various  lengths 
and  thicknesses.  They  are  arranged  in  the  order  of 
their  tone,  and  the  labor  and  investigation  of  years 
were  required  before  the  complete  scale  was  formed. 

A  correspondent  of  "Nature"  writes  that  in 
roaming  over  the  hills  and  rocks  iu  the  neighbor- 
hood of  Kendal,  near  Ijaucaster,  England,  which  are 
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composeil  cliicfly  of  limestone,  lie  had  ol'tcn  IbuiiJ 
what  arc  lalled  "  musical  stoiies."  Tliey  an-  fjeiier- 
ally  thill,  flat,  wi-ather-bfaten  stoiies,  of  ditrciviit 
sizes  and  peculiar  shajies,  which,  wlien  stnick  witli 
a  pie,co  of  iron  or  another  stone,  produce  a  musical 
tone  instead  of  the  dull,  heavy,  leaden  sound  of  au 
ordinary  stone.  The  sound  of  these  stones  is  in  gen- 
eral very  imu'h  alike,  but  sets  of  eight  stones  have 
been  eolle(-tcd  which  jiroduce  when  struck  a  dis- 
tinct octave.  The  new  French  scientihc  weekly, 
"  hii  Nature,"  copies  the  comnninication  from  its 
J'jiiglish  namesake,  and  brings  forward  somi^  addi- 
tional instances  of  the  .same  phenomenon.  It  tells 
of  a  performer  who  jilayed  musical  airs  on  rough 
Hints  suspended  by  silk  threads,  striking  them  with 
an  iron  roil.  We  are  also  inlbnned  of  the  aci'idcntal 
discovery  of  mu.sical  pro[ierties  in  a  stone  fountain 
at  the  French  Institute.  A  distinguished  nmsi(uan, 
A.  Ehvart,  liaviiig  struck  it  with  tlie  jialin  of  his 
liand,  elicited  "a  musical  .sound  corresponding  with 
extreme  precision  to  the  perfect  accord  major  of  fa 
natural."  The  fountain  in  ipiestiou  is  in  the  grand 
court  of  tlie  Institute.  ■ 

La'pis-laz'u-li.  A  rare  ornamental  stone  of  a 
deep  blue  spolti^d  wit'i  a  deeper  blue,  and  intermixed 
with  a  feu-  grains  of  golil. 

Lap-joint.  One  layer  overlapping  the  edge  of 
another  ;  as  the  cliiidwr-huild  of  boats.  Illustra- 
tions avtt  also  founil.in  halving,  scarfing,  nwd  caii/ciiig 
of  tiinbcrs  ^whicdi  see). 

Lap-ma-chiue'.  {S/nuning.)  As}>readcr,spread- 
ing-machiiic,  blower  and  spreader.      See   Lappino- 

MAUlHNE. 

Lap'piug.     1.   Griiuliug  or  polisliing  on  wheels 
whose  metallic  rims  are  providi(l  with  emery  and  oil. 
Glii'iiuj  is  done  on  wooden  wheels.  ■ 

Polishing  on  leather-covered  wheels. 
Bulling  on  leather,  with  rouge. 

2.  (Spinning.)  L.iying  several  fleeces  or  slivers 
together.     See  Lappi.nu-.maciiink. 

3.  (Fabric.)  A  machine  blanket  used  by  calico- 
printers. 

i.  (<Jribuin  •'.)  Wearing  away  the  laud  surface 
in  a  rilled  gun  to  ease  the  entrance  of  the  projectile. 

Lap'ping-ma-chine'.  (Cotton  Manufacture.)  a. 
A  maeliinc  in  wliirh  cotton  is  reduced  to  a  downy 
condition,   spread    equally,   subjected   to   a   certain 

Fig.  2S06. 
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compacting  pressure,  and  then  wound  in  an  even 
continuous  wad  (tvadding)  upon  a  roller,  forming  a 
lap. 

rrejiared  cotton  may  be  spread  upon  the  traveling 
apron  n,  in  weighed  ([uantities,  covering  a  marked 
area,  as  between  occasional  black  slats  ;  or  it  may 
be  formed  into  a  lap,  after  a  succession  of  scutching 
and  blowing  operations.     See  Battix(i-maciiine. 

Ii.  After  cotton  has  undergone  a  preliminary  card- 
ing in  the  breaker,  from  which  it  comes  in  the  form 
of  a  thin  Heece,  several  of  these  fleeces  are  joined  to 
form  one  thickness. 

In  another  form  of  lapping-imichine,  several  cans 
0  0,  filled  with  a  narrow  fleece  from  the  breaker-card, 
are  pla(.-ed  in  two  rows,  and  the  ends  of  the  fleeces 
brought  together  l.ietween  two  rollers,  the  lower  one 
driven  by  a  wheel  and  pinion  and  the  upper  one 
pressed  dfjwii  upon  the  former  by  weights. 

Lap-ring.  An  open  ring  in  which  the  ends  lap 
past  each  other  without  touching,  so  that  it  may 
form  a  connecting  link  for  attaching  the  single-tree 
to  the  clip  of  the  doublc-lrce,  or  connecting  the  ends 
of  a  broken  chain,  etc.  A  cotter  is  a  better  device 
for  the  latter  purpose,  however.  (See  C'orrEit.)  The 
lap-ring  is  somewhat  like  a  split-ring,  but  tlie  latter 
is  elastic.  The  heavy  material  of  the  lap-ring  pre- 
cludes elasticity. 

Lap-roU'er.  (Fiber.)  One  in  a  la]i]iing-niachine, 
upon  which  the  fleece  or  wadiling  is  wound. 

Lap-shav'er.  A  machine  for  shaving  leather  to 
a  tliiekiiess  by  means  of  a  knife  set  to  a  graduated 
distance  from  a  roller  or  an  eilge  over  wliich  the  hide 
or  piece  of  leather  is  pa.ssed.  The  term  is  derived 
from  the  old  practice  of  shaving  away  inenualities 
by  means  of  a  knil'e  while  the  leather  laid  upon  a 
board  in  the  lap. 

Lap  Skiv'ing-ma-chine'.  A  machine  for  scarf- 
ing olf  the  thick- 
ness of  leather  to- 
wards the  edge. 
In  Fig.  2807,  as 
the  straj)  is  drawn 
across  the  edge  of 
the  knife,  the  ec- 
centric gago-block 
swings  on  its  bear- 
ing and  gradually 
descenils,  tapering 
the  strap  toward 
theenil.  Each  part 
is  adjustable  to  va- 
ry the  operation 
within  given  limits. 

Lap-stone.  A 
as  an  anvil  by  a 
leather. 

Lap-streak.  A  structure,  usually  in  boats,  in 
which  each  streak  or  plank  laps  over  the  one  below 
it.      Cliiieher-bailt. 

Lap-Tweld.  (Forging.)  A  weld  in  -which  the 
welding  edges  are  thinned  down,  lapped,  and 
wchled'. 

Lar'board.  (Na.utical.)  The  left  side  of  a  ves- 
sel to  a  person  standing  on  deck  and  facing  toward 
the  bow.  From  the  Italian  qiiclla  borda,  that  side  ; 
in  eontradistiui/tion  to  qnestn  borda,  this  side  ;  ab- 
breviated into  la  borda  and  .t/a  borda.  Port  is  now 
substituted  for  larboard,  to  give  a  greater  difi'erence 
in  the  sound  of  the  word  of  command. 

Lard-boil'er.  A  steam-lieateil  pan  in  which  the 
flit  of  hogs  is  boiled,  to  ol)taiii  the  lard  by  the  shrink- 
age and  liardening  of  the  membranes.  In  the  exam- 
ple, the  hemispherical  boiler  has  ilouble  walls,  with 
openings  for  the  inlet  of  steam,  the  discharge  of  air 


Fig.  2807. 


SkiL-i7\g'Mackhie. 

stone  laid  in  the  lap,  and  used 
shoemaker   in    hanmiering    his 
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and  condensed  water,  and  an  exit  opening,  with  a 
strainer  for  the  lard.     Stirrers  revolve  within  the 


Lnrd-Soiler. 

pan,  and  a  jierforated  plate  above  the  steam  inlet 
ilistribntes  tlie  steam  upon  the  bottom  of  the  pan. 
See  also  LAi'.D-KF.NDEr.Er. ;  Lakd-tan"K. 

Laxd-cool'er.  One  in  which  rendered  lard  is 
artiiicially  luuled.  The  inner  vessel  containing  the 
lard  is  surrounded  by  a  sjiace  C  to  be  filled  with 
cold  water,  passed  in  ami  out  through  pipes  //  G. 
Air  is  forced  througli  a  tubular  shaft  /into  the  inner 
vessel.     Wooden  scrapers  prevent  the  cooled  lard 

Fig.  2809. 


one  end  a  double  set  of  knives  FJ  set  at 
right  angles,  to  cut  into  bars  the  fat, 
which  is  I'orced  between  them  by  a  piston 


Lard- Cutting  3Iackine, 


D.    The  bars  are  then  c\it  into  short  jiieces  by  knives 
j\^  reciprocated  transversely  to  the  trough. 

Lard-press.     A  press  in  which  cooked  lard  is 
pressed  liom  the  crack- 


Fig  2811. 


linfjs. 

Fig.  2811  is  a  domes- 
tic iniph-ment,  in  which 
the  piston  is  pressed 
down  upon  the  crack- 
lings in  tlie  perforated 
cylinder,  which  is  in- 
closed by  an  outer  shell. 

Lard-ren'der-er.  A 
tank-ljoih-r  or  vessel  in 
which  cut  lard  is  cooked 
to  obtain  the  clear  fat 
ajiart  from  the  membrane 
and  watery  portions. 


from  accumulating  on  the  sides  of  the  vessel.  Mov- 
able wooden  slats  »t  pass  between  fi.xed  ones  n  to 
agitate  the  liiy.iid  contents  of  the  inner  vessel. 

Lard-cut'ter.  One  for  cutting  lard  for  render- 
ing. This  is  usually  performed  by  knives  at  a 
bench  ;  but,  in  the  example,  a  close  trough  C  has  at 


Domestic  Lard-Press. 

Lard-tank.  A  vat  in  which  fats  are  cooked  to 
obtain  them  free  from  watery  niattei's  and  mem- 
brane. 

Wilson's  tank  is  a  vertical  cylinder  with  a  charg- 
ing hole  at  top  ;  a  steam-jacket  and  steam-coil  for 
lu'atiug  ;  try-cocks  at  ditl'erent  bights  for  examina- 
tion of  contents  ;  discharge-cocks  at  difl'erent  bights 
for  di'awing  off  the  liijuid  oil  and  the  water  ;  dis- 
cbarge-hole, with  cover  at  the  bottom,  to  remove  the 
solid  matter  from  the  bones  and  fibrine. 

In  Everett's  apparatus  (Fig.  2S12)  the  digester, 
containing  the  fat,  is  surrounded  by  an  outer  shell 
constituting  a  hot-water  and  steam  spnee,  to  which 
it  is  connected  by  stay-rods,  which  unite  the  water- 
space  at  bottom  witli  the  steam-space  at  top,  and 
7)ass  through  the  vertical  flues  .4  B.  The  vapors 
from  the  cligester,  charged  with  odors  and  organic 
matter,  pass  througli  a  jiipe  at  to]!  of  the  apparatus 
into  a  su]ier-hcating  coil  over  a  furnace,  into  which 
they  are  finally  discharged  and  consumed.  A  spiral 
flue  surrounds  the  outer  case  of  the  boiler. 

Broadnax's  apparatus  consists  of  an  e.xterior  cas- 
ing of  masonry  in  which  the  digester,  which  may 
be  of  the  form  sliown  either  in  the  upper  or  lower 
figure,  is  placed.  In  the  first  it  is  stationary,  and 
consists  of  an  inner  and  outer  shell,  between  which 
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and  tliiough  flues  in  the  inner  one  A  A  the  heat  | 
circulates.  The  rendered  fat,  in  a  fhiid  condi- 
tion, descends  from  shelf  to  shelf,  and  is  strained 
through  the  ))erforated  bottom  C,  whence  it  is  drawn 
oli'.  Till!  I'uinaee  has  an  inclined  flue  at  each  side, 
through  which  the  jiroducts  of  combustion  jiass  to 
and  around  the  di^'ester.  Gases  from  the  digester 
are  delivered  into  the  furnace.  This  may  be  efi'ected, 
as  shown  in  the  first  ligure, 
by  an  air-pump  J  and  con- 
denser A",  by  which  the 
gases  withdrawn  from  the 
digester  are  coniijelled  to 
pass  through  a  cylinder, 
heated  by  a  grate  P,  in 
wliieh  the  watery  particles 
are  condensed  by  a  series 
of  plates  i  j  anil  drawn  off 
by  a  pipe  ;  the  dry  vapor, 
ascending,  passes  through 
another  piiie  to  assist  in 
heating  the  furnace. 

In  the  lower  ligure,  the 
perforated  digester  ff  is 
mounted  on  trunnions  and 
rotated  by  a  crank  ;  the  oil 
exuding  is  strained  through 
the  diaphragm  H,  and  the 
gases  pass  through  the  pipe 
/to  the  lurnace.  //  is  the 
charging  manhole. 

Iiarge-face  Lathe. 
{  H'ood-  irorkinij. )  A  lathe 
for  turning  patterns  of 
wheels,  heavy  moldings,  and 
other  large  circular  work. 
It  has  a  hinged  tool-rest  on 
a  bracket,  which  may  be 
moved  out  of  the  way  to  al- 
low the  work  to  swing  to  tl 


a  sheet  of  iron.  (English  Spec.  14,244.)  It  is  to 
the  sJuct  what  the  loop  is  to  the  bloum,  the  fafjot  or 
ba/l  to  the  Oar. 

Lar'i-at.  A  rope  }^  inches  in  circund'erence  and 
30  feet  long,  used  lor  picketing  hor.ses  in  camp.  It 
is  fa.stened  to  a  ring  on  the  picket-pin,  which  is 
driven  into  the  ground,  permitting  the  horse  a  limit- 
ed circle  to  graze  in. 
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EvtretCs  Lard-Remkriug  Tank. 

floor  if  necessary  ;  or  even  larger  work  may  be  done 
by  prejiaring  a  pit  for  the  object  to  swing  in. 

Lar'get.  A  piece  of  bar-ion,  cut  off  to  a  length 
(and  weigliing  say  about  14  pounds  for  an  average 
Bheet),  formuig  a  blank  to  be  heated  and  rolled  into 


Broadnax^s  Lard-  Tank. 


Lar'mi-er.  (Ai-chitccture.)  The  corona  or  drip- 
stone of  a  iloorwav  or  window-way. 

Lar'yn-ge'al  E-cra'seur.  {Siirgim!.)  An  in- 
strument for  extiipating  abnormal  growths  of  the 
larynx  and  epiglottis.      It  consists  of  a  steel  rod. 
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Large-Face  Lathe. 

about  8  inches  lonj;,  curved,  and  fenestrated  at  one 
extremity.  A  wire  loop  i.s  lirst  jiassed  around  the 
object  to  be  extirpated,  is  drawn  tlirough  tlie  lenes- 
trum  slowly,  by  means  of  eitlier  a  .screw  or  lever  at 
the  other  end  of  the  instrument,  thus  crushing  it  oti'. 

By  this  method  (ecrasion)  the  loss  of  blood  is 
avoided. 

La-ryn'go-scope.  An  instrument  for  obtaining 
a  view  of  the  larynx.  It  consists  of  a  small  plane 
mirror  a  on  a  long,  slender  stem,  which  is  intro- 
iluced  to  the  back  of  the  throat,  and  a  lanjc  concave 
mirror  b  for  reflecting  liglit  (solar  or  artificial). 
This  last  reflector  may  be  either  fixed  to  a  stand  or 
suspended  fi'om  the  forehead  of  the  operator.  An 
inverted  image  is  seen  in  the  small  mirror.  The  up- 
per figure  is  Elsberg's  laryngoscope.  When  artifi- 
cial light  is  employed,  the  patient  should  sit  so  that 
it  is  a  little  back  of  him  and  on  his  right  side,  as  in 
Tieman's  instrument  (the  lower  figure).  In  this 
case,  the  light  is  reflected  by  a  concave  mirror  c  to 

Fig.  2815. 


Elsberg's  and  Tieman's  Larijngoscopes. 

the  smaller  mirror,  which  is  held  liv  the  observer  at 
the  posterior  part  of  the  mouth,  the  uvula  resting 
upon  its  back.  By  its  means,  the  vocal  chords  of 
the  interior  of  the  larynx  are  exhibited,  and  have 
been  photographed.  One  constructeil  by  Dr.  Turck 
in  1857  was  modified  and  improved  Ijy  Dr.  Czer- 
mack  of  Pesth,  1856,  who  exliibited  it  in  action  in 


Fig.  2816. 


1862,  in  London.    Jlr.  ,lohn  Avery  of  London  is  .said 
to  have  constructed  a  similar  apparatus  in  1846. 

La-ryji'go-tome.  Laryngotoujy,  or  the  open- 
ing of  the  larynx,  was  practiced  by  the  ancients  in 
(|uinsey-  It  was  reconmieuiled  by  the  (irec'k  and 
Arabian  phvsicians,  by  Galen  and  Asclepiades  de- 
cidedly. 

Xiash.  1.  (Jfeaviiici.)  A  thong  formed  of  the 
combined  ends  of  the  cords  by  which  a  certain  set  of 
yarns  arc  raised  in  the  process  of  weaving  Brussels 
carpet.  Each  yarn  (termed  an  end)  passes  through 
an  eye  (the  vtail),  to  which  is  attached  a  cord  pass- 
ing over  a  pulley  above  the  frame  of  the  loom.  The 
cords  recpiired  to  raise  to  the  surface  a  certain  set  of 
yarns,  reipiired  for  one  row  in  the  ]iattern,  are  bound 
together  into  a  lash,  so  as  to  be  operated  by  a  single 
pull.     See  Bi;ussKLs  Cahpet. 

2.    The  thong  or  bi-aided  cord  of  a  whip. 

Lash'er.  {Xaiitical.)  The  rope  which  binds  a 
gun  to  the  rings  at  the  cheek  of  the  port. 

Lash'ing.     {Xautical.)     A   rope   or    gasket,    by 
which   anything    is    secured    on    lioard 
ship,  by  wrapping  around  it. 

As  the  lushinrj  of  a  studding-sail  boom. 

The  lashing  of  the  parts  of  a  ponton- 
bridge. 

The  lashing  at  the  head  of  a  shears. 

The  lashing  of  a  tail-blo<'k. 

Also  the  act  of  binding  one  thing  to 
another. 

Las'ket.     {Xantieal.)      One    of    the  1 
rings  of  cord  on  the  head  of  a  bonnet  or 
drobblcr  to  secure  it  to  the  foot  of  the 
sail  above,  by  a  lacing  cord.     A  Intck. 

Lasque.    (Diamoncl-cuttinei.)    A  kind  | 
of  table  diamond.     See  "Jeffries  on  the 
Diamnnd." 

Las'so.  A  rope  with  a  running  noose, 
used  in  Spanish  America  and  Texas  for 
catching  cattle,  etc. 

In  the  British  cavalry,  10  men  per  troop  are  fur- 
nished with  a  lasso,  not  as  a  weapon,  but  that  they 
may  aid  in  drawing  a  load  on  emergencies. 

The  lasso  was  used  in  war  by  the  ancient  Egyp- 
tians, as  we  see  by  the  paintings  at  Thebes. 

The  Sagartians,  a  cavalry  contingent  of  the  army 
of  Xerxes,  used  "lassoes  which  end  in  a  noose."  — 
Herodotus,  VII.  85. 

The  lasso  is  seen  in  the  sculptures  upon  the  palace 
of  Asshur-bani-pal,  a  son  of  Esarhaddon,  which  are 
now  in  the  Biitish  Museum.  Pausanias  states  that 
the  Sarmatians  used  it  ;  Suidas,  that  it  was  used  by 
the  Parthians.  To  this  list  may  be  added  the  Huns, 
the  Alani,  and  among  moderns  the  Pampas  Indians 
of  South  Ami'rica. 

Last.  A  foot-shaped  block  A  B  placed  inside  a 
shoe,  to  give  shape 


to  the  upper  and 
hold  the  parts, 
which  are  tacked 
thereto  previous 
to  pegging. 

F    is    a     last, 
shown  side  up,  to 

ex]iose   the    sole,  Shoe-L 

which  has  a  me- 
tallic rim  around  the  edge  to  hohl 
which    may    be    replaced 
when  worn  out. 

D  B  is  a  metallic  foot- 
shaped  anvil  for  holding 
boots  and  .shoes  while 
clinching  nails. 

Lasts  are  mentioned  by 


2817. 


a  wooden  sole, 


Movable  Sole-Last. 
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Fig- 2319.  tlie     Greek     autliors. 

l!i,i;lit  and  k-ft  lasts 
were  iiiticii-lucud  ill 
Eiif,'lanil  aliuut  1785. 

Last'age.  (NauU- 
cal.)  liidlust  or  lad- 
ing in  a  sliip. 

Last'er.  A  tool  for 
stretching  the  ujiper 
leather  over  a  last. 
See  LAMiNc-rooi,. 

Last-fin'ish-ing 
Ma-chiue'.  A  ma- 
chine in  which  the  ends  of  lasts,  wlii.li  are  held  in 
the  cliucks  of  a  last-turuiiig  machine,  are  dressed 
up  and  finished. 

Fig.  2820  shows  a  lathe  having  a  revolving  cutter 

Fig.  2820. 


Last-s/injieft  Ant-'it. 


Last'Fhiishing  Machine. 

to  operate  upon  the  last  at  the  same  time  and  in  the 
same  direction  that  the  guide-wheel  presses  upon 
the  pattern.  The  supporting  frame  is  on  the  panto- 
graph ])rinciple,  and  any  change  in  tlie  position  or 
form  lit'  the  model  is  reproduced  in  tlie  last. 
Last-hold'er.  {Shoemaking.)  A  standard  for 
the  last  while  lasting, 
Fig.  2821.  pegging,  sewing,  sole- 

ing,  etc. 

The  last  is  placed 
upon  a  stanilard  ro- 
tated by  a  lever,  to 
bring  the  toe  of  the 
boot  against  the  rest- 
standard  at  either  end 
of  th(^  iiase.  One 
standaril  gives  an  up- 
ward support  for  peg- 
ging, and  the  other 
a  side  support  for 
sewing.  Tlie  lever  is 
held  by  a  ratchet. 

Last'ing.  1.  (Fab- 

ric.)     a.    A   five-leaf 

twill    stuff;    a    stilf 

Last-HoUer.  Woolen       fabric      in 

which  horsehair  was 

formerly  interwoven  to  form  a  stiffening  for  stocks 

or  dresses. 


b.   A  woolen  fabric  used  in  making  women's  shoes. 

2.  (Sliocintikinij.)  The  jirocess  of  drawing  the 
upper  leather  smoothly  over  the  last. 

Last'ing-a'wl.  A  sewing  awl  for  shoe-closers. 
The  example  sliows  one  carrying  a  bobbin  iu  the 
handle  of  tlie  awl,  leading  the  thread  out  through  a 
hole  in  the  liandle,  and  passing  it  through  an  eye  in 
the  point  of  the  awl.      In  u.se,  the  awl,  being  pa.ssed 


Fig.  2822. 


Eye-Pointed  Lasting-Aiol. 

through  the  leather,  carries  with  it  the  thread  ; 
then  being  slightly  drawn  back,  it  forms  a  loop 
througli  which  a  second  thread  is  passed.  The  en- 
tire w  ithdrawal  of  the  awl  then  makes  a  lock-stitch, 
similar  to  tliat  made  on  some  sewing-machines. 

Last'ing-jack.  An  implement  to  bold  the  last 
while  straining  and  securing  tlie  ujnier  thereon  ;  and 
for  centering  or  adjusting  the  insole  and  outsole  for 
the  subsequent  action  of  the  pegging  or  sewing-ma- 
chine.    Sometimes  used  in  hand-]iegging. 

Last'ing-ma-chine'.  {S/iocimi/cing.)  A  device 
for  diawing  the  upper  leather  of  a  boot  or  shoe 
smoothly  over  the  last,  turning  the  projecting  edges 
down  upon  the  insole,  and  holding  them  until  they 
are  properly  secured  by  tacks  or  other  fastenings. 

Last'ing-pinch'ers.  (S/ioevKduig.)  A  tool  to 
grip  the  edges  of  the  u]iper  leather  of  a  boot  and 
draw  it  over  the  last.  Tiie  two  jaws  are  gripjied 
simultaneously  upon  the  edges  of  the  leather,  by  the 
motion  of  tln^  nut  ('  ujxm  the  screw,  and  the  .same 
movement  brings  the  jaws  toward  each  other  and 
stretches  the  leather  around  the  last. 

Fig.  2823. 


Lasting- Pinchers. 


Toot  for  lasting  Boots  find  S/toes. 


Last'ing-tool.  (fUnirmakinu.)  A  tool  for  grip- 
ping the  edges  of  an  upper  leather  and  stiaining  it 
over  a  last.  In  the  example,  the  two  pairs  of  jaws 
(r  G  engage  the  sides  of  the  leather,  being  drawn 
thereujiou  and  inward  simultaneously,  by  tlie  action 
of  the  ram  lever. 

Last-niak'ing  Ma-chine',  (irood-workinr/.)  A 
machine  for  cutting  lasts  from  the  block  or  blank. 
The  work  is  usually  done  in  a  Lathe  for  turning 
lRiiKt;iiL.-M;  FoR.M.s  (which  see). 

Such  is  also  the  machine  (Fig.  2825)  in  which,  by 
a  train  of  gearing,  the  block  L^,  from  which  the  last 
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Fig.2S25 


fyohock  Last-Lathe. 

is  to  be  cut,  is  made  to  present  a  face  to  the  cuttei-s 
precisely  currespondiiig  to  the  face  of  the  model 
against  guides  on  rods  P  P*.  By  moving  links  on  ' 
these  rods  up  or  down  on  their  graduateil  scales,  the 
last  may  he  enlarged  or  ridnced  in  its  relative  pi-o- 
portions  to  the  model.  A  similar  variation  of  the 
bar  N'"  on  tlie  sector  at  the  end  of  the  machine  will 
vary  the  work  in  relation  to  its  length  as  compared 
with  the  model. 

Last-tum'ing  Ma-chine'.  See  L.\the  for 
TURNINc;  li;iiEGrL.\n  FoK.MS. 

Iiatch.  1.  (Hardware.)  A  door-fastening,  con- 
sisting of  hinge-holt  and  catch.  A  latch  may  be 
opened  from  eitlier  side  of  the  door  or  gate. 

Latches  are  known  by  purpose,  or  jieuuliarity  of 
construction,  as  — 


Fig.  2627. 


ReveTSibU  Latch. 


Rimy  night,  si idiiig-cioor,  gate,  thumb  latches. 

The  upper  examples  in  Fig.  2826  are  a  thumb- 
lateh  and  f/afc-latch  respectively.  The  lower  is  a 
(/rfri-i7a<('»(/ gate-latch,  the  catch  and  its  keeper  being 
shown  detached.  ^ 

A  reversible  latch  is  one  in  which  the  bevel  of  the 
bolt  can  he  set  in 
either  direction,  so 
as  to  make  the  latch 
answer  for  a  light 
or  a  left  hand  door. 
The  bolt  is  simply 
pulled  out,  turn' 
halfround,  and  then 
released,  the  spring 
bringing  it  back  to 
place. 

2.  (Knitting-ma- 
chine.) The  piece 
hinged  to  the  needle, 
which  closes  over 
the  engaged  loop  to 
hold  it  iu  position  in  the  needle  while  the  latter  is 
penetrating  another  loop.  The  latch  is  subsequent- 
ly opened  by  the  latch-lifter  to  allow  the  loop  to  be 
pushed  hack  upon  the  needle,  and  is  then  closed  by 
the  latch-closer  to  enalih*  tlie  K-nocl--oJf  to  di.sengage 
the  formed  loop  or  stitch.  The  latch  is  sometimes 
called  the^%. 

3.  (Xaiitical.)  a.  A  cord  clamp  which  holds  the 
in-board  end  of  a  mackerel-line.     A  mackerel-latch. 

b.  A  loop  on  the  head-rope  of  a  bonnet-sail.  A 
lask'ct. 

Latch-clos'er.  (Kniti imj-machine.)  The  jiiece 
wliieh  closes  the  latches,  to  enable  the  knock-off  to 
slip  the  foiincd  loo]is  off  the  needles. 

Latch-key.  'A  private  key  for  a  street-door 
latch. 

Latching;  Las'ket;  Latch.  (Nautical.)  A 
loop  fi>rmed  on  tlie  head  rope  of  a  bo^met-siiil,  by 
wliicli  it  is  connected  to  the  foot  of  the  sail  to  which 
it  forms  an  a]t]>endage. 

Latch-lift'er.  (Knittinrj-michine.)  The  rod  or 
finger  which  lifts  and  reverses  the  latches  to  enable 
the  loops  or  stitches  to  be  pushed  back  along  the 
needles. 

La-teen'-sail.  (Xnutical.)  A  triangular  sail, 
having  its  njiper  edge  fastened  to  a  long  yard  whiidi 
is  inclined  at  an  angle  of  about  45°.  Tlie  yard  is 
slung  at  a  point  three  quarters  of  its  lengtli  from 
the  peak  end.  It  is  used  principally  in  the  Mediter- 
ranean, upon  xebecs,  galleys,  and  feluccas,  which 
have  three,  two,  and  one  mast,  respectively. 

Lateen-sails  of  ]inpyrus  were  used  by  the  ancient 
Egyptians  on  the  Nile. 

iia-teen'-yard.  {Xnutical.)  One  used  in  ex- 
tending a  latccn-siaW.  It  is  slung  at  a  point  one 
quarter  of  the  length  from  the  tack  of  the  yard. 

Lat'er.     A  l)rick  or  tile. 

Lath.  1.  (Carpentry.)  One  of  the  strips  of 
wood  nailed  to  the  rafters  to  sujiport  the  roof-cov- 
ering. 

2.  (Plastering.)  One  of  the  nanow  strips  nailed 
to  the  studs  of  partitions  to  support  i>lasteriiig. 

Strips  of  metal  are  sometimes  used  for  this  pur- 
pose in  fire-proof  strnctnres.  Such  lath  have  means 
for  securing  to  the  studding  or  wall,  and  also  afford- 
ing a  key  to  the  mortar  which  is  laid  thereon. 

.Sliiis  of  wood,  used  iu  plastering,  are  noticed  by 
Pliny. 

Lath  floated  and  set  fair.  Three-coated  plasterers' 
work.  The  fii-st  is  called  "pricling-up"  ;  the  sec- 
ond, "floated"  ;  the  third,  "finishing." 

Lath  laid  and  set.     Two-coated  plasterers'  work. 
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The   first   is    caUed    laying ;    the    secoml,    fiiiish- 

imj. 

■    Metallic  lath  for  wooden   or  iron   partitions  has 

been  made  in  varions  forms,  of  wliieh  the  annexed 

instances  may  he  given  :  — 

a  has  a  corrugated  plate  and  transverse  rods,  be- 
hind which  latter  the  plaster  makes  its  lock. 

b  has  plates  with  dovetail  holes  in  which  the  plas- 
ter fastens. 

c  has  corrugated  plates  wiiich  catch  npon  hooks 
on  the  stndding. 

d  has  plates  wliich  present  bent  prongs. 

e  has   metallic   plates   with    frustums   presenting 
their  bases  outwardly. 

/  has  strips  with  Hanged  corrugated  edges. 

g  has  sheets  with  projecting  studs  of  frustal  form. 


Fig.  2828. 
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Metallic  Lath. 

h  has  iron  slats  wliicli  are  held  by  slotted  iron 
plates  driven  into  the  studding. 

i  i  show  a  form  in  wluch  the  edges  of  bent  slips 
enter  slots  in  tlic  stndding. 

./  has  bent  strips  wliich  occupy  depressions  in  the 
studding. 

k  has  means  for  pinching  the  edges  of  the  lath. 

The  lower  ligure  rejyesents  a  portion  of  a  structure 
in  which  the  wooden  joists  and  stndding  are  so  isolat- 
ed from  each  otlier  and  protected  e.\ternally  that  the 
wood  cannot  be  readily  fired  by  exposure  to  Hame. 


m  m  are  the  wooden  joists  ;  7i  n  jn-oteeting  bodies 
of  concrete  ;  I  the  corrugated  latli  whose  trough-like 
sliaiie  enables  it  to  form  a  key  for  the  plaster,  to 
protect  the  joist  from  the  eH'ects  of  fire  in  the  room 
below,  the  portion  of  the  plaster  in  the  trough  acting 
as  a  <linch  for  the  outer  portion  of  the  plaster  which 
forms  the  ceiling  surface. 

Th(^  same  may  be  said  in  regard  to  the  wall  plas- 
tering o,  which  is  spread  npon  similar  metallic  lathing 
;/  on  the  studding  r.  The  upper  liody  of  concrete  /( 
extends  above  the  joists,  so  as  to  isolate  the  Hooring 
s  therefrom. 

This  plan  is  a  compromise,  and  retains  the  usual 
wooden  portions  of  a  tloor  or  partition,  excepting  the 
wooden  lath,  for  wliich  corrugated  slieet-iion  laths 
are  substituted.  The  laths  are  peiforated  for  at- 
tachment by  nails  in  tlie  usual  manner. 

3.  A  bedstead  slat  for  supporting  the  mattress. 
See  liF.D-noTTOM. 

Lath-brick.  A  long  brick,  22  x  G  inches,  used 
for  o:ist  or  grain-kiln  Hoois. 

Lath-cut'ter.  One  for  cutting  lath  from  a  board 
or  balk. 

The  example  is  one  of  the  former,  in  which  the 
lath  is  cut  by  a  reciprocating  knife  from  a  board 

Fig,  2829, 


Latli-  Cutter. 

which  is  fed  thereto  by  its  gravity.  A  flexible  ad- . 
justable  guide  C  jireserves  the  jierpendicularity  of 
the  board  and  releases  it  after  the  cut.  The  rests  H 
reciprocate  in  dovetail  slides  and  are  operated  by  the 
bumjier  on  the  knife-frame  11  and  the  recoil  spring 
A'.     The  knife  is  recijirocated  by  a  cam  and  yoke. 

Lathe.  1.  A  machine  in  which  the  object  re- 
volves while  it  is  shaped  by  a'  cutting-tool  applied 
to  it. 

Turning,  as  an  art,  is  believed  to  have  originated 
with  the  ]iotter's-wheel,  which  consisted  of  a  simple 
disk  or  table  rotating  in  a  horizontal  plane,  upon  a 
vertical  shaft.  This  wheel  was  used  only  with  plas- 
tic niaterial  formed  by  the  hand,  and  is  as  ancient  as 
the  oldest  Egyptian  "nionument.s,  in  which  the  god 
Ptah  is  represented  in  the  act  of  molding  man  upon 
the  throwing  wheel. 

The  turning-lathe  proper  (lornos),  having  its  work 
suspended  oii^  horizontal  centers,  a]ipeais  to  have 
been  unknown  in  Egypt,  but  was  mentioned  by 
the  Greek  writers  some  centuries  before  our  era,  and 
was  employed  on  wood.  Its  use  for  metal  is  of 
comparatively  recent  origin. 
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The  civjit  of  the  invention  is  f;iven  by  DioJoius 
Siciilus  to  Talus,  the  f;randson  of  Uffiilahis,  about 
1240  E.  c,  and  by  Pliny  to  Theoilorus  of  Samos. 
The  initial  mode  is  probably  the  yWc-ZaWw,  in  which 
the  stick  of  \vood  is  siispendeil  on  two  centers  and 
rotated  by  jiower  apjilied  dii'ectly  to  it,  while  a  cut- 
ting-tool is  supported  on  a  rest  and  brought  into 
contact  with  the  rotating  wood.  An  advani'eil  form 
would  be  to  apply  the  jiower  to  a  mandrel  whose  end 
formeil  one  of  the  centers  and  upon  which  tlie  wood 
was  chucked. 

Fig.  2830  shows  the  foot-lathe  of  the  Kabyles,  an 
African  people.  The  turner  is  shown  making  a 
wooden  bowl.  The  motion  is  reciprocating  ;  as  the 
man  presses  with  his  foot  in  the  bight  of  tlie  cord 
the  bowl  is  rotated  towards  hnn,  and  lie  applies  the 
chisel  or  otlier  cutting-tool.  He  then  lifts  his  foot, 
and  the  elasticity  of  the  spring-bar,  which  has  been 
■  bent  over,  rotates  the  bowl  in  the  other  direction  and 

Fig.  2830. 


lifts  the  bight  of  the  rope,  ready  for  another  etfectivp 

stioke. 

The  lathe  of  the  native  East-Indian  consists  of  two 

upright  pieces  of  wood  driven  into  the  ground  at  the 

requisite  distance  for  Iiohliug  the  work,  with  spikes 
Pi,  9(wi  projecting     hori- 

*^e-  283L  zontally.        T  h  e 

work  is  held  be- 
tween these  spikes 
andniade  torotate 
backward  and 
fiirwanl  by  a  bow 
belli  in  the  left 
hand,  and  the 
string  of  which  is 
passed  once  round 
the  wood.  Fig. 
2S31  shows  a  pole 
and  treaille  lathe 
used  by  peo|ile 
of  the  C'arjiatliian 
Lathi  ofihe  Carpathian.  Mountains.      The 

worko  issuspend- 

ed  on  centers  b  b,  ami  rotated  by  the  cord  which 


'  connects  the  end  of  the  spring-pole  with  the  treadle 
c.     The  chisel  rests  upon  the  bar. 

The  earliest  screw-lathe  known  is  one  described  in 
;  the  work  of  .Taques  Besson  (see  Plate  9  of  that  work) 
published  at  Lyons,  France,  in  the  year  1578.      This 
curious  lathe,  which  is  also  illnstrated  and  described 
on  page  616,  Vol.  II.,  HoltzapllVl's  "Turning  and  Me- 
chanical Manipulation,"  has  its  tool  traversed  along- 
side the  work  by  means  of  a  guiile-screw,  which  is 
;  moved  simultaneously  with  the  work  to  be  operated 
I  upon,  by  an  arrangement  of  pulleys  and  cords  clearly 
shown    in    the   engraving.      Besson's   machine   was 
capable  of  cutting  screws  of  any  ]iitih  by  the  use  of 
pulleys  of  iliti'ercnt  diameters,  anil  could  be  made  to 
cut  right-hand  or  left-hand  sciews  at  ]ileasure,  by 
crossing  or  uncrossing  the  cord.     The  inventor  al.so 
describes   its    application    to   elliptical,  conical,  or 
other  solids. 
I       A  nietal-ttirning  lathe,  in   its  most  essential  de- 
tails, is  found  described  on  l>age  214 
of  "  Mechanick    Exercise.s,    or    the 
_  Doctrine    of    Handy    Work.s,"    by 

Joseph  Jloxon,  hydrograjilier  to 
King  Charles  II.,  ]uinted  in  Lon- 
don, 1B94.  This  is  cited,  however, 
rather  as  one  of  the  earliest  intelli- 
gible and  illustrated  descrijitions 
which  have  come  ilown  to  us,  than 
as  fi.\iTig  the  actual  date,  —  for  evi- 
dence exists  of  its  much  earlier  ori- 
gin ;  for  example,  a  bronze  drink- 
ing-ve.ssel,  live  inches  in  diameter, 
and  evidently  tiinicd,  was  exhumed 
from  an  ancient  tomb  in  Thebes, 
Egy])t.  This  vessel  may  be  seen  in 
the  Abbott  collection,  museum  of 
the  Historical  Society  at  the  corner 
of  .Second  Avenue  and  Eighth  Street, 
New  York. 

In  the  earlier  construction  of  tlie 
lathe,  the  s/ic?c-rcsMvas  tlie  first  gi-eat 
step  toward  the  principle  of  the 
xJiih--htlhc,  and  no  doubt  led  to  that 
in%ention,  which  was  considered  im- 
I'lacticable  before  jilaning-machines 
"ere  made  of  sufficient  magnitude 
— isoB  ~  to  jilane  a  lathe-bed  of  even  small 

dimen.sion.  A  few  slide-lathes  li.ad 
indeed  been  made,  the  beds  of  which 
were  composed  of  a  timber  framing, 
covered  with  iron  plates  on  the  upper  .side  to  pre- 
serve the  surface,  similar  to  those  which  were  previ- 
ously used  for  the  ordinary  hand-lathes,  with  the 
exception  that  the  outer  edges  of  the  iron  plates  were 
made  of  suitable  shajie  to  form  the  Vs  for  the  car- 
riage to  slide  upon.  It  was  not,  however,  until 
.some  time  after  the  introduction  of  the  jilaning-ma- 
chine  that  slide-lathes  came  into  general  use,  and 
their  utility  was  fully  acknowledged. 

The  application  of  a  scrru-  to  the  sUdc-lathe,  so  as 
to  render  it  cajiable  of  both  sUdiinj  and  screin-culting, 
was  the  next  important  improvement  ;  and  a  great 
amount  of  time,  jierseverance,  and  capital  was  ex- 
pended by  a  few  persons  in  endeavoring  to  jjerfect 
this  portion  of  the  lathe.  A  short  screw  was  first 
made,  as  accurately  as  possible  with  the  rude  means 
then  possessed,  from  which  one  was  cut  double  the 
length,  by  changing  tlie  turned  bar  end  for  end  in 
the  lathe  after  cutting  one  half.  Subsequently,  by 
following  out  this  principle,  screws  were  made  of 
any  length  required. 

After  this,  the  stirfacinfj  motion  was  introduced, 
and  also  the  use  of  a  shaft  at  the  back  of  the  lathe, 
in  addition  to  the  regular  screw,  for  driving  the  slid- 
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in;;  motion  by  rack  and  pinion,  instead  of  l>oth  the 
motions  of  sliiling  and  serew-cnttinj;  being  worlicd 
by  tlie  sui'c'w  alone ;  for  it  was  Ibiind  tliat  tlie 
threads  of  that  portion  of  tln^  screw  nearest  the  fast 
liead-stoclc,  being  most  in  use,  wei'e  worn  tliinncr 
tlian  the  other  parts  ;  and,  in  conseipience,  tlie 
lathe  did  not  cut  a  long  screw  with  the  degree  of 
aci'.nracy  which  it  otherwise  would  have  done. 

Thus,  step  by  step,  iinproveiucnits  were  gradually 
brought  forward  ;  the  fore-jaw  and  universal  chucks 
and  other  important  appliances  were  added,  so  as 
to  render  the  lathe  applicable  to  a  great  variety  of 
work,  even  cutting  spiral  grooves  in  shafts,  scrolls 
in  a  face-]date,  skew-wh;els,  and  also  turning  arti- 
cles of  oval,  s[iherieal,  or  other  forms.  The  duplex 
lathe,  with  one  tool  acting  in  front  and  the  other 
behind  the  work,  is  also  found  to  be  a  very  useful 
arrangement  for  turning  long  shafts,  cast-iron  roll- 
ers, cylinders,  and  a  great  variety  of  work,  where  a 
quantity  of  the  same  kind  and  dimensions  has  to  be 
turned.     See  Dui>lkx-l.4.the. 

The  slide-rest  is  the  invention  of  General  Sir  Sam- 
uel Beutham,  and  is  the  precursor  and  original  of 
the  planing-machine  for  metal.  General  Bentham 
is  the  inventor  of  the  planing-machine  for  woo<l,  pat- 
ented in  England  in  1791.  It  seems  to  have  been 
a  reciprocating  machine,  acting  after  the  manner  of 
a  hand-planer.  He  afterward  invented  the  planiug- 
nuichine   with  circular  cuttevs.     See   Pl.\ning-ma- 

CUINE. 

Since  the  beginning  of  the  century,  numerous  im- 
provements iu  the  lathe,  some  of  them  valuable,  have 
been  made  the  subjects  of  letters-patent  in  this  coun- 
try and  in  England  ;  so  numerous,  imleed,  are  they 
that  a  bare  recitatioii  of  their  titles  would  till  con- 
siderable space.  The  more  important  improvements 
will  be  found  described  in  the  book  calleil  "  The 
Lathe  and  its  Uses  ;  or.  Instruction  iu  the  Art  of 
turning  Wood  and  Metal,"  copiously  illustrated, 
published  by  Wile\'  &  Co.,  New  York  ;  and  in 
"Turning  and  Mechanical  Manipulation,"  by  Jo- 
seph Holtzaplfel,  an  English  work  not  republished 
in  the  United  States. 

Lathes  are  known  by  various  names,  according  to 
construction,  mode  of  driving,  etc. 

The  bar-lallie  has  a  single  beam  or  shear,  gener- 
ally of  a  triangular  shape.  On  this  the  heads  or 
puppets  slip. 

The  b:d-latlie  is  the  usual  form,  and  has  two  par- 
allel shears. 

The  csnter-latlie  has  head  and  tail  stocks,  which 
afford  centers  for  each  end  of  the  work  turned. 

The  ehack-lathe  supports  the  work  being  turned, 
by  means  of  a  grasping  tool  or  socket  on  the  man- 
drel of  the  head-stock. 

The  foot-ldthc  is  driven  by  a  treadle. 

The  geometric  lathe  is  an  instrument  for  producing 
wavy  or  eccentric  patterns  with  a  general  concentric 
arrangement.     See  Gkiimictiiic  L.vthi:. 

The  hnnd-lalhe  is  driven  by  a  crank  or  bow,  and 
is  of  small  size,  for  the  bench  or  table. 

The  watchmaker's  lathe  is  a  small  bench-lathe, 
sometimes  having  pivot  centers,  on  which  the  work 
is  turned  by  a  bow,  and  sometimes  a  hand-lathe  or 
a  foot-lathe  of  small  proportions. 

The  /iisMathe  is  a  L.\the  Foa  Tur.Nixo  Ikiikgu- 
LAR.  FoUMS  (which  see). 

The  m'mdrd -lathe  supports  the  work  on  a  spindle, 
which  is  attached  to  the  axle  of  the  head-stock,  or  on 
tlu'  head  and  tail  centers,  according  to  circumstances. 

The  ^Pi!'o/-lathe  is  a  small  bench-lathe  whose  cen- 
ters are  the  ends  of  rods  clamped  in  the  heads  ami 
not  partaking  of  the  revolution. 

The  ■p'jlc-lathc  supports  the  work  oji  pup|iets,  and 


the  cord  passes  from  the  treadle  two  or  three  times 
round  the  work,  and  then  upward  to  a  spring-bar. 
See  Figs.  2830,  2831. 

The  pim'er-latlic  is  driven  by  horse-power,  water, 
or  steam. 

The  rosc-ciujiiic  lathe  is  a  form  of  the  geometric. 

The  spindle-lathe  has  a  rotating  axis  in  the  head- 
stock,  to  which  the  work  is  attaclied. 

The  spoke-lathe  in  a  Lathe  fok  tiiuning  Iurf.gu- 
LAU  Forms  (which  see). 

Th(!  turn-heneh  is  a  small  portable  lathe  for  the 
work-bench  or  desk. 

The  parts  of  a  lathe  are,  — 

The  bed,  sheers,  chcels,  sides,  on  which  the  pujipets 
slide.  The  pupipeis,  which  ibnn  the  head-slock  and 
tail-stock.  The  luandrel,  or  live  spindle  of  the  live 
head,  and  on  which  is  the  speed-pulley.  The  cen- 
ters on  the  live  or  front  spindle,  and  the  dead  or 
bach  spindle,  respectively,  on  which  the  work  i* 
turned. 

The  fltj-whccl  (of  a  foot-lathe),  on  which  is  the 
cord  passing  to  the  speed-pulley  of  the  head-stock. 

The  trectdle,  or  foot-board,  to  which  the  power  is 
applied. 

The  collar-plate,  cone-plate,  face-plate,  chucl;  or 
other  means  of  connecting  the  work. 

The  rest  for  the  tool. 

See  under  the  following  list  of  lathes  and  appli- 
ances :  — 


Axle-lathe. 

Back-pnpi>et. 

Ball-turning  latho. 

Bar-latht*. 

Beaded-work  lat'.ic. 

Bead-tool. 

Bearer. 

Bed. 

Bed-latho. 

Belt-shift«r. 

Belt-tiglitencr 

Bench-lathe, 

Bevel -tool. 

Blanchard  lathe. 

Borinj;  collar. 

Bottom-tool. 

Branch-chuck. 

Broad. 

Button-lathe. 

Carrier. 

Car-wheel  lathe. 

Center-chuck. 

Centering-tool. 

Centers. 

Chaser. 

Chasing-lailhe. 

Chuck. 

Chuck  for  wood  lathes. 

Collar-plate. 

Comb. 

Compound-rest. 

Cone-plate. 

Cranked  tool. 

Crank-hook. 

Cutter-head. 

Cyeloidal  engine. 

Dead-head. 

Dog. 

Dog  and  driver  chuck. 

Dog  for  wood-lathes. 

Dog-lathe. 

Driver. 

Duplex-lathe. 

Eccentric  chuck. 

Elliptic  chuck. 

Engine-lathe. 

Face-plate. 

Flit-tool 

Fluting-lathe. 

Foot-lathe. 

Foot-wheel  lathe. 

Fork-chuck. 

Founder's  lathe. 

Gage-lathe. 

Geometric  chuck. 

Geometric  lathe. 

Ilind-lathc. 

II  lud-wheel  lathe. 


Ilanging-tool. 

Heading-tool. 

llcad-rtock. 

Ileel-tool. 

Hollow -mandrel  lathe. 

Hook-tool. 

In;,ido-tool. 

Ironing-lathe. 

Last-lathe. 

Lithe-chuck. 

Tiathe-dog. 

Lathe  for  irregular  forms'. 

Leading-screw. 

Mandrel-lathe. 

NuUed-work  latho. 

Oval  chuck. 

Oval  lathe. 

Overhead  motion. 

Bail-lathe. 

Parting-tool. 

Pivot-lathe, 

Plani-slier. 

Point-tool. 

Pole-lather. 

Poppet-head. 

Potter's  lathe. 

Power-lathe. 

Puppet. 

Quarter-hollow  tool. 

Quarter-round  tool. 

Rest. 

Rigger. 

Ring-chuck. 

Ro5e-engine  lathe. 

Round  tool. 

Screw-cutting  chuclt. 

Screw-cutting  lathe. 

Screw  tool. 

Scroll-chuck. 

Seal  engraver's  lathe. 

Shafting. 

Shafting-lathe. 

Shears, 

Side-tool. 

Skew-chisel. 

Slide-lathe 

.*^lide-rest. 

Spherical  lathe 

Spindle-lathe. 

Spoke-lathe 

Straight-line  chuck. 

Surface-chuck. 

Tail-piece. 

Throw-lathe. 

Tool-holder. 

Tool -post. 

Tool-rest. 

Transferring-lathe. 
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Treadle 
Turn-liench. 
Turning-lathe, 
L'niTer>a]  chuck. 
Watchmaker's  lathe. 


Wheel-lathe. 
Whirling-table. 
Whiiket- 

Wood-turning  lathe. 
Wrist-pin  turner. 

2.    {U'cariiKj.)      The  wooden  frame  beam  which 
forces  uj)  the  weft.     The  lay  or  baltcn.' 

It  may  coiLsist  of  these  parts  :  — 

The  swords  ;  two  upright  laths  at  the  ends  of  the 
race. 

Fig  2832. 


Lalhf-  Center  Grinder. 

The  lay-cap  or  pull-to  ;  the  top  bar  by  which  it  is 
liandled. 

The  rccd,  slctj,  or  slay,  which  has  parallel  slips  of 
metal  or  cane  which  separate  the  warp-threads  and 
batter  against  the  weft.  _ 

The  nice,  or  shuttle-track.  ^_^  —=^      ^ 

The  shuttlc-hoj-es,  at  the  ends  of  Q^TsCT^ 
the  race.  j       ^^ 

The   picker,   pecker,    or   driver,  I 

which    strikes    the  fly-sh.ntUc  and  \ 


Lathe-chuck.    One  for  holding  work  to  the  live 
manilrel,  or  a  mandrel  between  centers  of  a  lathe. 

Fig.  2S33  shows  a  universal  chuck,  in  which  the 
gear  is  placed  at  the  center  of  the  chuck,  and  pin- 
ions are  arranged  at  or  near  tlie  inner  end  of  the 
driving-screws.  The  gear-hub  is  retained  in  place 
by  a  set-screw  made  to  play  in  a  groove  in  the  gear- 
liub.  Scales  on  the  face-plate  serve  as  guides  in 
setting  an  eccentric,  and  also  in  adjusting 
the  jaws  at  the 
right  point. 

The  right-hand 
view  is  on  an  en- 
larged sc-ale,  and 
shows  the  dogs, 
the  screws,  and 
the  back -plate, 
carryingthc  bevel- 
gear  which  mash- 
es with  the  pin- 
ions oir  the  dog- 
screws. 

In    Fig.    2834, 
the  dogs  B  B  are 
advanced    or    re- 
ceded by  the  ac- 
tion of  a  wheel  C 
with  a  spiral  worm 
on  it.s  face  and  a 
bevel-gear  on   its 
back,  actuated  by 
the     bevel-pinion 
which  is  turned  by  the  key.    See  also  Chuck. 
Lathe-dog.     A  piece  on  a  mandrel  or  on  work 
in  a  lathe,  which,  by  contact  with  a  pin  on  the  face- 
plate of  the  live  head,  is  caused  to  turn  the  work. 
See  Due. 

Kg.  2835. 


Lalhi-Chiick. 


I  .-};■ 


drives  it  along  the  r<[rc  through 
the  shrd,  which  is  formed  by  the 
decussation  of  the  warp. 

The  piekrr-cord,  which  jerks  the 
picker. 

Lath-cen'ter  Grind'er.      An 
attachment  to  a  lathe  for  truing  the  hardened  live 
center  in  situ,  hy  means  of  an  emery-wheel  rotated 
by  a  band  conducted  over  idlers  from  the  lathe-pulley. 

Fig.  2833. 


Lathe-Chuck. 


Lathe- Drill. 


Lathe-drill.  A  bar-latlie  arranged  as  a  liorizon- 
tal  drilling-niachinc.  The  work  is  gj-asped  by  the 
vise  /,  and  fed  to  the  tool  by  the  slipjiing  of  the 
jiiece  /  in  the  tube  E. 

Lathe  for  turn'ing  Ir-reg'u-lar  Forms.  Pie- 
v'ious  to  the  present  century,  we  read  in  the  works 
of  Condaniine,  De  la  Hire,  and  Plumier  of  lathes 
adapted  to  turn  irregular  fomis. 

De  la  Hire  shows  how  all  sorts  of  pol}"gons  may 
be  made  by  the  lathe,  and  Condaniine  shows  how  a 
latlie  may  be  made  to  turn  all  soi  ts  of  irregidar  fig- 
ures by  means  of  tracers  moved  over  the  surface  of 
models  and  .^culjitnres,  medals,  etc. 

Plumier's  work  enters  extensively  into  the  art  of 
turning.  Among  other  machines,  he  describes  the 
slide-rest  in  combination  with  a  planing-machine. 
This  he  calls  an  English  invention. 

In  addition  to  the  citation  of  tlie.se  authors,  we 
may  refer  to  a  number  of  elaborate  machines  made 
by  Sir  Samuel  Bentham,  1793,  and  Joseph  Braninh, 
1S02. 

The  machine  invented  by  Brunei  for  making  the 
gi'oove  around  sliip's  blocks  for  the  insertion  of  the 
ropes  by  which  they  are  attached  to  the  rigging  has 
a  revolving  disk  of  bra-ss  with  two  cutters.     It  trav- 
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ei'sns  around  oiih  side  of  the  block,  receiving  its  di- 
rection from  a  sluqier  [ilaced  ]iaritll(4  thereto,  making 
the  groove  deeper  at  the  ends  than  at  tlie  central 
part,  where  the  slieave-pin  is  inserted. 

The  parent  of  all  reeent  maehiiu^s  of  this  kind  is, 
however,  the  lathe  inventeil  by  Thomas  Blanehanl 
of  Philadelphia,  and  patented  liy  him  September  6, 
1819. 

This  lathe  for  turning  irregular  forms  contains 
the  generie  ide.i  of  all  maeliines  for  duplicating 
shapes  l>y  using  a  model  in  conjunction  with  a  blank, 
the  outline  of  the  mndel  guiding  the  c'utting-tool  to 
produce  a  duplicate  from  the  blank. 

This  ingenious  device  may  be  .said  to  have  wrought 
a  complete  revolution  in  tluit  branch  of  wood-work- 
ing to  which  it  appertains.  Originally  applied  to 
turning  lasts,  it  has  since  been  employed  to  shape 
the  most  diliicnlt  forms,  gun-stocks  for  example, 
which  it  was  formerly  imagined  could  only  be  pro- 
duced, and  in  a  far  less  linished  manner,  by  the 
drawing-knife,  the  gouge,  and  the  chisel. 

Fig.  2S3tJ,  A  shows  a  plan  of  the  ma- 
chine as  originally  patenteil.  a  is  the 
frame,  h  a  drum  driving  the  pulley  c, 
whose  shaft  serves  as  a  connnon  axis  to  the 
rapidly  rotating  pattern-wheel  d  ami  cut- 
ter e.  These  are  maintninc^l  respectively 
in  contact  with  the  pattern  /  and  the 
roughed-out  block  </,  whieh  is  to  be  turned, 
so  that  as  the  former  moves  transversely 
back  and  forth  the  latter  follows  its  mo- 
tions. 

The  common  axis  of  tint  whi'el  and  cut- 
ter is  caused  to  recede  or  advance,  as  pro- 
jections or  depression's  of  the  model  are 
brought  in  contact  with  the  pattern-wheel, 
by  means  of  a  spring.  A  screw  h  produces 
a  longitudinal  movement. 

It  is  obvious,  as  stated  by  the  inventor  in  his 
specification,  that  various  aUiu'ations  in  the  positions 

Fig.  2836. 


of  the  working  parts,  with  relation  to  each  other, 
may  be  made  without  interfering  with  the  general 
principle. 

yy.  Fig.  2836,  is  a  recent  form  of  lathe  of  this  dc- 
scrijition,  all  the  parts  of  which  are  of  iron. 

In  Sjienli's  lathe,  a  right  and  left  last  are  turned 
at  the  same  tinu'  in  the  same  lathe,  and  liom  a, sin- 
gle pattern,  which  may  be  larger  or  smaller  than 
the  last  jiroduced.  The  cutter-heads  are  traversed 
by  the  right  and  left  hand  screws  of  the  .single 
spindle,  so  as  to  simultaneously  advance  or  recede 
from  the  central  wheid,  which  is  actuated  by  the 
pattern-last.  l?y  shifting  the  bolt  in  the  slotted 
lever,  the  motion  of  the  jiattern-wheel  head  can  be 
accelerated  or  relai'ded  to  make  the  lasts  respec- 
tively smaller  or  larger  than  the  pattern,  while  jire- 
serving  the  relative  proportion  of  the  parts  of  each 
last. 

There  are  several  forms  of  i\w.  machine  :  — 

1.   The  slowly  revolving' model  and  work  ;  a  rap- 
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Spe7ili\^  La^t- Lathe. 

idly  rotating  cutter  acting  on  the  work,  and  regu- 
lated as  to  pro.ximity  to  the  axis  of  the  work  by  a 
tracer  which  rests  against  the  rotating  model. 

2.  Rapiilly  rotating  woik  and  a  lapidly  rotating 
cutter,        whose 

proximity  to  the  Fig.  2838. 

work  is  regulat- 
ed by  a  templet. 

3.  Rapidly  ro- 
tating work  and 
a  cutter  actuated 
by  a  temjilet. 

Lathe-head. 
The  poppet-bead 
which  contains 
the  mandrel,  on 
which  is  a  cone- 

pidley  for  the  belt  and  a  means  for  attaching  a  face- 
plate or  chuck  for  the  work. 

Lathe-saw.  For  some  of  the  smaller  uses  of 
circular  saws  they  may  be  retained  on  the  mandrel, 
su|iported  on  the  lathe  centers,- as  shown  at  A,  Fig. 
2S30,  while  a  bench  is  arranged  upon  the  shears  of  the 
lathe.  The  wooden  box  is  secured  by  a  scr(;w-clani|) 
beneath  the  shears,  and  the  platform  is  hinged  to 
the  back  of  the  box,  the  saw  pi'ojeeting  through  a 
slot  in  the  platform. 

Afairc  can  be  arranged  on  the  ]datform  to  act  as 
a  gage  and  guide  in  slitting  a  number  of  pieces  to  a 
size.  A  guide  against  which  the  work  may  hv.  held, 
so  as  to  present  it  at  any  angle  to  tint  saw,  is  a  con- 
venient adjunct. 

7>  (Fig.  2839)  shows  a  small  fret-saw  nmunted  on 
an  ordinary  lathe.  The  table  is  adju.stable  in  bight, 
.so  that,  being  half  an  inch  above  thi;  lathe-center, 
tin;  saw  will  have  an  inch  stroke,  or  a  quarter  of  an 
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Fig.  2S39 


smstll  cut  nail  (about  4  d.),  for  fastening  latlis  to 
studding. 
Lath-sa-w'ing    Ma-chine'.      One   for  sawing 

lath  IVoiu  tliu  board  or  the  holt.  The  cyliudiical  log 
is  mounted  on  journals  upon  gravitating  guide-bars, 
and  supported  and  rotated  by  rollers.  Tlie  laths  are 
sawn  from  its  periphery  by  saws  cuttiug  rectangu- 
larly to  each  other. 

Fig.  2842. 


:^x^^-yyyy.'-^,<^^y\ 


Lathe-Saw. 

inch  will  give  a  half-inch  stroke,  and  so  on.     The 
post  uniting, the  hack  ends  of  the  levers  is  connected 
to  a  wrist  on  the  face-plate  of  the  lathe-mandrel. 
Lathe-tool  Hold'er.     A  socket  or  holder  for  a 

lathe-tool,  hav- 
Fig.  2840.  ing  a  shank  A 

whichisheldby 
the  set-screw  on 
the  post  of  the 
.slide-rest. 

Lath'ing- 
clamp.  A 
clamp  to  hold 
a  set  of  spaced 
laths  while 
nailing  to  the 
stuilding. 

Lath'ing- 
hammer.      A 
hatchet,   whose 
bit  and  poll  present  a  straight  line,  so  that  the  bit 

does   not  interfere 
Fig.  2841.  with     nailing     up 

hiths  in  corners  of 
rooms. 

The  bit  is  used 
for  cutting  lath  to 
a  length,  and  it 
has  a  notch  for 
withdrawing;  nails. 
Lath-naiL      A 


Lathe-  Tool  Holder. 


Lath-sawin^-Machine. 

La-trobe'.  A  form  of  stove  which  sets  into  the 
tire)  ilace  of  a  room,  has  a  ]U'ojecting  ornamental  front, 
and  is  arranged  for  lieating  tiooi's  above.  In  the  e.K- 
ample,  the  fnrnace  portion  has  a  means  of  direct 
access  to  the  flue  in  kindling  lire  or  urging  a  strong 
draft,  the  lower  damjicr  shown  in  the  cut,  which 
moves  the  butterfly-valve  in  the  partition  between 
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the  downcast  flue  and  the  upward  or  reverting 
flue,  which  conducts  the  smoke  to  the  chimney. 
The  upper  damper  governs  the  opening  by  which 
the  air  heated  by  tlie  stove  is  conducted  to  tho 
hot-air  flue  and  led  upward  to  the  registers  of 
the  rooms  on  the  upper  floors.  The  lower  plate  A 
is  elevated  above  the  floor,  and  the  air  heated  be- 
neath it  is  also  conducted  to  the  room  at  the  passages 
leading  to  the  upper  rooms.  The  air  is  admitted 
through  a  perforated  extension-plate  h  of  the  base- 
plate, q  is  a,  vessel  for  water,  which  is  evaporated 
and  mingles  with  the  hot  air  which  passes  to  the 
room  or  rooms. 

Lat'ten.    Thin  metal.     Metal  in  sheets. 

In  the  Jliddle  Ages,  a  thin  plate  of  brass  or 
bronze,  used  for  cutting  into  crosses,  bending  into 
candlesticks,  etc. 
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Black-lallcii  is  brass  in  mUIed  sheets,  used  by 
braziers  and  for  drawing  into  wire. 

Shatvn  latlen  is  a  thinner  article. 

IioIl-hUlen  is  polislied  on  both  sides,  ready  for  nse. 

Lattrn-trirc  is  wire  made  from  latten-jilate.  It 
was  thus  made  before  tlie  invention  of  wive-drawing. 

Lat'ten-'wire.     Wire  made  from  strij)s  of  latten. 

Lat'ter-kiu.  (Plumbing.)  A  pointed  piece  of 
hard  wood,  used  for  clearing  out  the  grooves  of  the 
cames  in  fret -work  glazing. 

Lattice.  A  structure  of  crossing  laths  or  bars, 
as  a  latlicc-innr/otr,  lallm-girder,  etc. 

Lat'tice-bridge.  A  bridge  supported  by  a 
girder  whose  well  consists  of  diagonal  crossing- 
pieces.      Sec^  luoN  BUIDGE. 

Lat'tice-gird'er.  A  girder  consisting  of  two 
horizontal  liars  united  by  diagonal  crossing-bars. 
See  Iron  Biudge. 

Lat'tice-truss.  One  having  horizontal  chords 
and  inclinr:d  intersecting  braces. 

Lat'tice-'wiu'do'wr.  A  window  formed  of  leaden 
frames,  called  canws.  The  panes  are  usually  dia- 
niond-sliaped,  and  are  set  with  an  acute  point  up- 
ward. 

Launch.  1.  (_Sliipbuilding.)  A  term  compre- 
hending the  apparatus  for  launching  a  ship. 

S  W,  the  slip-vmi/s  or  s£ idinij-waijs.  The  struc- 
ture above  them,  giving  temporary  support  to  the 
ship,  is  the  cradle.  The  sJip-ways  are  parallel,  in- 
clined platforms  of  timlier,  firmly  founded  on  the 
floor  of  the  slip,  and  kept  steady  in  their  positions 


Fig.  2844. 


by  shores  S  H.  Their  slope  varies  from  1  in  12  for 
small  vessels  to  1  in  24  for  the  largest.  The  breadth 
is  from  three  to  four  feet.  The  distance  apart  of  the 
slip-waii-iy  from  center  to  center  is  about  one  third 
of  the  width  of  the  vessel. 

R  R  are  ribbands  to  act  as  guides. 

B  ]V  are  the  sill-pieces  of  the  cradle-frame,  and 
are  termed  bilge-ways.  Their  length  for  wooden 
ships  is  about  five  eighths  of  the  length  of  the  ship. 

P,  the  poppets,  are  posts  rising  from  the  sole-pieces 
S  P,  which  rest  on  the  bilge-ways. 

S,  the  slices,  are  wedges  by  which  the  cradle  and 
ship  are  lifted  clear  of  the  building-blocks  B  B,  to 
prepare  for  launching. 

The  upptu-  ends  of  the  poppets  P  rest  against 
planks  G  P,  which  are  prevented  from  slipping  by 
means  of  the  cleats  C,  bolted  to  the  side  of  the  ves- 
sel. 

D  P,  the  dagger-planks,  are  longitudinal  ties  by 
which  the  poppets  are  stayed. 

S  H,  sh,  are  outer  and  inner  shores,  by  which  the 
Mlg»ways  are  held  to  their  places  on  the  sliding- 
ways. 

2.  (Nautical.)  The  largest  boat  bilonging  to  a 
ship  of  war.  It  is  only  used  for  service  wliich  can- 
not be  performed  by  the  smaller  boats,  being  hoisted 
in  board  and  kept  on  deck  just  abaft  the  foremast, 


where  it  serves  as  a  receptacle  for  lumber  and  stores. 
In  large  men-of-war  the  launch  is  sometimes  decked 
over,  and  is  ca])able  of  mounting  several  light  guns. 
The  corresponding  boat  of  merchant  vessels  is  called 
the  long-boat. 

The  launch  is  from  30  to  40  feet  long,  having  a 
beam  from  .29  to  .25  of  its  length.  It  has  10  or  12 
oars,  and  is  carvel-built. 

Steam-launches  are  now  used  in  the  navy,  and  as 
despatch  and  revenue  boats. 

Launch-en'gine.  Launch-engines  generally  con- 
sist of  a  boiler  with  engines  attached  thereto,  and 
are  used  for  propelling  the  launches  of  large  ocean 
steamers  in  shallow  harbois,  etc.  Such  launches  are 
used  for  general  service,  the  transportation  of  men 
and  stores,   and  as  despatch-boats. 

Laun'der.  (Mining.)  A  wood  water-gutter  or 
pijie.  A  trough  for  conveying  water  to  a  stamp- 
mill  or  other  hydraulic  apparatus  for  comminuting 
or  sorting  ore. 

Or  a  trough  or  bo.\  to  receive  the  slimes  from  the 
stamps. 

Lavm'dry.  An  apartment  arranged  for  washing, 
drying,  starching,  mangling,  and  ironing  clothes, 
as  in  the  example,  which  has  a  boiler  A,  drying- 
Fig.  2845. 
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Laundry. 

closet  B,  water-reservoir  O,  mangle  K,  and  washing- 
machines. 

Laun'dry-heat'er.  A  stove  adapted  to  the  uses 
of  a  laundry,  especially  for  heating  smoothing-irons, 
having  an  inclined  heating-surface  with  a  shelf. 

rig.  2846. 


Henlrrrfor  Smoothjng-lrons. 

Law-bind'ing.  (Bookbinding.)  A  plain  style 
of  liinding  in  leather  of  the  natural  tan-color  ;  calf 
or  sheep. 

Lawn.  1.  (Fabric.)  A  very  tine  white  goods, 
cotton  or  linen,  finer  than  cambric  ;  of  an  open  tex- 
ture, plain  or  printed. 

White  lawn  is  part  of  the  flowing  dress  of  a  bish- 


LAWN-MOWER. 


1267 


LAYING-TOP. 


op.  It  has  the  odor  of  ecclesiastical  iirefermcnt, 
and,  according  to  Fope,  of  sanctity  also,  which  is 
not  always  the  same  thing. 

"  A  saint  in  crape  is  twice  a  saint  in  lawn^ 

A  certain  Riglit  Reverend  Lieutenant-General  was 
felled  a  lew  years  since  by  a  round  shot.  His  three- 
starred  coat  hid  the  lawn. 

2.  (Porcelain.)  A  fine  sieve  of  silk,  300  threads 
to  the  inch,  through  which  slip  for  porcelain  is 
strained,  to  insure  an  mipalpable,  creamy  fluid.  See 
Slip. 

3.  A  smooth,  grassy  surface  in  the  vicinity  of  a 
house. 

Lawn-mo'w'er.    A  machine  for  cutting  sward. 
One    form    of    lawn- 
Fig.  2847.  mower  has  a  revolving 
cylinder,    armed    with 
spiral  knives,  which  ro- 
tate in  contact  with  the 
rectilinear    edge    of    a 
stationary  knife,  placed 
taugentially       thereto. 
The  cylinder  is  rotated 
by  gear   connection   to 
the     supporting      and 
driving    wheels.       The 
blades  of  grass  are  nip- 
ped between  the  edges 
of  thespiraland  straight 
knives,  are  cut  off  and 
delivered  into  a  trough 
behind    the     cylinder. 
The   machine   is  made 
,.■  ■         '  of  different  .sizes,  to  cut 
Laum-Mtnoer.                 a  swath  of  from  18  to 
36  inches,  and  is  puslied 
before  him  by  the  gardener. 

Fig.  2848  ha.s  a  roller  b  and  a  set  of  spiral  knives, 
which  cut  against  a  straight  edge,  near  the  sup])ort- 
ing  rollers,  which  support  the  liinged  portion  when 


Lawn  Roller  and  Motoer. 

the  mower  is  brought  into  action.  The  mower  may 
he  thrown  up  and  over  the  handle  end  when  the 
machine  is  to  be  used  for  rolling  only. 

In  Fig.  2849,  a  row  of  knives  are  vibrated  by  the 
arm  which  is  oscillated  by  the  zigzag  on  the  roller. 

Fig.  2849. 
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Lay.  1.  {Rope.)  The  direction  in  which  the  re- 
.spective  yariui,  strands,  etc.,  are  wound  in  forming 
them  into  a  rope,  hawser,  cable,  etc. 

Hemp  is  Inid-up  right-hnndcd  into  yarns. 

yarns  are  laid-up  left-handed  into  strands. 

Z-slraiids  are  laid-up  right-liaiuled  to  form  a  haw- 
ser. 

S-hawscrs  are  laid-up  left-handed  to  foiTn  a  cable. 

The  terms  signil'yiug  the  respective  forms  are, 
sincjle-laid,  luneser-laid,  aMc-laid. 

2.  {CoUon-inaiiufaclare.)  a.  120  yards  of  yarn. 
The  yarn  is  wound  on  a  reel  4i  feet  in  cironnference, 
SO  revolutions  of  wliicli  make  a  hiij,  and  7  lays  make 
a  luink  of  840  yards.  This  is  the  length  oi'  a  hunk 
of  any  grade  of  cotton  yarn.  The  yarn  is  rated  by 
the  number  of  hanks  which  go  to  make  up  a  pound. 
Nos.  40  to  50  are  ordinary  throstle  weaving  ;  Nos. 
300  to  400,  ordinary  mule  weaving.  By  the  mule 
much  higher  numbers  have  been  reached.  No.  700 
being  exhibited  in  1853.     See  Yarn  ;  Haxk. 

The  lay  is  also  called  a  rap  or  ley. 

3.  (Flax-inanufacture.)  300  yards  of  linen  yam. 
See  Lea. 

4.  ( Jfool-maniifaetitre.)  A  quantity  of  wool  or 
other  fiber  in  a  tcillow  or  cardiiig-niachine. 

5.  (Jf'caving.)  The  batten  or  lathe  of  a  loom,  by 
whicli  tlie  weft-threads  are  lieaten  up  in  the  shed  to 
comjiaet  them  against  their  jiredecessors.  See 
L.VTIIK,  2. 

Lay-cap.  ( IVearinrj.)  A  slat  which  lies  on  top 
of  the  reed,  and  which  is  grasped  by  the  hand  in 
working  the  lathe  or  batten. 

Lay'er.  1.  {Tunnimj.)  A  jiit  containing  a 
strong  solution  of  tannin  ;  used  for  hides  near  the 
conclusion  of  the  tanning  process.     A  bloomer. 

The  pits  containing  the  weaker  solution,  used  in 
the  earlier  portions  of  the  process,  are  termed  hand- 
lers. 

2.  (Leather-manufacture.)  A  welt  or  strengthen- 
ing strip. 

3.  (Husbandry.)  A  limb  laid  a  part  of  its 
length  beneath  the  surface-giouiul,  that  it  may 
strike  root. 

4.  re.   A  course  of  stone  or  brick. 

b.  A  thickness  or  bed  of  puddled  clay  in  a  canal. 

c.  A  bed  of  mortar  or  cement. 

Lay-fig'ure.  An  artist's  model.  A  jointed 
figure  to  clutlie  in  imitation  of  the  human  body. 

Lay'ing.  1.  i^llope-nutking.)  The  twisting  of 
three  {or  more)  yarns  into  a  strand,  or  of  three 
strands  into  a  rojK.  The  rotating  hooks  by  which 
the  strands  are  made  are  rotated  in  a  direction  con- 
trary to  the  twist  of  the  separate  yarns.  The  rope 
again  receives  a  twist  the  opposite  of  the  strands. 
See  Lay  ;  Rope. 

2.  (Plastering.)  The  first  coat  of  plastering  in 
two-coat  woi'k.  The  surface  is  made  rough  by  a 
broom  to  form  a  key  for  the  next  coat. 

The  first  coat  of  three-coal  work  is  called  the  rcn- 
deriug. 

Lay'ing-hook.  (Rope-making.)  One  of  the  iron 
hooks  on  the  poles  of  a  ropewalk  in  which  the 
strands  are  laid  as  twisted. 

Lay'ing-ma-cliiiie'.  A  machine  for  laying  up 
yams  into  rope.     See  Rope-makixc  Machine. 

Lay'ing-on  Tool.  (Bookbinding.)  The  tool 
wherewith  the  gold-leaf  is  laid  on  to  the  cover  or 
the  edge. 

Lay'ing-top.  (Puipc-mnking.)  A  conical  piece 
of  wood  jdaeed  between  the  strands,  and  gradually 
receded  as  the  lay  progresses,  in  order  to  keep  the 
twist  well  to  the  point  at  which  the  strands  diverge, 
and  not  let  it  degenerate  into  a  slack  twist  through' 
out  the  length  of  the  strands  in  the  walk. 
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Lay-race.  {IVcacing.)  The  shuttle-path  on  the 
lav  "I  ;i  loiiiu.      The  .shuttle-race. 

La'zy-back.  (Fchic/es.)  A  high  hack-bar  to  a 
cariiag«-s(uu.  It  is  sometimes  made  shifting,  .so  as 
to  be  removed  at  will. 

La'zy-jack.      A   lifting-device  of  compounded 
levers  on  the  iirinciple  of  the  Inzii-toncjs. 
La'zy-tongs.    A  system  of  levers,  moved  by  the 
impulse    comiiiunicat- 
Fig.  2850.         _  ed    to    the    lirst    l>uir. 

It  is  called  the  lazy- 
tongs,  inasmuch  as 
the  gripjiers  are  ad- 
vanced at  the  same 
time  they  are  closed 
together,  reaching  and 
grasping  simultane- 
ously. The  motion  is 
used  in  many  appli- 
ances and  machines. 
Gates,  guards  between 
platforms  of  cars,  elevators  for  fire-ladders,  drop- 
lights,  and  extension  gasaliers,  and  others  -which 
will  appear  occasionally  in  this  work  under  their 
respective  heads. 

Lea.  1.  t,F/ax-manu/acturc.)  A  measure  of  300 
yards  of  linen  yarn. 

Table. 
300  yards,  1  lea. 
10  leas,      1  Imnk. 
20  hanks,  1  bundle 


Lazy-  Ton^3. 


60,000  yards. 


Also  called  a  lay,  ley,  rap,  or  cut. 

2.  (CoUun.)     120  yards  of  yarn. 

3.  (IVeaving.)  Leas.  One  of  the  alternate  sets  of 
threads  into  which  a  warp  is  divided.  The  whole 
series  is  divided  into  alternate  sets,  which  are  to  be 
placed  in  the  loops  of  the  respective  hcddlcs,  so  as  to 
be  raised  and  depressed  alternately  to  form  the  shed 
in    which    the  shuttle  traverses.     See   Warping- 

MILL. 

Leach.  A  vat  or  chamber  in  which  a  body  is 
placed,  in  order  that  its  soluble  portions  may  be  re- 
moved by  soaking  and  infiltration.     It  is  a  filtering 


Fig.  2851. 


Bark-Leach. 

operation  in  which  the  liquid  removes  the  soluble 
matter  from  the  material  through  which  it  flows. 
A  familiar  instance  is  the  ash-leach. 

In  the  bark-leach,  the  bark  is  contained  between 
two  perforated  horizontal  partitions  in  the  leach, 
the  lower  one  having  a  coiled  steam-pipe  for  heating 
the  contents.  The  menstruum  may  be  forced  through 
the  bark  in  either  direction  by  means  of  pi])es  fur- 
nished with  vah'cs  to  determine  the  said  current. 

Leach'ing-vat.     A  vessel  in  which  a  material 


containing       a  Fig  2852. 

soluble  portion 
is  exposed  to 
the  action  of  a 
solvent,  say  wa- 
ter, which  dis- 
solves and  car- 
ries away  the 
said  portion. 

The  example 
shows  the  fonn 
for  leaching- vat 
used  in  the  pro- 
cess of  chlori- 
nating gold. 
This  is  made  of 
two-inch  plank 
and  painted  in- 
side with  pitch. 

Leaden         dis-  Leaching-  Vat. 

charge  -   cocks 

are  placed  at  the  bottom,  and  pieces  of  quartz  laid 
loosely  under  the  perforated  earthenwaie  false  bot- 
tom, which  is  arranged  so  that  it  will  remain  in  the 
vat  when  the  latter  is  overturned.  The  vat  is 
closed  air-tight  by  means  of  a  thick  lid  pressing 
upon  a  rubber  band  on  the  rim.  A  pipe  inserted 
into  the  lid  leads  the  chloiine  gas  from  one  vat  to 
another,  so  that  it  passes  consecutively  from  one  to 
another  in  the  row  until  it  is  exhansteil.  The  vat 
is  charged  with  auriferous  slimes,  the  lid  fastened, 
gas  admitted.  After  the  gold  is  dissolved,  water  is 
admitted,  carrying  oH'  the  chloride  of  gold  to  a  vat. 
When  the  ore  is  thoroughly  leached,  it  is  dis- 
charged into  a  car  by  overturning  the  vat,  and  is 
tlien  driven  off  and  duniped  outside  the  works. 

Lead.  1.  A  soft,  bluish-gj-ay,  fusible,  ductile, 
heavy  metal.  Volatile  above  red  heat.*  Eciuiva- 
lent,  103.5  ;  symliol,  Pb.  ;  specific  gravity,  11.44; 
fusing  point,  612°  F. 

It  usually  occurs  as  (jalcna  (sulphide  of  lead),  and 
is  easily  reduced.     This  is,  — 
Picked  :  to  remove  trash. 

Broken  and  leaslicd ;  to  separate  earthy  and  si- 
liceous matters. 

Roasted;  a  portion  is  moderately 
heated  to  convert  it  into  the  sul- 
phate, and  then  mixed  with  an  un- 
roasted  portion.  The  two  are  then 
well  roasted  to  eliminate  the  sul- 
phur.    See  Leai)-fukn.\ce. 

The  protoxide  of  lead  is  litharge,  a 
yellow  powder  much  used  in  the  arts, 
and  as  a  glaze  for  pottery  and  a  com- 
ponent in  flint-glass. 

A  compound  oxide,  red  lead,  is 
used  as  a  pignu'ut  and  a  Hux. 

The  white-lead  of  commerce  is  a 
carbonate  of  lead,  and  a  valuable 
white  paint.  Sec  Wuite-lead. 
The  uses  of  lead  are  manifold. 
Its  tractability,  softness,  fusibility, 
weight,  and  cheapness  render  it  par 
ticularly  suitable  for  bullets,  shot, 
packingof  projectiles,  etc.  ;  liningof  cisterns,  boxes, 
gutters,  and  numerous  other  articles  ;  and  it  is  spe 
cially  useful  in  type  metal,  in  all  solders  and  fusi^ 
ble  alloys  (see  Alloys),  as  well  as  in  the  composi- 
tion  of  various  articles  of  use  and  ornament,  domes- 
tic and  mechanical. 

The  lead  of  commerce  is  divided  into  :  — 


Piff-lead. 

Sheet  or  milled  lead. 


Lead  jiijie. 
Sh^)t. 
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TFhitc-leai. 
Lilluirge. 


Chromate  of  lead. 
AW-lead. 


Lead  was  known  in  old  times.  "They  sank  as 
lead  in  the  mighty  waters,"  is  a  part  of  the  trium- 
jilial  song  of  Miriam,  1491  B.  c.  Joh  refers  to  its 
use  for  writing-tablets,  "  An  iron  pen  and  lead."  A 
work  of  Hesiod  was  preserved  for  many  centuries 
scratched  on  leaden  tablets.  "  Iron,  tin,  and  lead  " 
were  enumerated  by  Ezekiel  as  among  the  commer- 
cial objects  of  tlie  Tyrian  trips  to  Tarshish.  The 
mines  of  the  Cassiterides,  that  gave  the  tin  to  alloy 
with  copper  for  the  vessels  of  the  temple  at  Jerusa- 
lem, gave  also  lead  to  the  brave  merchants  of  Phie- 
nicia.  The  Romans  used  sheet-lead  largely  for 
water-pipes. 

2.  {Soimdtnjji.)  An  ordinary  hand-lead  is  a  mass 
of  lead,  weigliiug  from  7  to  11  pounds,  attached  to  a 
line  of  20  fathoms  length.  Tlie  Hue  is  marked  at  2, 
3,  5,  7,  10,  13,  15,  17,  and  20  fathoms  ;  the  num- 
bers between  the  iiuirks a.\-e  cMed  deeps.  Thus,  "by 
the  mark  tivaiii,"  "quarter  less  5,"  "and  a  half 
7,"  "by  the  deep  9,"  indicate  those  depths  respec- 
tively. 

The  deep-sea  lead  weighs  25  to  30  pounds,  with  a 
much  larger  line  marked  at  every  10  fathoms.  See 
Sounding. 

3.  (Printing.)  A  thin  plate  of  type-metal,  less 
than  type-hight,  and  used  to  separate  lines  in  print- 
ing. 

Spaces  separate  the  letters  or  words. 

i.  (Knitting-machine. )  a.  Solder  in  which  vari- 
ous members  are  imbedded,  and  by  which  they  are 
attached. 

b.  The  tin  socket  which  forms  a  haft  for  the  knit- 
ting-needle. 

5.  Tlie  graphite  for  filling  the  grooved  cedar  staff 
to  form  a  lead-pencil.     See  Pencil. 

6.  (Plumbing.)    a.  A  roof  covered  with  sheet-lead. 
b.  The  came  of  the  diamond-paned  casement. 
Lead.     1.   (Sawing.)     The  overhang  of  a  saw,  to 

extend  the  cut  throughout  the  length  of  the  saw  and 
to  carry  the  saw  back  in  the  kerf  during  the  return 
stroke. 

2.  (Mining.)     A  lode  or  vein  of  ore. 

3.  (Engineering.)  The  distance  from  an  eartli- 
cutting  to  an  embankment. 

4.  (Steam-engine.)  a.  An  arrangement  of  the 
ports  of  a  steam-valve  by  which  steam  is  admitted 
in  front  of  the  piston  a  little  before  the  end  of  the 
piston-stroke.  Also  an  arrangement  of  the  ports  to 
provide  for  the  escape  of  the  steam  from  behind  the 
piston  before  the  completion  of  the  stroke. 

When  on  the  steam  side,  it  is  called  outside  lead. 
When  on  the  exiiaust,  it  is  inside  lead.  It  tends  to 
check  the  velocity  of  the  jiiston  at  the  end  of  the 
stroke,  and  allows  of  the  valve  being  open  and  ready 
to  admit  a  larger  supply  of  steam  the  instant  the 
motion  of  the  piston  is  reversed. 

6.  (Lead  of  tlie  crank. )  The  setting  of  the  crank 
of  one  engine  a  little  in  advance  of  the  right  angle 
to  the  other  ;  namely,  at  100°  or  110"  in  place  of 
90°.  This  assists  in  rendering  the  motion  of  the 
piston  more  uniform,  by  moderating  its  velocity  at 
the  end  of  the  stroke. 

Lead-bath.  A  process  for  the  extraction  of  gold 
or  silver  from  conmiinuted  ore  by  exjiosing  it  me- 
chanically to  molten  lead,  witli  whicli  it  forms  an 
alloy.  The  subseipient  separation  is  by  cupellation 
or,  with  silver,  by  Pattinson's  process.     See  infra. 

In  reducing  silver  ores,  the  ancient  Peruvians 
mixed  them  with  galena  or  lead  in  portable  ovens. 
It  is  still  practiced  in  that  country.  Quicksilver  was 
well  known  in  Peru  among  the  Incas,  but  was  used 


Fig.  2863. 


to  make  the  pigment  vermilion,  not  to  amalgamate 
the  precious  metals.  Hawks  writes,  A.  D.  1572,  that 
the  process  of  amalgamating  silver  ores  with  mercury 
is  being  substituted  for  melted  lead.     See  Amalga- 

M.iTOR. 

In  Bursile's  English  patent,  February  12,  1853, 
the  ore  is  treated  with  an  amalgam  formed  by  the 
union  of  (juicksilver  in  a  readily  fusible  alloy  of 
lead  and  bismuth,  or  lead,  bismuth,  and  tin. 

In  Fuller's  apparatus, 
the  comminuted  ore  occu- 
pying the  central  shaft  D 
is  discharged  in  a  diffused 
condition  beneath  the  col- 
umn of  lead  A,  which  is 
kept  in  a  molten  condition 
by  the  furnace  beneath. 
The  heavier  portion  of  the 
alloy  is  drawn  off'  at  times 
at  the  pipe  G.  The  ore 
rises  through  the  lead, 
bringing  the .  particles  of 
gold  or  silver  in  contact 
with  the  lead,  with  which 
they  unite.  The  flow  of 
ore  is  encouraged  by  with- 
drawing air  from  above  the 
lead  by  an  air-pump.  H 
is  the  discharge-pipe  .for  ^^.g„„,^^  ^^^„„  o,„_ 
tailings. 

In  Fig.  2854,  the  vessel  is  suspendijd  in  a  furnace 
through  which  extends  an  inclined  tube,  wliii'h 
discharges  its  contents  near  the  bottom.  The  tube 
has  a  pro|ielling  screw  having  a  shcnilder  and  ehustic 
collar  at  its  bearing,  and  a  grinding  plate  at  its 
lower  end,  which  works  against  a  grimling  suifaoe 
attached  to  the  lower  end  of  the  tube.     Above  the 
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mouth  of  the  vessel  is  a  wheel  which  removes  the 
waste  ore  as  it  rises  to  the  surface  of  the  molten  lead. 
In  Crosby's  apparatus  the  bulbous  vessel  contains 
a  lead-bath,  and  is  supported  in  the  furnace.  The 
tubular  conductor  has  a  disk  on  its  lower  end, 
against  which  rotates  a  grinding-plate  attached  to 
the  vertical  axial-shaft.  The  ore  jia.sses  down  the 
tube,  is  associated  with  lead  which  flows  through 
openings  in  the  side  of  the  ladle,  and  the  combined 
mineral  and  metal  are  triturated  together  between 
the  grinding-surfaces,  the  precious  metals  becoming 
amalgamated  with  the  lead  while  the  refuse  mineral 
rises  to  the  top  and  is  skiniined  off. 
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Fig.  2855 


Crush'/ s  Lead-B^ttk. 


Lead-cut'- 
ter.  {Print- 
iiitj.)  A  knilc 
for  cutting 
leads  wliieli 
ave  held  in  a 
tray  tile  while. 

liead'er.  1. 
{Pi/rotcc/tuic.s.) 
A  long  jiaper 
tube  of  small 
diameter,  en- 
closing a 
s  t  r  a  n  d  o  f 
([uiek  niatcli, 
used  tor  eoni- 
III II  n  ieating 
tire  rapidly 
from  one  jioiiit 
to  another. 
Quick  match 
thus   enclosed 


burns  much  more  rapiilly  than  in  the  open  air. 

2.  {Nautical.)  A  thiiulile  for  condneting  or  guid- 
ing a  rope  \vhii;h  passes  therethrough.    A  fair-leader. 

3.  {Machinery.)  A  master  wheel  or  principal 
wheel  in  a  piece  of  machinery. 

4.  {Printiiu/.)  A  row  of  dots  on  a  line,  to  lead 
the  eye  across  the  page  or  column,  are  called  lead- 
ers, as  :  — 

Anchor. . « page  94. 

5.  (Mill ill!/.)  A  small  vein  of  ore  ;  indii^ating 
pro.iciiuity  of  a  larger  lode,  usually  leading  thereto. 

6.  {Sitrveijiiuj.)  The  forward  one  of  the  two 
chain-carriers. 

7.  {PlumliiiKf.)  A  rain-water  ])ipe  to  conduct  to 
the  ground  the  water  collected  by  the  spouting. 

Lead'er-hook.  A  hold-last  hook  clasping  a 
leader  or  rain-water  pipe,  and  having  its  taug  driven 
into  tile  wall  of  tile  house. 

Iiead'ers.  Dotted  signs  for  leading  the  eye  across 
a  space.      See  1,E.VIIKU. 

Lead-flat.  A  level  roof  consisting  of  sheet-lead 
laid  on  boarding  and  joists. 

Lead-fur'nace.  The  furnace  by  which  the  ores 
of  lead  are  reihieed  to  the  met.allic  state.  The  sul- 
phuret,  eomiuonly  known  as  galena,  is  the  principal 
source  from  which  the  pure  metal  is  derived. 

The  ore  having  been  jpiekeil  is  broken  and  washed 
to  separate  earthy  and  siliceous  matters. 

It  is  then  roasti-d  until  about  half  the  charge  is 
converted  into  siiljibate  of  lead,  when  this  and  the 
portion  which  remains  intact  are  thoroughly  mixed 
together,  and  the  heat  lapidly  increased,  by  which 
means  sul])hiirons-acid  gas  is  driven  olf  and  pure 
metallic  lead  remains. 

The  furnace  (Fig.  2856)  is  used  in  tlie  north  of 

England,  and  is  known  as  the  Scotch  furnace.     It 

has   a    rectangular    cavity    of 

Fig.  2856.  masoiu-y,  lined  with  cast-iron. 

The  inclined  sole-plate  is  also 

of  cast-iron,  and  has  an  upright 

leilge  at  its   back  and  sides, 

shelving  towards  the  interior, 

where   it   passes    through    the 

work-stone  leading  towards  a 

pot  wliiidi  receives  the  molten 

lead.    The  tuyere  is  introduced 

I.'ad-Funiacr.  through  the  back-xlone,  and  the 

charge    is    introduced    above. 

Tlic  chimui'v  'f  communicates  with  flues  leading  to 

condi'uaiig-chambers.    (Juicklime  and  powdered  eliar- 

coal  are  introduced  during  the  process  of  reduction, 


in  order  to  decompose  the  o.xide  of  lead  formed  dur- 
ing the  operation,  and  to  render  the  slag  le.ss  fusible, 
that  it  may  be  the  more  readily  removed.  The  lead 
is  said  to  be  purer  than  that  obtained  by  the  smelt- 
ing-furnace,  as  the  heat  is  lower,  and  the  silver  and 
leail  are  sweated  out  without  reducing  the  other  metals. 

In  Carpenter's  furnace,  steam  is  used  in  conjunc- 
tion with  air,  the  two  bi*ing  introduced  either  sepa- 
rately or  together  into  the  space  above  the  ore. 

Lead-glance.     Calena.     Suljihuret  of  lead. 

Lead-har'ness.  That  appeitaining  to  the  lead- 
/H;/-liorses  of  a  team  ;  in  contradistinction  to  that 
for  »'/(f(7-hoises,  which  have  breeching  to  enable 
them  to  hold  back  the  vehicle. 

Lead'ing-ax'le.  An  axle  ahead  of  the  driving- 
wheels  ill  iiiitish  locomotives. 

Lead'ing-block.  {Nautical.)  One  for  guiding 
the  direction  of  a  purchase  or  rope. 

Lead'ing-buoy.  {Nautical.)  A  buoy  placed  as 
a  guide  in  sailing. 

Lead'ing-light.  {Nautical.)  One  character  of 
light  as  dis)p|ayed  for  the  benefit  of  seamen  on  a^ 
coast.  Two  lights  are  exhibited  from  two  towers  ; 
one  may  be  higher  than  the  other,  so  as  to  confer  a 
siiecial  characteristic.  Certain  bearings  as  to  chan- 
nid  are  indicated  when  the  lights  are  seen  in  one 
line,  the  opening  of  the  lights  on  either  side  of  their 
conjunction  indicating  when  to  tack.  Other  indica- 
tions may  be  given  by  the  conjunction,  according  to 
the  nature  of  the  case, 

Lead'ing-part.  (Nautical.)  The  portion  of  the 
tackle  between  the  fall  and  the  standing  part.  It  is 
that  portion  which  jiasses  over  the  sheaves.  The 
fall  is  that  which,  in  ludling  or  casing,  does  not 
I'each  the  sheaves. 

Lead'ing-rod.  One  used  in  draw-boring  and 
Jiolishiiig  the  bores  of  nlle-barrels. 

Lead'ing-screw.  (Lathe.)  The  longitudinal 
screw  between  the  shears  of  a  lathe,  by  which  the 
slidc-re.it  is  moved  longitudinally  of  the  lathe-bed. 
Lead-screir. 

Lead'ing-springs.  The  springs  fixed  upon  the 
leailing  axle-box  ol'  a  locomotive-engine,  bearing  the 
weight  above.     {EiiriUsh practice.) 

Lead'ing-'wheeL  A  wheel  of  a  locomotive-en- 
gine, i)laceii  bclure  the  driving-wheels. 

Lead-lights.  A  I'oiin  ot  casement  window  in 
which  small  jianes  are  tixcd  in  leaden  eamcs,  which 
are  attached  to  cross-bars  called  saddle-bars. 

Lead-line.     {Nautical.)     A  sonnding-linc. 

Lead-mill.  A  circular  disk  of  lead  with  an 
abradant  ]piiwder,  and  used  by  the  lajiidary  for 
roughing  and  grinding.      See  L.M'IHAUV-mill. 

Lead-nail.  1.  A  small,  round-headed,  copper- 
alloy  nail,  used  for  fastening  on  lead-sheets  on  roofs. 

2.   (Nautical.)     A  .scujiper-nail. 

Lead-pot.  {Melalluryy. )  A  cnicible  or  pot  for 
nieUiiig  lead. 

Lead  from  Sil'ver  sep'a-rat-ing.  Pattinson's 
mctliod  tF.nglish)  uf  separating  lead  tinm  silver  is  an 
economical  substitute  lor  cnpcllation.  It  is  lounded 
u]Kin  the  property  which  jnire  lead  has  of  crystaliz- 
ing  ont  of  a  solution  of  silver  in  lead.  The  argen- 
tiferous lead  being  fused  is  allowed  to  cool  slowly, 
solid  crystals  of  nearly  pure  lead  are  first  formed, 
and  are  separated  by  an  iron  straini-r  from  time  to 
time,  the  melted  remainder  bi-comiiig  still  richer  in 
silvi-r.  At  Beaumont's  work.s,  AUenhi'ails,  Northnm- 
berlanil,  the  process  is  conducted  in  hemispheri- 
cal, east-iron  ]ian.s,  each  holding  about  3  tons  of 
metal  and  heatcil  by  a  fire  bcneiitli.  The  process  is 
several  times  repeated,  and  the  remaining  metal  is 
treated  by  euiiellation. 

Argentiferous  lead  ores  containing  only  3  ounces 
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of  silver  to  the  ton  can  be  jirofitablj'  worked  for  the 
silver  by  this  means,  wliile  20  ounces  of  silver  to  the 
ton  .scarcely  paid  when  treated  by  the  process  of  cii- 
pellation.  See  also  Cupellatiox  ;  Pattix.son's 
Pots  ;  Le.\d-b.\th. 

Lead-pen'cU.  A  marking  and  drawing  instru- 
ment, ni.ade  by  enclosing  a  slip  of  graphite  (com- 
monly called  plumbago  or  black-lead)  in  a  casing  of 
wood.  This  is  generally  round  or  hexagonal,  but 
large  pencils  for  the  use  of  carpenters  and  others  are 
sometimes  made  oval  in  section. 

Graphite  is  generally  ranked  as  a  native  carburet 
of  iron,  but  the  proportion  of  the  latter  metal  is  so 
small  that  it  may  be  considered  nearly  a  pure  car- 
bon. It  is  found  in  veins,  often  forming  consiilera- 
ble  masses.  The  mines  of  Cumberland,  England, 
were  long  the  principal  source  of  supply,  but  are 
now  nearly  exhausted.  By  the  old  practice,  the 
graphite  is  ftrst  calcined  in  close  vessels  at  a  bright 
red  heat,  and  is  then  sawn  in  slips  of  the  reijuired 
size,  which  are  inserted  in  a  longitudinal  gi'oove  in 
the  case,  which  is  formed  in  two  similar  pait^  and 
grooved  by  appropriate  machinery.  The  two  parts 
are  afterward  glued  together. 

Pencils  of  the  second  and  inferior  qualities  are 
prepared  from  the  dust  and  other  refuse,  ground 
tine  and  mL\;ed  with  a  kind  of  fine  clay  and  water, 
into  a  paste  which  is  placed  in  a  receiver  having  an 
orifice  at  bottom,  of  the  size  and  shape  of  the  core. 
This  is  cut  into  proper  lengths,  straightened,  dried 
at  a  moderate  heat,  and  afterward  baked  in  close 
crucibles,  when  they  are  ready  for  insertion  into  the 
cases.     See  GR.A.PHiTf:. 

America  now  makes  its  own  pencils.  See  descrij)- 
tion  of  the  method  pursued  at  the  Dixon  Pencil 
AVorks,  .Jersey  City,  under  Pencil. 

Lead-pipe.  The  use  of  lead-pipes  for  conduct- 
ing water  is  very  ancient.     Those  of  the   Eomans, 

Fig.  2857. 
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useil  in  their  aqueducts,  were  made  out  of  sheets  10 
feet  long,  and  a  width  proportioned  to  the  diameter 
re(iuired,  and  averaging  about  15  pounds  to  the 
square  foot.  The  lead  was  brought  from  Britain, 
and  beaten  into  .sheets  by  heavj'  hammers. —  Plint. 

A  sheet  100  inelies  wide  made  a  pipe  weighing  120 
pounds  to  the  foot  ;  and  would  be  about  30  inches 
diameter,  allowing  for  a  little  lap,  were  it  cylindrical. 

The  sheets  of  lead  were  soldered  by  the  assistance 
of  tin  and  rosin,  the  sides  being  brought  Hatly  to- 
gether, exposing  both  edges  outside  and  giving  a 
^XMr-form  to  the  section.  Over  the  joint  w.as  .sold- 
ered a  capping  ridge,  and  the  whole  was  hooped 
around  with  straps  of  lead,  nb  c  d  e  show  the  forms 
of  pipe  found  at  Lyons.  Metallic  cocks  like  the 
modern  were  used,  as  seen  at  /. 


"Aliderahman'  Ben  Alh.ikem  (d.  A.  D.  852)  con- 
structed the  Ru.safa  or  embankment  along  the  edge 
of  the  river  at  Cordova,  caused  water  to  be  brought 
from  the  mountains  in  tubes  of  lead,  and  gave  or- 
ders for  the  building  and  erection  of  numerous  foun- 
tains in  different  quarters  of  the  city,  with  baths  of 
marble."  —  CoxDfi. 

Leaden  pipes  were  used  in  England  as  early  as 
A.  D.  1236,  and  Henry  III.,  about  1270,  gi-anted 
the  citizens  of  Loudon  the  liberty  to  convey  water 
from  the  town  of  Tyburn  to  the  city,  by  pipes  made 
of  lead.  A  leaden  cistern,  built  round  with  stone, 
was  erected  in  12S5.  The  length  of  lead-pipe  then 
laid  down,  from  Paddington  to  the  Cross  in  Cheap- 
side,  was  1,096  rods.  Cisterns  and  supply-pipes  of 
lead  were  numerous  in  the  fifteenth  century.  The 
art  of  casting  them  was  invented  by  Eev.  Robert 
Brooke,  1539. 

In  1582,  the  water- works  of  London  Bridge  were 
established  by  Peter  Morice,  and  the  water  distrib- 
uted by  lead-pipes  to  certain  parts  of  the  city. 

In  1613,  the  New  Eiver,  an  open  aqueduct  40 
miles  long,  and  having  a  fall  of  3  inches  to  the 
mile,  was  finished  by  Sir  Hugh  Middleton,  and  the 
water  was  distributed  by  wooden  mains  and  leaden 
branches.  In  1804,  cast-iron  pipes  were  substituted 
fur  the  wooden  mains. 

Lead-pipe  is  made  by  casting,  draunng,  premng, 
and  rolling. 

It  may  be  cast  in  lengths  in  an  ordinary  core-mold, 
or  consecutive  lengths  may  be  cast  together  bj'  pull- 
ing out  the  core,  opening  the  mold,  shifting  the  pipe 
along  nearly  its  length,  replacing  mold  and  core,  and 
then  pouring  again. 

In  drawing  lead-pipe,  — 

The  lead  is  cast  in  an  iron  mold  upon  a  rod  of  the 
intended  bore,  leaving  the  metal  four  or  five  times 
the  thickness  it  is  intended  to  be  eventually.  The 
jiipe,  with  a  triblet  or  mandrel  inserted,  is  then 
ihawii  through  openings  in  steel  plates  of  gi'adually 
decreasing  diameter,  which  reduce  it  to  the  thick- 
ness required.  When  power  is  apjilied,  the  chain 
winds  upon  the  drum  and  hauls  a  little  carriage 
^\■hich  nins  on  ways,  and  has  a  double  claw  to  engage 
the  head  of  the  mandrel.  The  perforated  steel  jdate 
or  whirtic  is  held  in  a  cross-bearer  above  the  bench. 
This  mode  is  shown  at  g.  Fig.  2857,  and  is  described 
in  Wilkinson's  specification,  English  patent,  1790. 

Instead  of  the  plate,  a  series  of  rolls  may  be  em- 
jployed,  gradually  diminishing  in  size,  successively 
jeducing  the  diameter  of  its  exterior,  while  the  man- 
drel maintains  the  uniformity  of  its  bore. 

The  first  machine  for  j«Y.s«n(/  lead-pijie  was  pat- 
ented in  England  by  Hague,  in  1822.  The  melted 
lead  was  forced  through  a  circular  throat  whose  axis 
was  occupied  by  a  mandrel.  The  lead  was  driven 
through  at  such  a  rate  that  it  solidified  by  exposure 
to  cold  surfaces.  By  another  plan,  the  li-ad  is  cast 
into  a  short  heavj'  cylinder,  and  the  ingot  is  forced 
through  a  throat  at  the  lower  end  by  the  exertion  of 
considerable  force  upon  the  piston  which  fits  in  the 
cylinder.  This  would  make  a  round  bar,  but  occu- 
pying an  axial  position  in  the  middle  of  the  throat 
is  a  mandrel,  which  fomis  the  inside  of  the  tube. 
This  mandrel  is  supjiorted  by  a  bridge-jiiece  in  the 
cylinder,  the  lead  opening  to  pass  it  and  closing 
again  before  reaching  the  throat  ;  or  the  mandrel  is 
supported  by  the  piston,  which  prevents  the  cleav- 
age and  obviates  the  necessity  for  rejunction  of  the 
metal.  A  large  number  of  patents  have  been  granted 
for  machinerj'  for  making  lead-pipe. 

Fig.  285S  illustrates  the  operation,  c  is  the  trib- 
let in  the  holder  i,  which  rests  on  the  bed  d.  /is 
a  core  suspeiideij  fi'QiTi  ths  bridge  g.     e  is  the  ram, 
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Lead- Pipe  Press. 
ing  die  and  mandrel. 


which  descend.s  upon 
the  cylinder  of  lead  in 
the  box  a.  Tlie  bridge 
traverses  a  slut  in  tlie 
descending  ram. 

Lead  pipes  of  great 
length  are  formed  by 
pressing  the  molten 
metal,  contained  in  a 
cylinder  having  a 
tightly  fitting  piston 
connected  with  the  ram 
of  a  hydraulic  press, 
whicli  I'orces  tlie  metal 
between  a  tube  ami  a 
solid  mandrel  ;  after 
which  it  may  be  coiled 
on  to  reels. 

Titus's  mode  of 
making  lead-pipe  is 
by  the  pressure  of  a 
vertical  eoluniu  of 
melted  lead,  of  suffi- 
cient hight  to  force 
the  metal  past  a  form- 


Wckjht  of  Lead  and  Tin  Pipe  per  Foot. 
From  5  to  5  Inches  in  Diameter. 


Lead-pipe  Tin'ning.  The  first  attempts  in  this 
direction  were  by  Aldersun  in  England,  who  patent- 
ed Ins  invention  in  180-1,  which  consisted  in  putting 
an  interior  casing  of  tin  pipe  within  tlie  leaden  one. 

Dobbs,  in  1820,  gave  a  coating  of  resin  to  the 
lead  pipe,  and  then  placed  it  in  a  mold,  a  core  being 
also  placed  in  the  center,  or  axial  position.  Tin  was 
then  cast  upon  it  and  within  it,  the  two  becoming 
perfectly  united.  It  is  then  ready  for  drawing  or 
rolling,  wliicliever  miy  be  preferred. 

Warner  treats  the  h-ad  pipe  with  resin,  so  as  to  en- 
courage the  Junction  of  the  tin,  and  the  pipe  is  then 
submerged  in  a  batli  of  milted  tin.  Tlie  pijie  may 
be  bent,  and  thus  drawn  continuously  through  the 
bath,  receiving  its  coat  as  it  passes.     If  any  part, 
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say  the  outside,  is  not  rcfptired  to  be  tinned,  such 
jiart  is  covered  with  lampblack  and  size.  The  film 
of  tin  may  be  very  thin  and  does  not  detract  from 
the  Hexibility.  Tin  melts  at  aliout  440°  Fah.  and 
lead  at  612',  but  at  the  jioint  of  junction  an  alloy  is 
formed  which  melts  at  a  lower  temperature  and  forms 
a  solder. 

Tile  purer  the  water  the  greater  the  liability  to 
contract  impurity  from  the  lead.  Waters  contain- 
ing clilorides,  sulphates,  or  carbonates,  throw  down 
insoluble  .salts  of  lead.  The  oxide  of  lead  formed  on 
the  pipe  protects  the  metal.  Pure  waters  dissolve 
the  oxide  slowly,  and  the  gradual  decomposition  and 
removal  eat  away  the  pipe. 

Owing  to  galvanic  action,  the  lead  is  more  liable  to 
corrosion  in  spots  not  covered  by  the  tin,  and  there- 
fore an  imperfectly  tinned  jiipe  is  worse  than  one  of 
lead.  To  insure  the  continuity  of  the  coating,  Nay- 
lorof  New  York  City  has  patented  a  process  of  draw- 
ing a  sponge  saturated  with  a  Hux  that  protects  the 
lead  and  assists  in  the  adherence  of  the  molten  tin. 

M.  J.  Grand's  process  consists  in  forming  an  ingot 
of  tin  and  lead,  the  latter  metal  being  on  the  exte- 
rior. A  single  crucible  suffices  for  melting  both 
metals  simultaneously,  the  tin  being  uppermost  and 
separated  from  the  lead  by  an  iron  diaphragm.  The 
lead  is  run  first  into  a  rapidly  revolving  mold  having 
a  gate  in  its  axis,  and  while  still  liipiid  the  tin  is 
let  on.  The  two  metals  thus  become  firmly  cemented 
together,  the  pipe  is  drawn  out  in  the  usual  way. 

Leads.  \.  {PrialiiKj.)  Thin  metallic  .slips  used  for 
spacing  lines,  etc.    Invented  by  Scheeffer  about  1465. 

2.    A  flat  roof  covered  with  sheet-lead. 

Lead-shav'lng  Ma-chine'.  A  machine  for  cut- 
ting lead  into  shavings,  to  be  used  in  the  manufao- 
turc  of  white-lead. 

A  series  of  rotary  knives  are,  by  means  of  a  weight 
and  pulleys,  brought  into  contact  with  the  lower 
surface  of  a  cylindrical  ingot  of  lead,  from  which 
they  remove  shavings  proportionate  in  thickness  to 
the  projection  of  their  edges  beyond  the  box  in  which 
they  are  contained. 

Lead,  Sheet.  Sheet-lead  was  formerly  made  by 
melting  pig-lead  and  pouring  the  metal  on  a  table  hav- 
ing a  ledge  supporting  a  roller,  which  passed  over  the 
metal  and  reduced  it  to  an  even  thickness.  The  ledge 
was  all  around  the  table,  and  determined  the  thick- 
ness of  the  sheet.  The  modern  process  is  to  reduce 
an  ingot  of  lead  by  repeated  rollings  to  the  recjuired 
thickness.     This  is  called  in  England  milled  lead. 

The  thin  sheet-lead  which  lines  tea-chests  is  said 
to  be  made  by  pouring  a  nuautity  of  molten  lead 
upon  a  Hat  stone  ;  and  upon  this,  while  the  lead  is 
wt  in  a  fluid  state,  a  corresponding  Hat  stone  is  sud- 
denly dashed,  the  snperHiious  portion,  which  is 
Sipieezed  out  around  the  edges,  being  afterward 
trimmed  olf. 

Lead-shot.     See  Shot. 

Lead-sink'er.  {KniUing-macImu.)  One  of  the 
devices  which  alternate  with  the  jack-sinkers  in 
tlie  depression  of  the  loojis  between  the  needles. 
The  leail-sinkers  are  all  attacked  to  one  bar,  called 
the  sinker-bar,  and  are  raised  or  lowered  all  to- 
gether.    See  Knittixq-m.vciiin'e. 

Leaf.  1.  A  relatively  thin  and  wide  object  hav- 
ing a  Hat  surface  :  as,  — 

a.  The  leaf  of  a  book,  having  a  page  on  each  of 
its  o]iposite  siiles. 

b.  A  valve  or  hinged  member  of  a  bridge,  table, 
door,  shutter,  hinge,  or  screen. 

c.  One  member  of  a  pair  of  lock-gates. 

d.  A  hinged  platform  for  a  ferry  or  wharf  boat. 
c.  A  tooth  of  a  pinion. 

/.  One  section  of  a  fan. 
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(jr.   A  thin  sheet  of  hamraerec]  gold. 

h.  One  of  the  elevating  flaps  of  a  rifle-sight. 

2.  (IFcaving.)  The  hedJles  which  are  connected 
to  the  same  shaft,  and  moved  at  tlie  same  time. 
(See  Dk.\ft.  )  The  /ca/ is  connected  with  a  treadle 
by  a  cord.  The  immher  of  leaves  is  according  to 
tlie  requirements  of  the  pattern,  and  forms  the  set 
of  the  draft :  beginning  at  the  back,  the  setter  works 
forward  to  the  front  leaf,  after  whicli  they  are  again 
moved  in  the  former  succession.  Hence  we  read  of 
a  five-leaf  pattern,  an  eirjlU-lcaf  jiattern.  The  set 
of  warps  which  are  drawn  np  by  one  leaf  form  the 
upper  )iart  of  the  slvil  or  skaltle-way.  All  tlie 
otiicr  warps  are  down  for  that  time,  and  form  the 
Kiiji  on  wliich  the  sluittle  travels. 

Leaf-bridge.  A  form  of  drawbridge  in  which  the 
rising  leaf  or  leaves  swing  vertically  on  hinges.  One 
form  of  bascule  comes  under  this  description. 

Leaf-mefal.  1.  Gold-leaf ;  hammered  gold. 
See  GoLD-BE.^-TING. 

2.  Bronze  leaf,  or  Dutch  leaf.  Tlie  qualities  are 
known  as,  — 

a.  CotHinon  ;  soft,  reddish  color,  composed  of  zinc 
1,  copper  3. 

b.  French ;  harder,  less  ductile,  yellow,  larger  pro- 
portion of  zinc. 

c.  Florence ;  greenish-gold  color,  still  larger  pro- 
portion of  zinc. 

d.  White  leaf :  Tiy-ForL  (which  see). 
Leaf-sight.      One  on  the  breech  of  a  fire-arm, 

having  a  hinged  elevating  piece  (one  or  more)  as  a 
guide  for  elevation  in  tiring.     A  baek-sUjlii. 

Leaf-turn'er.  A  device  for  turning  sheets  of 
music  or  leaves  in  a  printed  book.     The  fingers  D 


Fig.  2859. 
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are  inserted  between  the  leaves,  and  by  pressing  a 
key  C  are  successively  released  as  required  from  a 
catch  F,  allowing  a  spring  to  act,  carrying  the  finger 
from  the  right  to  the  left  hand  side  of  the  book,  and 
turning  the  sheet  with  it.  A  free  aim  H,  with  finger- 
piece  and  finger  //,  serves  to  keep  dowm  the  leaves 
on  the  left-hand  side  and  to  turn  buck  the  wliole 
series  when  a  piece  of  music  is  finished.  The  fingers 
D  may  be  pressed  downward  ami  held  in  horizontal 
position  by  a  catcli,  so  that  the  leaves  may  pass 
freely  above  them  when  required. 

Leaf-valve.  {Pumiyhuj-engine.')  A  clack-valve. 
One  hinged  or  pivoted  on  one  side.  A  flap-valve  ; 
clack-valre.. 

Leak-a'Iann.    An  arrangement  by  whicdi   the 


accumulation  of  water  in  the  hold  of  a  vessel  is  made 
to  sound  an  alarm  to  call  attcTition  to  the  leak.      It 
is  a  regular  part  of  duty  on  shiiiboard  to  soun<l  the 
I)umps,  but  it  is  a  duty  sometimes 
overlooked.      Even  when  the  amount        Fig.  2860. 
is  not  dangerous,  the  accumulation  of  ^1'' 
bilge-water  may  injure  the  cargo.   Se 

BiLOF.-WATEK  Al.VI'.M. 

In  the  example,  the  water  rising  in 
the  hold  elevates  the  float,  pennitting 
the  spring  drum  to  revolve  and  wind  % 
up  the  chain.  This  rings  the  alann- 
bell,  and  moves  the  index  which  sig- 
nifies the  depth.  As  the  water  falls, 
the  float  rewinds  the  spring. 

In  another  case  the  staff  of  a  rising 
float  trips  an  escapement  and  releases 
a  dapper-alarm. 

Leak-In'di-ca-tor.     See  Leak-  _. 

Leak-sig'nal.    {Nautical.)    A  de- 
vice to  notify  the  watch  of  the  rising  of  water  in  the 
hold.     See  Leak-alaioi. 
Learn.     A  ditch  in  a  marshy  district. 
Lean-face.     {Printing.)     Type   with   unusually 
thin  face-lines. 

Lean-to.  A  shed  built  against  the  wall  of  an- 
other structure.     A  shed-roof 

Leap.  1.  {Mining.)  The  shifting  of  a  vein.  A 
fault. 

2.   {ITt/draulic.)     A  wicker  fish-net.     A  lenp-veel. 
Leap'er.     A  hollow  cylinder  with  a  hook  at  one 
enil,  pm[doved  in  untwisting  old  ropes.     Loper. ' 

Lea-rod.  ( IFeaving.)  One  of  the  rods  placed 
athwart  the  warp-threads  and  separating  the  leas,  or 
yarns  belonging  to  the  respective  heddles. 

Lease.  [IFeaving.)  The  tie  around  each  band 
of  the  warp  as  arranged  by  the  heck'.  The  word  is 
equivalent  to  leash,  a  tie,  and  forms  a  guide  for  the 
weaver  in  setting  the  warp  in  the  loom,  and  insert- 
ing the  lease-rods. 

The  word  lease  has  come  to  signify  the  plane  of 
decussation  of  the  warji. 

Lease-pin.  (Weaving.)  One  of 
the  ]iins  of  a  warping-mill,  between 
whiidi  the  lease  is  formed. 

Lease-rod.    {Weaving.)    A  slat 
laid  transversely  across  and  between 
;--_r^_  -,    the  two  bands  of  the  warp. 

1.     (Weaving.)      From 

A  thread  having  at  one 

through  which  a  thread 

of  the  warp  is  passed, 

the  other  end  being 

fastened  to  a  rod  or 

lever,    to   which    all 

the  other  leashes  of 

the  same  set  are  also 

attached.     A  heddle. 

2.  A  leathern  thong  to  hold  dogs  in  couples,  to  be 

slijipecl  simultaneously  after  game. 

Leat.     An  artificial  water-course.     A  mill-race. 
Leath'er.     The  tanned  or  tnwed  skin  of  an  ani- 
mal. 

Tanning  was  practiced  in  early  ages  in  some  lo- 
calities, but  the  references  to  it  are  comparatively 
nnfreqnent.  The  Bilile  h;us  but  two  notices  of  it, 
the  girdles  wherewith  the  projihets  Elijah  and  John 
the  Baptist  were  girded  about  their  loins,  —  type  and 
antitype. 

It  is  not  easy  to  distinguish  in  the  early  mentions 
of  leather  what  was  raw-hide  and  what  was  really 
dressed  ;  even  of  dressed  leatlier  thei'e  are  many 
kind.s,  such  as  the  soft  dressing  with  brains  and  fat, 


LEATHER, 


1274 


LEATHER. 


the  tawing  with  alum  ami  salt,  the  tanning  with  bark 
extract.     The  latter  is  the  more  coniplieatetl  process. 

Leathern  dresses  and  fringes  of  thongs  have  long 
been  common  in  Africa,  being  described  by  Herodo- 
tus :  "The  Libyan  women  wear  goat-skins  stript  of 
the  hair,  fringed  at  their  edges  and  covered  with 
vermilion  ;  and  fmm  these  goat-skins  the  (ireeks 
get  their  word  .E'jis"  (goat  harness).     IV.  1S9. 

It  is  believed  that  tanning  and  dyeing  of  leather 
was  first  practiced  in  Libya,  and  thence  <:arried  to 
Egyi)t,  from  whence  it  was  carried  across  the  sea  to 
Greece.  Lc^ather  was  stained  and  embossed  in 
Egypt.  The  "  ranis' skins  di/cd  red,"  mi-'ntunu-d  in 
the  Mosaic  account  of  the  tabernacle,  were  of  Afiii-an 
manufacture.  The  Africans  yet  excel  in  this  art. 
Yellow,  red,  and  lilack  morocco  yet  attest  it. 

The  old  national  ilress  of  the  Persians  was  a  close- 
fitting  tunic  anil  trousers  of  leather.  Leathern  hel- 
mets, cuirasses,  b;dts,  shirts,  and  buskins  were  com- 
mon among  the  nation.s  in  the  motley  army  of  Xer.'ces. 

The  Libyans  wore  dresses  of  leather. 

The  Pa]>!ilagoniaiis  leathern  buskins  and  helmets. 

The  (iordian  knot  w:is  of  leathern  thongs,  and  was 
summarily  cut  about  330  B.  c. 

Alum  Wiis  used  in  tawing  leather  by  the  Saracens. 

We  do  not  recollect  any  account  of  human  hide 
leather,  but  as  raw-hide  or  parchment  it  has  been 
utilizeil.  The  doors  of  Rochester  (England)  Cathe- 
dral were  formerly  covered  with  the  skins  of  Danish 
pirates.  The  same  is  reported  of  the  doors  of  the 
churches  of  Hadstoek  and  Copford,  Essex,  England. 
In  the  case  of  the  Hadstoek  church,  the  mieroscojie 
has  determined  the  truth  of  the  tradition,  for  a  ])or- 
tion  having  been  removed  and  tested,  it  proveil  to 
be  the  skin  of  a  fair-haired  person.  Upon  the  north 
doors  of  the  cathedral  at  Worcester  was  formerly 
nailed  the  skin  of  a  person  who  had  sacrilegiously 
robbed  tlie  high  altar.  Tlie  doors  date  from  the  end 
of  the  fourteenth  I'entury,  and  have  been  long  ago  re- 
moved, but  were  lately  still  to  be  seen  in  the  crypt. 

The  use  of  the  human  hide  as  a  drum-head  is 
mentioned  by  Byron,  who  celebrates  the  desire  of 
Ziska  for  a  posthumous  place  at  the  head  of  the  army 
of  Bohemians  who  attacked  the  Emperor  Sigisinond 
and  defeated  him,  in  retaliation  for  the  treachery  of 
the  latter  in  leaving  John  Huss  to  the  cruelty  of  his 
Romish  persecutors.  Ziska  died  of  the  plague  A.  D. 
1425,  and  left  orders  that  his  .skin  should  be  made 
into  a  drum-head,  "to  beat  the  advance,"  as  Byron 
says. 

The  varieties  of  tanned  leather  are  classed  as  hides, 
kips,  and  skins. 

Hides  include  the  skins  of  the  larger  animals,  as 
those  of  cattle  and  horses.  The  parts  of  hides  are 
known  as  butts,  backs,  flanks,  etc.,  and  form  grades 
of  tliickness  and  i[uality. 

Kips  are  the  skins  of  small  and  yearling  cattle, 
beyond  the  size  of  calf-skins. 

Skins  inidude  those  of  calves,  deer,  pigs,  sheep, 
se  lis,  and  some  kinds  of  fur-bearing  animals.  The 
latter  are  usually  called  pelts  or  Jieltry,  and  of  course 
preserve  their  hair. 

Oaltlc-skins  are  the  chief  source  of  supply,  and  it 
is  needless  to  cite  the  purposes  to  which  they  are 
applied.  Tln^  former  uses  for  armor,  shields,  and 
boats  have  decayed,  but  modern  demands  far  more 
extensive  have  arisen.  Calf  leather  is  princijially 
used  for  boot  and  shoe  uppers  and  for  bookbin<ling. 

Sheep-skins  are  used  for  a  commoner  description 
of  bookbinding,  bellows,  whips,  aprons,  bags,  wo- 
men's shoes,  cushions,  and  seat-covers,  carriage-tops, 
gloves,  leggings,  trunks,  and  many  other  purposes. 
Tanned  in  oil  they  form  a  substitute  for  real  chamois 
leather. 


Goal  and  kid  skins  form  the  best  material  for 
gloves,  morocco  leather,  and  ladies'  shoes. 

J)ecr  and  antelope  skins  are  dressed  in  oil  (see 
Buckskin),  and  are  used  for  gloves  and  other  p>ir- 
pose.s.  Their  former  use  for  bi-eeches  has  become 
out  of  date.  They  aHbrd  material  for  making  what 
now  sells  as  cluimois  leather. 

//orse-hidcs  are  used  as  a  substitute  for  those  of 
cattle  in  some  cases,  and  |U'obaljly  unsuspected  by 
tliose  who  buy  articles  made  of  this  material.  Split 
horse-leather  is  made  up  into  shoes.  Horse-hidea 
are  useful  for  making  horse-collars. 

Jliiij-skin  is  thin,  tough,  and  valuable.  It  is  good 
in  gloves  and  for  vlmng. 

Sealskin  is  much  used  as  a  fur,  and,  deprived  of 
its  hair,  forms  a  good  leather. 

Hoy-skill  is  yet  to  be  found  on  saddles,  for  which 
it  is  Ix'tter  adaptefl  than  any  other  leather,  being 
soft  and  pliable. 

Porpoise-skins  yield  a  soft,  strong,  durable  leather, 
capable  of  a  high  finish. 

Hippopotamus-hide  makes  a  leather  of  great  thick- 
ness, resembling  a  board  when  tanned.  It  is  used 
in  the  construction  of  im]denients  used  for  beetling 
in  bleaching  and  washing  cotton  and  linen  goods. 

Alligator-&kius  are  now  largely  used. 

Buffalo,  elephant,  simrk,  and  rhinoecros  skins  also 
fnul  their  way  to  the  tan-vat  and  a  market. 

1.  iloroeco  leather  is  made  from  goat  and  kid 
.skin.s,  a  peculiar  grain  being  given  to  the  surface. 

2.  Chamois,  shamm;/,  shamoy,  or  shamois  leather 
was  oi'iginally  prejiared  from  the  skin  of  the  chamois, 
but  the  skins  of  other  goats,  and  even  of  sheep,  are 
now  dressed  in  the  soft  manner,  and  furnish  skins 
for  polishing,  for  gloves,  and  otlier  ]iurposes. 

3.  Buff-lenther  is  so  named  froni  the  buffe  or  wild 
bull  of  Polainl  and  Hungary.  It  was  used  for  ar- 
mor, and  tanned  soft  and  white.  It  is  yet  used  for 
cartridge-boxes  and  saber-Vielts  in  Eui'ope. 

4.  Uninwj  is  tough  leather  made  from  skins  of 
calves,  dogs,  ground-hogs,  etc.  It  is  used  for  bag- 
strings,  whip-ci-ackei's,  belt-lacing,  and  other  occa- 
sional purposes. 

5.  Russet  is  leather  finished  except  the  coloring 
and  polishing.  In  this  coinlition  tanned  hides  are 
stored,  so  as  to  be  completed  in  any  desired  manner 
as  the  demand  may  suggest. 

6.  Rimn  ;  a  leather  made  from  .sheep-.skins  in  imi- 
tation of  morocco,  except  the  grain,  and  used  for 
bookbinding. 

7.  Skiver ;  a  thin  split  of  leather  used  for  hat- 
linings,  etc. 

8.  ]Vash-lcathcr  is  a  soft-dressed  .skin  suitable  for 
polishing,  for  specie-bags,  and  for  cleaning  met.als, 
plate,  and  highly  polished  articles. 

9.  Tnwcd  leather  is  tanned  with  alum  and  salt, 
soaked  in  bran-water,  dressed  with  Hour  of  yolk  of 
eggs,  softened  by  rubbing  and  stretching. 

10.  Fair  leather  is  finished  in  the  natural  color 
imparted  by  the  bark,  and  not  specifically  colored. 

11.  Hussia-leather  is  pre]iari'd  by  a  careful  and 
prolonged  jirocess,  and  is  said  to  owe  its  peculiar 
smell  to  oil  of  birch. 

12.  Sharp-een  is  an  Oriental  production,  and  re- 
sembles parchment.  The  hides  of  horses,  asses,  and 
camels  are  used.  These  are  not  tanned,  but  are  in- 
dented by  a  covering  of  seeds  and  pressure.  Tlio 
drieil  skins  are  tlien  sheared.  They  are  then 
steeped  to  raise  bulbs  where  the  indentations  ex- 
isted. 

13.  Enameled  leather.  Leather  split  to  the  re- 
quired thickness,  and  then  subjected  to  two  opera- 
tions ;  one  to  make  it  impermeable  to  the  varnish, 
and  the  other  to  coat  it  with  varnish. 


LEATHER. 


1275 


LEATHER. 


14.  Split  IcnfJier.  Leather  whioli  li.-is  been  split, 
the  grain  from  tlie  llesli  side,  in  a  niaehiiie  I'or  that 
purpose.  It  is  soiiietinies  ilonc  to  ligiiteii  a  leather, 
sometimes  to  make  two  thicknesses,  both  of  which 
are  utilized. 

15.  Cordovan.  A  Spanish  leather  supposed  to  be 
made  of  goat-skins,  tanned  and  dressed,  but  often 
made  of  split  horse-skins. 

16.  Oil-lcalhcr  is  curried  in  oil.  Fish-oil,  with 
or  without  potassa,  is  employed  in  alternation  with 
drying.  Fulling,  graining,  and  punimeling  are  em- 
ployed, followed  by  coloring,  stretcliing,  and  sur- 
facing. 

17.  JfhUc-leatlier,  the  same  as  tmoed  leather.  The 
process  leaves  the  leather  white.,  dilfering  thus  from 
tliat  tanned  by  ooze. 

18.  Alum-laUhcr.  The  skins  are  tanned  white 
by  a  solution  of  alum  and  salt.  This  process  is 
adopted  in  making  wash-leathers.     See  Tawino. 

19.  Bazil.  Sheep-skins  dyed  w-ith  hark  and  used 
for  making  slippera. 

20.  Jitcten.  A  name  by  which  Russia  leather  is 
known.     See  Russia  LE.\TUr,K. 

21.  Hmujariau  leather.  Made  by  a  peculiar  pro- 
cess, allieil  to  tawing.     See  page  1142. 

22.  Patent  leather.    Made  bya  process  of  cnameliu.:,'. 

23.  Sajfiaii.  A  kind  of  leather  prepared  in  Asiat- 
ic Russia  from  goat  skins. 

24.  Maroquin  leather.     Same  as  saffian. 
Japanned,  patent,  varnished  leather.     See  Enam- 
eled Leather,  supra. 

See  the  above  under  their  alpliabetical  aiTangi?- 
ment  in  the  body  of  tlie  work. 

In  connection  with  tliis  subject  it  may  be  stated 
that  sales  of  hides  in  the  American  market  are  made 
according  to  the  following  classitication  :  — 

Green  hides  are  those  which  are  .sent  in  just  as 
they  come  from  the  animal,  never  having  been 
salted. 

Fart  cured  are  those  that  have  been  salted,  but 
not  long  enough  to  be  thoroughly  cured. 

Green  salted  are  those  that  have  been  salted  and 
are  thoroughly  cured. 

Dry  flint  is  a  thoroughly  dry  hide  that  has  not 
been  salted. 

Dri/  salted  is  a  thoroughly  dry  hide,  having  been 
salted  while  green. 

In  green-salted  hides  and  skins,  those  weighing 
less  than  8  pounds  are  called  dcaeons ;  8  to  1 4 
pounds,  calf;  and  14  to  25  pounds,  if  plump,  kip, 
but  if  thin  and  poor  are  called  runners  or  murrain.'!, 
and  are  sold  at  two  thirds  the  price  of  good  kip  ;  all 
above  25  pounds  are  called  hides. 

A  green-salted  hide  is  understood  to  be  thoroughly 
cured,  free  from  salt,  dirt,  meat,  water,  horns,  tail- 
bones,  and  sinews,  ami  before  being  weighed  all 
such  substances  are  removed,  or  a  proper  reduction 
is  made  from  the  weight. 

All  stag,  tainted,  and  badly  scored,  grubby,  or 
nuirrain  hides  are  called  damaged,  and  go  at  two 
thirds  price,  unless  they  are  badly  damaged,  when 
they  are  classed  as  glue  .itoek,  and  sell  at  a  much 
lower  figure.  A  deduction  of  about  10  per  cent  is 
made  on  all  branded  hides.  In  dry  hides  there  are 
other  kinds  of  damaged,  such  as  moth-eaten,  sun- 
burned, or  weather-beaten. 

For  v.arieties  of  leather  and  leather-working  tools, 
see  under  the  list  in  the  ne.\t  column,  ct  seq. 

Leather  is  formed  by  the  combination  of  the  sub- 
stance of  the  skin  with  any  other  compound  which 
has  the  property  of  rendering  it  imputrescible  and 
elastic.  —  Mi'spiiatt. 

Tannin  is  the  substance  generally  employed,  and 
has  the  effect  of  solidifying  the  gelatiuo-librous  ^lem- 


branes,  so  that  they  are  no  longer  inUrescible  under 
the  joint  iuHuence  of  warmth,  air,  and  moisture. 

The  copperas  process,  which  impregnates  the  fiber 
with  an  insoluble  sub-sulphate  of  peroxide  of  iron, 
is  effective  in  the  same  way. 

The  alum  2'roeess  is  one  in  which  the  alumina 
combines  with  the  tissue.     Si'c  T.wving. 

The  supposed  reaction  is  the  decomposition  of  the 
alum  by  the  salt,  producing  sub-chloride  of  alumin- 
ium, which  unites  with  the  liber.     See  Tanning. 

Tanned  skins  are  curried  by  soaking,  rubbing, 
and  paring  (see  Cuiuiying),  smeared  with  dubbing, 
which  penetrates  the  leather  as  the  moisture  evapo- 
I'ates  ;  waxed,  by  rubbing  on  th(^  flesh  side  with  oil 
anil  lampblack  ;  blaek-iizud  with  a  brush  or  sponge  ; 
tallou-cd;  slicked  on  the  flesh-side  with  a  glass- 
slicker. 

Leather  curried  on  the  hair  or  grain  side,  termed 
black  on  tJie  grain,  is  blackened  with  iron-liquor 
and  rubbed  with  an  iron  slicker  before  applying  the 
grease. 

The  grain  is  raised  by  a  pommel  or  graining- 
bor/rd. 

The  varieties  of  leather  commercially  considered 
are,  — 


Alum-lcither. 

AuiL'ricaQ  leather. 

B.icka. 

BaDd-leather. 

Bazil. 

Belt-leather 

Bridle-leather. 

Bronze-leather. 

B  uckrikiu-leather. 

Buffalo. 

Buff-lcathcr. 

Butts. 

Calf-skin. 

Chamois-leather, 

Cordovan-leather. 

Curried  leather. 

Deer-skin. 

Dog-.'-kin. 

D.ved  leather. 

Embossed  leather. 

Enameled  leather. 

Fair-leather. 

Flint-leather. 

Goat-.skin. 

Green-hides. 

Harness-leather. 

Hides. 

Hog-skin. 

Hungarian  leather. 

Jucten. 

Kid. 

Kip. 


Lanih-.skin. 

Line-leather. 

Linings. 

Maroquin. 

Oil-leather. 

Pad-leather. 

Patent-leather, 

Roan. 

Kough-tanned  leather. 

Kus.set-Ieather. 

Kussia-Ieather. 

Saddle-leather. 

Saffian. 

Salted  hides. 

Seal-skin. 

Shagreen. 

Sheep-skin 

Shoe  and* boot  leather. 

Sides. 

Skins. 

Skirting. 

Sole-leather. 

Split-leather 

Stjimped  leather. 

Stvilied  leather. 

Ta«ed  leather. 

Toppings. 

Wash-leather. 

Wa.xed  leather. 

Welt-leather. 

Whang. 

White  leather. 


Leather,  tools,  machines,  and  appliances  for  work- 
ing, excepting  harness,  for  wliich  see  Saddlekv. 

Alum-leather.  Boot-crimp. 

American  leather,  Boot-edge  trimmer. 

Awl.  Boot-grooving  tnuchine. 

Bark-pit,  Boot-heel  cutter, 

Biusane,  Boot-holder, 

Basil,  Boot-hook, 

Bating,  Boot-nuichine. 

Bawsin,  Boot-seam  rubber. 

Beam  Boot-shank  machine. 

Beaming-machine,  Boot-stretcher. 

Be.Tni-knife.  Boot-tree 

Belt.  Boot-ventilator. 

Belt-cKasp  Bruising 

Belt-coupUng  machine.  Buff-leather. 

Belt^cutter.  Burnishing-machine. 

Belt-fastener.  Calk, 

Belt-lacing.  Chanlfering-tool. 

Belt-punch,  Chamois-leather. 

Belt-splicing.  Channeiing-machine. 

Belt-tightener,  '                Channeling-tnol, 

Bend-leather,  Cheveril. 

Blocking,  Cleaner. 

Bloomer-pit.  Clearing-stone. 

Boarding.  Clog, 

Boarding-machine,  Collar-awl. 

Boot.  Collish. 

Boot-channeling  machine.  Cordovan 

Boot-clamp.  Crap-leather, 
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Creamer. 

Crimper, 

Crinipiug-clamp. 

Crippier. 

Currier's  knife. 

Currv-c:ird. 

Currying. 

Cuttiug-board. 

Diciog-Ieather. 

Dubbing. 

EJge  plane. 

Eilge  tool. 

EuiLineled  leather. 

Fair-leather. 

Fell. 

Flank. 

Fleshing, 

Float. 

Flounder. 

Forel. 

Fore-part  iron. 

Frizzing. 

Fudge  wheel. 

FutUng-stock.. 

Gaiter. 

Oaloche. 

Gang-punch.  * 

Grain. 

Graining. 

Grain-leather. 

Grains. 

Gullet- hook. 

Hair-siJe. 

Handler. 

Hand-pegger. 

Hand-punch. 

IIarne.ss. 

Heading-knife. 

Heel-blank. 

Heel-breasting  machine 

Heel-burni:^hiug  machine. 

Heel-calk. 

Heel-cutter. 

Heel-face  dresser. 

Heel-iron. 

Heel- machine. 

Heel-polisher, 

Heel-polishing  machine. 

Heel-seat  cutter. 

Heel-shave. 

Heel-tap. 

Heel-trimmer. 

HeiNe. 

Hide- handler. 

Hide-rope. 

Hide-scraper. 

Hide-shaving  machine. 

Hide -stretcher. 

Hide- worker 

Hollow  punch. 

Horse. 

Hose. 

Hose-making  machine. 

Huffling. 

Hungarian  leather. 

Ice-creeper. 

Ice-sandal. 

Insole. 

Instep-stretcher. 

Jappanned  leather. 

Jij^r. 

Jucten. 

Kip. 

Lip-shaper. 

Lap-skiving  machine. 

Lap-stone. 

Last. 

Laster. 

Last  holder. 

Lasting-awl. 

Lasting-jack. 

Lasting-machine. 

Lasting-pinchers. 

Lasting- tool. 

Layer. 

Leach. 

Leather. 

Leataer.    Artificial 

Leat'ier-awl 

Leat'aer-ljoarding  machine. 

Leather-buRing 

Leathcr-clianifering  machine. 

Leather-cloth, 

Loather-corrugatiiig  machine. 

Tycather-(Tca.-;i:ig  machine. 

Leather-cutting  macUiuo. 


Leather-dicing  machine. 

Leather-dressing  machine. 

Leather-edging  machine. 

Leather-embossing  machine. 

Leather-lini.-ihing  ntachino. 

Leather-tieshing  machine. 

Leather-tinting  machine. 

Leather-gla.ssing  machine. 

Leather-glueing. 

Leather-gouge. 

Lcather-giTiiuing  machine. 

Leather-grinder. 

Leather-liauunering  machine. 

Leathering-jack. 

Leather-knit'e. 

Leather- pa  per. 

Leather- pebbling  machine. 

Leather-piereiiig  machine. 

Leather-poli-iher. 

Leather-pressing  machine. 

Leather-punch. 

Iicather-punching  machine. 

Lcather-quiltiug  machine. 

Leather- raising  niachine, 

Leather-rcduL-iug  machine. 

Leather- roller. 

Leather-rolling  machine. 

Leather-rounding  machine. 

Leather-scalloping  machine. 

Leather-scarifying  nuicliinc 

Leather-scouring  machine. 

Leather-skiving  machine. 

Leather-slitting  machine 

Leather- softener. 

Leather-sorting  machine 

Leather-splitter. 

Leather-stamping. 

Leather-stretcher. 

Leather-striping. 

Leather-stripping  machine. 

Leather-stuifer. 

Leather-tapcnng  machine. 

Leather-  washer. 

Lift. 

Lining. 

Lining-apparatus. 

Losh-hide. 

Mace, 

Maroiiuiu  leather. 

Moccasin, 

Moon-knife. 

Morocco-leather. 

Naiiing-machine. 

Oil-leather. 

Overshoe. 

Packing-awl, 

I'annuscorium. 

Parchment. 

Patent-leather, 

Pebbling. 

Pebbling-machine. 

Peg. 

Peg-cutter. 

Peg-tloat. 

Pegging-awl. 

Pegging-jack. 

Peggi  ng-machine. 

Pep-strip. 

Pelt. 

Plate-leather. 

Pommel. 

Pooler. 

Pricker. 

P  ricking- wheel . 

Pure. 

Raising. 

R;iising-board. 

Rand. 

Rand  i  ng-machine. 

Raw-hide. 

Roan-leather. 

Round  knife. 

Rounding-tool. 

Russet-leather. 

Russia-leather. 

Saddlery. 

Saddler's  pinchers. 

Saffian. 

Sandal. 

Scalloping-tool. 

Screw  wire-f:mtener. 

Scribing-compajjs. 

Seiil-skin. 

Seam-roller. 

Seam-.iet. 

£:ccrcting. 


Stitching-horse. 
Stitch- wheel. 
Stock-stone. 
Stminiug-fork. 
Straining-reel. 
Stretcher. 
Stretching-iron. 
S:riking-knife. 
Stuihng. 
Tack-claw, 

Tag-cutting  machine. 
Tanning. 
Tanning-vat. 
Tawing, 
Tip. 
Trestle. 

Trinmiing-machine. 
Turning-machine. 
Vnhairing. 
Unliai  ring-knife. 
Unh  airing-machine. 
Uppers.     Machine  for  cutting 
Vamp. 
Vellum. 
AVash -leather. 
Water-proofing  machine. 
Waxed  ends.    Machine  for  mak- 
ing 
Waxing. 

Waxing  thread.    Machine  for 
Welt. 


Setting-punch. 

Sewing-clamp. 

Sewing- horse. 

Shagreen. 

Shammy. 

Shank. 

Shank-cutter. 

Shank-iron. 

S  hank-las  ter. 

Shank-wheel. 

Shoe. 

Shoe-clasp. 

Shue-disteuder. 

Shoe- fastener. 

Shoe-horn. 

Shoe-jack. 

Shoe-kev. 

Shoe-knife. 

Shoemaker's  pinchers. 

Shoe-making  machine. 

Shoe-naihug  machine. 

Shoe- peg. 

Shoe-sliave, 

Shoe-stretcher. 

Skin -stretcher. 

Skiver. 

Skiving-machine. 

Slicker. 

Slic  king-gage. 

Slick  i  ng-mae  hine . 

Slippers. 

Sole-finishing  tool.  Welt-guide. 

Sole-rounding  machine.  \\'elt-kuife. 

Solc-shaper.  Wclt-machine. 

Soles.     Machine  for  cutting       Welt-trimmer. 

Sorting-machine.  AVIiang. 

Split-leather.  M  hite-leather. 

Splitting-knife.  Whitening. 

Splitting-machine.  Wrinkling-machine. 

Steel.  YuftB. 

S  ti  tching-clamp. 

Leath'er,  Ar-ti-fi'cial.  Clotli  treated  with  oils, 
l)igments,  aiid  gums,  to  give  it  a  shining,  \vater-proof 
surface. 

Tlie  materials  used  are  :  — 

Linseed  and  resin  oih 

Uhie,  glycerine,  boiled  linseed-oil,  caoutchouc, 
coloring  matter  ;  imjiressed  with  a  design  w  hile  hot, 
to  imitate  morocco,  afterward.s  treated  with  a  solu- 
tion of  chrome  aium  or  coi)peras. 

Turpentine  and  naphtha. 

Lampblack. 

Caoutchouc  and  gutta-percha. 

Stearine,  gelatine,  leatlier  parings. 

Bark  infusions,  alum. 

In  various  combinations  and  proportions. 

Gunby's  artificial  leather,  1824  (English),  cotton, 
linen,  woolen,  or  felt  cloth  is  coated  with  the  fol- 
lowing composition  :  — 

Common  glue-size,  8  parts  ;  boiled  linseed-oil,  4 
parts ;  lampblack,  1  part ;  white-lead,  2  parts ; 
]iipe-clay,  2  parts. 

This  is  to  be  melted  and  well  mixed.  The  cloth 
is  stretched  and  the  comjiosition  spread  by  a  palette- 
knife.  Dry  by  a  stove  ;  repeat  the  composition  and 
dry.  Four  or  five  coats  may  be  thus  applied.  Var- 
nish to  give  a  gloss, 

Hancock's  artificial  leather  (Engli.sh).  A  card  or 
wide  sliver  of  flax  or  cotton  Kbers  is  condensed  so  as 
to  resemble  a  felted  material.  This  is  treated  with 
liquid  caoutchouc  laid  on  by  a  spatula.  It  is  then 
rolled,  coated  with  resin,  and  rerolled. 

Bonneville's  artificial  leather  is  made  from  leather 
cuttings,  shavings,  and  ])arings,  by  reducing  while 
in  a  dry  state  to  powder.  This  powder  is  next 
mixed  with  a  solution  of  india-rubber,  with  or  with- 
out a  solution  of  gum-lac,  or  of  marine  glue,  to  a 
suitable  consistence.  "When  partially  dried,  which 
ju'ocess  is  effected  by  straining  on  wire-cloth  or  per- 
forated metal,  the  sheets  or  slabs  of  artificial  leather 
are  i)ressed  between  rollers,  and,  if  required,  are  or- 
namented in  any  suitable  way. 

lu  general  terms,  artificial  leather  may  be  stated 
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to  be  any  kind  of  cloth  or  paper  immei-sed  in  a  solu- 
tion of  the  following  ingredients,  or  any  of  them  in 
comliination  :  Gelatine,  glue,  soap,  oil,  glycerine, 
saccharine  matter,  water,  clay,  aluminous  earth, 
plaster,  ground  slate  or  stone,  cement,  any  oxide  of 
metal,  or  pigment. 

Or  any  kind  of  fabric  or  paper  in  a  composition 
embracing  any  of  the  gums  or  resins,  —  dextrine, 
caseine,  albumen,  gluten,  or  starch. 

The  following  ingredients  are  also  used  :  tannic- 
acid,  cutchin,  gallic  acid,  boracic  acid,  alum,  borax, 
chrome  alum.     See  also  Le.4THER-paper. 

Leath'er-a'wL  1.  A  shoemaker's  piercing- tool 
for  stitching  or  lasting.     See  Awl. 

2.  A  tool  for  lacing  belts.  In  one  case  it  has  a 
broad  point,  which  fades  away  into  two  cutting  edges 
on  a  conical  scoop-shaped  blade,  which  make  a  clean, 
circular  cut  of  the  desired  size  within  the  capacity  of 
the  blade. 

Or  it  has  an  eye-point  to  carry  the  lacing  through. 

Leath'er-board.  (Lcatlicr.)  A  composition  of 
leather  scraps  and  paper  material,  ground  together 
and  rolled  out  into  sheets. 

Leath'er-board'ing  Ma-chine'.  A  machine 
in  which  tanned  leather  may  be  pressed  and  rubbed 
to  supple  and  soften  it,  so  as  to  fit  it  for  the  subse- 
quent operations,  which  are  generally  comprised 
under  the  Wrm  finishing.  See  Bo.^RDlXG-M.iCHiSE, 
Figs.  740,  741." 

Leath'er-btrflTing  Ma-chine'.  A  machine  in 
which  the  surface  nf  leather  is  reduced  to  a  smooth 
but  not  polished  surface,  the  face  being  left  with  a 
slight  nap,  velvet}',  like  buff  leather. 

Leath'er-cham'fer-ing  Ma-chine'.  A  machine 
for  beveling  the  edges  of  straps  or  strips  of  leather, 
giving  a  feather  or  thinned  edge  thereto.  It  is  a 
skiving  process,  and  is  usually  performed  on  a  skiv- 
inn  or  *'"' ""?  machine. 

Leath'ei-cloth.  (Fabric.)  A  fabric  covered 
with  a  water-proof  composition,  usually  having  a 
polished  surface.  It  generally  consists  of  a  paint  or 
'a  varnish,  sometimes  the  former  with  a  covering  coat 
of  the  latter.  The  changes  in  menstruums,  resins, 
pigments,  and  coarse  and  cheap  materials,  which 
are  added  for  quantity,  are  so  various  that  room 
cannot  be  afforded  for  stating  them  at  length.     See 

EX.\MELED  Cloth  ;    Le.VTHKK,   .\RTIFICLiL. 

Leath'er-cor'ru-gat'ing  Ma-chine'.  A  ma- 
chine in  which  leather  is  crimped,  corrugated,  or 
fluted  for  certain  purposes  in  manufactures.  It  is 
•  usually  done  by  passing  between  a  Huted  and  a  plain 
roller  and  drying  while  the  indentations  are  pre- 
served ;  or  it  may  be  done  by  passing  the  leather 


Fig.  2861. 


Sole-CuUing  Machine. 


while  damp  between  plates  or  dies  of  the  requisite 
form. 

Leath'er-creas'ing  Ma-chine'.  A  machine 
for  ornamenting  the  edges  of  leather  straps  by  p.iss- 
ing  between  rollei's  indented  with  the  required  pat- 
terns in  intaglio  and  cameo. 

Leath'er-cut'ting  Ma-chine'.  A  machine  for 
cutting  leather  into  sliajies  for  shoe-stock  or  other 
purposes ;  sole-leather  intosoles  and  lifts,  forinstance. 
The  sole-leather  is  placed  on  the  adjustable  table  L 
beneath  the  platen  K,  and  a  die  which  is  of  the 
shape  of  the  piece  to  be  cut  is  placed  upon  the  leath- 
er. Pressure  on  the  treadle  throws  the  friction- 
clutch  into  operation,  and  the  cam-shaft  is  rotated, 
depressing  the  platen  upon  the  die  and  cutting  a 
sole  from  the  leather. 

Leath'er-dic'ing.  Another  name  for  leather 
dressing  or  finishing  or  polishing.  Also  known  as 
glassiny,  the  tool  for  the  purpose  being  usually  a 
slip  of  glass  set  in  the  grooved  edge  of  a  wooden 
strip  which  forms  the  handle. 

Leath'er-dress'ing  Ma-chine'.  A  machine  in 
which  tanned  and  curried  leather  undergoes  the  fin- 
ishing operations  which  improve  its  texture  and 
surface.  The  term  is  somewhat  indefinite,  as  horird- 
ing  or  graining,  scouring,  coloring,  and  glassing  or 
polishing  are  or  may  be  all  performed  upon  the 
leather  in  course.     See  under  those  heads. 

Leath'er-em-boss'ing  Ma-chine'.  A  press  or 
roller  having  an  engraved  jiattern  or  one  otherwise 
procured  by  casting  or  electro-plating,  and  which  is 
impressed  upon  leather  in  a  damp  state.  Schroth's 
English  patent,  1839,  describes  dies  of  type-metal 
or  a  fusible  alloy  containing  bismuth  ;  the  leather  is 
beaten  soft  in  water,  wrung,  pressed,  rolled,  and 
fulled,  until  it  becomes  quite  supple.  It  is  then 
laid  on  the  die  and  driven  in  by  a  bone  tool  or  by 
a   press.     It  is  allowed   to  dry   in  situ.     See  also 

Le.\THER-PEBBLING  M.iCHINE. 

Leath'er  Feath'er-edg'ing  Ma-chine'.     One 

for  skiWng  off  the  edge  of  a  piece  or  strip  of  leather, 
gradually  thinning  it  toward  the  edge,  which  is  left 
comparatively  sharp.  See  Leather-skivixg  Ma- 
chine. 

Leath'er-fin'ish-ing  Ma-chine'.  A  machine 
in  which  tanneii  and  curried  leather  is  dressed  to 
give  it  the  required  texture  and  surface  finish. 

In  the  example,  the  leather  is  placed  on  the 
table,  which  has  horizontal  and   rotary  movement 


Fig.  2S62. 


Leatlier-Ftnishtng  Machine. 


beneath  the  reciprocating  "  plane  stock,"  which 
carries  two  slickers  and  a  circular  knife,  which  act 
npon  the  surface  of  the  leather.  Tlie  term  is  some- 
what indefinite,  and  may  include  boarding,  grain- 
ing, glassing,  polishing,  etc. 
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Leath'er-flesh'ing  Ma-chine'.  A  machine  for 
ipihiriiif;  the  thiikiii'ss  of  leather  by  shaving  oti'  a 
juirtiun  uf  the  llesh  side. 

Leath'er-flut'ing  Ma-chine'.  A  machine  for 
eorrui^atini'  leather,  as  in 


Fig.  2863. 


Fluting-Machine. 


the  example,  in  whiili 
the  leather  when  damp  is 
rnn  between  a  lluted  and 
a  jilain  roller,  and  after- 
ward dried  b('t\veen  heat- 
ed jjlates  ,of  similar  con- 
formation. Sole- leather 
so  (irejiared  is  used  for 
work  of  a  cellular  charac- 
ter. 

Leath'er-glass'ing 
Ma-chine'.  One  in 
which  the  leather  is 
dressed  or  polished  in  a 
machine  which  has  a 
"  glassing-tool "  attached 
to  a  suspended  arm,  whiih 


is  vibrated  by  crank  and  pitman  over  the  leather 
which  rests  on  a  yielding  bed  below,  curved  to  the 
arc  of  the  swinginj^  tool.  The  gla.ssing-tool  has  an 
elastic  bearing  at  its  pivot  to  enable  it  to  yield  to 
ineipialities.     .See  Le.\iiikh-polisiiing  Machine. 

Leath'er-glu'ing  Ma-chine'.  A  machine  for 
holding  lirmly  together  the  scarfed  ends  of  united 
sectiims  of  leather  belting.  See  Gluing-fukss,  in 
whi(di  the  contiguous,  beveled,  cemented  ends  of  the 
leather  strips  are  clamped  between  the  bed-piece  and 
the  face  of  the  pivot(^d  platen. 

In  Fig.  2864,  the  leather  is  laid  upon  an  inclined 
table,  vertically  adjustable  by  inclines  and  sup[iurted 
by  springs  which  give  a  certain  elasticity  to  the  bed. 


Fig.  2864 


Leather'  Graining  Machine. 


Tlie  graining-tool  is  reciprocated  above  the  leather, 
a  crank  acting  upon  a  pitman  and  arm,  the  latter 
depending  from  the  sliding  carriage. 

Leath'er-gouge.  (Saddlery.)  A  tool  used  to 
cut  channels  in  leather  for  receiving  the  thread  of 
a  line  of  stitches. 

Leath'er-grain'ing  Ma-chine'.  A  machine  in 
wliich  tanned  hides  may  be  boarded,  grained,  or 
softened,  to  render  them  flexible,  that  they  may  be 
in  the  supple  and  absorbent  condition  fit  for  the 
other  finishing  processes.  SeeBoAKDiNO-MACHlNE, 
Figs.  740,  741.  nntr. 

Leath'er-grind'er.  A  machine  for  reducing 
scraps  of  leiitber  to  shreds,  in  order  that  the  mate- 
riiil  may  be  made  into  washers,  in-soles,  and  heels 
for  shoes.  The  machine  has  a  feeding-box,  a  fol- 
lower or  piston,  by  which  the  shreds  are  kept  in  a 
compact  mass  while  being  acted  upon  by  a  set  of 


ri^volving  tearing  teeth.  A  set  of  revolving  clearers 
act  to  clear  out  the  tearing  teeth,  and  a  contrivance 
is  used  for  tlirowiiig  streams  of  water  niion  the  teeth. 

Leath'er-ham'mer-ing  Ma-chine'.  A  machine 
of  the  nature  of  a  drop-hammer  or  Oliver,  for  com- 
pacting leather  for  slnje-soles. 

Leath'er-knife.  The  leather-cutter's  knife  with 
a  curved  blade  seems  to  have  undergone  no  special 

Fig.  2865. 


Leather-  Cutting  (  Thebes). 


change  for  three  thousand  years.  The  figure  in  the 
accompanying  cut  is  from  a  gi-onp  on  a  building  at 
Thebes  ;  it  re]u-esents  men  cutting  out  harness. 

Leath'er-pa'per.  A  mode  of  preparing  paper, 
in  which  it  is  made  to  assume  the  appearance  of 
leather.  The  Japanese  process  is  about  as  follows  : 
Sheets  are  damped  and  laid  in  pairs  between 
sheets  of  varnished  paper,  which  have  a  crinkled 
grain  running  in  one  direction.  They  are  then 
wound  upon  a  roller,  the  grain  of  the  pattern  of  the 
paper  derived  from  the  crinkled  sheets  between 
which  it  w.as  laid  running  around  the  roller.  The 
roller  being  slipped  out,  the  roll  of  paper  is  slipped 
into  a  cylinder  and  subjected  to  endwise  pressure, 
reducing  it  to  thiee  quarters  its  oiigina!  length.  It 
is  then  unwrapped  and  pressed  to  remove  the  deep 
marks.  It  is  then  again  rolled,  colored,  oiled,  var- 
nished, pressed,  aiul  dried.  By  means  of  parallel 
or  cross  lines  on  the  rollers,  the  upper  surface  of  the 
paper  is  made  to  resemble  leather  exactly  in  all  its 
varieties.  The  paper  being  pressed  to  one  third,  or 
even  to  one  half,  its  original  thickness,  and  the  pas- 
sage through  the  rollers  giving  it  a  fine-grained' 
appearance,  makes  it  valuable  to  picture-printers,  as 
tlie  surface  has  the  appearance  of  crepe  silk. 

There  is  another  variety  of  leather-paper  which  is 
smooth  and  transparent,  resembling  hog-skin  very 
nnich.  This  is  manufactured  by  a  process  of  ham- 
mering, and  is  the  higher  jiriced. 

Leath'er-peb'bling  Ma-chine'.  One  in  which 
a  fancy  surface  is  given  to  dressed  leather,  resem- 
bling morocco,  levant,  hog-skin,  or  other  fancy 
style.  The  leather  is  passed  upon  a  bed  beneath  a 
roller  having  the  desired  pattern.  The  pattern  is 
given  by  soft  metal,  which  has  been  cast  u])on  an 
original  surface  of  the  recpiired  character  (see  Leath- 
EU-EMBO.S.SING),  or  the  pattern  of  the  roller  is  ob- 
tained by  taking  an  electrotype  co]iy  of  some  selected 
piece  of  leather  anil  ti-ansferring  to  the  roller. 

Leath'er-piero'ing  Ma-chine'.  A  machine 
for  stabbing  objects  of  leather,  as,  for  instance, 
straps  or  soles  for  stitching.  In  the  example,  the 
leather  is  fed  first  to  the  piercing-tool,  and  then  to 
the  die  which  forces  the  wire  into  the  openings,  the 
two  operations  being  |)erformed  simultaneously  in 
consecutive  openings.     The  wire  is  fed  by  a  cam 


LEATHER-POLISHER. 


1279 


LEATHER-ROLLING  MACHINE. 


Fig  2866. 


Leather- Btercing  JSlachitK. 


acting  on  feed-wlu'els, 
is  cut  by  a  chisel,  and 
placed  in  proper  ]>osi- 
tiou  for  the  driving- 
die. 

Leath'er  -  pol'ish- 
er.  A  niacliine  in  which 
the  surface  of  leather  is 
condensed  and  polished 
beneath  a  reciprocating 
slicking-tool. 

The  leather  is  placed 
upon  a  table  whose  top 
is  curved  to  agree  with 
the  arc  of  oscillation  of 
the  tool.    The  glassing- 
tool  has  an  elastic  bear- 
ing at  its  pivot,  which 
enables    it    to  yieW    to 
inequalities,   and   it   is 
reciprocated  by  connec- 
tion  to   a   wrist   on   a 
hand-wheel. 
Leath'er-press'ing  Ma-chine'.     A  machine  in 
which  leather  previously 
Fig.  2.S67.  damped,    and    in    some 

cases  after  receiving  a 
preliminary  local  stretch- 
ing, is  pressed  into  form 
between  corrugated  or 
salient  and  receding  sur- 
faces, as  the  case  may 
warrant.  Used  for  mak- 
ing harness-pads  and 
many  other  ])urposes. 

In  the  example,  the 
pad-holder  consists  of  a 
thin  shell  of  cast-iron, 
having  on  its  bottom 
two  ribs  to  form  a  sup- 
port for  the  lioKler  when 
clamped  on  the  stitch- 
ing-horse. 

Iieath'er-puncb.    A 
hand-tool     for     making 
holes  in  leather  for  the  insertion  of  eyelets  or  lacing. 
Fig.  2869  has  a  lock-plate  pivoted  by  its  shank 

within  the  jaw  of 
Fig.  2868.  the   punch,   and 

is  operated  by  a 
key-like  handle, 
so  that  it  may  be 
made  to  liold  and 
release  ditt'erent 
cutting-tools. 
The  folded  end 
of  the  strap  is 
operated  upon  by 
the  cutter,  and  an  oblong  opening  is  formed  there- 

Fig.  28/0  is  a  belt-punch,  in  which  the  jaws  and 

Fig.  2869. 


Leather-Polishing  Machine. 


Harness-Pad  Press, 


Spring-Punch. 
puncbing-devices  are  combined  with  a  knife-blade,  a 


punch,  a  needle,  and  an  awl,  arranged  with  reler- 
euce  to  each  other  upon  the  respective  portions. 

Fig.  2870. 


Ga^e-Punch, 
Fig.  2871  is  a  spring-punch,  having  a  series  of  tubu- 
lar cutters  which  ditl'er  in  size,  and  either  of  which 
may  be  readily  brought  into  requisition. 

Fig.  2871. 


Rotary  Punch. 


Leath'er-pvmch'ing  Ma-chine'.  A  machine 
in  ttliich  punch  and  die  aie  automatically  operated, 
while  the  mati-rial  is  fed  between  them  by  hand  or 
otherwise.  The  punch  has  an  annular  sleeve-die 
which  makes  a  circular  imprint  around  the  opening, 
a  pin  beneath  forcing  the  ]iellet  into  the  throat  of 
the  die.  The  punch  and  die-stock  are  reciprocated 
by  a  wrist  and  cam-wheel,  a  certain  elasticity  of  the 
latter  on  its  shaft  providing  for  the  requirements  of 

Fig.  2872. 


Leather- Punching  Machine. 

varying  thicknesses  of  leather.  The  punch  is  re- 
volved by  band  and  wheel. 

Leatti'er-quilt'ing  Ma-chine'.  A  form  of  sew- 
ing-machine. 

Leath'er-rais'ing  Ma-chine'.  (Harness.)  A 
machine  forgiving  raised  an<l  ornamented  or  beaded 
edges  to  straps.      A  Jrnther-ci-rrising  machine. 

Leath'er-re-duc'ing  Ma-chine'.  A  machine 
to  shave  or  reduce  the  inequalities  of  the  Hesh  side 
and  bring  the  piece  of  leather  to  a  uniform  thick- 
ness. 

In  the  example,  the  machine  has  pairs  of  receiving 
and  delivering  rolls,  and  between  them  a  flat  recip- 
rocating knife,  which  is  set  obliquely  across  the 
path  of  the  leather  and  thus  delivers  a  draw-cut. 

Leath'er-roll'ing  Ma-chine'.  A  machine  to 
compress  and  harden  leather,  instead  of  hamnjering 
it.  The  iournals  of  the  lower  or  pressure  roller  are 
mounted  in  a  movable  lever  frame,  which  is  pro- 
vided on  the  under  side  of  either  end  with  projec- 
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Leather-Rolling  Mackine. 


Leather- Scalloping  Machine. 


Leather- Reducing  Machine, 


tions  ri'sting  upon 
joints,  wliiuli  arc 
suiipoi'ted  upon  tlic 
central  portion  of  a 
cross-piece  in  the 
main  frame,  in  such 
manner  as  to  oper- 


ate with  the  lever  frame  like  a  toggle-joint,  in  addi- 
tion to  the  usual  compound  lever  employed  for  mov- 
ing the  pressure-roller. 

In  another  machine,  the  skin  of  leather  i.s  placed 
on  the  tabic,  which  is  raised  more  or  less  by  toggle- 
levers,'  to  regulate  the  pressure  .of  the  roller.     The 

Fig.  2875. 


[«. 


Leather- Rolling  Machine, 

roller  is  journaled  to  a  slide  reciprocated  by  connec- 
tion to  a  crank.     The  tool  is  a  steel  roller  or  glass 
edge, 
Leath'er-round'ing    Ma-chine'.       {Uamcss- 


Fig.  2876.        m 


Leather-Rounding  Machine, 


Fig.  2878. 


makinr/.)  A  machine  for  making  round  lines  or 
whiji-covers  from  flat  strips  of  leather,  by  gradually 
turning  the  edges  inward  and  strongly  compressing 
tlie  material.  In  the  example,  the  rolls  have  grad- 
uated circular  apertures  betiveen  them,  and  the  up- 
per one  is  carried  in  a  frame  pivoted  so  as  to  be 
adjustable  in  distance  from  the  other  roller.  The 
action  is  somewhat  similar  to  that  of  rolling  gun- 
liarrels  from   skcljis. 

Leath'er-scal'lop-ing  Ma-chine'.  A  machine 
for  giving  a  wavy  outline  to  the  edges  of  leather 
straps  to  be  used  in  making  ornamental  harness, 
and  for  other  purposes.  The  example  has  a  pair  of 
wavy-eilged  disks  set  at  any  required  distance  apart, 
according  to  the  width  of  strap  operated  upon.  In 
the  drawing,  the  scalloped  shape  of  the  disk  A  is 
not  a))parent,  and  the  farther  disk  is  hidden  by  the 
near  one.  The  pressure  of  the  bed-roller  against  the 
scalloped  disks  is  increased  by  a  cam-lever  at  one 
end  of  the  supporting  lever  of  the  bed-roller.  Mo- 
tion is  given  to  tin'  scallci)ied  disks  by  a  winch. 

Leath'er-scarf  ing  Ma-chlne'.  One  for  bevel- 
ing the  edges  of  leather,  slant- 
ing off  the  thickness  to  ena- 
ble pieces  to  be  united  by  a 
scarf-joint.  In  the  example, 
the  stationary  horizontal  cut- 
ter, opposed  to  the  space  be- 
tween the  rollers  E  c,  cuts 
the  leather  oblii[uely  as  it 
passes  through  between  them. 

Scarfing,  skiving,  c/uimfcr- 
ing,  and  feather-edging  are 
synonymous  terms  ;  the  fiist 
two  more  often  ajiplied  to  I 
leather  generally,  and  the 
last  to  beveling  leather  foi 
soles,  leaving  a  blunt  edge. 
The  lap -seam  uniting  the 
vamp  and  quarters,  in  fine 
worli,  is  sometimes  formed 
witli  skived  edges  to  avoid  a  Leather- Scar/ing  Machine, 
ridge.      In   coarse   work,    as 

plow-shoes,  the  leather  about  the  ankle-opening  is 
chamfered  from  the  inside  to  prevent  chafing. 
Leatner  is  ahso  skived  for  making  lap-joints  in 
round  work  and  belting. 

Leath'er-scour'ing  Ma-chine'.  A  form  of 
Irather-linishingmacliiiie,  or  rather  one  of  the  modes 
of  operation  of  such  a  machine,  which  is  usually 
adapted  for  scouring,  graining,  or  boarding  or  pol- 
ishing, according  to  the  character  of  the  tool  which 
is  brought  ujion  the  skin  under  treatment.  See 
Leatueii-finibhing  Machine. 
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Leath'er-skiv'ing  Ma-chine'.    A  machine  for 
shaviiig  k-atlu-r  to  a  tliii:kness,  skiving  off  a  portion 
of  the  Hesh  side.     In  the  il- 
Fig.  2879.  lustration,     the     leather     is 

passed  oblimiely  upward  be- 
tween the  rollers  and  against 
the  edge  of  the  knife  C,  whose 


ness.  In  the  exami>le,  the  strips  of  leather  cut  from 
the  skin  to  form  shoe-binding  are  thus  sorted.  Con- 
nected with  the  contacting  surfaces,  betweeu  which 


Fig.  2882. 


|ga^;^>^->; 


Leather- Skiving  Mac/line, 


L'atkei- dialing  Machttie. 


position  relatively  to  the  adjustable  roller  D  deter- 
mines the  tliickness  of  the  leather  which  passes  be- 
tween the  knife  and  roller,  the  skive  passing  above 
the  knife. 

Leath'er-slit'ting  Ma-chine'.  A  machine  used 
principally  Iiy  harness-makers  and  saddlers,  for  cut- 
ting leatlier  into  straps;  the  knives  aj-e  adjustable 
in  distance  from  each  other,  to  tit  them  to  form 
straps  of  ditlerent  widths.  In  the  e.tample,  a  series 
of  knives  is  placed  between  guides  separated  by 
plates  and  clamped  by  a  set-screw.  A  segmental, 
leather-covered  frame  is  hung  so  as  to  be  brought 
down  over  tlie  cutters  or  thrown  up  therefrom.  The 
leather,  after  reduction  to  the  proper  thickness,  is 
placed  on  the  cutters  and  the  block  brought  down 
thereon.  The  leather  is  then  drawn  through  be- 
tween the  gang  of  cutters  and  the  segmental  plate 
above,  which  form  a  surface  against  which  the  knives 
cut. 

Leath'er-3oft'en-er.  A  machine  for  working 
dry  hiik's  or  leather,  to  make  them  He.xible,  and  en- 
able them  to  bo  worked  without  breaking.  It  is  a 
preliminary  to  the  operations  of  tanning  dry  hides 
or  of  finishing  processes  with  tanned  skins.  The 
machine  has  corrugated  rollers  which  ])ress  and  ex- 
tend the  leather,  or  it  acts  by  pounding.     In  the 

Fig.  2881. 


the  strips  pass,  is  mechanism  indicating  by  a  linger 
and  dial  the  thickness  of  the  pa.ssing  strip. 

Leath'er-split'ting  Ma-chine'.  An  apparatus 
for  dividing  leather  into  two  or  n]ore  layers.  Split 
leather  is  much  used  in  making  boots  and  shoes  of 
cheap  cjuality.  The  advantage  in  using  the  splitting- 
machine  is  that  the  quantity  of  leather  surface  is 
doubled.  By  splitting  so  as  to  preserve  the  grain 
side,  one  sheet  of  very  fair  leather  may  be  obtained, 
while  the  other  (skiving)  is  fit  for  tmnk-covers,  etc. 
The  machine  consists  essentially  of  one  or  more  roll- 
ers, which  draw  the  leather  against  the  edge  of  a  hori- 
zontally arranged  long  knife,  by  which  it  is  divided, 
one  half  passing  above  and  the  other  below  the  knife. 

In  Stearns's  machine  (Fig.  2883),  the  leather  is 
drawn  forward  liy  the  tooth  c  on  the  carrying  cylin- 
der C,  passes  betweiMi  the  roller  0  and  i)resser-bar  ^, 
and  after  being  split  by  the  adjustable  knife  M  is 
drawn  between  the  carrying  cylinder  and  the  roller 
.S',  in  order  to  compress  and  smooth  it ;  the  amount 
of  pressure  being  governed  by  the  treadle  and  levers 
T  T  T. 

Fig.  2883. 


Leather- Softening  Mnrhine. 


example,  the  bed  has  a  series  of  depressions,  and  the 
cross-head  a  series  of  matching  ])rojections,  between 
which  the  leather  is  passed.  The  cross-head  has 
vertical  reciprocation  from  two  cranks  on  a  rotating 
shaft  .beneath. 

Leath'er-sort'ing  Ma-chine'.    A  machine  in 
wliich  leather  stiips  are  assorted  according  to  thick- 


Stearns's  Leat/ter-Sptitting  Machine. 

In  Marden's  machine  (Fig.  2884),  the  leather  is 
drawn  to  the  knife  P  between  the  rollers  G  J,  the 
latter  gears  loosely  with  both  the  rolls  G  L,  and  its 
bearings  are  elongateil  vertically,  that  it  may  rise 
and  fall  to  admit  leather  of  varying  thickness. 
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Fig.  2884. 


Fig.  2887. 


Marden's  Leather-Splitter, 

Fig.  2885,  the  knife  S  reciprocates  longitudinally, 
the  cylinder  is  adjustable,  and  the  leatlier  is  held 
down  by  a  foot  on  the  presser-bar  JF. 


Fig.  2885. 


Leather- Stretcher. 

jiaiuter'.s  caiiva.s.  In  the  example,  the  bar  has  one 
feed  and  one  movable  clamp,  and  between  tliem  is 
a  slide-liar  having  a  pawl  to  catch  in  a  ratchet  in  the 
main  bar,  and  rubber  springs  acting  on  the  movable 
clamp. 

Leath'er-strip'ing.  {Shocmak-inr/.)  A  machine 
for  marking  binding-leather  with  stripes  to  be  cut 
into  strips  lor  shoe-binding,  etc. 

Leath'er-strip'ping  Ma-chine'.  A  macliine 
for  cutting  sides  of  leather  into  strips  of  uniform 
width,  from  which  soles  and  heels  are  afterwards  to 
be  punched  by  haiul  or  by  power. 

Leath'er-stuff'er.  A  machine  or  a  revolving 
chanil.ier  in  which  hides  are  made  supple  and  stuUed 
with  dubbing,  to  make  them  soft  and  pliable.  It  is 
the  equivalent  of  the  breaking-machine,  which  is  used 
to  break  dried  hides  before  tanning.    The  hand-pro- 

Fig.  2SS8. 


Leather-  Splitter. 


In  another  machine,  the  leather  is  s])lit  by  an 
endless,  knife-edged,  steel  band,  sharpened  by  an 
emery-wheel  while  running. 

Leath'er-stamp.    A  machine  for  stamping  and 

shaping     leather. 


Fig.  2886. 


Machine  for  Stamping  and  Shaving 
Leather. 


The  die  and  fol- 
lower are  jointed 
to  form  a  toggle. 
The  lever  operates 
the  bell  -  crank 
lever  and  toggle- 
joint,  and  brings 
the  follower  down 
upon  the  knife  or 
<lie  -  plate,  and 
thereby  cuts  the 
leather  to  the 
shape  of  the  face 
of  th.>  die. 

Leath'er- 
stretch'er.  A 
fi'ame  in  which  a 
side  of  leather  is 
stretched,  that  it 
may  dry  flat. 
Some  frames  have 
tenter-hooks,  oth- 


Leather-Stuffer. 

cess  is  to  rub  and  bend  them  gently  until  the  fibers 
yield  and  gradually  absorb  moisture.  In  the  stuH'er 
shown  in  the  figure,  the  heating-chambers  of  the 
cylinder  are  placed  inside  the  heads,  and  receive 
steam  through  the  tubular  gudgeons.  The  steam 
passes  off  through  radial  pijies.  The  hides  tumble 
about  in  the  box,  become  softened  by  heat  and  im- 
pact, and  absorb  the  dubbing,  which  is  tallow  mixed 
with  fish-oil  or  iietroleum. 
Leath'er-ta'per-ing   Ma-chine'.    A   nnichine 

Fig.  2SB9. 


ers  are  made  with  sides  expanded  by  wedges,  like  a 


Leather-Tapering  Machine. 


LEATHER-WASHER. 
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Leath'er-wash'er. 


Fi".  2890. 


in  whicli  leather  straps  nia\'  be  sliaveil  or  heveleil 
toward  the  eiirl.  Such  a  machine  is  arranged  so  as 
to  be  ailapted  to  any  width  or  thickness  of  leather. 
In  the  e.\ample,  the  cutter  is  hinged  at  one  end  to  a 
stationary  frame,  and  is  vertically  adjustable  at  the 
other  end.  The  axis  of  the  friction-roller  connected 
with  the  vertically  adjustable  frame  is  directly  un- 
der the  cutting-edge  of  the  knife.  The  roller  is  sup- 
ported on  a  sliding  frame  that  is  gradually  raised 
toward  the  knife,  for  tapering  the  ends  of  leather 
belts. 

Tools  for  cutting  leather- 
washers  are  on  the  princi- 
ple of  the  trepan  or  the  an- 
nular auger.  The  example 
shows  one  in  which  the 
cutters  are  both  adjustable 
relatively  to  tlie  center-pin, 
so  as  to  cut  a  washer  of 
any  size  with  a  hole  of  any 
size.  The  washers  are  cut 
by  revolving  or  turning  the 
tool  upon  the  center-pin, 
(^-1 — I     "f '  7f         I    in  the  material  from  which 

I  CI Ij^pZIgnoi '  \    ^ijg  ,vasher  is  to  be  made. 

,  .  The  tool  is  held  in  a  brace. 

)  'i/fy/yyA     Leav'en.     Sour  dough, 

Washer-CiMtr.  for  producing  fermentation 

in   a   (juantity   of    freshly 

made  dough.     A  substitute  for  yeast.     See  Bread. 

Le-clanche'  Bat'ter-y.  A  form  of  galvanic 
battery  invented  by  Georges  Lionel  Leclanche,  a 
French  electrician. 

Two  forms  of  battery  are  known  by  this  name  :  — 

1.  A  porous  cup  in  which  the  carbon  or  -  element 
is  placed,  the  remaining  space  in  the  cup  being  tilled 
with  a  mi.xture  of  peroxide  of  manganese,  chlorohy- 
drate  of  ammonia,  and  sawdust.  This  cup  is  placed 
in  a  cell  in  which  the  zinc  or  -I-  element  is  also 
placed.  One  liiiuid  is  used  containing  a  salt  which 
has  no  cliemical  action  on  the  peroxide  of  manganese, 
but  which  is  capable,  by  its  electrolytical  decom- 
position, of  rendering  soluble  the  oxides  of  manga- 
nese. The  salt  commonly  used  in  the  exciting  liquid 
is  muriate  of  ammonia.  The  battery-cup  is  heimeti- 
cally  sealed  for  convenience  of  transportation.  Pat-" 
ented  August  23,  1867.    Reis.sued  February  17,  1874. 

2.  A  plate  of  copper  with  wire  attached  is  covered 
in  the  jar  with  jiowdered  carbonate  of  copper ;  over 
this  is  placed  a  stratum  of  sand,  in  wliich  is  imbed- 
ded the  zinc  with  wire  attjiched.  The  whole  is  then 
saturated  with  a  solution  of  chlorohydrate  of  ammo- 
nia.    June  5,  1866.      Reissued  February  17,  1874. 

Lec'tern.  {Architecture.)  The  reader's  desk  in 
a  church. 

Ledge.  1.  (Architecture.)  A  small  molding,  as 
the  Doric  drop-ledge. 

2.  (Johiery.)  a.  A  piece  against  which  some- 
thing rests  ;  as  the  batten  on  the  back  of  a  door, 
the  fillet  against  which  a  door  closes,  etc. 

b.  A  shelf. 

3.  {.Vinlng.)     A  stratum  of  metal-bearing  rock. 

4.  (Shiphuilcliiig.)  A  thwart-ship  piece  in  the 
deck-framing.     See  Shklf-piece. 

A  support  for  the  decks,  parallel  to  and  interme- 
diate between  the  beams.     See  He.^d-ledoe. 

5.  (Prlnlbuj.)  A  piece  of  furniture  ;  a  stick  used 
in  wedging  up. 

Ledg'er.  1.  (Scaffolding.)  A  horizontal  pole, 
parallel  to  the  walls,  lashed  to  the  standards  or  ver- 
tical poles,  and  supporting  the  putlogs  on  which  the 
boards  of  the  bricklayers'  scaffold  rest. 

2.  (Masonry.)  A  lai'ge,  flat  cap-stone,  over  a 
tomb  for  instance. 


Ledg'er-blade.  The  stationary  blade  with  a 
rectilinear  eilge,  placed  as  a  tangent  tn  the  sjiirally 
bladed  cylinder,  by  which  cloth  is  shorn  and  the 
nap  reduced  to  a  length. 

Another  form  of  cToth-.shearing  machine  has  a 
semicircular  ledger-blade,  and  a  large  revolving- 
wheel  containing  8  small  cutting-disks,  revolved  by 
planetary  pinions,  and  acting  as  shears'in  connec- 
tion witii  the  edge  of  the  ledger-blade.  See  Cloth- 
SHEAiiixr;  JIachixe. 

Ledg'meut.  A  string-course,  or  horizontal  suite 
of  moldings,  such  as  the  base-moldings  of  a  building. 

Lee.  (X'autical.)  The  side  of  a  ship  opposite  to 
that  from  which  the  wind  lilows  ;  the  sheltered  side. 
Tlie  Icc-way  of  a  vessel  is  the  amount  of  its  drifting 
to  leeward. 

Lee-board.  (Xaulital.)  A  board  lowered  on 
the  lee  side  of  a  flat-bottomed  vessel  to  act  as  a  tem- 
jiorary  keel  in  avoiding  lee-way,  preventing  the  ves- 
sel drifting  to  leeward. 

A  center-board  is  a  lee-board,  raised  and  lowered  in 
a  water-tight  well  amidships.  See  Centeh-boaud  ; 
Slidixg-keel. 

Leech.  (Xaiitical.)  The  side  edge  of  a  square 
sail.  Tlie  foremost  edge  (for  the  time  being)  is  the 
luff  or  iceaihcr-lcccli. 

In  a.  fore-and-aft  sail,  the  after  edge  is  the  leech. 

Leech,  Ar-ti-fi'cial.  (Surgical^  A  light  glass 
tube  from  which  the  air  is  expelled  by  the  vapor  of 
ether,  and  whose  mouth  is  then  applied  to  a  pievi- 
ously  scarified  portion  of  the  body. 

To  expel  the  air  from  a  tube,  a  few  di-ops  of  ether 
are  poured  into  it,  and  it  is  then  immersed  as  far  as 
the  mouth  in  hot  water  until  the  ether  boils  briskly. 
The  mouth  of  the  tube  is  then  ajiplied  to  the  skin. 

Fig  2891. 


Artificial  Leech  and  Scarijier, 

and  held  for  an  instant,  when  it  will  be  found  to  be 
firmly  attached,  and  can  be  left  to  itself.  Each  tube 
will  draw  about  two  ounces  of  blood.  For  uterine 
]iractice  they  are  made  long  enough  to  be  applied 
through  a  speculum. 

The  scarifier  is  simply  a  tube  one  eighth  inch  in 
diameter,  having  a  cutting-edge  at  one  extremity. 
By  a  simple  device  this  is  made  to  rotate  rapidly, 
making,  when  applied  to  the  skin,  a  circular  inci- 
sion, the  depth  of  which  is  regulated  by  a  gage. 

In  the  cut,  a  represents  the  buttons  by  turning 
which  the  instrument  is  wound  up,  d  the  trigger  by 
which  the  spring  is  released,  c  the  cutting-edge,  and 
b  the  gage  for  regulating  the  depth  of  the  incision. 

Themison,  a  physician  of  Laodicea  who  flourished 
a  little  before  Celsus  (first  century  A.  D.),  mentions 
the  use  of  leeches. 

Miehael  Servetus,  burnt  at  Geneva  in  1553,  an- 
nounced and  explained  the  circulation  of  the  blood, 
correctly  descriliing  the  action  of  the  heart,  the  difty 
of  the  arteries  ami  the  veins,  and  the  influence  of 
the  lungs.  He  correctly  describes  the  single  circula- 
tion, and  is  the  first  to  employ  the  term  of  anastomo- 
sis to  express  the  communication  between  the  veins 
and  ai'teries  in  the  tissues.  See  Servetns,  "De 
Christianissimi  Restitutione."     See  Laxxet. 


LEKCH-LINE. 
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Leech-line.  (Nautiml.)  A  line  attached  to 
tli('  Icecli-iopu  on  tlie  edge  of  a  sail,  and  passing  up 
tluough  a  block  on  the  yard,  to  haul  on  the  leech  ; 
as  till'  hunt  and  leech  lines,  the  preventer  leech-Uiu;. 

Leech-rope.  (NaiUical.)  That  part  of  a  bolt- 
voi>e  along  the  vertical  edge  of  a  sail.  The  leeches 
are  hauled  by  leech-lines,  which  pass  up  through 
bloi'ks  on  the  yards,  and  brail  up  the  sail. 

Lee'fange.  (Nautical.)  An  iron  across  a  deck 
or  on  the  tallVail,  for  the  sheet  of  a  fore-and-alt  sail 
to  slip  on  in  tacking. 

Leer.  The  annealing  chamber  or  arch  of  a  glass 
manufactory.     Lier. 

It  is  sometimes  a  simple  oven,  or  it  may  be  a  long 
chamber. through  which  the  ware  is  pushed  in  trays, 
the  period  of  passage  being  sufficient  for  the  anneal- 
ing operation.     In  the  example,  the  heat  is  received 


Fig.  2892. 


such  is  the  dictum  of  Rabbi  Meir  ;  but  Rabbi  Jose 
prohibits  it."  —  MlsiiN.\. 

Tli(!  compass-joint  for  the  knee,  and  the  ball-and- 
socket  joint  for  the  ankle,  are  described  in  Pott's 
English  patent,  1801. 

Fig.  2894  is  an  artificial  leg  adapted  for  leg  ampn- 
tatiou  at  the  upper  third,  where  the  knee  rests  in  a 


Fig.  2894. 


Fig.  2895. 


Leer. 

at  an  opening  between  the  points  of  reception  and 
disi-liarge,  and  is  graduated  toward  both  ends. 

Left-hand  Rope.  Rope  laid  up  and  twisted 
"against  the  sun,"  as  it  is  termed.  IFater-laid 
ro]ie. 

Left-hand'ed  Scre'w.     A  screw  whose  threads 

advance  "  against  the  sun,"  that  is,   from  right  to 

left.     This  is  the  opposite  to  the  common,  or  right- 

handcrl  screw,  which  is  operated  by  turning  it  in 

the  direction  of  the  hands  of  a 

Fig.  2893.  watch. 

Leg.  1.  (Elevator.)  The  mova- 
ble dependent  case  containing  the 
lower  end  of  the  belt  of  iron 
buckets  of  a  grain-elevator.  See 
Elevatok. 

2.  (Furniture.)  A  support  of 
a  table,  chair,  stove,  etc. 

3.  One  limb  of  a  compass. 
The  legs  are  called  pencil;  pen, 
vthecl,  extension,  reversible,  point 
legs,  etc.,  according  to  their  fur- 
nishing or  adaptation. 

Leg,  Ar-ti-fi'cial.  A  pros- 
thetic lower  limb,  which  is  made 
specially  for  amjiutations  above 
or  below  the  knee.  The  form  is 
usually  in  imitation  of  the  natural 
leg,  but  sometimes  it  is  made 
skeleton-wise  for  lightness,  as  in 
Fig.  2894. 

Among  the  materials  used  for 
its  structure  are  raw-hide,  which 
is   very   light   and    stiff    for    its 
,  strength;  splints  crossing  at  right 

3    HI:  angles  and  glued  together  ;  bands 

and    strips   of    wood   interlaced  ; 
hollow    shell    of    wood ;   basket- 
work   of  wire  ;  vulcanite  ;  gutta- 
percha. 
V. — y  "The  cripple  may  go  out  on 

Eiffator-Lrg.       the  Sabbath  with  his  wooden  leg  : 


Arttjicial  Legs. 


cushioned  socket,  or  it  may  answer  for  the  less  com- 
mon amputation  at  tlie  knee-joint,  the  a.xis  of  move- 
ment being  above  the  knee-rest  and  in  prolongation 
of  the  a.xis  of  motion  of  the  knee,  b  b  are  branches 
of  the  thigh-straps  ;  depending  from  the  knee-joint 
are  branches  which  connect  with  and  brace  the  tibia 
post. 

Fig.  2895  is  a  leg  adapted  for  thigh  amputations. 
The  bar  of  the  leg 

is     adjustable     in  f'g-  2898- 

length,  and  is 
planted  upon  a  seg- 
ment of  a  cylinder, 
which  has  a  back- 
ward and  forward 
oscillation  in  its 
socket ;  ttie  toe 
and  heel  leaf-springs 
modify  and  limit  its 
vibrations.  The 
toe-spring  extends 
the  toe  -  section, 
which  is  hinged  to 
the  front  part  of  the 
foot,  and  flexed  by 
the  act  of  walking. 
The  slotted  hoops 
and  set-screws  of 
the  thigh  adju.st 
its  capacity.  An 
axial  coil  on  the 
knee-articulation 
extends  the  leg  for 
forward  movement 
when  raised  from  ^ 
the  ground. 
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LEG  AND  FOOT  GUARD. 


Ill  Fig.  2896,  the  frame  is  iiiaili'  of  iiiiiUeable  cast-  ] 
iron,  with  projections  to  convsiioiul  with  the  natural 
processes.  Straps  unite  the  anterior  and  posterior 
portions  of  the  knee-frame  and  keep  the  covering  iu 
place.  The  toes  are  of  spring  metal,  and  attached 
separately  to  the  foot ;  a  spring  at  the  ankle  articu- 
lation depresses  the  heel. 

Fig.  2897  is  an  artiKcial  leg  for  thigh  amputa- 
tions. The  socket  A  has  a  pad  B  and  stiap  D  for 
adjusting  the  size  to  the  stump.  A',  in  1  and  2, 
is  a  bridge-piece  in  the  upper  section,  resting  on 
the  knee-bolt  F,  and  affording  the  superior  jioint 
of  attachment  for  the  e.^ctensor-spring  /  and  tendons 
i  i,  which  throw  the  foot  upward  and  lorward  as  soon 
as  it  is  lifted  from  the  ground  in  walking.    The  ham- 


Fig.  2897. 


Artificial  Leg/or  Thigh  Amputations. 

strings  A''  N  are  attached  to  the  posterior  portions  of 
the  thigh  and  leg,  to  act  as  checks  to  the  forward 
motion  of  the  leg. 

The  ankle-joint  consists  of  a  .socket  in  the  foot, 
and  a  ball  P  attached  by  its  neck  and  the  iron  frame 
Q  to  the  leg,  and  has  a  horizontal  stud  upon  it,  fit- 
ting its  appropriate  recess  in  the  socket  in  the  foot, 
so  as  to  jirevent  vibration  iu  a  horizontal  plane, 
while  leaving  the  joint  free  for  motion  in  vertical 
]ilaiies,  as  described.  The  elastic  straps  n  b  (3)  are 
proportioned  as  to  length  and  strength,  and  attbrd  a 
means  of  attaching  the  suspensory  yoke  (4),  whose 
straps  pass  over  the  shoulders,  so  as  lint  alone  to 
bring  the  weight  upon  the  framework  of  the  body, 
but  also  to  enable  the  shoulders,  by  their  motion, 
to  influence  the  action  of  the  artificial  limb.  See 
patents  of  Bly,  Condell,  and  others. 

Fig.  2898  is  an  artificial  limb  intended  for  ampu- 
tations below  the  knee,  and  is  supported  by  straps 
secured  to  the  sides  of  the  socket,  and  an  elastic 
band  secured  to  the  front  of  the  socket,  the  said 
straps  and  band  uniting  in  a  stronger  elastic  strap 
which  passes  upward,  and  is  suspended  from  a  yoke- 


strap  over  the   shoul-  fig.  2S9.3. 

der.  The  foot-piece 
lias  a  socketed  a.\ial- 
bolt  passing  trans- 
versely through  its 
rear  portion,  which  is 
secured  to  a  bar  jiro 
jecting  up  into  the  leg, 
and  forms  the  ankle- 
joint. 

Le'gend.  An  in- 
scription or  motto  111 
heraldry  or  on  a  coin. 

Leg'gings.  Wrap- 
pers used  in  connec- 
tion with  shoes  or 
bootees,  to  form  a  pro- 
tection for  the  legs  ill 
hunting,  riding,  or  iu 
rough  and  exposed 
work.  They  are  very 
common  among  the 
agricultural  part  of 
the  population  of  Eng- 
land, and  iu  some  J^^,j^|^gJ  ^^gj^^  Ampiuatinns  be- 
parts  of  the  continent  loio  theKnee. 

they  seem  to   be  con- 
sidered  a   neces.sary  part  of  the   hunting-costume. 
They  are  made  of  pliable,  unlilacked  leather,  dressed 
like  buckskin,    and  are  buttoned   down   the  outer 
edges. 

When  used  to  protect  the  jiantaloons  or  boots  of 
an  enucstriaii,  they  are  sometimes  called  spattev- 
da.slies.  One  form  has  pliable  springs  in  the  upper 
edge  and  just  above  the  ankle.  The  legging  is 
sprung  open  to  admit  the  foot,  and  the  springs  then 
close  the  legging  around  tlie  leg. 

The  Romans  had  leather  spatteida.shes,  buttoned 
at  the  sides,  and  piobably  introduced  them  into 
England.  They  were  common  among  the  Aiiglo- 
Sa.xous. 

Leg  and  Foot  Guard.  (Menage.)  A  device  to 
protect  a  horse's  leet  or  legs. 

They  are  of  several  kinds. 

1.  To  prevent  the  cutting  of  the  fetlock  or  foot  by 
interferhig  or  ovcrrcuchhui ;  that  is,  by  striking  the 
fore  or  hind  foot  against  its  fellow  as  they  pass  each 
other  in  motion,  or  striking  the  heel  or  shoe  of  the 
front  foot  by  the  toe  of  the  hind  foot  or  shoe. 

2.  To  yirevent  the  cutting  of  the  knees  in  kneel- 
ing or  falling  forwaril  on  to  the  knees. 

3.  To  prevent  the  unhairing  or  abrasion  of  the 
hide  by  hojiples.     See  Hcipi'LE. 

Kotch's  flexible  elastic  liorseshoe,  patented  in  Eng- 
land in  1810,  and  with  imiirovements  in  1830,  con- 
sisted of  a  sheet-metal  sole  and  a  body  of  india-rubber 
made  to  fit  over  the  crown  and  ujion  the  pastern. 
The  immediate  purpose  of  the  caoutihouc  cover  wa.s 
to  hold  on  the  sole  to  which  a  regular  bar-shoe  was 
riveted,  if  necessary.  The  india-rubber  covering,  in 
the  case  of  interfering  horse.s,  was  prolonged  oyer 
the  fetlock  in  order  to  keep  the  hide  from  abrasion 
by  the  blows  of  the  other  foot,  or  from  being  barked 
or  cut  by  the  toe  of  a  hind  foot  in  horses  addicted 
to  ovcrrertehing. 

Fig.  2899  siiows  several  kinds. 

a  has  a  protecting  pad,  which  catches  in  the  crev- 
ice between  the  heel  and  the  shoe,  and  is  fastened 
by  a  hook  engaging  with  the  clip  in  front. 

"  h  has  a  pad  or  fender  to  fit  the  inside  of  the  knee- 
joint  and  ankle-joint  of  a  horse  addicted  to  interfer- 
ing ;  it  has  also  an  interlining  or  stifl"eiier,  and  a 
whalebone  strip  at  the  upper  end  of  the  fender  to 
prevent  the  jiad  from  tundiig  round  the  leg. 


LEISTER. 


1286 


LENS. 


Ill  c,  a  baiiil  auri'ouiiJs  the  hoof  at  its  crest,  with 
llexilile  proji'ctions  of  caoutchoue,  to  prevent  injury 
from  interfering. 

In  d,  the  simr  is  inserted  between  the  shoe  and 
the  hoof,  anil  holds  in  position  tlie  inflated  pad  on 
the  .strap,  wliich  is  .se<ured  around  tlie  lioof. 

In  c,  tlie  upper  surface  of  tlie  elastic  inner  shoe 
conforms  to  the  shape  of  the  hoof  ;  the  under  surface 


Fig.  2899. 


Leg  and  Foot  Guards/or  Horses. 

rests  on  the  shoe,  and  the  peripheral  flange  prevents 
cutting  by  interference. 
/  ha.s  a  strap  with  bristles  protruding. 

2.  A  lined  sleeve,  as  a  hopple-ring,  to  prevent 
abrasion  of  the  fetlock.     See  Hoi'fle. 

3.  A  stout  piece  of  leather,  strengthened  by  a 
longituilinal  iron  plate.  It  is  strapped  to  the  right 
leg  of  an  artillery-driver,  to  prevent  injury  from  the 
pole  of  tlie  carriage. 

Leis'ter.     A  pronged  tish-spear. 
Lem'on-squeez'er.    One  for  pressing  the  juice 
from  lemons.      In  the  example,  the  parts  have  a  cuji 

Fig.  2900. 


Linton-  S/jiieezer. 

and  a  bulb  respectively,  and  are  pressed  together  by 
the  handles. 

The  making  of  orangeade  and  lemonade  was  intro- 
duced into  England  from  France  about  1632.  Tliese 
fine  aciils  neeil  sugar,  and  this  is  a  comparatively 
modern  ingredient  in  Europe.     See  SuG.vi;. 

Leugth'en-ing-bar.  An  extensiou-jiiece  for  the 
leg  of  a  drafting  eoiiiiiass,  when  the  reach  of  the  or- 
dinary legs  is  insufficient. 

Length'en-ing-piece.  (Skipbmlrlinff.)  One  of 
the  tinibi-rs  adiled  tu  the  ribs  above  the  /np./iinlirr.'!, 
to  iiii|iart  the  necessary  hight  to  the  siiles  of  the 
vessel. 

Length'en-ing-rod.  A  rod  witli  a  screw  and 
screw-soiket  at  tin'  respective  ends;  attached  end- 
wise to  form  a  long  shank  for  an  auger  or  drill  in 
deep  boring. 

Le'no.  (Fabric.)  An  open  cotton  goods,  thinner 
than  bukf-mimlin,  used  for  veils,  window-curtains, 
etc.     It  is  plain,  colored,  or  checked. 


Lens.  A  piece  of  a  transparent  substance  fash- 
ioned into  a  sliape  atlbrding  two  regular  op|)Osite  sur- 
faces, both  curved,  or  one  curved  and  the  other  ])lane. 
The  curved  surfaces  are  usually  spherical,  and  the  or- 
dinary lenses  of  this  description  are  of  si.\  varieties. 

They  are  :  — 

e,  plano-concave.  h,  double  convex. 

f\  double  concave.  i,  fiieniscus. 

ij,  plano-convex.  j,  concavo-convex. 

A  lens  changes  the  direction  of  rays  of  light,  di- 
minishing or  increasing  the  ajiparcnt  size  of  objects 
viewed  through  it.  Coniliinations  of  len.ses  increase 
this  effect.  For  an  explanation  of  the  principles, 
see  treatises  on  optics. 

There  are  varieties  of  lenses  peculiar  from  their 


Lenses. 

proportions,  their  construction,  arrangement,  or  their 
specific  efl'ects. 

The  crossed  lens  is  a  double  convex,  in  which  the 
radius  of  one  face  is  six  times  that  of  the  other. 

The  pohponal  lens  is  built  up  of  several  pieces 
arranged  in  zones  or  rings. 

The  muUiphjincf  lens  is  )dano-convex,  and  its 
curved  surface  is  covered  with  a  number  of  ])lane 
faces  or  facets,  eaidi  of  wlii(di  aflbrds  a  separate  image. 

The  ciplnuatic  lens  is  a  lens  constructed  of  iliH'er- 
ent  mediii,  so  as  to  correct  the  unequal  refraiigibility 
of  the  ditt'erent  rays. 

The  achromalic  lens  k  is  a  combination  of  a  double 
convex  lens  of  crown-glass  and  a  plano-concave  or  a 
concavo-convex  lens  of  tlint-glass.  The  advantages 
of  a  lens  formed  in  this  manner  are  freedom  from 
spherical  aberration  or  ilistortioii,  and  the  rays  of 
light  are  not  decomposed  into  tlic  primary  colors  ; 
in  other  words,  the  light  passes  through  the  lens 
and  suffers  no  chnnge  tlicreby.  TJiey  were  formerly 
combinations  of  three  lenses,  as  shown  at  /.  They 
were  made  by  Dollond  in  1753.  See  Achromatic 
Lens. 

The  Cnddinqton  lens  is  of  spherical  form,  and  has 
a  deep  equatorial  groove  aiouiiil  it  filled  with  opaque 
matter,  acting  as  a  dia|ilinigni  to  diminish  the  (pian- 
tity  of  light  and  exchnle  lateral  rays. 

A  spherical  silica  lens  is  ascribed  to  an  experiment 
of  Sir  Humphry  Davy.  One  end  of  a  wheat  straw 
is  ignited,  and  the  spear  is  allowed  to  consume  grad- 
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ually-  The  cinder  is  then  heated  in  the  blue  flame 
of  a  burner,  and  from  the  silica  obtained  a  soliil 
globule  of  glass  is  formed,  which  is  said  to  be  well 
adapted  to  microscopic  purposes. 

A  cylimlrkal  hits  lias  a  body  formed  of  a  segment 
of  a  cylinder,  or  of  two  such  segments  united  by 
their  bases.     A  Stanhope  lens. 

A  dijimond  lens  is  made  from  a  diamond  whose 
high  refi-active  power  is  supposed  to  render  it  spe- 
cially suitable  for  an  eye-glass.  Diamond  lenses 
were  made  by  Andrew  Pritchard  in  1S24. 

A  doublet  is  an  arrangement  of  two  jilano-convex 
lenses,  invented  by  WoUaston,  as  shown  at  a  a ;  b 
is  a  diaphragm,     c  d  is  Herschel's  doublet. 

A  triplet  111  is  an  arrangement  of  three  plano-con- 
vex lenses  in  a  microscope.     Invented  by  Holland. 

M  is  also  a  threefold  arrangement  of  lenses,  any  two 
or  all  of  which  may  be  used  in  combination,  accord- 
ing to  the  power  desired. 

Eye-ijlnss  ;  the  lens  nearest  to  the  eye  in  a  simple 
arrangement,  and  the  one  nearest  to  the  eye  of  the 
glasses  forming  the  combinatiou  eye-piece  of  a  tele- 
scope or  microscope. 

Compound  eye-glasses  are  doublets  and  triplets 
(which  .see).     See  Xeg.\tive  Eye-piece. 

An  imnursion  lens  is  an  achromatic  objective  for 
the  mierosco])e,  which  is  used  with  a  drop  of  water 
between  the  front  lens  and  the  cover  of  the  object 
e.xaniined.     See  I.mmeusidn-lexs. 

Object-glass ;  the  .^c/rf-glass,  or  the  one  farthest 
from  the  eye,  in  the  combination  of  lenses  forming 
a  telescope  or  microscope. 

Periscopic  Jrns ;  a  concavo-convex  lens,  the  ratio 
of  the  radii  of  wliose  respective  faces  constitutes  it 
a  magnifying  or  diminishing  lens  ;  the  general  curve 
of  the  leus  approximating  that  of  the  cornea  and 
increasing  the  distinctness  of  the  image  when  viewed 
obliipiely. 

Polyscope;  a  plano-convex  lens,  whose  curved 
side  has  facets  by  which  the  images  are  multiplied. 
A  midtiplyiny-lcns. 

Polijnptron ;  a  plano-convex  lens,  whose  curved 
face  has  a  number  of  concnvc  facets  which  allord  a 
number  of  dimini.shed  images. 

The  sphericnl  lens  is  of  a  globular  shape,  and  has 
usually  au  equatorial  groove  filled  with  an  opaipie 
object  to  exclude  lateral  rays.      A  Coddinriton  lens. 

The  Stanhope  lens  is  of  a  cylindrical  form,  and  has 
conve.x  ends  having  dift'erent  radii. 

It  is,  perhaps,  impossible  to  determine  when  lenses 
were  first  made.  The  first  obscu'vations  of  their  ef- 
fects were,  no  doubt,  with  drops  of  dew  upon  leaves, 
and  occasionally  by  a  spawl  of  crystal  or  a  tear  of 
vitreous  matter  from  the  inside  of  a  furnace. 

Whether  the  means  by  which  Archimedes  burnt 
the  fleet  of  JIarcellus  at  Syracuse  was  a  combination 
of  mirrors  or  lenses,  it  is  hard  now  to  determine. 
Probably  mirrors.  The  same  may  be  said  of  the 
burning  by  Proclus  of  the  besieging  ships  of  Vitalian 
the  Scytliian,  at  Constantinople,  in  the  sixth  cen- 
tury. 

Kefraction  was  observed  by  the  ancients,  and 
Archimedes  is  said  to  have  written  a  book  upon  the 
subject.  Plut^'ch  speaks  of  instruments  used  by 
Archimedes  "  to  manifest  to  the  eye  the  largeness  of 
the  sun." 

The  appearance  of  a  straight  .stick  when  thrust 
obli<piely  into  water  seems  to  have  led  the  ancient 
pliilosophers  to  consider  the  subject.  They  deter- 
mined that  a  ray  of  light  was  bent  in  pa.ssing  from 
one  meilium  to  another  ;  and  Ptolemy,  the  astrono- 
mer and  phy.sicist,  says  that  "  the  light  of  the  heav- 
enly bodies  falling  upon  our  gross  atmosphere  is  bent 
out  of  its  rectilinear  course,  which  causes  these  lumi- 


naries to  appear  to  rise  sooner  than  they  do  iu  real- 
ity." 

Euclid's  treatise  on  optics  was  about  280  B.  c.  He 
is  the  one  who  told  his  royal  m;ister  Ptolemy  Phila- 
delphus,   "There  is  no  royal  road  to  learning,  sir." 

"  Ptolemy  was  the  first  to  measure  refractions,  and 
is  therefore  the  Ibuiuler  of  an  important  part  of  opti- 
cal science."  —  Hi'mboldt. 

"The  magnifying  power  of  hollow  glass  spheres 
filled  with  water  (Seneca,  1,  6)  was,  indeed,  as  famil- 
iar to  the  ancients  as  the  action  of  burning  glasses 
or  crystals  (Aristoph.  Xub.  V.  705  [424  B.  c.])  and 
Nero's  emerald  (Plhi}',  xxvii.  5)."  —  Hu.mboldt's 
Cosmos. 

Layard  found  in  the  ruin  called  Nimroud  a  plano- 
convex lens  of  rock-crystal  H  inches  in  diameter 
and  -,-(,-  of  an  inch  thick.  It  shows  the  marks  of  the 
lapidary's  wheel.  It  gives  a  focus  4i  inches  from 
the  plane  side.  Sir  David  Brewster  says,  "It  was 
used  as  a  lens,  either  for  magnifying  or  for  condens- 
ing the  rays  of  the  sun."  Two  glass  bowls  were 
found  in  the  same  chamber.  Before  the  discovery 
of  the  lens,  it  had  been  surmised  that  the  minute 
inscriptions  in  the  cuneiform  character  must  have 
been  executed  by  the  aid  of  a  magnifying-glass. 

There  are  other  notices  of  lenses  scattered  through 
the  pages  of  antiiiuity.  Pliny  mentions  tliat  the 
ancients  had  globes  of  glass  and  crystal,  and  that 
Xero  used  glasses  when  he  watched  the  fights  of  the 
gladiators.  The  old  scoundrel  was  probaldy  troubled 
with  myopia,  and  had  concave  gla,sses.  This  we 
must  suppose  rather  than  that  he  had  a  combination 
of  lenses  similar  to  a  telescope  or  opera-glass.  Lac- 
taneus  says  that  a  hollow  glass  sphere  full  of  water 
will  produce  the  ett'ect  of  a  solid  sphere  of  glass, 
lamblichus,  iu  his  "Life  of  Pythagoras,"  tells  us 
that  the  latter  strove  to  contrive  instruments  that 
should  aid  hearing  as  eH'ectually  as  optic  glasses  and 
other  contrivances  aided  sight. 

Coming  down  from  the  time  of  Ptolemy  to  the 
revival  of  learning  and  .science  under  the  Saracens, 
we  find  that  Alhazen,  in  the  twelfth  century,  wrote 
on  tlie  refraction  of  rays  and  the  magnifying  power 
of  lenses.      Draper's  remark  here  is  too  good  to  omit. 

"I  join,  as,  doubtless,  all  natural  philosophers 
will  do,  in  the  pious  prayer  of  Alhazen,  that,  '  in  the 
day  of  judgment,  the  AU-JIerciful  will  take  pity  on 
the  soul  of  Abu-r-l!aihan,  because  he  was  the  first  of 
the  race  of  men  to  construct  a  table  of  specific  gravi- 
ties '  ;  and  I  will  add  Alhazen's  name  thereto,  for  he 
was  the  fii-st  to  trace  the  curvilinear  path  of  a  lay  of 
light  through  the  air." 

Abu-r-Raihan  was  a  native  of  Byrun  in  the  valley 
of  the  Indus,  and  a  Iriend  of  Avicenna,  who  lived 
with  him  at  the  Araliian  academy  in  Charezm.  His 
liistory  of  India  belongs  to  the  years  1030  -32. 

Vitellio,  a  Pole,  wrote  a  treatise  on  lenses  about 
1270. 

The  magnifying  power  of  segments  of  spheres  was 
known  by  the  Florentine  Salvino  degli  Annati,  who 
died  1317. 

To  come  down  to  later  times,  we  find  that  specta- 
cles were  well  known  in  the  thirteentli  century,  and 
it  is  not  known  by  whom  they  were  invented."  The 
invention  has  been  credited  to  Roger  Bacon  (1250), 
and  to  Alexander  de  Spina  (12S0). 

Roger  Bacon  speaks  in  regard  to  the  eff'ect  of 
lenses  as  familiar,  and  the  remarks  he  makes  belong 
to  the  second  branch  of  tlie  subject,  which  concerns 
the  combinations  of  lenses  to  produce  the  compound 
micro.scope  and  the  telescope. 

This  invention  consists  in  placing  lenses  of  certain 
character  at  proper  distances  on  a  common  axis. 
The  character  will   determine   the   effect,  and   the 
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focal  letigth  will  (Ictcnnine  the  proper  ilistaiK^e  ;  the 
eoiiiiiioii  axis  is  iiiiiieriitive.  Who  first  held  two 
lenses  in  the  pr(jper  relation,  so  as  to  produce  an 
efl'eut  tlie  result  of  their  combination  ? 

A  few  of  tile  items  in  this  inipiisition  may  be  noted. 

Koger  Bai'ou  (1250)  says  ;  — 

"  We  can  fjive  such  figures  to  transparent  bodies, 
and  disjinsr  llir.ni  in  siidi  order,  with  respect  to  the 
eye  ami  the  ulijeets,  that  the  rays  shall  he  refracted 
and  bent  towards  any  place  we  please  ;  so  that  ire 
shall  sec  the  object  near  at  hand,  or  at  a  distance, 
under  any  angle  we  please.  And  thus  from  an  in- 
credible ilistauce  we  may  read  the  smallest  letters, 
and  may  nmnber  the  particles  of  dust  and  sand  by 
reason  of  the  bigness  of  the  angle  under  which  we 
may  see  them.'' 

The  cliange  iu  apparent  magnituile  of  distant  and 
rear  objects  by  a  iu'o]ier  dis]iosition  of  several  lenses 
of  the  required  character  involves  the  invention  of 
the  telescope  and  compound  nn'croseope. 

In  a  book  printed  in  1531,  "the  glasse  he  [Friar 
Bacon]  imidc  at  Oxford"  is  referred  to,  and  the  ven- 
erable pliilosopher  is  defended  from  the  a.ssuniption 
that  its  miirvels  were  due  to  the  infernal  power  ; 
"for,"  said  the  writer,  "I  know  the  reason  to  be 
good  and  natural,  and  to  he  arright  by  geometry,  and 
to  stand  as  well  witli  reason  as  to  see  your  face  iu  a 
glass." 

This  must  have  been  the  combination  of  lenses  re- 
ferred to  by  Uacon,  as  a  mere  lens  was  well  known 
and  would  excite  no  marvel,  s)iectacles  having  been 
well  known  for  three  centuries,  and  the  naked  lens 
for  a  time  that  the  memory  of  man  runneth  not  to 
the  contrary. 

Frascatoro,  who  died  in  1553,  states  the  matter 
properly  :  "If  any  one  will  look  through  tw'o  l<*nses, 
one  jdaced  over  the  other,  he  will  see  everything 
much  larger  and  clearer." 

J.  Baptista  Porta  (about  1560)  .states:  "If  you 
know  how  to  combine  a  convex  and  a  concave  glass, 
one  of  each  sort,  you  will  see,  far  or  near,  olijeds 
larger  and  clearer."  He  is  believed  to  have  invent- 
ed the  caraera-obsoura  about  this  time. 

Dr.  Dee  says  (1570)  that  "perspective  gla.sses" 
will  enable  a  commander  to  ascertain  the  strength  of 
an  enemy's  forces  ;  referring  apparently  to  an  opti- 
cal instrument  then  in  use. 

Leonard  Digges  (about  1571)  a]ipears  to  have  been 
able,  "by  proportiomil  glas.ses  duly  .situate,"  to  dis- 
cover things  alar  oil',  reail  letters  and  inscriptions  on 
coins  at  a  distance,  and  tell  what  was  passing  seven 
miles  off.  Such  is  the  claim  in  his  son's  book, 
second  edition,  jiublished  in  1591. 

Jansen  (about  1608),  a  s]iectacle-maker  of  Middle- 
burg,  Holland,  was  struck  by  the  etfect  of  a  concave 
and  a  convex  lens  held  in  the  ))roper  relation  and 
distance.  For  the  pur])ose  of  observation,  he  fixed 
the  glasses  on  a  board  in  proper  position,  ami  after- 
wards in  a  tube.  He  seems  to  have  considered  it 
interesting  but  not  valualde,  and  Prince  Maurice  of 
Nas.sau  became  possessed  of  it. 

Lippersheini,  also  of  Middlebuvg,  seems  to  have 
been  concerned  in  it  in  some  way. 

Another  claimant  of  the  invention  about  the  same 
date  is  Melius,  who  was  a  glass-cutter,  and  casually 
observed  the  effect  of  a  concave  and  convex  lens  held 
iu  line  in  the  hands.  The  three  latter  idaimants  had 
their  supporters  as  the  authors  of  the  invention. 

Descartes,  who  lived  near  the  time,  supported  the 
claims  of  Melius.  Borelli,  about  1650,  examiiu>d 
the  que.stion,  and  <l('cided  in  favor  of  Jansen  and 
Lippersheim.  Porta  is  said  to  have  hastened  his 
death,  which  hapjiened  in  1615,  by  the  fatigue  and 
au.xiety  incurred  in  supiporting  his  claims. 


Galileo  had  a  hint  of  the  invention,  studied  it  out, 
and  made  a  telescope  which  he  soon  put  to  use.     See 

TlCl.K.SCOI'E. 

Ke|der  (1571-1630)  was,  perhaps,  the  first  to 
stati',  with  precision  the  effects  of  lemies  in  making 
the  pencils  of  light  converge  or  diverge.  He  showed 
that  a  plano-convex  lens  makes  rays  that  were  paral- 
lel to  its  axis  to  meet  at  the  distance  of  the  diameter 
of  the  sphere  of  convexity  ;  but  that  if  both  the 
sides  of  the  lens  be  equally  convex,  the  rajs  will 
have  their  focus  at  the  distance  of  the  railius  of  the 
circle  corresponding  to  that  degree  of  convexity. 

Cavallieri  laid  down  the  rules  in  regaril  to  lenses 
whose  sides  are  uneipially  convex.  As  the  sum  of 
both  the  diameters  is  to  one  of  them,  so  is  the  other 
to  the  distance  of  the  focus.  The  rule  for  convex 
glasses  is  applicable  to  concave,  with  the  differ- 
ence that  the  focus  is  on  the  i:ontrary  side  of  the 
glass. 

Ke]iler,  in  his  "  Catoptrics,"  exjilains  the  ratio- 
nale of  the  .system  of  lenses  in  a  telescope.  Scheiner 
constructed  one  on  this  principle  in  1630.  His 
description  is  as  follows  :  "  If  you  insert  two  similar 
lenses  (that  is,  both  convex)  in  a  tube,  and  jdace 
your  eye  at  a  convenient  distance,  you  will  see  all 
terrestrial  objects,  inverted  indeed,  but  magnified 
and  very  distinct,  with  a  considerable  e.xtent  of 
view."  He  afterward  addeil  two  nmre  glasses,  which 
reversed  the  image  and  brought  it  to  the  natural 
position. 

Rheita  was  the  first  to  employ  the  combination  of 
three  lenses,  the  terrestrial  telescope. 

Suellins  of  Leyden,  Descartes  (1596-1650),  and 
Leibnitz  (1646-1716)  stated  the  doctrine  of  refrac- 
tion more  or  less  fully  ;  and  Grimaldi,  an  Italian 
painter,  demonstrated  the  ellipticity  of  the  sun's 
image  after  lefraction  through  a  prism  ;  Newton 
(1642-1727)  deterndncil  that  it  was  owing  to  the 
difference  in  the  refrangibility  of  the  respective  por- 
tions of  the  rays. 

Newton  supposed  that  rrfrncfion  ami  dii^pcrsioii 
were  imlissolubly  united,  but  DoUonii  demonstrated 
that  by  using  two  different  kinds  of  glass  he  could 
abolish  the  color,  and  yet  leave  a  residue  of  refrac- 
tion. 

Urfraetion  has  reference  to  the  deflection  of  the 
ray,  dispersion  to  the  diverging  of  the  components 
of  the  ray,  incident  to  the  dill'erent  refrangibility  of 
the  parts  of  whicli  it  is  constituted.  IHspersion  is 
therefore  decomposition,  while  refraction  is  bending 
at  an  angle.  The  direction  of  the  (lis]iersion  dejiends 
upon  the  form  of  the  surface  on  which  the  ray  im- 
pinges ;  the  rj:lciit,  U[ion  the  nature  of  the  medium. 
The  Hat  face  of  a  vertical  prism  gives  a  strii'tly  lat- 
eral divei'gence,  and  simply  widens  the  image,  the 
colors  resulting  from  the  decomposition  taking  up 
their  places  iu  parallelism,  the  red  as  the  least  re- 
f[-active  at  one  edge,  and  the  violet  as  the  most 
refraetivi!  at  the  other  edge.  There  is  also  a  non- 
visilile  portion  of  spectrum  at  each  end  ;  heat  at  the 
red.  end,  actinium  at  the  violet  end. 

The  amount  of  dispersimi  of  light,  or  the  length 
of  the  spectrum  formed  by  prisms  having  the  same 
refracting  angle,  varies  greatly  iu  different  nu'dia. 
Newton  snpjiosed  that  the  dispersion  was  always 
proportional  to  the  refraction,  but  Dollond  ascer- 
tained that  although  the  average  refraction  of  the 
ray  might  be  the  same  in  two  mi'dia,  yet  the  disjicr- 
sinn  or  diverging  efl'ect  might  be  much  h'ss  in  one 
than  in  the  other. 

Euler  (1707-83)  was  the  first  to  state  that  it 
must  be  possible  to  produce  an  achromatic  lens  by 
u.sing  media  of  different  densities.  Dollond,  in  try- 
ing by  experiments  to   disjirove  this  suppo,sition, 
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pvovi'il  its  trutli.  He  a<loiited  flint  and  crown  glass, 
»  hiili  have  a  (Utiert'lice  in  ri-lVactivi'  powers  in  favor 
of  the  lattei',  accompanied  by  a  still  greater  differ- 
ence in  dispersive  powers  in  favor  of  the  former.  He 
took  two  leiise.s,  one  concave  and  the  other  convex, 
—  wliirli  are,  in  effect,  equal  to  two  jirisms  refracting 
in  lUll'erent  ways,  — so  arranged  tliat  the  dispersive 
powers  of  the. tiint-glass  would  be  corrected  by  the 
crown-glass,  and  the  image  |>roduced  by  the  e.xeess 
of  refraction  of  the  latter  would  be  sufficiently  color- 
less for  the  purpose. 

The  difficulties  incident  to  procuring  lenses  of 
homogeneous  ipiality,  large  size,  and  free  from  striie, 
have  been  very  great,  and  deserve  .a  jiassing  notice. 
Sir  Isaac  Newton  declared  them  insurmountable,  and 
the  English,  French,  and  Germans  of  the  last  cen- 
tury laboreil  hard  at  the  problem.  The  Academy  of 
Sciences  at  Paris  offered  prizes,  and  subsei^uently  a 
commission  consisting  of  Herschel,  Faraday,  Dollond, 
and  Roget  were  instrui'ted  to  pursue  the  inipiiry. 
The  e.xcise  system  of  England  at  that  time  sat  like 
a  foul  bird  upon  all  the  nests  where  glass  was 
hatched,  and  prevented  the  experiments,  tying  the 
hands  of  this  noble  rpiarternion  of  ]ihilo3ophers  with 
a  few  yards  of  red  tape  ap|)lied  by  some  seedy- 
looking  individual,  with  a  pen  behind  his  ear  and 
no  speculation  in  his  eye. 

llunich  at  last  carried  the  palm  ;  her  skill  being 
originally  derived  from  Gninaml,  a  poor  peasant  of 
Neufchatel,  Switzerland,  who  was  brought  up  to  the 
watch-trade.  He  made  experiments,  and  gradually 
shifteil  himself  into  the  manufacture  of  optical  in- 
struments, finally  allying  himself  with  Utzschneider 
and  Frauenhofer  of  JIunich,  whose  establishment 
yet  has  a  world-wide  reputation  :  he  succeeded  in 
soldering  glass.  Pure  ifisks  of  Hint-glass  were  ex- 
hibited in  London  in  1S51,  having  a  diameter  of  29 
inches  and  weighing  22-1  ])ounils. 

Guinand's  mode  of  making  lenses  is  stated  by  Mr. 
Pellatt  to  have  consisted  in  stirring  the  glass  while 
at  the  highest  point  of  fusion  ;  cooling  down  the 
entire  contents  of  the  pot  in  a  mass,  and  when  an- 
nealed and  cooled,  separating  nnstiiated  portions  by 
cleavage,  afterwards  softening  the  piece  in  dav 
molds  which  gave  the  shape.  The  plan  has  been 
pursued  by  his  successors. 

A  powerful  lens  was  made  some  years  since  by 
Parker  of  London.  It  was  of  flint-glass,  3  feet  in 
diameter  ;  '6\  imdies  thick  at  the  center  ;  fo.'al  dis- 
tance, 6  feet  8  inches  ;  diameter  of  the  burning 
focus,  1  inch  ;  weight,  212  pounds.  The  rays  re- 
fi'acted  by  this  lens  were  received  on  another,  the 
diameter  of  which  in  the  frame  was  13  inches,  and 
its  focal  length  29  inches.  This  reduced  the  diame- 
ter of  the  burning  focus  to  A  inch,  tiuadrupling  its 
power.      It  cost  §3,500,  ami  melted  :  — 

Pure  gold         .        .        .        .20  grains  in  4  seconds. 

Silver 20        "        3        " 

Copper 33        "      20        " 

Platinum     ....         10         "         3        " 
Gast-iroa  (a  cube)   .        .        .10         "        3        '* 

Steel 10        "       12        " 

Common  slate  .        .        .10        "        2        *' 

A  topaz        .        .        .  3        "45        " 

An  emerald      ...         .2         "       25        " 
Crystal  ...  7         '■'         6        " 

U^va 10         "        7        •' 

Flint    ....  10        "      30        " 

Jasper 10         "      25        " 

Carnelian     ....        10         "      75        " 
Pumice-stone  .         .         .         .10         "       24        " 

AVood  burned  immediately  ;  water  flashed  into 
steam  ;  bones  fell  into  a  calcined  form  at  once. 

This  glass  was  carried  to  China  by  Lord  Macart- 
ney, and  was  left  in  Pekin.  It  was  probably  stolen 
or  destroyeil  in  the  sacking  of  the  sunnner  palace  by 
the  allies. 


A  flint-glass  lens,  weighing  224  pounds,  was  ex- 
hibited at  the  London  Exjwsitiou,  ISol. 

A  burning-leus  of  great  power  may  be  obtained  by 
fixing  two  circular  disks  of  thin  glass  at  the  oppo- 
site emls  of  a  tube,  say  1  inch  long,  and  injecting 
into  the  space  between  them,  under  pressure,  tur- 
pentine, bleached  oil,  or  other  liquid  of  high  refrac- 
tive power.  When  the  glass  attains  the  required 
curvature,  close  the  stop-cock  and  mount  the  Huid- 
leus  for  use. 

The  lens  of  the  new  Naval  Observatory  at  Wash- 
ington has  been  made  by  Alvan  Clarke  &  Sons,  of 
Cambridgeport,  Mass.  It  is  26  inches  in  diameter  ; 
the  telescope  is  now  in  working  position  in  the  build- 
ing erected  for  it  under  the  superintendence  of  Pro- 
fessor Newcoinb. 

See  the  following  varieties  :  — 
Acliromatic  lens. 
Aplanatic  lens. 
Buirs-e.ve. 
Coddington  lens. 
Concavo-convex  lens 
Condensing-lens. 
Convex  lens. 
Convexo-concave  lens. 
Convexo-convex  lens. 
Crossed  lens. 
Cylindrical  lens. 
Diacaustic  lens. 
Diamond-lens. 
Double-concave  lens. 
Double-convex  lens. 
Doublet. 
Eye-glass. 
Eye-lens. 
Field-lens. 
Fluid-lens. 
Immersion-lens. 
Lenticula. 
Lunette. 

{Lens  GrindiiKj.)  Lenses  are  so  ground  that  their 
ibices  shall  form  a  portion  of  a  spherical  surface. 
The  tools  employed  are,  first,  a  concave  shell  of  cast- 
iron  (a.  Fig.  2902).  This  is  cast  from  a  wooden 
pattern  of  the  true  curvature  of  the  lens,  formed  by 
means  of  a  templet  having  a  radius  equal  to  that  of 
the  required  curve,  and  by  it,  with  the  aid  of  coarse 
emery,  the  lens  is  ground  approximately  to  the  true 
form.  Two  templets,  one  convex  and  the  other 
concave,  are  made  of  sheet-brass  or  copper,  or,  for 
large-sized  len.ses,  of  crown-glass.  These  serve  as 
guides  for  turning  the  convex  and  concave  tools  b  c 
to  a  proper  sphericity. 

The  piece  of  glass  of  which  the  lens  is  formed  is 
clipped  around  the  edges  to  bring  it  to  a  circular 
form  by  means  of  fiat  pliers  of  soft  iron,  which  does 
not  slip  from  the  glass  as  steel  would,  leaving  it  of 
somewhat  greater  diameter  than  the  hnished  lens, 
and  is  then  attached,  by  means  of  cement,  to  a  con- 
cave, circular  holdfast,   somewhat  smaller  than  the 


Fig,  2902. 


Meniscus. 
Microscopic  lens. 
Multiplying-lens. 
Object-glass. 
Orthoscopic  lens. 
Pebble. 

Periscopic  lens. 
Photographic  lens. 
Plano-concave  lens. 
Plano-convex  lens. 
Polyoptiou. 
Polyscope. 
Polyzonal  lens. 
Spectacle-lens. 
Spherical  lens. 
Sphereometer. 
Spot-lens. 
Stanhope  lens. 
Stereoscopic  lens 
Telescopic  lens. 
Triplet. 
Varnish-lens. 


Lens-  Grinrier. 


lens.  The  concave  tool  a  is  now  used  for  bringing 
the  glass  to  a  spherical  surface.  For  this  purpose 
emery  is  employed,  coarser  at  first  and  then  finer,  as 
the  face  of  the  lens  begins  to  assume  its  true  form. 
The  tool  ((  is  turned  both  circularly  and  transversely 
of  the  lens,  so  as  to  bring  the  two  surfaces  in  con- 
tact in  every  possible  position  in  orihn"  to  insure  per- 
fect sjiherieity.  From  time  to  time  the  concave  tool 
h  is  ground  in  a  similar  way  upon  the  convex  tool  c, 
in  order  to  preserve  the  correctness  of  its  surface. 
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The  lens  is  jiolished  in  one  of  the  iron  shells  a,  the 
interior  of  whiuh  is  coateil  with  cement,  over  wliioh 
a  piece  of  I'lotli  is  placed  anil  pressed  into  sliape  by 
the  convex  tool.  This  is  covered  with  putty  powder 
(pero.xide  of  tin).  The  manipulations  are  similar  to 
those  just  described.  Finally,  the  edges  of  the  lens 
are  gi'ound  to  their  true  diameter. 

d  is  a  convex  tool  or  runner  of  cast-iron,  of  about 
J  inch  less  radius  than  tlie  temjilet,  used  as  a  sup- 
port for  ciinunon  glasses,  a  number  of  which  are 
ground  tusi-ther. 

Anothi'i-  contrivance  for  polishing  lenses  and  other 
bodies  of  spherical  form  consists  of  a  cup  connected 
by  a  ball-auil-soL-ki^t  joint  and  a  bent  arm,  with  a 
rotating  u[>right  shall  set  concentric  to  the  body  to 
be  jiolislieil.  The  cup,  being  set  eccentrically  on  the 
joint,  has  an  independent  rotation  at  the  same  time 
that  it  revolves  around  the  common  axis.  This 
preveuts  any  ))art  of  the  surface  of  the  cup  from 
conjing  reiieatedly  in  contact  with  the  same  parts  of 
the  body  wliirh  is  being  ground  or  polished. 

Len-tic'u-Ia.     A  small  lens. 

Le-piue'-Twatch.  A  Hat  form  of  watch,  invent- 
ed by  Lcpiiie  of  I'aris. 

Tlie  wlieels  are  held  by  bars,  technically  called 
cocks,  instead  of  being  pivoted  in  two  parallel  circu- 
lar plates. 

Let-off.  ( Weaving. )  An  arrangement  in  a  loom 
by  whicli  tlie  yai-n  is  paid  otffrom  the  beam  at  such 
a  rate  as  it  shall  be  recpiired  by  the  weaving-process, 
and  which  is  dependent  upon  the  rate  of  the  picks. 


Fig.  2903 


Let-off  and  Take-up. 


the  sizes  of  the  warp  and  weft  thread,  the  compact- 
ness with  whicli  it  is  beaten  up  by  the  lay.  The 
take-up  is  the  winding  on  to  the  cloth-bcam  of  the 
completed  web,  and  jiroceeds  coincidently  with  the 
Ict-nff  from  the  )jarn-bcam.  Regularity  of  ht-nff  is 
secured  hy  making  the  rate  of  surface  niotion  of  the 
yarn-beam  dc|ie)i{l  u]ion  tlie  tension  of  the  yarn  ;  and 
the  rate  of  revolution  of  the  beam,  to  secure  equal 
speed  of  let-olf,  will  become  rapid  as  the  bulk  of 
yarn  diminishes  upon  the  roller.  The  devices  for 
this  purposi'  are  numerous.  In  the  example,  the 
same  cam  E'  opei-ates  both  the  take-up  ami  let-i>Jf 
devices;  the  strain  of  the  yarn  on  the  vhip-roll  T 
operates  through  tlie  arm  S  and  rod  Q,  pawls  which 
act  upon  the  ratchet  by  which  the  yarn-beam  B  is 
rotated. 

Let'ter.  (Printing.)  A  character  used  in  print- 
ing. Type  either  of  metal  or  wood.  Used  collec- 
tively to  represent  type,  as  "a  case  of  letter,"  "a 
font  of  letter." 

Fat  letter  ;  a  type  with  body  and  face  broad  in 
proportion  to  its  hight. 


Lean  letter ;  type  thin  or  narrow  in  ju'oportion  to 
its  hight. 

Bodij  letter  ;  that  type  in  which  the  iiiain  portion 
of  a  book  or  paper  is  )irinted.  It  consists  generally 
of  a  font  of  ty jie  containing  Roman  CA  PITA  L8  (caps. ), 
.sM.\LL  L'.vi'IT.VLs  (small  caps.),  small  letters  (lower 
case),  with  a  proper  proportion  of  ITALIC  CAPS. 
and  italic  lower-case  letters.  Technical  works  reipiire 
numerous  sorts  in  addition  to  the  above.    See  Font. 

Body  letter  is  distinguishalde  by  the  size  of  the 
type,  those  in  most  common  use  being  — 

Pcorl. 

Agate. 
Nnnjiareil. 
Minion. 
Brevier. 
Bourgeois. 
Long  Primer. 
Small  Pica. 
Pica. 

Half-minion,  half-hrcricr,  and  diamond,  sizes 
smaller  than  pearl,  are  used  in  notes  of  reference, 
sidc!-notes,  etc.,  but  rarely  for  body  letter.  English, 
Columbian,  great  primer,  and  paragon,  larger  than 
pica,  are  used  in  circulars,  display,  and  some  legal 
works.  Sizes  larger  than  these  are  niultiides  of  a 
smaller  boily  (generally  pica,  known  as  2-line  pica, 
3-line  jiica,  etc. ),  and  are  used  in  printing  posters. 
The  body  of  letters  diflVrs  with  various  type-found- 
ers. Nonpareil  is  generally  about  one  twelfth  of 
an  inch  ;  i.  e.  twelve  lines  of  nonpareil  measure 
one  in(;h  down  the  column.  Pica  is  double  nonpa- 
reil ;  12-line  jiica  type,  therefore,  measures  about  two 
inches  in  hight. 

Letter  is  characterized  by  various  names,  accord- 
ing to  the  face.  Besides  roman  and  italic  body  type, 
which  may  be  old-sti/le,  ncw-sti/le,  Scotch-face,  light- 
face,  hair-line,  etc.,  job  printers  use  a  great  variety 
of  letter  in  the  varied  styles  of  printing.  Gothic, 
antique,  llunic,  Celtic,  black,  German  te.vt.  Old 
English,  script,  tUlc,  and  scores  of  others  might  be 
enumerated.  Nearly  all  of  these,  besides  being  cast 
to  all  the  sizes  before  mentioned,  are  made  extra 
condensed  (very  lean),  condensed,  standard,  and  ex- 
paneled  (fat). 

Type-founders,  to  supply  all  the  orders  they  are 
likely  to  receive,  are  compelled  to  keep  on  hand  sev- 
eral thousand  varieties  of  letter,  or  the  matrixes  for 
casting  them. 

Ascending  and  descending  letters  extend  respective- 
ly above  and  below  the  general  level  of  the  line, 
b  d  1  are  examples  of  the  former,  p  i]  y  of  the  latter. 

Kerned  letter.  Where  some  portion  of  the  face 
overhangs  the  body,  as  the  dot  of  an  f.  Nearly  all 
the  long  letters  in  italic  and  script  fonts  are  kerned. 

Aere'iiled  li-tter  (see  FoNT). 

Let'ter-bal'ance.    A  device  to  weigh  letters  for 

mailing.      See  LETTEr,-SC.\LE. 

Let'ter-board.     {Printing.)    A  board  on  which 
pages  oi-  columns  of  type  are  temporarily  placed. 
Let'ter-box.     One  to  receive  letters. 

1.  A  lucked  box  attached  to  a  post  in  the  public 
street,  for  convenience  of  mailing,  the  letters  being 
gathered  from  time  to  time  by  carriei's. 

The  box  (Fig.  2904)  is  for  attachment  to  a  lamp- 
post. The  letter-passage  in  the  top  has  a  cover 
whose  cam-projection  o[ierates  a  lever  inside,  and 
the  lever  is  connected  to  the  free  edge  of  the  hinged 
plate,  so  as  to  close  the  aperture  between  the  plates 
when  the  lid  is  raised.  AVhen  the  lid  is  closed,  the 
letter  slides  olf  the  jilates  through  the  aperture. 

2.  A  box  attached  inside  a  door  to  catch  the  let- 
ters  and   cards   left   by   carriers   or   callers.       The 
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Fig.  2904. 


Fig.  2a0o. 


door-]il;ite  has  provi.sion  for  a  slip  con- 
taining; the  name  of  the  oecHpant,  and 
has  a  tlap  covering  a  chute  leading  to  a    Qlfia-Door 
letter-box,  who.se  serrated  plate  prevents    ^'""■-•Bo-r- 
the  surreptitious  abstraction  of  lettei-s  from  the  out- 
side.. 

3.   An  office-box  to  hold  letters  accumulating  dur- 
ing the  day,  awaiting  mail-time. 


Fig.  2906. 


Let'ter-case.  1.  (Printing.)  A  partitioned 
tray  in  which  assorted  letters  are  placed.     A  case. 

2.   A  portfolio. 

Let'ter-clip.  A  spring-clasji  to  hold  letters  or 
other  njemoranda  together. 

Let'ter-file.  A  box,  case,  [olio,  or  envelope,  for 
containing  letters  to  which  reference  is  required  to 
be  made. 

o  is  case  with  labeled  drawers. 

b  is  one  of  the  drawei-s  belonging  to  «,  having  a 
spring  Hap  to  hold  down  the  letters. 

c  is  a  drawer  with  a  spring  to  compact  the  letters 
against  the  end. 

rf  is  a  box  with  labeled  divisions  and  falling  flap 
and  lid. 

c  has  pocket.s  with  lifters. 

/has  trays  which  .sliile  into  cases. 

(/  is  a  tray  with  a  let-down  front. 

/(  is  a  tray  with  a  spring  follower  to  keep  down 
the  letters  compactly. 

i  has  two  three-sided  pieces,  which  are  drawn  to- 
gether by  springs  to  embrace  the  jiapers. 

j  has  racks  with  notches  which  hold  the  cross-bar 
upon  the  follower-board  above  the  pile  of  letters. 

k-  has  a  tray  with  a  Ijack,  and  a  brace  which  locks 
against  the  pressure-board. 

/  shows  a  pressure-board  held  against  the  papers 
by  a  spring. 

m  has  a  shifting-board  which  may  be  rigid  in  any 
position.  On  the  left,  the  shifting-board  is  shown 
.sejiarately. 

H  has  a  lazy-tongs  arrangement  to  connect  the  two 
boards. 

0  has  a  spring  wire-clamp. 

p  has  a  cord  and  locking-plate. 

fj  has  flaps  like  a  portfolio,  and  a  binding-clamp 
at  the  back. 

Let'ter-ing— box.  {Bookbinding^  etc.)  A  case 
to  hold  a  set  of  movable  type  when  composed  to 
form  a  name  or  address,  for  lettering  books,  mark- 
ing linen,  etc 

Iiet'ter-ing-tool.  A  bookbinder's  tool  for 
stamping  the  gilt  titles 


bookbinder's     tool 
Fig.  2907. 


on  the  backs  of  books. 
For  titles  in  common  use, 
as  "Atlas."  "Holy  Bi- 
ble," etc. ,  the  whole  word 
or  words  are  cut  on  the 
face  of  the  tool.  In 
other  eases  movable  type 
of  various  sizes  are  pro- 
vided, which  are  adjust- 
ed in  a  slot  titled  to  receive  them. 

Let'ter-lock.  A  lock  whose  bolt  is  surrounded 
by  several  rings  having  notches  through  which  a  set 
of  .studs  on  the  bolt  must  pass  before  the  lock  can 
be  opened.     These  notches  are  so  arranged  as  to 

Fig.  2908. 


Leilering-  Tool. 


prevent  the  passage  of  the  bolt  except  when  certain 
letters  on  a  series  of  exterior  rings  are  brought  into 
line  with  each  other  so  as  to  form  a  particular  word 
or  combination  on  which  the  lock  has  been  set. 
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It  is  mentioned  in  Refinmont  and  Fletcher's  play 
of  "Tlie  Nolile  Gentleman,"  IfiU). 

"  A  c.ip-c;ise  for  your  linen  and  your  plate. 
With  a  stranj^e  lock  tliat  opens  witli  A.  M.  E.  N/' 

Kegiiier,  about  the  middle  of  the  seventeenth  cen- 
tury, made  improvemi'iits  in  the  lettei--lock,  and  is 
generally  credited  with  its  inveiition,  though  tins 
has  been  eoiitesteil.  His  lock  is  thus  desei'ibed  : 
"  Broad  steel  ring.i,  lour,  five,  or  eight  deep,  upon 
each  of  which  the  alphabet  was  engraved,  turned 
npon  a  cylinder  of  steel,  and  the  lock  only  separated 
when  the  letters  forming  a  jiartieular  word  were  in  a 
straight  line  with  one  anotln'r.  This  word  was  se- 
lected from  among  a  thousand,  and  the  choice  was 
the  secret  of  the  purchaser.  Any  one  not  knowing 
the  word  might  turn  the  ring  round  for  years  with- 
out finding  the  right  one." 

Let'ter-pa'per.  {Papo:)  Paper  of  post  or  note 
size,  for  epistolary  use.  The  ordinary  size  of  post  is 
10  X  10  inches  when  Jfnt,  and  8  x  10  when  folded. 
Note-]iaper  is  smaller,  and  varies  in  size  much. 

Let'ter-press  Print'ing.  The  ordinary  form  of 
printing  in  which  the  salient  device  is  inked  and 
the  ink  transferred  to  a  sheet  which  is  pressed  there- 
upon.    8ee  Printing. 

Let'ter-punch.  A  steel  pum.-h  having  a  letter 
engraved  on  its  end.  Such  are  used  to  make  ma- 
tri.xes  for  type  ;  also  to  mark  other  articles  of  metal 
by  giving  an  impression  thereon  when  struck  by  a 
hammer. 

Let'ter-scale.    A  balance  for  weighing  letters 

Fig.  2909. 


Letter-Balance. 

and  papers  for  mailing.  That  shown  has  a  gradu- 
ated beam  with  figures  ui)on  its  Hat,  upper  side. 

Other  forms  are  susjiensory,  having  spiral  sjirings, 
or  rest  upon  a  stem  supported  by  a  s|n'ing. 

Let'ter-stamp.  A  I'orm  of  stamp  for  defacing 
postage-stamps  ;  or  for  attaching  the  place  of  mail- 
ing, destination,  notices  forcari-ier,  deficient  postage, 
"too  late,"  "forward,"  ami  what  not. 

The  United  States  Post-Olfice  Department  uses  a 
hand-stamp  for  postmarking  letters  and  cani'eling  or 
defacing  their  postage-stamps.  The  tool  consists 
of  two  small  cylinders  about  an  inch  apart,  fas- 
tened to  a  wooden  handle.  One  cylinder  bears  type 
for  the  postmark,  whicli  may  be  removed  ami 
changed.  Tlie  other  cylimler  carries  a  cork,  its  face 
generally  cut  in  tlie  form  of  a  star,  cross,  or  some 
fanciful  device.  This  cork  is  struck  upon  the  jiost- 
age-stamp  by  the  .same  blow  which  imiirints  tin' 
postmark  upon  the  envelope.  The  stamp  is  inked 
by  a  dab  upon  a  piece  of  printers'  roller-composition. 
Letters  to  be  postmarkeil  are  spread  out  upon  a  table 
covered  with  leatlier  or  rubber,  and  are  |iostmarked 
and  their  stamps  caneeleil  as  fast  as  blows  can  be 
struck  with  the  postmarking  and  canceling  stamp, 


or,  when   the   latter  is  in  the  hands  of  an  expert, 
nearly  as  fast  as  a  person  can  count. 

Stamps  bearing  such  legends  as  "3  due,"  "  niis- 
.sent,"  "forward  to  writer,"  etc.,  are  small  stic-ks  of 
boxwood,  about  4i  inches  long  and  1  inch  in  diame- 
tei",  turned  to  a  handle  at  one  end,  and  the  words 
engra\'ed  on  the  other.  They  are  struck  uiion  the 
letters  in  the  same  way  as  the  postmarking  and  can- 
celing stamps.  Jletallic  stamps  were  formerly  used 
for  this  purjiose,  but  they  have  been  nearly  or  ipiite 
sujierseded  liy  those  of  wood. 

In  the  General  Post-Office,  London,  140  stamp- 
canceling  machines  are  employed.  The  ol)ject  is  to 
defaci'  the  stamp  on  letters,  and  inijircss  the  date, 
which  can  be  done  with  one  machine  at  the  rate  of  200 
letters  iier  minute.  It  consists  of  an  apparatus  in 
which  the  letters  are  ranged  in  rows,  and  has  a  double 
joint,  so  that  it  can  run  to  and  fro  with  a  range  of 
about  a  yard.  The  dies,  of  which  there  are  two,  — 
one  for  ett'acing  the  postage-stamp,  and  one  for  im- 
pressing the  date,  — are  fixed  to  one  frame,  and  are 
inked  bj'  the  .same  roller,  which  is  always  kept  in 
contact  with  a  long  porous  pad,  curved,  to  coincide 
with  the  jiatli  of  the  roller,  as  it  runs  down  to  pass 
over  the  dies,  or  up  out  of  their  way.  The. ink- 
reservoir  lies  on  the  jiad,  which  is  kept  saturated. 
One  blow  from  the  hand  of  the  operator  impresses  ' 
both  stamps.  Eour  stout  wires  around  the  ett'acing- 
die  project  a  little  beyond  it,  so  that  in  stainjiing 
letters  with  bulky  inclosures,  the  iiortion  of  the  en- 
velope to  Ite  stamped  may  be  pressed  Hat  before  it  is 
brought  into  contact  with  the  die. 

Let'ting-doTvn.  {Metal -workuuj.)  The  process 
of  lowering  the  temper  of  a  steel  tool  or  spring, 
which  has  biM"u  made  rtint  hard  and  then  reduced 
by  heating  to  the  degree  of  hardness  reiiuired.  In 
lowering,  the  temper  is  known  hy  the  color  I'eached. 
See  TuMlT.iiINf;. 

Le-vant'ine.    {Fabric.)    A  kind  of  sill:  clotli. 

Lev'a-tor.  {SurgicaK)  A  lever  for  raising  a 
depressed  portion  of  the  .skull.  It  belongs 
to  the  trephine  case. 

Lev'ee.    An  embankment  to  restrain 
water,  and  of  a  magnitude  such  as  those 
of  the  Mississippi,   Ganges,   Holland,   I'o,   Thames, 
etc. 

The  principal  rivers  noted  for  the  periodical  risipg 
of  their  waters  are  the  Nile,  the  Ganges,  the  Eu- 
phrates, and  tlie  Mississippi.  Of  these,  the  Nile, 
which  Hows  from  the  mountains  and  lakes  of  Central 
Africa,  begins  to  rise  in  June,  and  by  the  middle  of 
August  attains  an  elevation  of  24  to  2S  feet  in  the 
up]ier  country,  and  less  towards  the  mouth,  the  in- 
undation Hooding  the  cultivatable  valley  of  Egypt. 
The  Egyptian  embankments  are  described  by  Herod- 
otus and  Strabo.  The  Ganges,  Howing  from  the 
Himalayas,  rises  32  feet  from  April  to  August,  and 
creates  a  Hood  of  100  miles  in  width.  The  Euphrates, 
from  Mount  Ararat,  rises  12  I'eet  between  March  and 
June,  and  covers  the  Babylonian  plains.  The  Jlis- 
sissippi  rises  with  the  melting  of  the  snows,  its  various 
tributaries,  the  Missouri,  <_)hio,  Arkansas,  and  Ked 
rivers,  turning  in  their  sujiplies  from  the  elevated 
interior  regions,  .^t  a  distance  from  the  ocean  its 
rise  is  ,50  feet,  wliile  nearer  the  sea  its  rise  is  con- 
siderably reduced  by  the  vast  tract  which  it  covers. 

The  Mississippi  was  discovered  by  De  Soto,  1542, 
and  explored  at  its  upper  end  by  Fatlier  Marquette 
and  M.  Joliet  about  1672.  M.  La  Salle  traversed 
its  whole  length  in  1677,  and  De  Iberville  was  the 
first  to  enter  it  from  the  sea. 

The  dikes  of  Holland  are  mai'velous,  and  are  re- 
ferred to  under  Dike,  Diiainino  (which  .see).  The 
Haarlem  Lake  is  one  of  the  latest  recoveries  from  the 
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sea.  It  was  lo  miles  long  and  7  broad,  and  was 
drained  by  embanking  and  imnijiing,  the  work  being 
Gompleted  in  1852.  Three  .steam-engines  were  em- 
ployed for  several  years.  (See  Pumpixg-engine  ; 
also  pages  116,  739.)  It  is  now  proposed  to  inclose 
and  jiump  out  the  Zuyder  Zee,  a  part  of  which  was 
once  habitable  but  was  overwhelmed  by  a  storm 
which  tore  down  the  dikes. 

It  has  been  calculated  that  nearly  nine  hundred 
thousand  acres  ha%'e  been  gained  in  the  Netherlands 
by  diking  and  ilraining.  Tlie  province  of  Zealand 
consists  of  islands  washed  by  the  sea  on  their  west- 
ern coasts,  and  .separated  by  the  many  channels 
through  which  the  Schelde  and  some  other  rivers 
find  their  way  to  the  ocean.  In  the  twelfth  centurj-, 
these  islands  were  mucli  smaller  and  mure  numerous 
than  at  present.  They  have  been  gradually  enlarged, 
and,  in  several  instances,  at  last  connected  by  the 
extension  of  their  system  of  dikes.  AValcheren  is 
formed  of  ten  islets  united  into  one.  At  the  middle 
of  the  fifteenth  century,  Gceree  and  Overflakkee  con- 
sisted of  separate  islands,  containing  altogether  about 
ten  thousand  acres.  By  means  of  above  sixty  suc- 
cessive advances  of  the  dikes,  they  have  been  brought 
to  compose  a  single  island,  whose  area  is  not  less 
than  sixty  thousand  acres.  The  first  dikes  of  Holland 
are  attributed  to  the  Romans. 

A  levee  6,000  yards  in  length  defends  the  Eom-  ] 
ney  JIarsh,  Esse.x-,  England,  from  overflow  by  the 
sea.  The  levee  was  made  during  the  occupancy  of 
Britain  by  the  Romans,  and  is  kept  in  good  order, 
24,000  acres  of  rich  land  being  thus  obtained.  The 
fresh  water  in  the  ditches  passes  off  at  the  lowest 
state  of  the  tide  by  three  sluices. 

In  Lincolnshire,  England,  400,000  acres  of  fever- 
and-ague  breeding  swamp-land  have  been  trans- 
formed into  lielils  of  wheat,  barley,  and  oats,  and 
excellent  meadows.     See  Scoop-wheel. 

Lev'el.  An  instrument  for  indicating  a  horizon- 
tal line,  or  determining  the  position  as  to  horizon- 
tality  of  an  object  or  surface  to  which  it  is  applied. 
See  also  Coxt.a.ct-level. 

The  Roman  instruments  for  leveling  were  the  libra 
aquaria  and  the  dioptera  of  Hipparchus,  the  father 
of  astronomical  geography.  The  name  is  derived 
from  libel/a,  Lat.  a  balance,  from  the  similarity  in 
forin,  the  long  arm  and  perpendicular  post.  The 
wonl  lihro  meant  to  level  or  to  weigh. 

The  /ibra  aquaria,  we  may  deduce  from  Vitru- 
vius.  to  have  been  a  tube  with  upturned  ends  and 
holding  water.  It  was  probably  jnounted  on  an 
axis  so  as  to  be  oscillated  like  a  balance  (lilrra),  to  ad- 
just it  on  a  vertical  plane.  Vitruvius  remaiks  that 
Archimedes  had  stated  that  a  surface  of  water  was 
not  level,  as  it  partook  of  the  convexity  of  the  earth, 
yet,  he  observes,  the  water  will  rise  in  the  ends  of  the 
tube  to  an  e(]ual  hight  if  the  instrument  be  held  level. 

"The  surface  of  water  is  not  flat,  but,  on  the  con- 
trary, convex,  of  a  spherical  shape.  On  this  ac- 
count, one  who  is  on  the  sea,  with  a  lighthouse  in 
the  distance,  first  descries  its  summit,  and  after- 
wards makes  out  to  discover,  little  by  little,  what 
is  below  the  summit,  all  of  which  was  before,  as  a 
matter  of  course,  concealed  ;  for,  excepting  the  con- 
vexity of  the  earth,  there  is  nothing  to  hide  every  I 
other  part  but  tlie  summit,  in  the  case  sujiposed."  — 
Al  Khazini  (twelfth  century)  in  "  The  Book  of  the 
Balance  of  Wisdom." 

Al  Khazini  was  at  the  court  of,  and  dedicated  this  | 
work  to  the  Saljuke  Sultan  Sanjar,  who  reigned  over  t 
a  large  part  of  the  Khalifate  of  Bagdad,  1117-57. 
It  is  not  clear  that  he  was  identical  with  Alhazen, 
the  Iberian  Sar.acen.     (See  pages  141,  212,  1154.) 

Another  Roman  level  was  the  chorobaks,  which 


was  a  light  wooilen  fiame  about  20  feet  in  length, 
and  mounted  on  a  leg  at  each  of  its  extremities. 
The  longitudinal  piece  and  the  end  pieces  were 
braced  hy  diagonals  marked  with  vertical  lines.  A 
plumb-line  suspended  at  each  extrendty  swung  over 
a  diagonal,  and  indicated,  by  reference  to  the  line, 
the  horizontality  of  the  instrument.  It  was  much 
like  the  modern  level. 

When  the  wind  disturbed  the  quietude  of  the 
plumb-line,  a  chan- 
nel in  the  upper  Fig.  2910. 
edge  of  the  horizon- 
tal bar  was  filled 
with  water.  When 
the  water  equally 
touched  each  end  of 
the  channel,  the  in- 
strument was  con- 
sidered level. 

JIariotte's  level 
has  a  long  surface  of 
water  made  so  as  to 
reflect  to  the  eye  an 
inverted  image  of 
the  object,  the  point 
where  the  two  ob- 
jects appear  to  meet 
being  on  a  level  witli 
the  place  where  the 
surface  of  the  water 
is  found. 

Cassini's  level  has 
a  steel  mirror  placed 
a  little   before   the 


object-glass  of  a  telescope,  sus- 
pended pependicularly.  The 
mirror  makes  an  angle  of  45° 
with  the  telescope,  when  the  lat- 
ter is  brought  to  the  horizontal 
or  level  line. 

The  spirit-level,  used  by  car- 
penters and  builders,  is  an  in- 
strument consisting  of  a  straight 
bai'  with  a  .slightly  curved  glass 
tube  containing  alcohol.     The  tangent  of  the  tube 
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is  the  straiglit-edge  of  the  instrument.  For  survey- 
ors, tile  instninu-iit  is  mounted  on  a  stand  and  tripod 
and  provided  with  sights,  for  use  in  leveling.  One 
form  is  .shown  in  the  illustration  (a.  Fig.  2910). 
The  spirit -tube  is  inclosed  in  a  brass  case  and 
mounted  on  a  stand,  whose  end  plates  are  pierced 
for  sights.  Screws  beneath  the  bed-plate  permit 
accurate  adjustment.     Invented  by  Theveuot. 

A  description  of  his  instrument,  accompanied  with 
figures,  was  fii-st  published  in  the  "Journal  des  Sa- 
vants," Paris,  November  15,  1666,  under  this  title  ; 
"Machine  nouvclle  jmur  la  conduite  des  cau.v,  jmur 
les  bdtiments,  pour  la  navigation,  el  pour  la  pluparl 
des  autrcs  arts."  The  instrument  is  there  called  an 
air-level ;  and  is  described  as  a  glass  tube,  hermeti- 
cally sealed  at  both  ends,  containing  spirits  of  wine, 
which  do  not  freeze,  and  a  small  quantity  of  air 
forming  a  bubble.  It  is  stated  that  the  instrument 
is  callable  of  giving,  with  much  exactness,  the  direc- 
tion of  the  horizon,  the  perpendicular  to  the  horizon, 
and  vertical  angles  ;  and  that  it  is  easier  to  make, 
more  convenient  to  us',  and  indicates  a  level  line 
more  readily  and  accurately  than  any  other  instru- 
ment. 

Parker's  level  (b)  consists  of  a  glass  tube  of  small 
bore,  the  two  ends  being  bent  at  right  angles  and 
closed.  The  ends  are  about  three  inches  high,  and 
marked  at  a  certain  level  ;  the  tube  is  charged  with 
quicksilver,  so  as  to  stand  at  the  marked  point  in 
the  tube-ends.  Floats  resting  on  the  surface  of  the 
mercury  have  stems  which  pass  outside  and  support 
sights  through  which  objects  are  viewed.  The  in- 
strument is  supported  on  a  tripod. 

Gravatt's  surveyor's  level  (c)  consists  of  a  telescope 
provided  with  spirit-levels.  It  is  furnished  with 
screw's  for  minute  adjustment,  and  is  mounted  on  a 
tripod. 

Sibley's  level  (d)  is  made  of  cast-iron,  and  is  a 
cheap  form  of  the  instrument,  possessing  sufficient 
accuracy  for  common  uses. 

At  one  end  it  is  jirovided  with  a  sight  having  a 
small  aperture  with  a  short  tube  attached.  At  the 
opposite  end  of  the  level  is  a  ring  with  cross  wires, 
so  adjusted  that  the  center  of  the  sight  aperture 
and  the  intersection  of  the  wires  are  level  when  the 
bubble  at  the  center  indicates  that  the  instrument 
is  level. 

The  level  stands  on  a  circular  graduated  table, 
from  the  center  of  the  under  side  of  which  is  sus- 
pended a  plumb  in  the  usual  manner.  This  plumb 
being  ailjusted  over  any  point  (as  the  corner  of  a 
building-lot)  and  the  Hrst  line  laid  out,  stakes  can 
be  set  in  a  line  drawn  at  any  desired  angle  to  the 
first  line,  by  simply  turning  the  level  upon  a  central 
pivot,  provided  for  that  purpose,  the  required  num- 
tier  of  degrees  as  indicated  on  the  graduated  table. 

Brown's  level  (c)  is  shaped  like  a  pair  of  compasses ; 
the  cross-bar,  wliich  is  marked  at  midlength,  shuts 
up  between  the  legs  when  closed  for  transportation, 
in  which  condition  the  instrument  resembles  a  walk- 
ing-stick.    It  has  the  usual  plumb-line. 

The  level  is  used  to  find  a  line  parallel  to  the 
horizon.  Practically  speaking,  two  places  are  on  a 
level  which  are  e(ptally  distant  from  the  center  of 
the  earth,  but  as  the  line  of  sight  is  a  tangent  and 
does  not  follow  the  curvature,  in  an  observation, 
the  excess  of  the  apparent  over  the  true  level  will 
be  7.9618  inches  at  a  station  a  mile  distant  from  the 
point  of  observation.  Hence,  proportioning  the  e.x- 
cesses  in  altitude  according  to  the  square  of  the 
distances,  the  following  table  is  obtained,  showing 
the  hight  of  the  apparent  above  the  true  level  for 
every  100  yards  of  distance  on  the  one  hand,  ami 
from  J  of  a  mile  to  14  miles  on  the  other. 


Table. 


Distance  ia 
Yards. 

Difference  of 

Level 

in  Inches. 

Distance  in 

Miles. 

Difference  of 

Level  in 

Feet  and  Inches. 

100 

.026 

i 

0.05 

200 

.103 

4 

0.2 

300 

.231 

S 

0.45 

400 

.411 

1 

0.8 

500 

.643 

2 

2.8 

600 

.925 

3 

6.0 

700 

1.260 

4 

10.7 

800 

1.645 

5 

16.7 

900 

2.0S1 

6 

23.11 

1,000 

2.570 

7 

32.6 

1,100 

3.110 

8 

42.6 

1,200 

3.701 

9 

53.9 

1,300 

4.344 

10 

66.4 

1,400 

5.038 

11 

80.3 

1,500 

5.784 

12 

95.7 

1,600 

6.5S0 

13 

112.2 

1,700 

7.425 

14 

130.1 

Hebert  gives  the  following  illustrations  of  the  use- 
ful application  of  the  table  :  — 

This  table  is  adapted  to  several  useful  purposes. 

First.  To  find  the  hight  of  the  apparent  level 
above  the  true  at  any  distance. 

If  the  given  distance  is  in  the  table,  the  correc- 
tion of  the  level  is  found  in  the  same  line  with  it  ; 
thus,  at  the  distance  of  1,000  yards,  the  correction 
is  2.57,  or  about  2i  inches,  and  at  the  distance  of 
10  miles  is  06  feet  4  inches.  But  if  the  exact  dis- 
tance is  not  found  in  the  table,  then  multiply  the 
square  of  the  distance  in  yards  bj'  2.57  ami  then 
divide  b}'  1,000,000,  or  cut  oil'  six  {ilaces  on  the 
right  for  decimals,  the  rest  are  inches  ;  or  nuiltiply 
the  sijuare  of  the  distance  in  miles  by  66  feet  4 
inches,  and  divide  by  100. 

Sccondlij.  To  find  the  extent  of  the  visible  hori- 
zon, or  how  far  an  observer  can  see  from  any  given 
hight  on  a  horizontal  plane,  as  at  sea,  sujipose  the 
eye  of  the  observer,  on  the  top  of  a  shiji's  mast  at 
sea,  is  at  the  hight  of  130  feet  above  the  water,  he 
will  then  see  about  14  miles  round  ;  or  from  the  top 
of  a  cliff  by  the  sea.side,  the  hight  of  which  is  66 
feet,  a  person  may  see  to  the  distance  of  nearly  10 
miles  on  the  surface  of  the  sea.  Also,  when  the 
top  of  a  hill,  or  the  light  in  a  lighthouse,  or  such 
like,  whose  hight  is  130  feet,  first  comes  into  the 
view  of  an  eye  on  board  a  ship,  the  table  shows  that 
the  distance  of  the  ship  from  it  is  14  miles,  if  the 
eye  is  at  the  surface  of  the  water  ;  but  if  the  hight 
of  the  eye  in  the  ship  is  80  feet,  theit  the  distance 
will  be  increased  by  nearly  11  miles,  making  in  all 
about  25  miles  in  distance. 

Thirdly.  Suppose  a  .spiingon  one  side  of  a  hill 
and  a  house  on  an  opposite  hill,  with  a  valley  be- 
tween them  ;  that  the  spring  seen  from  the  house 
appears  by  a  leveling  instrument  on  a  level  with 
the  foundation  of  the  house,  which,  suppose,  is  a 
mile  distant  from  it  ;  then  is  the  spring  8  inches 
above  the  true  level  of  the  house,  and  this  distance 
would  be  barely  sufficient  for  the  water  to  lie  brought 
in  jiipes  from  the.  spring  to  the  house,  the  pipes  being 
laid  all  the  way  in  the  ground. 

Fourthly.  If  the  hight  or  distance  exceed  the 
limits  of  the  table,  then  first,  if  the  distance  be 
given,  divide  it  by  2,  by  3,  or  by  4,  etc.,  till  the 
quotient  comes  within  the  distances  on  the  table  ; 
then  take  out  the  hight  answering  to  the  quotient 
and  multiply  it  by  the  square  of  the  divisor,  that  is, 
by  4,  9,  16,  etc.,  for  the  hight  required.     Thus,  if 
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the  top  of  a  hill  is  just  seen  at  the  distance  of 
40  miles,  then  40  divided  liy  4  gives  10,  the  answer 
to  which  in  the  table  is  66J  feet,  which  being  multi- 
plied by  16,  the  square  of  4,  gives  1,06]  J  feet  for  the 
hight  of  the  hill.  But  when  the  hight  is  given,  di- 
vide it  by  one  of  those  square  nunihei's,  4,  9,  16,  25, 
etc.,  tillthe  quotient  conies  within  the  limits  of  the 
table,  and  multiply  the  quotient  by  the  square  root 
of  the  divisor,  that  is,  by  2,  3,  4,  or  5,  etc.,  for  the 
distance  sought  ;  so  when  the  top  of  the  Peak  of 
Teneriffe,  said  to  he  about  3  miles  or  15,840  feet 
high,  just  comes  into  view  at  sea,  divide  15,840  by 
225,  or  the  square  of  15,  and  the  quotient  is  70, 
nearly;  the  answer  to  whicli  in  the  talde  i.s  by  pro- 
portion nearly  lOt  miles  ;  then  multiply  lOt  by  15, 
^  154*  miles  for  the  distance  of  the  Peak. 

In  what  has  been  stated,  no  regard  has  been  paid 
to  the  etfect  of  refraction  in  elevating  the  apparent 
places  of  objects.  But  as  the  operation  of  refraction, 
in  curving  the  rays  of  light  pi'oceeding  from  objects 
near  the  horizon,  is  considerable,  it  can  by  no  means 
be  neglected  when  tlie  difference  between  the  true 
and  apparent  elevation  is  estimated  at  consid- 
erable distances.  It  is  now  ascertained  that,  for 
horizontal  refractions,  the  radius  of  curvature  of  the 
curve  of  refraction  is  about  7  times  the  radius  of  the 
earth  ;  in  consequence  of  which,  the  distance  at 
which  an  object  can  be  seen  by  refraction  is  to  the 
distance  at  which  it  would  be  seen  without  refrac- 
tion nearly  as  14  to  13, — the  refraction  augment- 
ing the  distance  at  which  an  object  can  be  seen 
by  about  I'j  of  itself.  By  reason  of  tliis  refraction, 
too,  it  happens  that  it  is  necessary  to  diminish,  by  i 
of  itself,  the  hight  of  the  apparent  above  the  tnie 
level,  as  given  in  the  table  of  reductions.  Tlius  at 
1,000  yards,  the  true  ditlereuce  of  level,  when  the 
allowance  is  made  for  the  effect  of  refraction,  will  be 
2.570  -  .367  =  2.203  inches.  At  2  miles  it  would  be 
32  -  4. 5  =  274  inches,  and  so  on. 

A  level  tube,  in  orderto  be  accurate,  must  be  ground 
in  the  inside  surface,  against  which  the  bubble  jdays, 
to  a  concavity,  the  curvature  of  which  is  determined 
according  to  its  length  of  radius,  and  which  again  is 
governed  by  the  sensitiveness  or  accuracy  of  reading 
required.  For  a  common  leveling-instrument,  for 
instance,  a  curvature  of  150  feet  radius  is  all-suffi- 
cient, while  for  astronomical  determinations  radii 
of  from  700  to  1,200  feet  are  often  required.  Un- 
ground  tubes,  although  frequently  used,  are  utterly 
unreliable,  and  even  among  the  ground  ones  many 
are  found  that  show  in  their  length  great  inequalities 
of  radius.  This  arises  from  the  difficulty  of  shapiug 
and  using  skillfully  the  metallic  mandrel  or  core  on 
which  the  glass  tube  receives  its  form,  since  it  has 
to  be  formed  empirically  and  by  trial,  no  arrange- 
ment being  possible  by  which  the  form  of  the  man- 
drel could  be  otherwise  tested.  Very  similar  to  the 
shaping  of  large  lenses  for  telescope  objectives,  the 
forms  must  be  corrected  by  frequent  trials  of  the  re- 
sult. 

The  mandrel  on  which  the  tube  is  ground  to  an 
arc  of  a  given  radius  has  a  strip,  say  60°  of  its  sur- 
face, which  corr.'sponds  in  its  curve  with  the  inte- 
rior diameter  of  its  tube  and  the  camber  or  arc 
required  ;  but  the  mandrel  is  so  much  smaller  than 
the  tube  that  the  latter  may  be  reciprocated  upon  it, 
both  in  the  rotary  and  longitudinal  directions,  the 
motions,  in  fact,  being  a  combination  of  the  two, 
much  as  in  grinding  lenses,  allowing  for  the  differ- 
ence due  to  the  motion  of  a  tube  on  a  mandrel  and 
a  lens  on  its  .shaping-block.  The  tube  is  thus  ground 
with  flour  emery,  and  then  with  polishing  powder, 
upon  a  surface  the  exact  counterpart  of  the  shape 
required,  the  different  portions  of  the  tube  being 


brought  in  succession  to  the  saiil  grinding-surface  by 
the  rolling,  or,  as  it  may  be  called,  figure-of-S  mo- 
tion desciibed.  The  length  of  the  grinding  strip  on 
the  mandrel  should  bear  a  given  relation  to  the 
length  of  the  tube,  so  that  not  alone  should  the  tube 
receive  an  equal  action  at  each  part  of  its  length, 
but  the  grinding-surface  itself  may  retain  its  shape 
unimpaired.  The  excess  of  length  of  the  mandrel 
may  be,  say,  one  quarter  greater  than  that  of  the 
tube. 

The  longer  the  radius  to  which  a  tube  is  ground, 
the  lesser  will  be  the  vei-sed  sine  of  the  arc  relatively 
to  the  chord,  and  the  longer  will  be  the  .seconds  di- 
^•ision  of  the  gi-aduations  of  the  tube.  One  second 
(1")  of  arc  is  equal  to  airs'cniTr  Pfirt  of  the  radius  of 
the  circle  of  which  the  tube  is  an  arc.  A  level-tube 
ground  to  a  radius  of  1,000  feet  will  have  its  second 
(1 ")  graduations  0.058733  +  of  an  inch  apart,  nearly 
T^w  of  an  inch.  The  level-trier  constructed  and 
used  by  Mr.  Wiirdemaun  (the  eminent  optical  and 
surveying  instrument  maker,  of  Washington,  D.  C, 
to  whom  1  am  indebted  for  the  present  detailed  infor- 
mation) has  second  (")  graduations  of  1  millimetre, 
and  is  ground  to  a  radius  of  about  6S0  feet. 

The  English  practice  is  to  imbed  the  level-tube  in 
plaster  in  a  brass  case,  with  an  opening  exposing  the 
range  of  the  bubble,  in  which  condition  it  is  sub- 
ject to  all  the  contractions  and  expau.sions  of  its 
envelope,  a  little  more  pressure  upon  any  one  part 
of  the  tube  than  on  any  other  throwing  the  tube  out 
of  true,  so  that  given  lengths  of  different  luirts  of  the 
tube  have  a  different  value.  Jlr.  Wiirdemann,  on 
the  contrary,  suspends  the  tube  as  independently  as 
possible,  putting  a  baud  of  paper  around  each  end  of 
the  tube  and  clamping  it  in  its  brass  holder  by  nu- 
merous white-pine  wedges,  leaving  the  greater  length 
of  the  level  free,  suspenddl  between  the  ends. 

It  appears  from  what  has  been  said  in  the  earlier 
portion  of  this  article,  that  water  was  the  licjuid  first 
employed  in  leveling,  but  at  a  distant  pteriod  wine 
and  eventually  spirits  came  to  be  employed  to  avoid 
the  difficulty  due  to  freezing  of  the  liquid.  This 
change  was  also  an  improvement  in  respect  of  the 
greater  mobility  of  the  liquid.  The  comparative 
sluggishfiess  or  viscidity  of  a  liquid  is  expressed  in 
the  time  that  a  bubble  of  air  takes  to  traverse  a  cer- 
tain distance  in  a  certain  sized  tube. 

The  result  is  expressed  by  water,  100  ;  alcohol, 
15  ;  sulphuric  ether,  5;  chloroform,  3. 

The  English  make  long  level-tubes  apparently  to 
avoid  the  difficulty  arising  from  the  expansion  and 
contraction  of  the  liquid,  which  decrease  and  in- 
crease, respectively,  the  size  of  the  bublde.  The 
American  practice  is  to  make  short  levels,  and  this 
has  been  rendeied  possible  by  ]ilacing  a  chamber  at 
the  end,  into  whicli  any  portion  of  the  air  of  the 
bubble,  short  of  the  whole,  may  be  admitted  and 
detained,  so  that  a  bubble  of  an  equal  size  may  be 
attained  when  working  at  various  temperatures. 
The  chambering  of  the  level-tube  was  introduced  by 
Pistor  and  Martins,  instrument-makers  of  a  Euro- 
pean reputation.  The  chamber  is  made  by  cement- 
ing a  glass  partition  near  one  end  of  the  tube,  a 
small  hole  on  the  edge  of  the  glass  disk  making  a 
connection  between  the  main  portion  of  tlie  tube 
and  the  chamber.  By  holding  the  tube  with  the 
hole  upward,  tipping  it  chamber  upward,  and  then 
rotating  the  tube  on  its  axis,  any  required  portion  of 
the  air  may  be  imprisoned  in  the  chamber,  to  adapt 
the  instrument  to  work  in  an  atmosphere  of  any 
temperature,  with  a  bubble  of  a  normal  size.  Mr. 
Wiirdemann  was  the  first  to  hermetically  seal  a  tube 
containing  the  chamber,  previous  to  which  time  it 
was  closed  by  glass  plates,  bladder,  and  glue. 
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The  most  envious  and  delicate  apparatus  for  level- 
ing, ill  (lividiiifi  and  graduating  instruments,  and 
adapted  lor  many  other  purposes,  is  the  contact-I cvcl 
invented  liy  Kei).sold,  a  eelebrated  instrument-maker 
of  Hamjjurg.  It  is  described  on  page  612,  and  room 
cannot  be  spared  for  duplicate  descriptions. 

2.  (Minin'j.)  a.  A  horizontal  gallery  or  passage 
in  a  mine.     The  workings  at  diflerent  depths  are 


Fig.  2911 
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said  to  be  at  the  different  levels,  —  the  50  or  60 
fathom  level,  and  so  on. 

b.  An  adit  or  drift  forming  a  drain  for  water. 

A  level  which  ofiens  to  the  surface  at  the  side  of 
a  valley  is  called  a  day-level,  and  forms  a  means  of 
natural  drainage  without  pumping. 

A  drowned  or  blind  level  is  a  drainage-gallery  which 
has  the  form  of  an  .inverted  siphon. 

A  dip-hend  heel  is  the  one  which  proceeds  from 
the  foot  of  the  engine-shaft  right  and  left,  and  from 
which  the  rooms  proceed. 

c.  A  gutter  for  water  to  run  in. 
See  under  the  following  heads  :  — 


Air-level. 

Artillery-level. 

Batter-level. 

Battering  plumb-rule. 

Bevel  plumb-rule. 

Bubble. 

Carpenter's  level. 

Contact-level. 

Dumpy-level. 

Foot-level. 

riunner's  level. 

Level  (mining). 

Leveling-block. 

Leveling-staff. 

Lev'el-er.     1.  A 


Level-linee. 

Libella. 

Pendulum-level. 

Plumb-level. 

Plumb-rule. 

Reflectinglevel 

Road-level. 

Self-recording  level. 

Slope-level. 

Spirit-level . 

Triangular  level. 

U'ater-level. 

Y-level. 


Fig.  2912. 


billiard-table 
screw 


foot    having  a 
adjustment    for 
hight,  in  order  to  level 
the  table. 

2.   An    earth-scraper 
for  leveling  a  site. 

Lev'el-ing  -  block. 
A     leveling     platform, 
consisting  of  large  iron 
plates  laid  together  and 
secured.     The  respective  plates  may  be  8  or  10  feet 
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long,  5  or  6  wide,  and  6  inches  thick.  They  are 
completely  covered  with  holes,  about  lA  inches  in 
diameter  and  4  or  5  inches  apart  from  center  to  cen- 
ter. The  mold  of  a  given  frame  having  lieen  laid  on 
the  leveling-block,  the  figure  of  the  mnlding  edge  is 
marked  on  it  with  chalk,  and  iron  pins  are  stuck  in 
the  holes,  so  that  when  the  iron  rib  is  made  to  touch 
those  pins  it  will  have  the  proper  form.  In  order 
the  more  easily  to  produce  any  required  figure,  the 
heads  of  the  pins  are  furnished  with  eccentric  disks 
or  cams,  by  the  shifting  and  turning  of  which  the 
figure  of  the  frame  can  be  adjusted  with  great  pre- 
cision. Each  disk  has  several  center-holes,  any  one 
of  which  can  be  fitted  on  the  pin. 

The  iron  bar  of  tlie  frame,  having  been  raised  to  a 
bright  orange  heat  in  a  reverberatory  furnace,  called 
a  feheating  furnace,  is  taken  out  by  the  smiths,  laid 
on  the  lereling-bloek,  and  rapidly  bent  by  means  of 
tongs,  hammers,  mallets,  and  levers,  so  as  to  lie 
touching  the  heads  of  the  pins. 

Lev'el-ing-staff.     An  instrument,  one  form  of 
which  consists 
of  two    strips 

64  feet  long,  m  m  ^^  |T=pr-n  mE-r, 
united     by    a      'i  ^H^       ''^^^-^         '*  ^ 

longitudinal  ,        —  ^g  ~E/i 

tenon    and       i  Hvh         , /l=i* ,  t* 

mortise  so asto  |  '■'  | ,. 
slfde  on  each 
other  and  ex- 
t  e  n  d  to  a 
length  of  12 
feet.  The  di- 
visions are  ill 
feet,  inches, 
and  fractions, 
and  count  from 
the  bottom.  A 
cross-piece  or 
vane  slides  on 
the  staff,  and  |  i$ 
has  an  apei-- 
ture  to  enable 
the  start'  graduations  to  be  read.  Inlaying  with 
white  wood  gives  more  conspicnousncss  to  the  staff 
when  viewed  by  the  leveler. 

The  start'  is  planted  by  an  assistant,  and  the  vane 
raised  or  lowered  according  to  tlie  signals  of  the  engi- 
neer, until  the  center  line  of  the  yane  coincides  with 
the  horizontal  hair  of  the  telescope.  AVhen  the 
cross- wire  of  the  vane  is  raised  so  high'  as  to  inter- 
sect 6  feet,  it  encounters  a  stop.  If  it  be  necessary 
to  raise  it  higher,  it  is  raised  by  elevating  the  front 
portion  of  the  staff  and  the  vane  with  it. 

The  staffs  are  graduated  in  various  ways.  Some 
have  the  duodecimal  graduation  ;  others  the  feet 
divided  into  inches  and  tenths  ;  others  the  feet  di- 
vided into  liundredths,  rejecting  the  inches. 

Lev'el-mg-stand.  {Photoflrnphi/.)  An  instru- 
ment used  to  support  a  glass  plate  in  a  horizontal 
position,  so  that  it  shall  retain  develojiing  or  other 
Huids  upon  its  'upper  surface.  Its  usual  form  is  a 
tripod,  of  suitable  hight  to  stand  in  the  developing- 
trough  ;  with  three  adjnsting-screws  by  which  the 
operation  of  leveling  is  accomjili-shed. 

Lev'el-lines.  (Shipbuildimi.)  Lines  represent- 
ing the  boundaries  of  sections  drawn  at  different 
bights  and  parallel  with  the  keel. 

Wtiter-lines  are  drawn  parallel  with  the  line  of 
flotation  or  the  true  horizontal. 

When  the  .ship  floats  on  "an  even  keel,"  the 
^erc/-lines  an<l  Hw/c/'-lines  coincide. 

Le'ver.  1.  (Mechanics.)  A  bar  oi-  other  rigid 
instrument  having  a  fi.xed  point  or  a  fulcrum,  and 
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other  points  for  the  exercise  of  power  and  appli- 
cation to  the  object  to  be  moved.  There  are  three 
varieties,  known  as  levers  of  the  first,  second,  and 
third  class,  in  which  the  fulcrum  is  respectively,  — 

1.  Between  the  weight  and  the  power,  as  at  a  h. 

2.  Opposite  to  the  power,  as  at  c  d. 

3.  Opposite  to  the  weight,  as  at  cf. 

g  is  a  compound  lever  or  system  of  levers,  the  ba- 
sis of  the  ordinary  weighing-machines. 

In  the  illustration  three  levers  are  shown.  When 
a  system  of  this  kind  is  in  equilibrium,  of  course  the 
ratio  of  the  power  to  the  load  will  be  compounded  of 
the  ratios  subsisting  between  the  arms  of  each  lever  ; 

Fig.  2914. 


;  a  fenestra.     It  is  used 
child.     A  vcclis.     See 


at  its  extremity,  and  having 
in  extracting  the  head  of  a 
also  Obstetrical  FoncF.ps. 

4.   (Dental.)     a.  A  tool  for  extracting  stumps. 

b.   A  turnkcij. 

Le'ver-brace.     A  cai-penter's  hand-brace. 

Le'ver-en'gine.  A  moditication  of  the  side-beam 
engine,  in  which  the  beams  are  levers  of  the  second 
kind,  the  fulcrum  being  at  one  extremity  of  the  lever 


Fig.  2915. 
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or,  in  other  words,  the  power  multiplied  by  the  con- 
tinued product  of  the  alternate  arms,  commencing 
from  the  power,  is  equal  to  the  weight  multiplied  hy 
tlie  continued  product  of  the  alternate  arms,  begin- 
ning from  the  weight. 

2.   (fforology.)     A  form  of  escapement. 

In  Fig.  2914,  I  is  the  lever  having  pallets p  p  ;  s 
is  the  «ca7)c-\vhecl,  m  the  balance.  Thi  lever  to 
which  the  pallets  p  p  are  attached  turns  upon  a  cen- 
ter-pin, so  that  the  ends  of  the  lever  move  backward 
and  forward  tlirough  small  ares,  as  tlie  pallets  are 
alternately  released  from  the  sciipe-wheel.  One  end 
of  the  lever  has  a  little  nick  in  it,  which,  as  it  passes 
backward  and  forward,  catidies  a  pin  upon  the  bal- 
ance and  thi-ows  it  right  and  left.  As  the  lever,  for 
example,  moves  to  the  left,  one  of  the  pallets  catches 
a  tootli  of  the  scape-wheel,  and  stops  the  train  ;  at 
the  same  time  the  balance  is  thrown  round  so  that 
the  pin  passes  out  of  the  nick,  and  tlie  balance 
swings  free  to  the  extent  of  the  impulse  ;  that  is,  it 
is  detached  fron\  the  lever.  -\s  it  swings  back  under 
pressure  of  the  huir-spriug,  the  pin  catches  in  the 
nick  again,  and,  moving  the  lever  back,  unlocks  the 
pallet,  when  instantly  the  other  pallet  is  caught  by 
another  tooth,  and  the  lever  throws  the  balance  the 
other  way.  The  lialanre,  therefore,  in  its  isochronal 
swing,  throwing  tlie  lever  this  way  and  that,  and 
alternately  locking  and  unlocking  the  teeth  of  the 
.seape-wheel,  determines  the  rate  of  movement  of 
the  train.  This  is  known  as  the  patent  lever,  detached 
lever,  or  detached  cscapciiwnt. 

3.   (Surgical.)     An   obstetric  instrument,    curved 


Livet-Ensine. 

and  the  piston-rod  connection  at  the  other,  the  con- 
necting-rod to  the  crank  being  joined  to  the  beam  at 
a  point  between  the  two. 

a  is  the  cylinder.  c,  the  steam-pipe. 

b,  the  slide-case  or  valve-chamber. 

d.,  the  long  slide-valve,  whose  hollow  forms  the 
eduction-passage. 

/,  the  way-shaft  by  which  the  valve  is  worked. 

g,  the  condenser,  cast  in  one  jiicce  with  the  bed- 
plate, and  forming  a  pedestal  to  the  cylinder. 

h,  the  injection-pipe.  k,  the  foot-valve. 

/,  the  air-pump,  inserted  in  a  chamber  formed  in 
.the  bed-plate. 

m,  the  blow-through  valve,    n,  the  ilelivery-valve. 

0,  the  hot-well. 

q  r,  the  jiassages  connected  with  the  feed-pump, 
one  forming  the  port  for  the  supply  of  feed-water  to 
the  boiler,  and  the  other  the  port  by  which  the  sur- 
))lu5  is  returned  from  the  pump  when  the  regulating 
valves  or  cocks  of  the  feed-pipe  to  the  boiler  are 
closed.      See  Feed-PVMP. 

t,  the  lever-beam  gudgeon,     v,  the  beam. 

w,  the  connecting-rod.     x,  the  crank. 

;/,  the  side-frame,  firmly  secured  to  the  bed-plate, 
and  to  strong  fianges  cast  on  the  cylinder. 

c.  the  guides  in  wliich  the  cross-head  moves. 
Le'ver-es-cape'ment.      The    lever  ■  escapement 

was  invented  by  Mmlge  about  1780,  and  improved 
by  Breguet  of  Paris  and  Roskell  of  Liverpool. 

Ill  its  first  form,  the  end  of  the  lever  had  a  seg- 
ment-rffrf-  which  engaged  a.  pinion  on  the  arbor  of 
the  balance.  The  improved  fonn  consisted  in  sub- 
stituting a  fork  for  the  rack,  making  what  is  called 
the  detacJied  lever,  patented  by  Roskell.  (See  Fig. 
2914.)  Tlie  lever  vibrates  on  a  center  and  cames 
the  pallets  (or  anchor),  and  its  forked  end  alter- 
nately  engages  with  and  is  engaged  by  a  ruby  pin 
attaciied  to  a  disk  on  the  balance-arbor.  The  lever 
or  fork,  having  the  impulse  given  to  it  from  the 
,  wheel,  and  tlvn  striking  against  the  ruby  pin,  gives 
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the  motion  to  the  balance  from  which  it  was  disen- 
gageil,  till  lirought  back  by  the  hair-spring ;  the 
ruby  [lin  tlien  strikes  the  fork  auJ  disengages  the 
whei'l,  thus  allowing  it  to  go  on.  ' 

This  causfs  two  distinct  beats.     See  Jewel. 
Le'ver-hoist.    (Hinsling.)    Lagarouse's  lever  (a) 

is  a  contrivance 
Fig.  2916.  for  converting  a 

reciprocating  cir- 
cularniotioninto 
a  continuous  rec- 
tilinear. 

The  device  is 
susceptible  o  f 
several  modifi- 
cations. In  the 
illustration,  it 
consists  of  a  le- 
ver reciprocating 
vertically  on  a 
fixed  a.\is,  and 
having  a  pair  of 
stirrups  which 
act  alternately  in 
the  serrations  on  the  respective  sides  of  the  rack. 
As  one  end  of  the  lever  is  depressed,  one  stirrup  is 
made  effective,  and  a  dog  retains  the  rack  at  the 
obtained  elevation.  Tlie  other  end  of  the  lever  is 
then  depressed  with  a  repetition  of  the  result  stated. 
b  is  a  similar  arrangement  for  hoisting,  described 
by  tlie  Mai-quis  of  Worcester  in  his  "Century  of 
Inventions,"  165.'i,  and  stated  to  have  been  seen  by 
him  in  the  Arsenal  of  Venice.  The  cross-liar  at  the 
midlength  of  the  lever  has  a  fulcrum  on  alteiiiate 
sides  of  the  frame.  The  teeth  are  pivoted,  and  yield 
as  the  cross-bai-  presses  against  them  from  below,  but 
afford  a  safe  bearing  wlien  the  bar  rests  upon  them. 
The  lever  is  oscillated  and  eacli  sweep  is  effective. 
Several  of  our  lever-jacks  are  substantially  similar. 

Le'ver-jack.  A  form  of  hoist  having  a  hvcr, 
post,  and  ]iawl.      See  L1FTING-.JAOK. 

Le'ver-ob-stet'ric.  {Surgical.)  Vectis.  A 
spoon-sliajied  instrument  employed  in  certain  cases 
of  protiai-ted  labor. 

Le'ver-press.  One  of  the  simplest  and  most 
evident  forms  of  pressing  apjiaratus. 

It  assumes  many  forms  :  cider-presses,  lard  or  tab. 
low  squeezers,  cheese-presses,  are  constructed  to  ob- 
tain pressure  by  a  lever,  which  is  depressed  by  a 
suspended  weight,  as  at  a,  by  tackle  or  by  a  screw. 
See  Oil,  Cheese,  Cotton,  Hay-balixg  Pkess. 

Hebei't's  oil-press  b  has  a  standing  and  a  movable 
jaw  with  a  lever  by  which  tlie  ktter  is  oscillated. 
Depressions  in  the  faces  of  the  jaws  hold  the  bag  of 
olives,  or  other  oil-producing  iVuit  or  seeds.  The 
operator  is  worth  his  weight  in  stones  or  anything 
else  and  something  more,  as  lie  can  climb  up  to  his 
perch. 

c  is  a  cheese-press  having  a  screw  for  quick  mo- 
tion and  a  comjiound  lever  and  suspended  weight  for 
continuous  pressure.  The  nut  of  the  screw  is  bo.xed 
in  the  short  lever,  which  is  of  the  second  class. 
The  long  lever  is  of  the  same  class. 

Le'ver-punch.  A  punch  operated  by  the  roll- 
ing motion  of  two  cam-faced  levers  wliich  are  ap- 
proached by  a  screw. 

Le'ver-valve.  A  safety-valve  kept  in  its  seat 
by  the  pressure  of  a  lever  with  an  adjustaVile  weight. 
The  invention  of  Dr.  Papin  of  Blois. 

In  locomotives  a  spring  is  used  at  the  end  of  the 
lever  instead  of  a  weight ;  the  pressure  being  regu- 
lated by  a  screw  and  indicated  on  a  brass  plate. 

Under  ordinary  circumstances  the  valve-lever  has 
a  number  of  weights,  which  are  added  as  occasion 
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requires,  or  the  weight  is  shifted  in  or  out  on  the 
lever.     See  Safety-valve. 
Lev-i-ga'tion.     A  j)rocess  of  rubbing  a   moist 


Fig.  2918. 


Duplex  Lever-Pttnch. 

material  between  two  hard  surfaces,  as  in  grinding 
pigments  and  printer's  ink. 
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Trituration  is  distinguished  from  le.vigation  in  the 
respect  that  the  material  iu  trituration  is  dry;  in 
leviffation  it  is  wet. 

When  the  process  is  by  mullcr  and  slab,  it  is 
technKMy  porphijrizalion. 

Le'wr'is.  ,1.   A  device  tor  lifting  sto]ies  which  was 
used  many  centuries  back  but  received 
Fig.  2919.     its  name  from  a  Frenchman  who  brought 
it  to  its  present  form.     He  was  an  arclii- 
tect  on  the  works  of  Louis  XIV.,  and 
gave  it  tlie  name  it  bears  in  compliment 
to  his  master.     It  consists  of  two  dove- 
t  li]  tenons,   which  are  expanded  by  a 
ki  y  in  a  dovetail  mortise  in  the  stone, 
and   shackled    to    the    hoisting-chain. 
Lewis.       The   dovetail   pieces   are    first  inserted 
and   then   forced  apart  by  the  middle 
key,  so  as  to  occupy  the  undercut   portion  of  the 
mortise.     All  three  are  then  shackled   to  the  lift- 
ing-chain. 

The  lewis  was  used  by  the  ancient  Romans,  and 
the  peculiar  mortise  marks  are  found  in  the  stones 
of  the  Flavian  amphitheater. 

2.  A  kind  of  shears  used  in  cropping  woolen 
cloth. 

Lew'is-bolt.  A  wedge-shaped  bolt  .secured  in 
its  socket  by  lead,  and  used  as  a  lewis  in  lifting. 
See  7,  Fig.  768. 
Ley.  A  solution  of  an  alkali.  See  Lye. 
Ley'den-bat'ter-y.  A  number  of  Leyden-jars 
conuec:ted  externally  by  resting  on  a  metallic  sur- 
face, and  connected  internally  by  rods  and  wires. 
See  c,  Fig.  2920. 

Ley'den-jar.  This  is  a  glass  jar  coated  both  in- 
side and  out  with  tinfoil,  for  about  four  fifths  of  its 
higlit.  The  mouth  is  closed  Ijy  a  cork,  through 
which  passes  a  metallic  rod,  terminating  above  in  a 
knob  and  connected  below  with  the  inner  coating, 
cither  by  a  chain  or  by  pieces  of  tinfoil  with  which 
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the  jar  is  filled.  If  the  inner  coating  be  connected 
with  an  electrical  machine,  and  the  outer  coating 
with  tile  earth,  the  former  acquires  a  jiositive  and  the 
latter  a  negative  charge.  On  connecting  them  to- 
gether, by  means  of  a  metallic  discharger  with  non- 
(ionducting  handles,  as  shown  at  b,  a  spark  is  ob- 
tained, c  is  a  battery  formed  by  connecting  together 
in  series  all  the  outer  and  all  the  inner  surfaces  of 
several  jars,  so  that  the  united  force  of  the  whole  is 
concentrated  in  the  act  of  discharging. 

The  principle  of  the  Leyden-jar  was  discovered  by 
Muschenbroeck  at  Leyden  in  1745,  hence  its  name. 
Von  Kleist  in  Germany  made  the  same  discovery  in 
the  same  j'ear. 

Gralath  in  Germany,  1746,  contrived  the  electric 
battery  by  combining  a  series  of  jars  ;  an<l  finally 
Drs.  Watson  and  Bevis,  by  covering  the  outside  of 
the  jar  with  tinfoil,  brought  it  to  the  complete  state 
in  which  we  now  have  it. 

The  Leyden-jar  is  a  condenser,  its  two  coatings  of 
tinfoil  performing  the  parts  of  a  collecting  plate  and 
a  condensing  plate. 

Li-bel'la.     1.  A  small  balance. 

2.   A  Level  (which  see). 

Lick'er-in.  (Cardiny -machine.)  A  drum  with 
cards  on  its  periphery  in'esented  at  tlie  throat  of  a 
cai'ding-machine,  so  as  to  catch  or  lick  in  the  cotton 
filaments  as  they  are  presented  by  the  passage  of 
the  lap  between   the  feed-rollers.       See   Caiiding- 

.MACHINE. 

Lid.  A  cover,  cap,  or  shutter,  as  of  a  box  ;  or  of 
the  objective  or  eye-glass  of  an  o]iticul  instrument  ; 
or  of  the  charging  end  of  a  retort  ;  or  of  the  works 
or  the  face  of  a  watch  ;  of  a  hatchway,  etc. 

Lid-clos'er. 
retorts,  which, 
after  charging, 
are  closed  with 
a  luted  joint 
to  prevent  es- 
cape of  gas. 

2.  Manholes 
of  boilers  and 
tanks  are  also 
closed  with  a 
bridge  -  piece 
and  screw. 

Lid-w^ind'- 
ing  Watch.  One  in  which  the  opening  of  the  lid, 
as  occurring  several  times  during  the  day,  is  made 
to  wind  up  the  going  mechanism. 
■  In  the  patent  of  Kamuz,  1868,  the  cover  is  con- 
nected to  a  lever  which  is  operated  by  opening  and 
closing  the  cover,  and  acts  through  a  gimbal-joint 
njion  a  lever  to  which  a  curved  ratchet-bar  is  piv- 
oted. The  curved  ratchet-bar  engages  a  ratchet- 
wheel,  which  communicates  with  the  works  so  as  to 
partially  wind  the  same 


1.  A  clamp  for  the  covers  of  gas- 
Fig.  2921. 

.a 


Lid-  Closer. 


when  the  cover  is  opened 
to  observe  the  time. 

Theurer's  patent  of 
1866  seems  to  have  been 
the  first  of  the  kind. 
Mozart's  of  1873  may 
also  be  noticed. 

Lie'ber-kiihn.  (0;)- 
tic!.)  An  annular  re- 
Hector  attached  to  the 
nose  of  the  object-glass, 
and  serving  to  illuminate 
an  object  by  reflecting  the 
rays  which  pass  around 
the  object  through  the 
slip  on  the  staml. 


Fig.  2922. 
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Uerne.  A  bran<:li  rib  introduced  between  the 
principal  ribs  of  a  groined  arch,  so  as  to  form  an  or- 
namental pattern. 

Iiife-boat.  A  boat  with  air-chamber,s  or  floats 
of  cork,  to  give  it  great  buoyancy  and  allow  it  to 
carry  a  load  even  when  tilled  with  water. 

A  common  boat  may  be  turned  to  a  life-boat  by 
increasing  its  Hotative  power.  This  may  be  done  by 
bags  of  cork  shavings,  packages  of  cork,  inflated 
bags,  air-fight  (diambers,  ca-sks  of  air,  etc.  In  cases 
of  emergency,  various  means  have  been  devised  by 
ingenious  men  under  the  inspiration  of  danger  or 
the  force  of  professional  training  and  Iiabit.  Brim- 
mer's life-boat,  used  in  England  at  the  (dose  of  the 
last  century,  had  kegs  lashed  inside  the  gunwale, 
bilge-ke(ds,  and  a  keel  weighted  with  iron. 

The  belemnite,  a  calcareous  fossil,  the  internal 
bone  of  an  extinct  family  of  cephalapods,  seems  to 
have  united  the  ])rinciple  of  the  Jioat  to  that  of  the 
sinker, 'an  we  see  it  in  some  of  our  modern  life-boats, 
which  are  steadied  on  their  keel  by  one 
principle   and    preserved   from   foundering  Fiji  292.3. 

by  the  other  ;  as  in  the  boy's  mimic  smack 
which  he  hollows  out  and  decks,  in  order  to 
render  it  sufficiently  light,  while,  at  the 
same  tiiiu',  he  furnishes  it  with  a  keel  of 
lead  in  order  to  render  it  sutficiently  steady. 

Captain  (!ordon  of  the  English  navy,  a 
number  of  years  since,  devised  a  species  of 
buoy  or  wrnpjiing  of  eork-Hoats,  which 
might  be  lashed  around  an  ordinary  boat 
when  about  to  be  launched  or  lowered  on  a 
mission  of  danger.  It  consisted  of  8  rows 
of  cork-floats,  arranged  in  a  nearly  triangu- 
lar shape.     Each  float  consists  of  a  number 


of  pieces  of  cork  1  foot  long,  6  inches  wide,  and  IJ 
inclies  thick,  laid  three  thicknesses  together,  placed 
end  to  end  till  of  the  recjuir^d  length,  and  secured 
by  split  bamboo  and  lashing.s.  Thi;  upper  sti'ake  is 
the  longest,  say  9  feet  long,  anil  each  succeeding 
strake  is  1  foot  shorter  than  the  one  aljove  it.  The 
strakes  are  secured  together  by  4  stout  cords,  which 
are  seized  together  lietween  each  strake.  The  8 
combined  strakes  are  so  wra|i])ed  around  an  onlinary 
boat  amid.ships,  that  the  longest  strake  is  just  below 
the  gunwale,  and  the  shortest  about  the  keel.  The 
other  side  of  the  boat  is  similarly  furnished.  For  a 
boat  of  large  class  a  number  of  such  floats  may  be 
provided.  Two  buoys  like  that  described  will  dis- 
place 145  culjic  feet  of  water,  and  if  added  to  a  boat 
28  feet  long,  and  capable  of  containing  24  men, 
would  leave  a  buoyancy  of  718  pounds  for  their 
support. 

Luken's    life-boat,  used  in  England  about  1785, 
had  jirojecting   gunwales   and   double  sides   under 
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tliera,  serving  as  air-chambers,  and  air-tight  cham- 
bers under  the  thwarts  or  rowers'  seats.  This  ar- 
rangement increased  the  buoyancy  and  stability  of 
the  boat  very  nnich. 

In  17S9,  llr.  Greathead  of  South  Shields  invented 
his  boat,  which  jiroved  so  successful  that  it  is  said 
that  previous  to  1804  nearly  300  lives  had  been 
saved  tlirongh  its  instnimentality  near  the  mouth 
of  the  Tynemouth  Haven. 

This  boat  was  about  30  feet  in  length  by  10  in 
breadth,  and  3J  feet  deep,  having  a  great  sheer 
from  the  waist  to  the  end.s,  which  were  both  sharp 
and  rose  with  a  high  curve.  The  gunwale  projected 
several  inches,  and  the  sides  were  eased  and  lined 
with  cork,  si'Ciired  by  sheet-cop]ier  and  copper  nails. 
The  quantity  of  cork  employed  was  700  ponnils,  the 
outside  layer  being  4  inches  thick,  extending  along 
the  whole  side  of  the  boat ;  the  inside  layer  was 
somewhat  thicker.  The  boat  was  rowed  by  ten 
uars,  and  an  oar  was  employed  for  steering. 

A  two-wheeled  sling-cart  with  arched  axle  was 
used  for  trans]iorting  the  boat  to  the  be.ach  where  it 
was  desired  to  launch  it.      Mr.  r.reathe.ad  received  a 


Parliamentary  grant  of  £  1,200  for  his  invention, 
an<l  various  rewards  from  difl'er(mt  societies. 

Fianeis's  mclaUk  life -boats  are  made  between 
heavy  dies,  which  swage  one  half  the  boat  at  a  time 
by  means  of  hydraulic  pressure.  The  cut  is  suffi- 
ciently plain,  requiring  no  lengthy  description.  The_ 
iron  plates  are  corrugated  to  insure  sufficient  stirt'- 
uess,  the  dies  lieing  grooved  to  lit  each  other  and 
give  the  form  to  the  plate  pressed  between  them. 

Water-tight  compartments  are  distribnted  in  dif- 
ferent parts  of  the  boat,  so  as  not  to  be  involved  iu 
any  casualty  which  occurs  in  the  sta\-ing  of  the  boat. 

The  most  important  p.art  of  the  construction  con- 
sists in  the  longitudinal  corrug.ations  forjned  in  the 
slu-et-mctal,  by  which  the  strength  and  stiHhess  are 
very  much  increased. 

Franci.s,  in  his  patent  of  1830,  describes  metallic 
tubes  l.nid  longitudinally  in  the  bottom  of  the  boat, 
and  divided  liy  trausver.se  partitimis,  which  were  con- 
ni'cted  by  metallic  bands  or  braces  rnnniiig  crosswise 
of  the  boat,  and  which  served  as  lloats.  Over  these 
t!u;  flooring  was  laid.  The  framing  and  jilanking 
were  laiil   much   as   iu   the  ordinar-v   manner.     The 
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boat  was  jiartially  decked  over  at  the  ends,  forming  I 
compartments,  and  had  transverse  tlnvarts,  between 
the  two  middle  ones  of  which  was  a  wiiullass  for  , 
raising  and  lowering  the  anchor,  which  was  suspended  \ 
by  a  cable  passing  through  a  hole  in  the  bottom  ;  : 
other  holes  were  provided  in  the  bottom  for  freeing 
the  boat  from  water.      The  boat  had  a  metallic  keel. 

Noble's  life-boat  (a,  Fig.  2924)  has  a  ho'.d  covered 
by  a  flexible  air  and  water  tight  covering  supported 
by  and  fastened  to  a  sustaining  frame.  This  cover 
may  be  made  double,  so  as  to  be  iullated  and  add  to 
the  buoyancy  of  the  boat. 

The  hold  is  ventilated  by  a  hollow  mast  with  sep- 
arated passages  for  the  indraft  of  flesh  and  the  e.\it 
of  impure  air. 

In  Fig.  2924,  b  represents  a  boat  whose  central 
part  has  no  bottom.  The  top  and  bottom  of  the 
two  end  compartments  are  precisely  alike,  and  act 
as  floats.  A  net  is  suspemled  in  the  vacant  middle 
space,  so  that,  in  whatever  position  the  boat   falls 
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when  launched,  persons  may  be  sustained  by  the  sus- 
pended net  and  prevented  from  sinking  ;  or,  in  case  | 
of  capsizing  while  in  the  water,  may  clamber  fiom 
one  side  to  the  other,  the  net  falling  to  the  lower 
side. 

Tier's  life  and  sporting  boat  (c.  Fig.  2924)  has  an 
inner  and  outer  shell,  the  space  between  them  being 
decked  over  and  divided  by  partitions.  The  inner 
shell  forms  the  open  space  for  the  boatman. 

Another  form  of  boat  consists  of  a  cylinder  termi- 
nating at  each  end  in  a  conic  frustum.  It  has  hinged 
doors,  and  is  moved  through  the  water  by  a  propeller 
driven  by  a  shaft  having  an  endless  screw  turned  by 
gear-wheels  worked  by  hand-crank  in  the  interior  of 
the  boat. 

A  modification  of  this  boat  is  also  cylindrical,  and 
the  axes  are  journaled  in  a  flot.ative  frame,  instead 
of  making  the  cylinder  separately  buoyant.  It  is 
driven  by  an  end  propeller  worked  by  a  crank  in  the 
interior  of  the  boat. 

Beeching's  life-boat,  which  received  the  prize  of  100 
guineas  offered  by  the  Duke  of  Jforthumberland  in 
1850,  among  nearly  300  comiietitors,  is  in  form  some- 
thing like  a  whale-boat.  It  is  about  .36  feet  in  ex- 
treme length,  9^7  feet  in  extreme  breadth,  and  3i  feet 
in  depth.  A  cork-fender,  about  7  inches  sijuare, 
runs  around  outside  a  few  inches  below  the  gunwale. 
Extra  buoyancy  is  given  by  air-cases  placed  in  all 


the  vacant  spaces  of  the  boat.  These,  with  the  cork- 
fender,  give  a  buoyancy  or  upward  teiulency  of  more 
than  eight  tons,  counteracting  to  that  extent  the 
weight  or  downward  temlency  of  the  boat  and  its 
crew.  For  ballast,  the  boat  is  provided  with  water- 
tanks  callable  of  containing  aliout  two  tons,  and 
there  are  pipes  for  emptying  these  tanks  very  quick- 
ly. If  the  boat  be  upset,  the  heavy  iron  keel  and 
the  filled  water-tanks  near  the  bottom,  aided  by  the 
light  air-cases  near  the  top,  tend  to  right  it.  It  is 
rigged  with  a  lug  foiesail  and  a  mizzen.  The  draft  of 
water,  with  thirty  persons  on  board,  is  about  two 
feet ;  the  weight  of  the  boat  and  its  fittings  is  about 
three  tons  and  a  half,  and  the  cost  £  250.  It  is  ca- 
pal)le  of  carrying  seventy-five  ]>er.sons  with  safety. 

The  boat  of  the  National  Life-Boat  Institution, 
England,  is  the  invention  of  Mr.  I'eake,  master 
shipwright  of  Devonport  Dockyard.  It  is  a  strong 
boat,  30  feet  long,  8  feet  beam,  and  rowed  by  8  to 
12  oars,  double-banked.  It  is  nearly  Hat-bottomed, 
but  the  bow  and'  stern  rise  2  feet  higher  than  the 
midship  portion.  Running  along  the  upper  part  of 
each  side,  and  occujiying  4  feet  at  each  end,  are  air- 
tight chambers,  wdiich  im]iart  sufficient  buoyancy  to 
float  the  boat  and  crew  when  the  boat  is  hlled  witli 
water.  The  iron  keel  weighs  800  [lonnds,  and  in 
coimection  with  the  curved  shape  of  the  boat  infalli- 
bly rights  the  same  when  upset. 

The  tioat  has  a  false  bottom  above  the  water-line, 
and  the  space  between  the  two  is  packed  with  cork 
and  light  wood.  Passing  through  this  light  stuff 
are  open-ended  tubes,  6  inches  in  diameter,  which 
carry  down  any  water  that  is  shipped  liy  the  boat. 

The  saving  of  life  by  life-boats  in  the  British  Isl- 
and.s,  1824-65,  was  14,980  persons. 

Life-buoy.  (Nautical.)  A  buoy  or  Hoat  which 
is  thrown  overboard  to  sustain  a  person  until  assist- 
ance ari'ives. 

It  has  various  forms  :  — 

In  one,  each  of  the  stools  in  the  cabin  has  an  air- 
tight tin  ca'se  fastened  beneath  the  seat. 

2.  An  india-rubber  belt  capable  of  inflation. 

3.  A  painted  canvas  case,  of  an  annular  shape,  31 
inches  in  diameter,  6  inches  wide,  and  4  inches 
thick.  It  contains  12  pounds  of  cork,  in  thin  lay- 
ers. 

Lieutenant  Cook  of  the  English  navy  invented  a 
life-buoy  which  is  provided  on  board  all  the  vessels  . 


Fig.  2925. 


Cook''!.  Life-Buoy. 


of  that  service.     It  consists  of  two  hollow  copper 
vessels  connected  by  a  horizontal  bar,  through  the 
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miiliUe  of  which  is  fi-ved  vertically  a  strong  statt' 
funned  of  ;i  metallic  tube,  the  upper  extremity  of 
which  supports  the  fuse.  Tlie  lower  part  of  the 
stall'  has  a  Ijalance-wcight  which  drops  out  when  the 
buoy  falls,  and  maintains  the  staff  uprit;ht  in  the 
water.     The   apparatus   is   kept   suspended   at   the 

Fig.  2926. 


Life-Buay. 

quarter,  is  detached  by  a  trij;gi;r,  and  the  act  of  re- 
leasing it  drops  a  gun-lock  hammer  and  ignites  the 
fuse,  which  blazes  for  a  considerable  time  and  at- 
tracts the  man  overboard  while  it  directs  the  crew 
of  the  boat  to  the  assistance  of  the  person.  It  will 
support  two  i)ersons. 

The  life-buoy  (Fig.  2926)  is  of  similar  character. 
The  fuse  composition  is  not  extinguished  by  water. 

Life-oar.  This  is  an  apparatus  used  to  commu- 
nicate between  a  wr(!ek  and  the  shore,  for  the  pur- 
pose of  rescuing  persons  on  board. 

Francis's  life-car  resembles  a  boat,  being  a  water- 
tight metallic  shell,  with  a  hatchway  or  cover,  and 
is  adapted  to  travel  on  ropes  whose  ends  are  con- 
nected to  the  ship  and  to  the  shore  respectively. 
This  connection  is  nuide  by  means  of  liring  from  a 
mortar  a  shot  having  a  cord  attached.  The  cord  is 
so  coiled  upon  a  rack  as  to  pay  off  freely  as  the  shot 
is  fired  and  falls  beyond  the  vessel.  The  cord, 
being  caught  by  those  on  board,  is  made  the  means 
for  sending  ashore  a  hawser  or  larger  cord  on  which 
the  life-car  may  be  suspended. 

The  pa.ssengers,  to  the  number  of  3  or  4  at  a  time. 


Fig  2927. 


b.  A  line  stretched  from  object  to  object  on  deck, 
for  the  men  to  grasp  in  bad  weather  and  heavy 
sea. 

c.  A  line  attached  at  one  end  to  a  life-buoy  and 
tloating  loosely,  to  assist  a  person  in  grasping  it. 

Life-pre-serv'er.  1.  A  device  to  enable  a  per- 
son tu  lloat  in  water  in  case  of  accident. 

A  cork-jacket  or   iuUatable  belt  or  waistcoat  are 
ordinary  devices  for  this  purpose.     Fig.  2928  shows 
a  more  pretentious  life- 
pres(!rver,   constructed  Fig.  2928. 

of  two  hollow  drums 
or  Ho.its,  with  openings 
to  receive  valuable  |ui- 
pers  or  documents,  and 
with  depressions  d  to 
I'cceive  the  straps  e. 
B  C  are  the  body-belt 
and  shoulder  -  .straps  ; 
the  ptjcket  tj  is  intend- 
ed to  receive  a  signal- 
Hag. 

Besides  these  arti- 
cles for  wear  in  an 
emergency  are  life-pre- 
serving mattresses, 
seats,  berths,  buckets,  Li/e-Floal. 

rafts,    Uoats,    and,    in 

some  cases,  the  general  furniture  and  even  doors 
of  the  cabins  are  specially  made  to  subserve  the  pur- 
pose. 

In  Fig.  2929,  two  mattresses  filled  with  cork  have 

Fig.  2929. 


Francises  Life-Car  and  Ball  with  Clan 


are  inclosed  in  the  cai',  and  the  trips  are  made  by 
hauling  on  a  rope  attached  to  the  car  and  grasped 
by  parties  on  board  and  ashore. 

One  of  these  cars  was  the  means  of  saving  200 
passengei's  from  the  "  Ayrshire,"  which  went  ashore 
at  Long  Hrauch,  Januaiy,  1850. 

Life-guard.  (Locnmotive  -  au/inc.)  Safeguard, 
rail-guard,  sweeper.  The  device  embracing  the 
brooms  fixed  in  front  of  a  locomotive  for  clearing 
small  obstnii'tious  from  the  track. 

Life-line.  (N'nutica!.)  a.  A  line  stretched  above 
a  yaril  to  enable  seamen  to  stand  thereon  in  manning 
yards. 


Li/e-Mnttress. 

between  them  an  air-bag,  confined  in  a  fibrous  sack 
to  jirevent  rupture,  the  whole  forming  an  elastic  bed, 
which  may  be  separated  into  several  distinct  life- 
preservers  in  accidents  on  water. 

Life-pieservers  of  cork  date  back  to 
the  time  of  the  early  Romans.  The 
Roman  messenger  sent  by  Camillus 
to  the  Capitol,  when  besii'ged,  swam 
the  Tiber  with  a  cork -jacket. 

The  bamboo  habit,  or  Chinese  life- 
preserver,  consists  of  four  pieces  of 
bamboo,  about  a  man's  length,  placed 
at  right  angles  in  parallel  pairs,  and 
tied  firmly  at  the  four'  corners,  leav- 
ing an  ojiening  for  the  body,  so  that 
one  pair  of  Ijamboos  rests  beneath  the 
armpits. 

Cajitain  Manby's  apparatus  is  used  in  England  to 
connnunicate  with  stranded  or  shipwrecked  vessels. 
A  shot  thrown  liy  a  mortar  has  a  line  attached  to  it, 
and  being  thrown  over  the  vessel  the  line  is  the 
means  of  hauling  a  rope  on  board,  and  thus  conuuu- 
idcatiou  is  established  with  the  .shore,  by  hammock 
or  cradle,  which  is  arranged  to  travei-.se  on  the  rope. 
(See  LiFK-f'.AK.)  Light-balls  are  thrown  np  and  ex- 
plode by  fuse  at  a  hight  of  300  yanls,  so  as  to  illnnu- 
7iate  a  large  area  and  afi'i>rd  a  view  of  the  vessel  in 
distress.  The  a)i))aratus  has  been  the  means  of  sav- 
I  ing   sevci'al   humlred   lives.     Captain    Manby   died 
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November  IS,  1854,  aged  89  years.  For  apparatus  I 
to  enable  a  person  to  traverse  foul  air  without  iu-  | 
spiring  it,  see  Ixhaleu.  i 

Stoner's  life-preserver  is  of  india-rubber,  and  made 
in  one  piece,  the  only  openings  being  in  the  head- 
piece aud  at  the  wrists  ;  the  fonner  is  secured  by 
hands  )>assing  over  the  top  of  the  head  and  a  flap 
under  the  chin.  Suspendei's  pass  over  the  shoulders 
from  the  waist,  and  an  e.xterior  waist-belt  is  buckled 
around  the  body.  A  cork  jacket  is  buckled  around 
the  waist  beneath  the  rubber  gannent,  and  is  )ue- 
vented  from  slipping  by  shoulder-straps.  The  loner 
parts  of  the  dress  are  of  thicker  material  than  the 
upper,      and      leaden 


Fig.  2930. 


soles,  made  in  two 
parts  and  hinged  to- 
gether, are  strapjied  to 
the  feet  so  as  to  keep 
the  bod}'  upright. 
These  weigh  7  to  8 
pounds.  The  whole 
dress  may  be  fitted  on 
in  three  minutes. 

Jlerrinian's  life-pre- 
server consists  of  an 
India  -  rubber  head- 
dress, jacket,  and  pan- 
taloons, the  two  latter 


¥t'^ 


■**.*> 


The  varying  diameters  of  the  lifts  are  for  changes  oY 
speed. 

6.  (ShoemaHng. )  One  thickness  or  layer  of  leather 
in  the  tap  which  forms  the  heel  of  a  boot. 

7.  (Hydraulic  Engineering.)  a.  The  amount  by 
which  a  canal-boat  is  elevated  in  a  lock.  The  ditfer- 
ence  in  level  between  the  upper  and  \ov;^T pounds, 

b.  The  rise  of  an  undershot- wheel  above  the  water- 
surface. 

c  A  substitute  for  canal-locks,  the  boats  being 
lifted  and  lowered  by  machinery  from  level  to 
level. 

The  boats  are  floated  in  water  during  transfer ; 
gates  and  sluices  in  the  main  line  ai-e  dispensed 
with  :  the  boat  is  transferred  from  one  level  to  an- 
other without  loss  of  water. 

The  lower  level  is  divided  into  two  branches, 
which  are  carried  along  each  side  of  the  upper  level 


Fig.  2931. 


Life-Freserver. 

connected  by  a  joint,  around  which  is  .secured  a 
belt  to  insure  the  junction  being  air-tight.  It 
weighs  about  14  jiounds,  and  it  is  said  can  be  in- 
flated in  li  minutes.  The  contained  air  serves  to 
keep  the  body  warm  as  well  as  to  buoy  it  up.  When 
in  the  water  the  bearer  floats  upon  his  back,  having 
about  one  third  of  his  body  above  the  surface. 

With  each  of  these  life-preservers  is  ))rovided  a 
case  for  holding  water  and  provisions,  and  a  small 
flag  and  staff'  to  attract  attention. 

Ormsbee's  life-preserver  consists  of  inflatable 
sleeves,  leggings,  hip-bands,  which  may  be  worn 
with  but  little  inconvenience  when  in  positions  of 
danger,  or  in  learning  to  swim.  Or  they  may  be 
carried  in  the  pocket. 

2.  A  loaded  stick  or  cane  with  a  leaden  head, 
used  as  a  protection  against  assailants. 

Lift.  1.  {Xdutical.)  A  rope  stretching  from  a 
mast-head  to  the  end  of  a  yard,  to  trim  it  (squaring), 
or  in  topping  {yards  apeak). 

A  topping-lift  is  a  rope  which  raises  the  after  end 
of  a  boom. 

2.  A  hoisting-machine.  See  list  under  Hoisting. 
a.  An  elevator  for  goods  or  material  in  a  furnace 
or  mine.  See  Elevatoii  ;  Fl'kxace-uoist  ;  JLiN- 
EXOIXE,  etc. 

b.  A  dumb-wniter. 

3.  An  exercising  machine.    SeeLiFTiN'G-MiVfHiNF.. 

4.  The  distance  which  an  ore-stamp  rises  and  falls. 

5.  (Lathe.)  One  of  th.e  several  flats  or  grooves  for 
the  belt  on  the  driving  and  cone  wheels  of  a  lathe. 


Slaters  Canal-Lift. 

to  a  length  a  little  over  that  of  the  canal-boat.  The 
depth  of  each  branch  is  sufficient  to  allow  the  boat 
c-b  to  float  over  the  top  of  an  iron  caisson  oi-  tank  A, 
filled  with  water  and  suflicientl}'  large  to  float  a 
loaded  boat.  An  elevated  fiamework  is  constructed 
to  overarch  the  three  basins,  and  is  provided  with 
transverse  rails  and  carriages,  containing  the  wheels 
over  which  run  the  suspending  chains  by  which  the 
caissons,  their  contained  water,  and  the  floiiting  boat 
are  lifted  or  lowered.  The  caissons,  which  lie  in  the 
bottoms  of  the  basins  to  receive  their  load,  are  sus- 
pended by  straps  from  cross-bearers,  to  which  the 
suspending  chains  are  connected.  The  chain  which 
suspenils  one  caisson  and  boat  passes  over  drums  on 
one  carriage,  and  that  which  sus]iends  the  other 
caisson  and  boat  jiasses  over  the  drums  on  another 
carriage  ;  the  chain  at  each  end  of  the  lift  being  the 
.same,  pas'-ing  in  continuity  over  the  difl"erent  drams 
and  around  the  long  shaft  at  the  side  of  the  frame- 
work, so  that,  as  the  shaft  revolves,  the  chain  winds 
on  one  set  of  drums  and  unwinds  from  the  other, 
one  boat  rising  as  the  other  descends. 
The  action  is  as  follows  :  — 
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*Two  boats  approaching  the  lift  from  contrary  di- 
rections are  lluated  over  tile  sunken  caissons  in  the 
lower  and  upper  basins  respectively.  The  load  is 
unirorin,  wliether  the  caisson  contain  a  boat  or 
otluTwise,  as  the  caissoU'  is  full  of  water  in  either 
case,  and  the  boat  displaces  a  weight  of  water  exact- 
ly equal  to  its  own  weight.  Tlie  shaft  s  is  rotated 
by  steam  or  water  power,  and  the  chains  wind  on 
the  cams  c  c,  causing  the  upp<T  shaft »'  to  move  down 
in  the  framework  and  draw  the  caissons  with  their 

Fig.  2932. 


Canal-Lift  (-Great  Westfm  Catial  of  England). 

loads  out  of  the  water.  The  weight  of  the  caisson 
is  balanced  by  a  weight  w,  which  acts  by  a  sliort  or 
long  leverage  on  the  cams,  according  to  the  position 
of  the  caissons  in  or  out  of  the  water  respectively. 
The  buckets  b  b  suspended  from  the  shaft  s'  may  be 
filled  as  required  to  assist  the  power  in  working  the 
shaft.  . 

The  caissons  being  lifted  out  of  the  water,  the 
upper  caisson  is  moved  on  the  railway  across  the 


canal,  so  as  to  be  suspended  over  the  lower  basin, 
ready  to  descend. 

When  in  this  position  the  two  caissons  are  in 
eiiuilibrium,  each  susjiended  clear  of  the  water,  and 
over  the  lower  basin,  the  ujiper  one  occupying  the 
jiosition  ill  dotted  lines  a'.  The  eqidlibrium  is  then 
ilistiirbed,  by  allowing  some  water  to  escape  from 
the  lower  caisson,  which  thereupon  rises,  tlie  posi- 
tions of  the  respective  caissons  changing.  The  late- 
ly raised  caisson  is  tlien  moved  over  the  upper  basin 
by  the  traversing  of  its  cai  liage  on  tlie  railway  above. 
Now  all  is  in  order  for  the  descent  of  the  caissons 
into  tlie  respective  basins.  Tlie  jiower  is  then  ap- 
plied to  the  shaft  s'  which  allows  the  shaft  s  to  rise, 
and  the  caissons  are  lowered  simultaneously,  tlie 
boats  are  floated  over  the  ends  of  the  caissons  and 
resume  their  journeys. 

On  the  Great  Western  Canal  of  England  lifts  are 
employed,  46  feet  in  hight  and  consisting  of  2  cham- 
bers witli  a  pier  of  masonry  lietwe<'n  tlieiii.  Each 
chamber  is  of  sufficient  capacity  to  contain  a  timber 
cradle,  in  .which  tlie  a.-cending  or  descending  boat  is 
placed.  The  cradle,  wlien  on  the  level  of  the  canal, 
allows  the  beat  to  lloat  into  it  by  raising  a  water- 
tight gate  at  one  end.  The  two  ciadles  which  work 
in  the  chambers,  when  full  of  water  or  wlien  both  or 
either  of  them  contain  a  boat,  balance  each  other  on 
strong  chains,  which  pa.ss  over  3  cast-iron  wheels, 
and  are  so  arranged  that  the  water  in  the  upper 
cradle  is  kept  about  2  inches  below  that  in  the  ]iond, 
which  gives  it  a  slight  ]>reponderance,  sufficient  to 
set  the  machinery  in  motion.  The  boats  weigh  8 
tons,  and  pass  up  or  down  thi^  lift  of  46  feet  in  about 
3  minutes,  consuming  2  tons  only  of  water. 

The  upper  view  (Fig.  2932)  is  half  a  front  view  and 
half  a  transverse  section  of  this  lift.  The  lower  view 
is  a  limgituiliiial  section. 

liift-bridge.  A  bridge  designed  to  lift  to  allow 
a  canal-boat  to  pass,  when  the  viaduct  is  but  a  short 
distance  above  the  water-level.  It  is  hung  by  the 
four  corners  to  four  chains,  which  pass  over  pulleys 
and  have  counterpoises  at  their  other  ends. 

liift'er.  1.  (I'o.pcr-making.)  A  cast-iron  wheel 
with  buckets  revolving  in  a  case,  lifting  pulp  from 
the  reservoir  or  pulp-chest,  and  passing  it  to  the 
trough,  from  whence  it  Hows  on  to  the  traveling  web. 
On  the  lattei-  it  is  shaken,  partially  drained  of  its 
water,  and  is  then  delivered  by  the  caucher  to  the 
first  pair  of  pressing-rollers. 

2.  An  elevator  or  hoisting-apparatus. 

3.  (Steam-engine.)  The  arm  on  a  lifting-rod  that 
rai.ses  the  puppet-valve. 

T!ie  upper  portion  of  the  figure  (2933)  is  a  top  view 
of  a  Western  steamboat  engine,  the  lower  portion  is 
a  side  cdevation  on  a  somewhat  enlarged  scale.  The 
lifter  is  shown  in  the  middle,  having  cHr\cd  surfaces 
at  the  points  of  contact  with  the  valve-levers. 

4.  (Founcling.)  A  tool  used  by  a  molder  in  ele- 
vating the  cope  fi'om  the  clnig. 

5.  a.  A  domestic  tool  for  raising  or  adjusting  the 
lids  of  a  stove. 

b.  An  implement  for  holding  hot  )dates  or  dishes. 

6.  (Stm/ical.)  A  levator  or  lifting  lever  used  in 
injuries  to  the  cranium.  It  belongs  to  tlie  trephine 
I'ase.  An  elevator.  The  forms  are  four  ;  known  as 
the  common,  Louis',  Petit's,  the  triploid. 

7.  .'V  cam  or  icipcr  used  in  raising  a  stamper  or 
beetle,  or  in  depi'cssing  the  tail  of  a  tilt-hammer 
helv,.. 

Lift-gate.  A  gate  which  lifts  instead  of  swing- 
ing on  a  pintle,  as,  — 

A  portcullis. 

A  farm-gate  counterbalanced,  and  rising  in  guides, 
like  a  sash. 
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Fig.  2933. 


the  masonry,  and  rested  at  their 
upper  ends  against  jo;{s  beneath  the 
siU-tinibers  of  the  bridge. 

Penonet,  the  great  French  engi- 
neer, irOS-9i,  was  the  cliief  engi- 
neer of  the  Poitis  ct .  Cluiussecs  from 
1747,  and  did  more  for  tlie  science  of 
bridge-biiilding  than  any  of  his  con- 
temporaries. 

He  contrived  a  drawbridge  (b)  which 

had  a  short  middle  draw  to  allow  the 

mast.s  of  vessels   to   pass   when   the 

headway  beneath  the  bridge   was  sutiioient  for  the 

hulls  of  the  vessels.     This  ndddle  section  is  hinged 


Fig.  2934. 


¥dLi;e-Lever  Lifler. 

A  canal-lock,  graving-dock,   or  sluice-gate  which 
rises  in  vertical  gi-ooves  in  the  walls. 

liift-ham'mer.  The  lift-hammer  is  a  light  form 
of  tilt-hammer  in 
which  the  hammer 
is  raised  by  a  spring 
and  depressed  by  a 
treadle.  When  the 
hammer  has  a 
head  of  depres-sed 
contour,  actingin 
c  )ncert  with  a  coun- 
terpart tool  on  the 
anvil,  it  becomes  a 
swage,  the  top  and 
liottom  toiils  an- 
swering to  those  of 
a  drop.  For  this 
ji'.irpose,  the  verti- 
cal movement  is 
preferable. 

The  intention  of 
the  apparatus  is  to 


Ltfl'MjLmmer. 


enable  the  blacksmith  to  dispense  with  an  assistant, 
a  striker,  but  it  has  not  come  into  extensive  use  and 
is  not  likely  to.  It  is  asking  too  much  of  one  man 
to  attend  to  both  operations  skillfully. 

Iiift'ing-bar.  1.  (Knitting-modiiM.)  A  hori- 
zontixl  rod  or  bar  having  a  short  intermittent  vertical 
or  nearly  vertical  reciprocation,  and  which  at  the 
proper  moment  operates  to  lift  the  jacks. 

2.  {JVeariny.)  The  movable  frame  of  a  Jacquard 
loom  in  svhicli  the  lifting-blades  are  fastened. 

Lift'ing-blade.  (!Vcarimi.)  An  iron  rule  to 
receive  the  lilting-wires  of  a  Jacipiard  loom  when 
hoisted. 

Lift'ing-bridge.  The  lifiing-bridge  is  the  sim- 
plest of  all  drawbridges,  being  merely  a  platform 
hinged  to  the  bank,  curb,  or  scarp  at  one  end,  the 
other  being  lifted  by  chains  or  cords  worked  by 
windlass  or  weights.  It  is  used  in  crossing  the  ca- 
nals in  Holland,  where  the  roadway  is  nearly  on  a 
level  with  tlie  wat«r. 

It  is  also  used  in  fortihcations. 

The  drawbridges  (a)  of  Brussels  were  balanced  by 
weights  attached  to  chains  passing  over  standards 
that  stood  immediately  over  the  walls  of  the  canal, 
and  were  braced  and  stayed  by  timbers  and  iron  ties. 
The  weisht  of  the  draws  was  borne  by  stmts  be- 
neath, which  were  footed  in  set-offs  in  the  faces  of 


to  one  portion  of  the  bridge  and  lifted  by  a  chain 
and  winch. 

Iiift'ing-gear.  (Steam-engine.)  The  ap]iaratus 
for  lilting  a  sal'ety-valve  from  within  a  boiler.  It 
consists  of  levers  connected  to  the  valve  and  to  a 
screw  worked  by  a  handle  outside  the  boiler.      See 

LiFTF.f.. 

hoisting-implement  operated 


Fis.  2936. 


Lift'ing-jack.    A 

by  a  lever,  a  screw 
and  lever,  or  by 
hydraulic  pressure. 
The  figures  show 
forms  of  the  lever- 
jack.  For  other  va- 
rieties, see  list  under 
Jack. 

Fig.  2936  has  a 
rack  -  bar  raised  by 
a  lever  pivoted  in 
a  strap,  and  the  rack 
is  sustained  by  a  slid- 

I  ing  spring  catch. 

I  In  Fig.  2937,  the 
upper  ends  of  the  legs 
are  connected  by  a 
lever,  by  whose  de- 
pression     they      are 

,  erected  and  the  wag- 

I  on -axle  raised. 

j      In  Fig.  2938,  the  fulcrum-pin  of  the  lever  rests  in 
rounded  notches  in  the  standard,  and  is  held  down 

I  by  an  extension  pawl  which  is  pivoted  to  the  stand- 


U/lin^-Jack. 
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Fig. 2937.  _  Fig.2U33.  liftiiigiiitxe  being  raised  by  a 

jnu  or  :i  snail  on  one  of  the 
liour-wlicels,  the  tooth  of  the 
lifting-piece  rests  on  tin'  rim 
of  the  count-wheel  until  the 
jirescribej  number  of  blows  is 
given,  according  to  the  length 
of  the  sjiaec  between  the  notches. 

Lift'iug-pump.  One  by  which  the  liiiuid  to  be 
raised  is  lilted  instead  of  forced  from  its  receptacle  to 
the  point  of  discharge.  To  this  class  belongs  the 
ordinary  atmospheric  pump.  The  chain-pump  and 
similar  devices  may  also  be  included.  The  atmos- 
pheric pump  was  probably  known  to  the  ancient 
Egyptians,  and  by  them  banded  down  to  the  Greeks 
and  Komans,  by  whom  it  was  little  used. 
Lever-Jark.  The    principle    was    exjilained    by  Torricelli,   the 

pupil  of  Galileo,  whose  attention,  as  well  as  that  of 
which    a  I  Ids  master,  was  drawn  to  the  matter  by  the  unsuc- 
weiglit  is  so  dis]ioseil  with  '  cessful  eilbrts  of  the  Florentine  pump-makers  to  raise 


ard  and  engages  a  ratchet  on  the  upper 
side  of  the  lever. 

Lift'ing-ma-chine'.    An  exercising- 
machine  lielonging  to  the  furnishing  of  a 
gymnasium,     in 
Fig.  2939.  ■   ■ 

handles  or  straps  for  the 
hands,  hips,  or  shouldei-s, 
that  a  person  may  conven- 
iently try  his  strength,  and 
improve  by  persistent  trying 
at  gradually  increasing 
weights.  Weights  or  springs 
are  used,  sometimes  in  con- 
nection with  a  dynamome- 
ter, to  indicate  the  force 
exerted. 

Fig.  2939  shows  Butler's 
.standard  health-lift,  giving 
a  dead-weight  lift  softened 
by  spring-action.  The  plat- 
form on  which  a  person 
Weight  Liflins- Apparatus,  stands  in  lifting  rests  upon 
ten  volute  springs  on  the 
frame,  the  legs  of  the  frame  resting  also  on  volute 
springs  on  the  floor.  Rubber  cushions  and  cartilages 
soften  every  movement.  Through  the  center  of  the 
machine  passes  an  upright  rod,  having  at  its  upper 
end  a  stirrup  through  which  tlie  handle  is  passed 
transversely,  while  at  the  lower  extremity,  beneath 
the  platform,  is  a  disk  to 
receive  the  weights,  of  from 
one  to  fifty  pounds  each. 
The  handle  passes  through 
springs  at  the  platform  level, 
which  sustain  the  weight 
and  gradually  ndease  it  as 
it  is  lifted  clear.  Weights 
to  the  amount  of  600  pounds 
are  provided.  The  machine 
occupies  a  space  of  26  x  32 
inches  on  the  floor ;  26 
inches  to  the  top  of  the  plat- 
form. The  person  stands 
a-straildle  of  the  handle,  and 
lifts  with  one  hand  in  front 
and  the  other  in  the  rear. 

Fig.  2940  is  a  machine  in 
whicli  graduated  springs  are 
substituted  for  weights. 

Many  other  forms  of  exereising-machines  are  used, 
some  for  the  bedridden,  some  specially  adapted  for 
victims  of  spine  disease,  some  for  general  exercise  of 
the  muscles  to  improve  the  tone  of  the  .system.     See 

Exr.llCISING-M.^CIlINK. 

Lift'ing-piece.  (Horology.)  A  lever  having  a 
tootli  which  engages  in  notches  in  the  count-wheel 
to  restrain  the  striking.  The  coiml-iv/md  has  7S  di- 
visions, and  notclies  are  cut  in  it  at  the  successive 
distances  of  1,  2,  3,  4,  etc.,  of  the  divisions.     The 


Fig.  2940. 


water  by  its  means  to  a  bight  much  over  30  feet. 
In  tact,  at  elevations  above  the  sea-level,  it  can  only 
be  lifted  to  a  bight  in  feet  about  ecpial  to  the  num- 
ber of  inches  at  which  the  mercury  in  the  barometer 
stands  ;  one  inch  of  mercury  corresponding  to  about 
13  inches  of  water.     See  LiFT-ruMP. 

Lift'ing-tongs.  The  tongs  with  concave  jaws 
used  in  grasping  crucibles.     See  CurciBLF.-TONOs. 

Lift-pump.  ./  (Fig.  2941)  shows  one  form  of 
modern  lifting-pump.  The  head  of  the  pump  is 
closed,  and  the  water  may  be  lifted  through  the 
side  tube  to  any  elevation  consistent  with  the 
strength  of  the  tube. 

/?  is  a  double-piston  pump  adapted  to  situations 
where  the  pump  cannot  be  conveniently  inserted  in 


Spring    Li/ting-Machine. 


Li/l-Pumps. 

the  reservoir.  Tlie  piston  of  the  atmos- 
pheric pump  is  directly  under  that  of 
the  lifting-pump,  and  works  in  a  cylinder 
attached  to  the  bottom  of  the  cistern.  Each  is  at- 
tached to  the  same  rod  and  worked  by  the  same 
frame. 

In  Ctwo  pistons  a  b  are  placed  in  two  cylinders, 
side  by  side,  and  are  operated  simultaneously  by  at- 
tachment to  a  cross-head,  botli  drawing  u]i  the  water 
at  the  same  time.  The  downward  movement,  as  it 
closes  the  valve  c,  forces  the  water  upward  through 
the  cylinder  a,  maintaining  a  continuous  dis- 
charge. 

D  (Fig.  2942)  is  an  atmospheric  pumj).  The  up- 
per valve  is  of  peculiar  construction. 

i^is  a  solid-piston  pump,  which  lifts  tlie  water  to 
the  barrel,  and  on  its  downward  stroke  forces  water 
up  the  pipe. 


LIFTING-ROD. 
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ff  is  a  iloable-cylinJer  balance-beam  pump.     The 
pistons  are  alternately  raised  and  lowered  by  a  man 


rig.2»12 


Lijt- Pumps. 

throwing  his  weight  alternately  on  either  side  of  the 
beam,  and  discharge  the  contents  of  the  cylinders 
through  the  pipe  a.  h  is  a  plan  of  the  beam  and  its 
frame,  on  which  the  man  stands. 

In  Lecorche's  pump  (to  the  right),  the  cylinder  a  is 
surrounded  by  an  air- 
Fig  294.3.  tight  vessel  b,  which, 
being  originally  tilled 
with  water  to  a  hight 
sufficient  to  cover  the 
piston,  always  keeps 
the  valve  wet.  Each 
stroke  createsa  vacuum 
in  the  ves.sel  b,  caus- 
ing the  water  to  rise 
in  the  cylinders  a  c, 
whose  valves  are  lifted 
at  the  same  time. 
This  arrangement  also 
obviates  the  shock 
caused  by  the  water 
when  the  piston  is 
woj-ked  rapidly. 

Fig.  2943  is  a  pump 
described  by  iluschen- 
broeek.  The  upper 
end  of  the  suction-pipe 
a  entere  a  small  cis- 
tern b,  and  is  sur- 
rounded by  a  cylinder 
c,  the  lower  part  of 
which  fits  closely 
around  it.  The  valves 
of  both  open  upwardly. 
The  upward  movement  of  the  cylinder  c  causes  a 
vacuum  in  both  it  and  «,  which  become  filled  with 
water,  the  downward  movement  of  c  causing  the 
water  therein  to  overflow  into  the  cistern  b,  whence 
it  is  diseliarged. 

Iiift'ing-rod.  (Steam-engine.)  A  rod  receiving 
motion  from  the  rock-shaft,  and  imparting  motion 
to  the  Vfhyr  of  the  puppet-valve. 

Lift'lng-screvj'.  "A   form  of  hoist  in  which  a 
screw  is  u^ed.     See  J.^ck-sckkw. 
Lift'ln'-set.     The  series  of  pumps   by   which 


Masckenbroeek's  Lijl-Pump. 


water  is  raised  from  the  bottom  of  a  mine  by  suc- 
cessive lifts.     See  Cornish  Engine. 

Iiift'ing--wlres.  (Wcavhui.)  The  wires  by 
which  the  warp-threads  are  raised  and  lowered  to 
produce  the  (attern  in  a  Jaci^uard  apparatus. 

Lift-latch  Lock.  (Locksmith  in<j.)  A  lock  in 
which  the  latch  is  pivoted  and  lifted  free  of  the 
keeper,  passing  through  a  notch  iu  the  box,  instead 
of  being  sinii)ly  retracted. 

Lift-lock.'  (Engineering.)  A  canal-lock,  in 
which  a  boat  is  lifled  by  the  introduction  of  water, 
so  as  to  raise  it  to  the  upper  level.     See  Lift,  7. 

Lift-tent'er.  1.  A  contrivance  adopted  in  Eu- 
ropean windmills  for  regulating  the  distance  apart 
of  the  mUl-stones,  according  to  the  speed  of  the 
vanes.  It  is  of  the  nature  of  the  steam-governor, 
having  suspended  balls  which  Hy  out  by  accession  of 
speed,  and  thus  act  upon  the  bridge-tree  by  which 
the  runner  is  supjiorted. 

2.  A  ball-governor  arrangement  to  regulate  the 
speed  of  a  windmill's  vanes.  This  use  of  the  contriv- 
ance preceded  that  of  its  application  to  the  steam- 
engine. 

Lift-'wall.  [Hiiih-nuUc  Engineering.)  The  wall  at 
the  head  of  a  canal-lock  chamber.     See  CiNAl-LOCK. 

Lift  'Wa'ter-'wheeL     1.  An  under-shot  wheel. 

2.  A  water-wheel  whose  gudgeons  and  bearings 
niav  be  raised  or  lowered  to  adapt  it  to  varying 
hights  of  wati-r  sujiply. 

Lig'a-ting-for'ceps.  A  pair  of  gi'asping  fingers 
protruding  from  a  sleeve  and  closed  by  retraction 
into  the  sleeve.  Other  foims  are  used,  the  specific 
construction  depending  upon  the  nature  of  the 
operation  and  the  size  of  the  available  opening  for 
its  apjilication. 

Lig'a-ture.  1.  (Printing.)  Two  or  more  letters 
cast  on  one  shank  ;  as  ff,  tfi,  etc. 

This  was  formerly  very  conmion,  and  was  carried 
to  an  excess  by  Earl  Stanhope,  who  called  them  logo- 
types. 

They  are  now  confined  to  some  diphthongs  and  the 
i,  which  is  derived  from  i2r=,  the  logotype  of  et. 

2.  (Surgieal.)     a.  A  thread  to  tie  arteries  or  veins. 

b.  A  wire  cord  or  thread  used  in  removing  tumor.s, 
etc.     See  EcR.vsEUR. 

c.  The  bandage  used  for  phlebotomy. 

Galen  reconuuends  silk  thread  for  tying  blood- 
vessels in  surgical  operations. 

The  ligation  of  the  femoral  artery  was  first  per- 
formed by  Hunter,  about  17S5. 

That  of  the  external  iliac  by  Abemethy,  1796. 

The  internal  iliac  by  Alexander  Stevens,  in  1S12. 

The  common  iliac  .successfully  by  Dr.  Valentine 
Mott,  in  1827. 

The  common  carotid  by  Sir  Astley  Cooper  (suc- 
cessfully), in  180S. 

The  "iunominata  bv  Mott  in  1818,  and  success- 
fully by  Dr.  J.  AV.  Sraythe  in  1864. 

"Ambrose  Pare,  born  at  Laval,  in  France,  in  1509, 
was  a  member  of  the  fraternity  of  barber-surgeons  ; 
but,  such  was  the  reputation  he  acquired  as  an  op- 
erator, he  was  made  surgeon  to  four  successive  sov- 
ereigns of  France,  and,  among  others,  to  the  weak 
and  cruel  Charles  IX.,  by  whom,  however,  although 
Pare  was  a  Huguenot,  his  life  was  saved  on  theteni- 
ble  night  of  the  massacre  of  St.  Bartholomew,  by 
detaining  him  in  the  royal  chamber  until  morning. 
With  Pare,  who  lived  little  more  than  300  years  ago, 
we  may  commence  to  date  the  achievements  and  tri- 
umphs of  modern  surgery.  Hitherto,  after  amputa- 
tions, the  bleeding-vesseis  had  generally  been  secured 
by  searing  them  with  cauterizing  irons,  or  by  dipping 
the  end  of  the  stump  iu  boiling  oil  or  molten  lead. 
Pare  revived  the  ligature,  which,  although  it  had 
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been  suggested,  and  probably  adopted  in  a  few  cases 
several  centuries  before,  had  been  forgotten  or  aban- 
doned by  liis  immediate  ]>red(u'essors.  Such  was  the 
mortality  under  the  old  process  of  securing  tlie  ves- 
sels, that  Ouy  de  L'hauliac  declared  it  was  better  to 
let  the  lirtib  ilroji  off  than  to  amputate  it  with  the 
knife  ;  and  he  advised  ligating  tirinly  at  the  nearest 
joint,  and  thus  to  cause  gangrene  and  sloughing  of 
the  limb  below.  Since  Pare  wrote,  great  improve- 
ments have  been  made  in  the  application  of  the  liga- 
tui'e,  and  its  usefulness  has  been  greatly  extemled  ; 
especially  is  it  jiroper  to  mention  its  application  lor 
the  reduction  of  vascular  tumors,  including  elephan- 
tiasis, for  the  relief  of  epilepsy,  and  for  various  other 
majadies  in  which  it  is  known  that  organs  are  suf- 
fering from  an  excess  of  blood  ;  but  the  greatest 
achievements  of  the  ligature  have  been  in  the  cure 
of  aneurisms."  —  F.  H.  H.^miltun,  M.  D. 

The  ligature  occasions  obliterations  or  adhesion  of 
the  arterial  parietes  by  cutting  through  the  middle 
and  internal  coats,  the  adhesion  being  tavorcd  by 
the  formation  of  a  coaguluui,  which  acts  in  some  de- 
gree as  a  bariier  against  the  impulse  of  the  blood, 
and  sub.seipiently  disappears  by  ab.sor|ition. 

Iiig'a-ture-car'ri-er.  A  surgical  instrument  with 
a  bent  stem  lor  passing  a  ligature  around  an  artery 

Fig   2944. 


which  is  to  be  ligated,  a  bone  which  is  to  be  divided 
by  a  chain-saw,  or  other  objei't  which  is  to  be  cut. 

In  the  absence  of  special  instruments  therefor,  the 
duty  is  performed  by  a  curved  needle  carrying  a 
thread. 

a,  Fig.  2944,  is  Post's  chain-saw  carrier,  h  is 
Tieniann's  instiunu'nt  to  carry  ligature  for  chain- 
saw,  f  is  an  aneurism  needle,  d  e  are  Mott's 
aneurism  needles.  /  g  h  are  Van  Buren's  artery- 
ligating  instruments,  i  is  Carrol's  knot-tyer.  j  is 
Gooche's  double  cannula  for  uterine  polypus,  k  is 
Charriere's  lengthened  chain-ecrasenr. 

Lig'a-ture-ty'er.  An  instrument  to  carry  flax 
or  silk  thread,  or  silver  wire,  for  tying  off  arteries, 


aneurisms,   tumors,  polypi,  or  piles,  etc.     See  Fig. 

2944,   LlliATfUE-CAKKIEK. 

In  Cairol's  ligature-tyer  (t.  Fig.  2944)  the  ligature, 
being  held  by  the  blunt  hooks,  which  are  at  right 
angles  to  the  branches,  is  readily  passed  around  the 
tumor,  and  the  instrument  withdrawn  ;  a  single 
knot  is  tied,  which  is  easily  slid  up  to  the  tumor  and 
tightened,  the  instrument  operating  after  Ww.  maimer 
of  a  glove-stretcher.  A  second  knot  is  tied  in  the 
same  manner,  and  with  almost  as  great  facility  and 
rapidity  as  coulil  be  achieved  by  the  lingers  in  an 
accessible  situation.  It  might  al.so  be  of  service  to 
tighten  a  ligature  upon  a  vessel  at  the  bottom  of  a 
deep  wound  where  the  lingers  cannot  be  readily  used. 

When  tlie  artery  alone  is  tied,  the  ligature  is  said 
to  be  iinmcclMtc.  When  any  of  the  surrounding 
parts  are  included,  it  is  said  to  be  incdiate. 

Lig'ger.  A  line  with  a  float  and  bait  laid  for 
night  fishing. 

Iiigllt.  1.  An  illuminating  body,  as  a  burning 
caudle,  lamp,  etc.  A  lime,  calcium,  electric,  Druni- 
niond,  oxyhydrogen,  etc.,  light.     See  list,  infra. 

A  calculation  of  the  respective  values  and  costs  of 
different  lighting  materials  is  as  follows  :  — 

Six  mold  candles  weighing  one  pound  will  burn 
forty  hours,  if  lighted  in  succession.  One  gallon  of 
sperm-oil,  burnt  during  the  same  time,  will  give  a 
light  e(pual  to  fifteen  of  such  candles.  Twelve  cubic 
feet  of  gas  will  give  a  light  e(iual  to  the  six  candle.s 
during  the  same  time. 

Prices  vary  at  times,  and  that  of  gas  varies  from 
11.70  to  17.00  for  1,000  feet  in  different  parts  of 
the  United  States,  but  at  the  prices  annexed  the  fol- 
lowing will  be  a  comparative  statement  for  forty 
hours'  burning  of  an  eipial  power  :  — 

15  pounds  of  speim-candles,  at  20  cents  §3.00 

1  gallon  spenn-oil,  at  S  2.00  .         .  2.00 

180  cubic  feet  of  gas,  at  13.00      .         .         .54 

2.  (Nautical.)     A  burning  lamp,  cluster  of  lamps, 
or  beacon  fire,  serving  as  a  warning  and  guide  to 
mariners  arriving  off  a  coast  or  in  the  neighborhood, 
of  dangerous  rocks  or  shoals.     See  Lighthouse. 

It  is  usually  displayed  liom  a  tower,  called  a  light- 
house, and  has  .several  variations,  incident  to  the  mode 
of  production  or  emission  and  direction,  and  to  the 
visible  cliivracteristics  by  which  the  mariner  distin- 
guishes one  light  from  another  when  arriving  off  a 
coast,  so  as  to  ascertain  his  geographical  position, 
and  his  bearings  as  to  his  port  or  course. 

In  early  times  the  light  was  a  fire  of  burning  wood. 
Such  were  the  lights  of  the  famous  Pharos  of  Alex- 
andria, and  the  Tour  de  t'orduan  at  the  mouth  of 
the  Garonne.  In  1812,  the  Lizard  Point  light,  Corn- 
wall, England,  was  maintained  with  coal  fires.  The 
same  may  lie  said  of  the  Isle  of  May  light.  Frith  of 
Forth,  Scotland,  in  1816.  This,  in  fact,  was  the  usual 
light  at  that  time  in  positions  readily  accessible. 

The  Eddystone  light  fii'st  consisted  of  tallow  cau- 
dles stuck  in  a  hoop,  and  afterwards  of  twenty-four 
wax  candles. 

The  Arijand  lamp,  invented  in  1784,  and  bearing 
the  name  of  its  distinguished  inventor,  rendered  a 
better  light  possible.     See  Aro.vnd. 

It  was  introduced  into  the  Tour  de  Corduan  soon 
after  its  invention,  and  associated  with  paraboloid 
reflectors  in  a  revolving  frame.  Tliis  is  the  catoptric 
system,  invented  by  Tulere  of  the  French  Royal  En- 
gineers of  Bridges  and  Koads.    See  C.VToI'TKIc  LlCHT. 

Argand  burners  and  paraboloid  reflectors  were  sub- 
stituted for  wax  candles  in  the  Eddystone  lighthouse 
in  1807. 

In  the  dioptric  light  the  beams  are  transmitted 
through  lenses,  instead  of  being  reflected  by  nnrrors. 
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Lenses  were  adopted  in  some  lighthouses  about 
175'2-59,  but  oning  to  the  miperl'ei-tions  of  glass 
and  manufacture,  they  were  not  in  nmch  favor  till 
the  improvements  of  Fresnel  about  1810.  See  DlOP- 
TRrc  Light. 

The  cata-dioptric  light  is  a  combination  of  the  two, 
as  its  name  indicates.     See  Cata-dioitkk'  Light. 

The  oxyhydrogcn  light  and  the  voltaic  light  from 
carbon  points  have  been  proposed,  owing  to  their 
brilliancy.     See  Electkic  Light. 

The  term  leading-light  indicates  such  a  disposition 
of  two  lights  on  di.stinct  towers  as  to  indicate  a  course, 
a  channel,  or  a  danger.     See  Lkadino-ltoht. 

A  floating  light  is  one  at  the  mast-head  of  a  vessel 
moored  on  a  spit  or  shoal  where  no  adequate  foun- 
dation exists  for  a  permanent  structure.  See  Float- 
Ixg-light. 

The  characters  of  the  light  furnished  to  the  mar- 
iner are  varied,  so  that  when  he  comes  in  sight  of  a 
given  light  he  may  tell  by  its  color  or  behavior  where 
he  is. 

These  distinctive  lights  are  thus  enumerated  :  — 


Fixed. 

Revolving. 
Intermittent. 


Flns'iing. 

Colored. 

Double. 


The  Jixed  light  gives  a  constant  and  steady  radi- 
ance. 

The  revolving  light  is  produced  by  the  revolution 
of  a  frame  \vith  three  or  four  sides,  having  retleetors 
grouped  on  each  side  witli  their  axes  parallel.  The 
frame  rotates  once  in  a  minute,  or  once  in  two  min- 
utes, as  may  be  required,  the  light  Huetuating  be- 
tween full  strength  and  total  darkness,  the  changes 
being  gradual.     See  Kevolvixg-i.ight. 

The  inleriniUent  light  is  ijroduc<'d  by  the  perpen- 
dicular motion  of  circular  shades  in  front  of  the  re- 
Hectors,  by  which  the  light  is  alternately  hiilden  and 
displayeil.  The  alternations  of  light  and  darkness 
are  sudden,  and  occur  at  intervals  of  about  thirty 
seconds. 

The  flashing  light  is  produced  by  a  revolving 
frame,  the  miiT0i"s  of  which  are  arranged  on  S  sides. 
The  redeetors  ou  each  side  are  arranged  with  their 
rims  or  faces  in  one  vertical  plane,  and  their  axes  in 
a  line  inclined  to  the  perpendicuhir.  This  disposi- 
tion, in  connection  with  the  rate  of  motion,  gives  a 
flash  of  light  every  5  seconds,  alternating  with  com- 
parative dimness,  There  is  no  eclipse,  but  a  pul- 
sating etiect  ;  bright  and  dim,  bright  and  dim. 
.  The  colored  light  may  be  of  various  colors,  but  for 
important  situations  and  distant  view  red  is  alone 
used.  A  variety  is  given  in  revolving  lights  by  al- 
ternating red  with  two  u-hiics  or  ont  tvUite,  or  tico 
reds  with  one  white.  Also  by  associating  a  red  and 
a  lohitc  light  in  a  double  liglU. 

Colored  media  ahsorb  so  much  light  as  to  detract 
from  their  usefulness.  They  have  been  generally 
discarded  in  French  lighthouses. 

The  double  light  is  exhibited  from  2  towers,  which 
may  be  of  equal  bight,  but  usually  differ  in  hight. 
It  is  used  as  another  mode  of  mnrking  a  particular 
headland,  as  at  the  Lizard  Point  and  Calf  of  Man, 
in  British  waters.  It  alsoattbrds  a  leading  light,  as 
the  conjimction  of  the  two  lights  in  one  line  is  made 
to  indicate  a  course  or  a  warning.  See  DorBLE 
Light. 

These  lights  may  be  variously  combined.  The  ca- 
toptric admits  of  the  following  varietv  :  — 

1.  Fi.xed. 

2.  Revolving  white. 

3.  lievolving  reil  and  white. 

4.  Revolving  red  with  two  whites. 

5.  Kevohing  white  with  two  n-ds. 


6.  Flashing. 

7.  Intermittent. 

8.  Double  hxed. 

9.  Double  revolving. 

The  variations  in  the  dioptric  lights  are  flxed  and 
revolving ;  the  main  diKtinetious  of  the  latter  being 
founded  upon  the  time  between  flashes. 

According  to  the  British  and  French  regulations, 
vessels,  between  sunset  and  sunri.se,  are  ordered  to 
carry  lights  as  follows  ;  — 

A  green  lamp  on  the  starboard  side  and  a  red  light 
on  the  port  side,  visilde  throughout  an  arc  of  10 
points  from  right  ahead  to  2  points  abaft  the  beam. 
An  inboard  screen  prevents  the  light  from  being 
seen  from  the  opposite  side.  Steamships,  in  addi- 
tion, carry  a  white  light  at  the  foremast  head,  visible 
through  an  are  of  20  points,  extending  between 
points  2  points  abaft  the  beam  on  each  side. 

Steam  vessels  towing  other  vessels  to  carry  two 
foremast  head-light.s,  in  addition  to  the  side  lamps. 
Vessels  at  anchor  to  carry  a  white  light,  visible  all 
round,  and  not  exceeding  20  feet  above  the  hull. 

3.  (Shipbuilding.)  An  opening  in  the  deck  or 
side  of  a  vessel,  as  drek-light,  etc. 

A  side-light  is  also  known  as  a  light-port.     The 
I  water-tight   shutter   by   which   it    is   protected   in 
stormy  weather  is  known  as  a  dead-light. 
j       4.   A  pane  of  glass. 

1      Light  and  Pho'tic  Ap-pli'an-ces.     See  under 
i  the  loUowing  heads  :  — 


Aphlo^stic  lamp. 

Argand-burner. 

Arganil-iamp. 

Argand  gas-burner.' 

A?tral-lanip. 

Beale-light. 

Bcuf^l-litrht. 

Blut-light. 

Boccius-lanip- 

Bracket. 

Branch. 

BuJe-lamp. 

BuU"s-eyc. 

Burner. 

Calcium-light. 

Candelabrum. 

Candle. 

Caudle-mold. 

Candle-stick. 

Carbon-light. 

Carbureticg-machine 

Cata-dioptric  light. 

Catoptric  light. 

Chandelier. 

Cigar-lighter. 

Clock-work  lamp. 

Colored  hght. 

Cresset. 

Cric. 

Dnrk-lantem. 

Pavy-lamp. 

Deck  and  side  light. 

Deflector. 

Dioptric  light. 

Dbbereiner's  lamp. 

Double  light. 

Drop-light. 

Drummond-light. 

Electric  light. 

Elcctrophorus. 

Extinguisher. 

Fan-light. 

Fantail. 

Fishtail-bumer. 

Fixed  light 

Fla-shing  Ught. 

Flash-pipe. 

Floating-light. 

Foot  light 

Fountain-reserroir  lamp. 

Ga5. 

Gas-alarm. 

Gasalier. 

Gas-bracket. 

Gas-burner. 

Oas-!i,ghter. 

Gas-lighting  by  elcctri''ity. 


Grt^-torch . 

Girandole 

IlcaJ-light. 

Ilolophotal  light. 

Hydrocarbou-bumer. 

llydrogcn-lamp. 

Hydrostatic  lamp. 

llluminating-clocka. 

Illuminator. 

Insict-trap  lantern. 

In'ermittcnt  light. 

Lamp. 

Lamp-burner. 

Lamp-chimney. 

Lamp-chimney  ajjur.tcr. 

Lanip-cone. 

L-imp-clevator. 

Lamp-liacger. 

Lamp-post. 

Lamp-shade. 

Lamp-tongs. 

Lamp-wick. 

Lantern. 

Leading-light. 

Light. 

Light-ball. 

Light-barrel. 

Lighter.     Gas 

Lighthouse. 

Lighting-devices, 

Lighting  gas  by  electricity. 

Light-room. 

Light-ship. 

Lime-light. 

Link. 

Lucifer. 

Luciuieter. 

Luster. 

Magnesium-lamp, 

Magne-ium-light. 

Match. 

Match-box. 

Match-boxing  machine. 

Match-sate. 

Mechanical  lamp. 

Night-light. 

Nursing-lamp. 

Oxycalcium-light. 

0-xyhydrogen-light. 

Parachute-light. 

Petroleum-burner. 

Petroleum-lamp. 

Photics. 

Photometer. 

Promethean. 

Punip-I:unp. 

P.wiiphorus. 
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Solar-lamp. 

Submarine  lamp. 

Tar-lamp. 

Torch. 

Vapor-burner. 

Vault-light. 

Voluiic  light. 

Wick. 

Wick-trimmer. 

Zircuuia-light. 


Pyrotechnics. 

Reflector. 

Revolving-light 

Rush-light. 

Safety-lamp. 

Sconce 

Shade-lamp. 

Signal-lamp. 

Sinumbra-lamp. 

Skylight. 

Snuffers. 

Light-ball.  (Urdnancc.)  The  ordinary  light- 
ball,  wliicli  has  bsKii  in  military  use  for  eenturies, 
consists  of  a  canvas  sack  of  elongated  slia]ie,  tilletl 
witli  a  combustible  ami  ilUuninatiiif;  comjinsition. 
It  is  useil  for  lighting  up  woiks  in  siegi's,  and  also 
for  discovering  the  position  of  an  enemy  ;  in  the 
latter  case  it  is  charged  witli  a  shell  to  prevent 
its  being  approached,  and  is  fired  from  a  piece  of 
ordnance.  As  from  its  position  on  the  ground  it 
can  illuminate  but  a  limited  area,  parachute  light- 
balls  have  been  proposed.  That  of  Sir  William 
Congreve  was  to  be  attached  to  a  rocket,  (ieneral 
Bo.xer's  light-ball  was  adopted  into  the  British  ser- 
vice in  ISoO.  It  consists  of  a  mass  of  sulphur,  salt- 
peter, and  red  orpimcnt,  inclosed  in  a  hemisplieri- 
cal  case  of  tinned  iron,  which  is  attached  by  chains 
and  cords  to  a  large  calico  parachute  tliat  is  com- 
pressed into  a  similar  hemisplierieal  casing,  the  two 
forming  a  sphere,  having  an  annular  depression  sur- 
rounding it.  A  second  tinned-iron  case  fits  over  the 
first,  ami  has  a  fuse  coinmunicating  with  a  train  of 
(^lickinatch  in  the  annular  groove  before  mentioned, 
and  also  with  the  bursting  charge.  This  projectile 
is  fired  from  a  mortar. 

Light-bar'rel.  An  empty  barrel,  pierced  with 
hol(-s  and  filled  with  tarred  shavings,  to  light  up  a 
brearli. 

Light-boat.  A  vessel  carrying  a  warning  light. 
See  Liiiiir-snii'. 

Light'en-ing.  The  peculiar  brightness  of  silver 
at  the  inomeut  when  the  ma.\imum  of  purity  is  at- 
tained. 

"  The  moment  when  the  oxidation  of  the  lead 
ceases,  and  when  conseipiently  the  cu[)ellation  is 
finished,  is  marked  by  a  peculiar  appearance  called 
lightening.  During  the  whole  period  of  oxidation, 
the  metallic  bath  appears  more  brilliant  than  the 
walls  of  the  furnace.  Its  temperature  is  in  fact 
higher  ;  for  not  only  does  it  share  in  the  heat  of  tlie 
furnace,  but  its  temperature  is  also  raised  by  the 
heat  disengaged  by  the  chemical  combination  of  the 
lead  with  the  oxygen.  When,  however,  the  lead  is 
completely  oxidized,  the  second  source  of  heat  no 
longer  exists  ;  the  disk  of  metallic  silver  soon  sinks 
down  to  the  temperature  of  the  furnace,  and,  instead 
of  being  as  brilliant  as  before,  it  becomes  dull.  On 
the  other  hand,  at  the  mom(;iit  wlien  the  last  traces 
of  lead  oxidize,  tliere  is  on  the  surface  of  the  metallic 
bath  only  a  thin  pellicle  of  fused  litharge  ;  this 
quickly  becomes  thinner  and  thinner,  and  presents 
in  vapid  succession  the  colors  of  thin  plates  oi-  of  the 
soap-bubble,  tlien  becomes  torn  up  like  a  veil,  and 
discloses  the  surface  of  the  silver  beneath." —  Reg- 
SAVVT. 

This  develo]inient  of  purity  and  capacity  for  per- 
fect rertection  in  the  silver  from  which  all  dross  has 
been   removed,   is   a   favorite   simile   in   the   Bible, 

where  the  *'  re- 
Fig.  2945.  finer  and  puri- 
fier of  silver" 
is  represented 
as  "sitting" 
watching  the 
process,  whose 
Lighter.                         success   is  evi- 


Gas-Lighting  Torch. 


deuced  by  the  perfect  rcHec-  Rg-  29*IJ- 

tion    of    the    Master's    face. 
Fulguration. 

Light'er.  1.  (Vessel.)  a. 
A  liaige  lor  transporting  iner- 
chandi.se  and  stores,  on  rivers 
and  canal.s,  over  bars,  and  to 
and  from  vessels  moored  in  a 
stream,  or  where  they  cannot 
be  laden  from  or  discharged 
on  to  a  wharf  or  pier  along- 
side. 

b.  A  craft  for  taking  a  part 
of  the  burden  of  a  vessel  to 
assist  it  over  shoal  places. 
In  the  example,  the  lighters  _ 
aie  attached  to  the  boat's  sides 
by  transverse  braced  beams 
and  bolts,  extending  through 
the  sides,  and  act  as  camels. 

2.  A  torch  or  electrophorus 
for  lighting  gas.  An  nllu- 
mcltc  for  lighting  lamps  or 
candles.  The  example  is  a 
torch  for  street-lamps.  The 
lamp-frame  has  a  small  trap- 
door at  the  bottom,  through 
which  the  hook  is  introduced 
to  turn  the  cock  by  its  liell-crank  lever.  The  torch 
lamp  is  protected  by  a  cylinder,  whose  pei  I'orations 
are  large  enougli  to  allow  passage  of  infiamed  gas. 

Light'er-scre'w.  (.Milliiig.)  A  screw  for  ad- 
justing the  relative  distances  of  the  runner  and  bed- 
stone. The  runner  rests  on  a  spindle,  which  is  sup- 
ported on  a  bridye-lree  ;  the  lighter-screw  raises  and 
lowers  the  latter.     See  Gi;indixc.-mill. 

Light'house.  The  ancient  word  Pharos,  a  light- 
house, is  probably  derived  from  Phrah,  the  Egyptian 
god  personating  the  sun. 

rthah,  in  the  Egyptian  mythology,  was  the  em- 
bodiment of  .stability.  The  essential  portion  of  the 
figure  strikingly  resembles  the  figure  of  the  Eddy- 
stone  lighthouse,  which  Smeaton  derived  from  the 
observation  of  the  trunk  of  a  tree.  The  figure  («, 
Fig.  2947)  is  shown  di\'ested  of  the  arms  and  head- 
dress of  the  god  whom  it  shrouds. 

The  most  celebrated  lighthouse  of  antiquity  is 
that  erected  on  the  island  of  Pharos,  harbor  of  Alex- 
andria. It  was  built  by  the  orders  of  Ptolemy  Soter, 
by  the  architect  Sostratus,  and  hiiished  under  Ptol- 
emy Philadelphus,  280  B.  c.  The  wonderful  energy 
of  Alexander's  mind  seems  to  have  comprehended  all 
at  a  glance.  He  visited  the  little  town  of  Rhacotis, 
saw  his  superb  city  as  by  a  dream  of  enchantment, 
his  Macedonian  mantle  covering  the  ground  between 
the  river  and  Lake  llarcotis.  He  gave  his  orders  to 
Dinocrates,  the  architect  of  the  temple  of  Diana  at 
Ephe.sus,  settled  the  main  details  of  the  plan,  and 
never  saw  the  place  again. 

The  Pharos  was  450  feet  high,  and  the  light  was 
vi.sible  at  a  distance  of  42  miles  (300  stadia,  Josc- 
phiis).  It  was  built  of  white  marble,  and  cost  800 
talent.s,  §825,500,  if  the  talents  were  Attic.  It  was 
formed  in  several  stories,  decreasing  in  dimensions 
I  towards  the  top,  where  fires  were  lighted  in  cressets. 
The  ground-plan  was  hexagonal,  the  sides  alternate- 
ly concave  and  convex  ;  each  a  stadium  in  length  ; 
tile  2d  and  3d  stories  w'cre  of  the  same  form  ;  the  4th 
was  scpiare,  with  a  round  tower  at  each  angle.;  the 
5th  circular,  continued  to  the  top,  to  which  a  winding 
staircase  conducted.  The  whole  was  surrounded  by 
a  sea-wall,  and  was  on  the  right  hand  of  the  harbor- 
entrance,  opposite  the  promontory  of  Lochias,  on 
which  was  the  royal  palace. 
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Fires  were  kept  lighted  on  the  summit,  and  it  was  ArganJ  lamp  and  parabolic  reflectors.     The  change 

inscribed,  "  King  Ptolemy  to  the  gods,  the  saviors,  was  made  in  1S07. 

tor  the  benefit  of  sailors."    Sostratus  carved  his  own  The   Bell  Kock  lighthouse  (c),  on  tlie  rock  once 

name  beneath  and  tilled  it  with  mortar,  upon  which  called  the  Inch-Capc  and  celebrated  in  a  ditty  by 

Ptolemy's  name  was  inscribed.     In  process  of  time  Southey,  was  erected  1S07-10.     The  roc'k  is  off  the 

the   mortar  scaled  oH'  and  brought  the  name  of  the  Frith  of  Forth,  and  is  230  x  427  feet,  eleven  miles 


architect  to  the  surface.  'X'he  tower  fell  A.  D.  13ii:3 
Other  ancient  lighthou.ses  were  situated  at  Mes- 
sina, Ostea,  Kavenna,  Puteoli,  Caprea,  Khodes,  Do- 
ver, the  Thracian  Bosphorus.  'The  light  in  each 
was  obtaine<l  by  fires. 

During  the  Sa.\on  rule  in  England,  beacons  wei'e 
erected  to  direct  navigation,  and  personswere  appoint- 
ed to  keep  them  iu  order.  The  expense  was  defrayed 
by  the  county.  Pitch  boxes  were  made  use  of  in 
the  reign  of  Edward  III. 

The  Eddystone  lighthouse  (i)  is  erected  upon  a 
rock  of  that  nanieten  miles  from  shore,  off  Plymouth, 
England.  A  lighthouse  w;is  built  on  the  spot, 
1696  -  99,  by  Winstanley,  who  perished  with  it  in 
a  storm,  November  27,  1703.     Rebuilt  of  wood  in  a 

Fig.  2947. 


a,  the  EiTvptiau  Pthah. 

6,  the  Ejdystone  Lighthou.se. 


c,  the  Bell  Rock  Lishthoiise. 
rf,  the  Skerrjvore  Lighthouse. 


fiom  land.  The  surface  is  bare  at  low  water.  The 
lighthouse  is  built  in  the  manner  of  the  Eddystone, 
the  stones  being  joggled  together,  and  the"  layers 
doweled  together  by  tree-nails.  Holes  were  bored 
in  a  circle  of  36  feet  diameter,  and  pieces  of  timber 
50  feet  in  length  inserted  to  sup])ort  a  temporary 
shelter  for  30  workmen  during  the  summer  months. 
The  sti-uctnre  is  42  feet  diameter  at  the  base,  13  feet 
at  the  top.  The  lower  solid  portion  is  30  feet;  total 
liight,  115.     The  door  is  30  feet  from  tlie  base. 

The  lantern  is  12  feet  in  diameter,  15  feet  high, 
has  a  balcony  around  it,  is  framed  of  cast-iron,  and 
has  plate-glass  sides,  the  jianes  being  27  x  30  inches. 

The  light  is  a  catoptric,  the  iiaraljolic  reflectors 
being  24  inches  across.  It  is  visible  18  or  20  miles 
distant. 

The  light  is  a  revolving  red  and  vhitc  light,  and  is 
produced  by  the  revolution  of  a  lianic  containing 
si-xteen  Argand  lamps  placed  in  the  foci  of  jjaraboloi- 
dal  mirrors,  arranged  on  a  quadrangular  frame,  whose 
alternate  faces  have  shades  of  red  glass  placed  before 
the  reflectors,  so  that  a  red  and  a  white  light  are  shown 
successivelv.    The  ma- 
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chinery,  which  causes 
the  revolution  of  the 
frame  containing  the 
lamjis,  is  also  applied 
to  tolling  two  large 
bells,  in  order  to  give 
warning  to  the  man- 
ner of  his  a]tproach  to 
the  rock  in  fogg\- 
weatiier.  The  erection 
of  the  Bell  Rock  light- 
lion>:e  cost  £61,331  9s. 
2  d.  Allan  Stevenson, 
engineer. 

The  Skerryvore  tow- 
er (rf)  is  138  feet  6 
inches  high,  42  feet  in 
diameter  at  the  base, 
and  16  feet  at  the  top. 
Total  hight,  158  feet. 
It  contains  58,580  cu- 
bic feet  of  masonr\-. 

The  light  of  Skerry- 
vore is  revolving,  and 
reaches  its  brightest 
state  once cvcryminute. 
It  is  produced  by  the 

revolution  of  eight 
1    great  annular  lenses 


different  form  by  Eudyard,  1706,  and  burnt  1755. 
Belmilt  by  Smeaton  of  dovetailed  and  metal-bound 
granite  blocks,  1757. 

The  surface  of  the  rock  was  irregular  and  inclined. 
It  was  cut  into  steps,  the  risers  of  which  were  notched 
so  as  to  form  dovetailed  mortises  for  the  similarly 
shaped  blocks  of  the  stones  in  the  course  which  in- 
terlocked with  it.     Each  block  had  a  level  bearing, 
and  the  outside  pieces  were  guarded  by  a  border  of 
rock  which  rose  around  them.    The  stones  in  a  course 
were  dovetailed  together  and  additionally  secured    ' 
by  cramps.    The  respective  courses  were  secured  t" 
those    above    and    below    by 
dowel-pins  consisting  of  tree- 
nails. 

Si.x  courses  (S  ft.  4  iu. )  brought 
the  structure  to  a  level  surface, 
eight  other  courses  are  solid, 
and  from  this  point  the  struc- 
ture is  made  hollow.  The 
hight  of  the  tower  and  lantern 
is  85  feet  7  inches.  It  was 
built  in  421  working-days,  be- 
ing finished  October  16,  1757. 

The  light  was  originally  a  chandelier  with  twenty-  1  around  a  central  lamp  with  four  wicks,  and  belongs 
four   candles.      It  is  now   a   catoptric  light,  —  an  i  to  the  first  order  of  dioptric  lights  in  the  system  of 
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Fresnel.  It  may  be  seen  from  a  vessel's  deck  at  the 
(listanci!  of  eij^liteeii  iniles.  Tlie  entire  cost  of  the 
lighthonse,  including  the  purchase  of  the  steam-ves- 
sel, and  the  bnildiiig  of  the  harbor  at  Hynish  for  the 
reception  of  the  small  vessel  vvhicli  now  attends  the 
lighthouse,  was  £80,977  17s.  Id. 

The  Tour  de  Curduan  is  the  most  magnificent 
lighthouse  of  modern  times.  It  is  .situateil  on  a 
rock  at  the  mouth  of  the  Gironde,  one  of  the  most 
important  rivers  of  France.  This  tower  is  182^ 
Englisli  feet  in  hight,  and  is  built  in  the-Ornante  Rii- 
naissance  style  of  the  lu-riod.  It  was  commenced 
under  the  reign  of  Henry  II.,  in  1584,  and  finished 
in  that  of  Henry  IV.,  in  1510.  The  architect  was 
Louis  Le  Foix.  * 

The  commercial  city  of  Bordeaux  is  situated  upon 
the  river  70  miles  from  its  mouth,  and  at  the  time 
the  lighthouse  was  built  it  had  another  special  value, 
as  it  was  a  part  of  the  projected  chain  of  water- 
courses connecting  the  Bay  of  Biscay  witli  the  Med- 
iterranean. This  was  effected  shortly  afterward  by 
the  canal  of   Langue 


doc,  which  is  1.50  miles 
in  length,  and  unites 
the  Garonne  with  the 
Mediterranean. 

The  island  rock  on 
which  the  tower  i.s 
built  is  dry  only  at 
low  water,  at  which 
time  a  surface  of  1,500 
X  3,000  feet  of  rock  is 
exposed.  Upon  this 
the  circular  base  of  the 
tower  is  founded,  be- 
ing 135  feet  in  diame- 
ter, and  built  up  solid, 
except  a  cistern  for 
fresh  water  and  an 
opening  for  the  stairs, 
which  commences  at 
high-water  mark.  The 
op.3ning  is  closed  by 
heavy  doors,  and  is 
reached  by  a  fixed 
ladder  from  the  rock 
below,  atlowerstatesof 
the  tide.  The  sides  of 
the  circular  base  have 
a  batter  of  10  feet, 
and    around    the 
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Tour  de  Cnrdiinn  { Section) 

feet  diameter  tlnn  made,  is  a  wall  12  feet  thick  at 
its  base  and  12  feet  high. 

On  the  central  circulnr  area  of  100  feet  diameter 
is  erecteil  the  tower,  which  has  50  feet  diameter  at 
the  base,  and  has  several  stories  diminishing  towards 
the  summit.  The  lower  story  is  Doiic,  the  2d  and 
3d  Ionic,  the  4th  Corinthian,  the  5th  Composite. 
The    interior   was   handsomely  decorated   and    fur- 


nished ;  the  a])artments  of  the  1st  and  2d  stories 
being  finished  for  domestic  use,  store-rooms,  etc.  : 
the  3d  was  a  handsome  circular  chai)el,  31  feet  in 
diameter,  and  having  a  dome  40  feet  high.  Upon 
this  was  erected  the  Corinthian  cupola  27  feet  high, 
which  was  21  feet  in  diameter,  had  a  stone  balus- 
trade around  it,  and  supported  the  lantern,  which 
formed  the  summit  and  was  5  feet  internal  diameter, 
9  feet  externally,  and  17  feet  high. 

When  this  tower  was  erected  the  light  was  made 
by  blazing  wood,  which  was  burnt  in  the  lantern  in 
a  cresset.  Coal  was  afterwards  substituted.  The 
smoke  rose  through  an  o])ening  IS  inches  in  diame- 
ter in  the  rlome  of  the  lantern,  passed  into  a  finial 
chamber  above,  and  escaped  by  side  openings. 

In  1727,  the  lantern  was  destroyed,  and  an  iron 
one  substituted  by  M.  Betri. 

In  1780,  the  catoptric  .system  of  lighting  was  in- 
troduced by  Borda,  an  Argand  burner  being  plactjd 
in  the  focus  of  a  parabolic  nurror  formeil  ol'  copper 
plated  with  .silver.  The  focal  length  was  about  4 
inches,  the  diameter  of  the  outer  edgi'  21  inches. 
The  beam  of  projected  light  was  a  cylinder  eipial  to 
the  diameter  of  the  mirror.  This  being  too  partial, 
a  divergence  of  40"  was  given  to  the  rays  by  remov- 
ing the  burner  a  short  distanci-  from  the  true  focus. 
Other  parabolic  reflectors  were  afterwards  added. 
The  frame  was  turned  to  make  the  light  revolve. 

The  dioptric  system  of  Fresnel  was  eventually 
ado]ited,  about  1810,  and  is  likely  to  remain  intact 
lor  many  years,  though  the  electric  light  may  super- 
sede the  Argand  burner  which  he  used. 

The  lenses  of  the  Tour  de  Corduan  project  a  cone 
of  light  erjual  in  intensity  to  eight  mirrors  of  the 
best  kind.  In  the  revolving  dio]itric  system,  the 
frame  which  carries  the  lenses  has  eight  sides,  to 
each  of  which  one  lens  is  attached.  The  whole  is 
so  arranged  th;it  all  the  axes  of  the  lenses  are  in  the 
same  horizontal  plane  and  meet  in  the  common  fo- 
'cus,  where  the  burner  is  situated,  forming  one  large 
octagonal  prisrn. 

To  prevent  loss  of  light,  a  second  frame  is  placed 
above  the  first,  the  sides  of  which  forn)  the  frustum 
of  an  octagonal  pyramid,  and  incline  50° ;  on  each 
of  these  sides  is  another  len.s,  having  its  focus  in  the 
(lame  of  the  lamp.  The  rays  which  fall  on  the  in- 
clined lenses  are  refracted  jiarallel  to  the  axis  of  the 
lens,  and  are  then  reflected  into  the  horizontal  di- 
rection by  plane  mirrors  placed  above  the  upper 
frame. 

Tliis  arrangement  of  upper  lenses  and  mirror  was 
afterward  superseded  by  another  elegant  contiiv- 
ance  of  Fresnel's.  A  serii's  of  triangular  pri.sms 
had  their  axes  arranged  in  hoiizontal  jilanes,  and 
so  adjusted  that  the  light 
falling  on  the  face  next  the 
flame  was  thrown  upon  the 
back  of  the  jirisin,  where  it 
was  totally  reflected;  and 
by  a  second  rel'raction  at  the 
third  side  of  the  pri.sin,  it 
olitained  its  horizontal  direc- 
tion. 
N^-1.- -.t»^  Yf,Y  fixed  dioptric  lights, 
the  lenses  are  combined  into 
a  cylinder  which  makes  an 
equal  dispersion  at  all  points  of  the  horizon.  The 
.refracting  apparatus  of  numerous  lenses  arranged 
polygonally  has  given  way  to  the  cylindrical  lens. 
See  Dioptric  Sy.strm  of  Lighting. 

Fresnid's  adaptation  of  the  Argand  lain]>  consists 
of  four  concentric  linrners  protected  from  excessive 
heat  by  a  superabnndiint  supply  of  oil  which  is 
pumped  into  the  wick-tul)es,  and  constantly  overflows. 
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The  oil  of  colza  {Brasskn  campestris)  is  u.serl,  aiul 
abundant  ventilation  is  allordeil  by  a  lofty  chimney. 
The  first  scrcw-iiile  lighthouse  actually  erected 
prior  to  February,  1S41,  was  at  Port  Fleetwood,  near 
Lancaster,  England.  The  screws  which  entered  the 
bed  of  the  river  supported  piles  having  screws  at 
their  upper  ends,  to  which  the  timber  columns  sup- 
porting the  frame  of  the  superstructure  were  se- 
Ciir.'d.  These  were  united  together  by  diagonal 
bi-a^'es  extending  from  the  foot  of  one  to  the  top 
of  another.  The  first  cast-iron  lighthouse  was 
put  up  at  Point  Morant,  Jamaica,  in  1S42.  The 
tower  is  formed  of  9  tiei-s  of  plates,  10  feet  high 
and  f  inch  thick,  united  to  each  other  by  bolts 
and  flanges  on  the  in- 
Fig.29DD  side.   Tlie  plates  of  each 

tier  have  a  common 
radius.  It  was  filled 
in  with  masonry  and 
concrete  to  the  hight 
of  27  feet,  and  rested  on 
a  granite  foundation. 

Its  total  iiight  was 
96  feet,  the  upper  and 
lower  diameters  being 
respectively  IS  feet  6 
inches  and  11  feet. 

Fig.  2950  is  a  cast-iron 
lightliouse  on  a  plan 
similar  to  the  foregoing, 
subsequently  erected  at 
Bermuda.  It  is  lOo  feet 
9  inches  in  hight,  the 
lower  diameter  being  24 
feet  in  addition  to  the 
flanges  by  which  the 
plates  of  each  tier  are 
secured  to  each  other, 
and  those  which  united 
the  successive  tiers. 
They  are  strengthened 
by  angular  feathers  J 
inch  thick. 

Fig.  2951  represents 
one  of  two  similar  light- 
houses erected  bv  the 
L^nited  States  govern- 
ment at  Trinity  Shoals 
and  Timbalier,  in  the 
Gulf  of  ilcxico.  It  is 
supported  upon  9  screw- 
piles,  —  a  central  one 
surrounded  by  8  others 
at  distances  of  some- 
what less  than  15  feet 
4  inches,  —  each  being 
20  feet  distant  from  the 
central  one,  and  secured 
Iron  Lighthouse*  Bermufla.  .  together  at  the  ground 
by  adjustable  wrought- 
iron  links,  and  above  by  diagonal  braces,  and  bv 
radial  struts  to  the  central  pile.  The  summit  (if 
each  pile  is  encased  in  a  cast-iron  socket  for  receiv- 
ing the  column  and  the  radial  and  diagonal  braces. 
The  jointed  columns  whii-h  support  the  lantern  have 
a  similar  pi-ovision  for  their  diagonal  braces,  the  ar- 
rangement of  whi.h  will  be  understood  from  the 
illustration.  The  different  series  of  colunms  are 
joined  together  by  sleeves.  The  first  series  above 
the  foundation  is  20  feet  long,  the  .■second  15  feet, 
the  next  two  IS  feet,  the  fourth,  fifth,  and  sixth  be- 
ing respectively  15  feet  6  inches,  14  feet,  and  12  feet 
6  inches.  The  columns  of  the  first  series  are  of 
wronght-iron,   forged  tapering ;  those  above  are  of 


hollow  cast-iron,  each  series  successively  decreasing 
in  diameter.  Tlie  lantern  is  supported  on  a  cylin- 
der of  boiler-iron  resting  on  a  platform  at  the  top  of 
the  columns. 

Fig.  2951. 


Li^hthoKse  at  Trinity  Shoals. 


The  following  is  a  list  of  the  electric  lights  in 
England  and  France,  with  the  dates  at  which  they 
were  erected  :  Dungeness,  January,  1S62  ;  Cape  La 
Heve,  France,  South  Light,  December,  1863,  North 
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Light,  November,  1866  ;  Cape  Grisnez,  France,  Feb- 
ruary, 1869  ;  Souter  Point,  England,  January,  1871  ; 
South  I'oreland,  England,  with  two  lights,  .lanii- 
ary,  1872,  in  tlie  tirst  |ilii<e  in  1858-60  by  Prolcs- 
.sor  Holmes,  and  afterward  England  took  the  lead  in 
this  matter  of  the  adaptation  of  electrie  illumination 
to  lighthouse  ]nirposes.  Tlie  lii.shop  rock  light,  Scilly 
Islands,  the  old  Cassiterides  of  Herodotus,  145  feet  I 
high,  cost  .4' 36,551).  In  the  British  Isles  there  are 
357  shore  lights  and  47  floating  lights.  The  French 
have  224  shore  lights.  The  average  annual  expense 
in  England  of  a  shore  light  is  £  500  ;  of  a  floating 
light,  £  1,200. 

The    lighthouses   of  the   world  are  estimated  at 
2,814. 

I'able  of  the  Visible  Distance  of  Objects  in  Geographi- 
cal or  Nautical  Miles. 


d 

*3    *^ 

si 

a 

u 

a 

ii 

.9      '    S " 

a 

aS 

■a  S 
33 

5.H 

11 

5         ia.a 

•  .663 

1 

11 

4.08 

30 

6.74 

150    15.07 

1 

1.23 

12 

4.26 

35 

7.28 

200     17.4 

2 

1.74 

13 

4.43 

40 

7.78 

300    21.32 

3 

2.13 

14 

4.6 

45 

8.25 

400     24.64 

4 

2.46 

15 

4.77 

50 

8.7 

500    27.52 

5 

2.75 

16 

4.92 

55 

9.13 

1,000    38.92 

6 

3.01 

17 

5.07 

60 

9.53 

2,000  ,  5,5.04 

7 

3.25 

18 

5.22 

70 

10.29 

3,000    67.41 

8 

3.48 

19 

5.36 

80 

11.01 

4,000     77.84 

9 

3.69 

20 

5.5 

90 

11.68 

5,000    87.03 

10 

3.89 

25 

6.15 

100 

12.31 

Imile.    89.43 

*  For  .a  geo!;raphic,al  or  nautical  mile,  the  curvature  equals 
7.982  incbes. 

Light'lng.  {Metallurgy.)  Heating  metal  and 
allowing  it  to  cool  gradually.  Annealing.  The 
term  is  especially  applied  to  the  heating  after  ham- 
mering or  rolling,  to  restore  ductility. 

Light'ing-de-vi'ces.  1.  Two  pieces  of  wood 
may  lie  rubbed  togi'ther  so  as  to  char  the  frictional 
surfaces  and  eventually  produce  flame.  This  may 
be  assisted  by  tinder,  punk,  etc,  which  readily  take 
tire.  - 

2.  Iron  may  be  hammered  till  it  acnuires  a  red 
heat,  and  is  capable  of  liring  combustible  m.itters. 

3.  Steel  struck  by  a  flint  yields  sparks,  which, 
falling  upon  charred  linen,  cause  it  to  burn  suHi- 
ciently  to  inflame  sulphur. 

This  device  amplirted  gave  rise  to  the  miner's 
steel  mill. 

4.  The  miner's  steel  mill,  as  it  is  called,  has  a 
steel  wheel  rapidly  revolved  by  gearing  and  hand- 
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Ste<l-Mi(t  and  Dobereiner' s  Lamp. 

crank,  its  periphery  being  in  contact  with  a  flint 
lixed  to  a  holder  on  the  frame.  It  was  operated  by 
a  child,  who  waited  upon  the  miner  and  lighted  him 
at  his  work. 

It  was  superseded  by  the  safety-lamp  of  Sir  Hum- 
phry Davy.     See  S.\kety-la.mp. 


5.  Alum,  sugar,  and  flour,  when  mixed  and  cal- 
cined, have  .-1.  tendency  to  take  tire  when  exposed 
to  the  atmosphere.  Hence  Hctmbergs  pyrophorus. 
See  I'Yiioi'HOiiu.s. 

6.  (_'hloratc  ol'  [lotash  mixed  with  sugar  kindles 
into  llanie  on  the  contact  of  .sulphurii:  acid.  The 
niatelies  were  dipped  succes.sively  in  melteil  sulphur 
ami  then  in  chlorate  of  potash,  and  were  ignited  by 
pressing  the  prepared  ends  upon  a  sponge  of  asbes- 
tus  saturated  with  sulphuric  acid  and  placed  in  a 
bottle.     Tliis  was  tlie  Promethean. 

7.  Phosphorus,  placed  between  the  folds  of  a  piece 
of  paper  and  rubbed  to  and  fro,  will  heat  suffi- 
ciently to  kindle  a  sulphur  match.  Hence  the 
2)lwsp/iorus  light  in  use  in  1675. 

8.  The  phosphoric  tapers  were  of  wax,  having 
wicks  coated  with  phosphorus.  They  were  inclosed 
in  glass  tubes  herinetically  .sealed.  They  were  ig- 
nited by  cutting  olf  the  end  of  the  tube  with  a  file, 
when  the  phosphorus  became  ignited  by  the  action 
of  the  air. 

9.  The  phosphorns  bottle  was  a  small  vial,  into 
which  a  piece  of  phosphorus  was  placed  and  stirred 
around  with  a  hot  wire.  The  phosphorus  being  jiar- 
tially  burnt  einitti'd  fumes  which  coated  the  inside 
of  the  vial  with  oxide  of  phosphorus.  The  vial  was 
then  tightly  corki'd.  In  use,  a  match  dipped  in 
sulphur  was  dipped  into  the  jihospliorus,  and  flame 
resulted  from  the  energetic  action  of  the  two. 

To  expedite  the  flame,  the  match,  after  dipping, 
was  rubbed  on  the  cork  or  a  piece  of  wood. 

10.  When  cliromic  aciil  is  brought  in  contact  with 
alcohol  it  parts  with  its  oxygen  so  rapidly  as  to 
cause  ignition.  Mix  gently  in  a  mortar  a  small  por- 
tion of  chromic  acid  and  one  fourth  the  quantity  of 
powdered  eaniiihor  ;  a  few  drops  of  alcohol  drojiped 
U[ion  it  from  considerable  higlit  will  cause  ignition 
and  deflagration. 

11.  Phosphorus  and  chlorate  of  potash  rubbed  to- 
gether in  a  mortar  will  explode. 

12.  Potassium  has  such  energetic  affinity  for  oxy- 
gen as  to  decompose  water  when  brought  into  con- 
tact therewith  ;  the  oxygen  combines  with  the  metal 
to  form  potash,  and  the  hydrogen  is  ignited.  A 
parallel  effect  takes  placid  in  regard  to  sodium  when 
the  water  is  previously  heated. 

13.  Ammonia  added  to  a  solution  of  chloride  of 
gold  produces  a  yellowish-brown  juwipitate  (nurntc 
of  mnmonia),  fulminate  of  gold.  This  explodes  by 
friction.     See  Fulminate. 

14.  Volta's  inflammable  air-lamp  was  a  glass  res- 
ervoir charged  with  hydrogen  gas,  which  could  be 
expelled  in  a  jet  as  required.  Upon  the  pedestal 
was  an  clectropliorus,  by  which  a  spark  could  he 
emitted  in  thc!  path  of  the  jet  whiidi  was  lighted 
thereby.  This  was  the  precursor  of  the  hydrogen- 
lamp  and  of  a  whole  train  of  ingenious  devices,  the 
culmination  of  which  is  found  in  apparatus  for  light- 
ing gas  by  electricity,  erected  on  a  large  scale  in  the 
Capitol  of  the  United  States.  See  Lighting  Ga.s 
BY  ELECTRIflTY. 

15.  DiJbereiuer's  inflammable  lamp  (Fig.  2952) 
has  a  flask  attached  to  a  plate  and  stoji-cock,  and 
suspended  in  a  receiver  containing  sulpliuric  acid 
and  water.  A  jiiece  of  zinc  is  suspended  in  the  inner 
vessel  in  contact  with  the  acid,  and  the  evolution  of 
gas  in  the  upper  jiart  of  the  flask  forces  the  dilute 
aciil  out  at  bottom  into  the  surrounding  receiver,  and 
stops  the  evolution  of  gas.  When  the  stop-cock 
is  turned,  a  jet  of  gas  is.sues  and  impinges  upon  a 
jiiece  of  spongy  platinum,  which  becomes  red-hot 
and  ignites  the  jet.  The  escape  of  gas  allows  the 
acid  to  rise  in  the  flask,  and  the  evolution  of  gas 
is  resumed. 
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16.  In  the  line  of  tlie  Toltaio  phenomena  must  next 
be  eited  the  hcatinj;  of  a  jilatinum  wire  l>y  an  eh^e- 
tvic  current  derived  from  a  pair  of  voltaie  plates  in 
an  acid  liath.  Touchwood,  a  match,  or  a  jet  of  f^as 
in  contact  with  tlie  incamU'scent  wire  become  in- 
fiamed.  This  device  and  the  electric  .spark  produced 
at  the  interval  of  a  broken  circuit  are  the  means  for 
lighting  gas  by  electricity. 

17.  Air  compressed  to  a  .sufficient  extent  in  a  tube 
ill  which  is  a  piece  of  German  tinder  becomes  heated 
so  as  to  kindle  the  tinder,  which  will  then  ignite  a 
brimstone  match.  This  was  called  the  pncinnatic 
timhr-box  or  light-syringe. 

18.  The  oxymuriate  matches  were  founded  upon 
the  action  of  a  compound  of  clilorate  of  potash  and 
.sugar  when  exposed  to  sulphuric  acid. 

These  substances  made  into  a  paste  with  gum  and 
colored  by  vermilion  we;-e  used  to  tip  splints.  These 
were  dipped  in  suljihuric  acid  to  inflame  them.  To 
these  succeeded  the  lutifcr-matdi. 

1 9.  The  lucifcr-malchts  were  originally  tipped  with 
a  paste  of  chlorate  of  potash,  sulphuret  of  antimony, 
and  starch,  and  were  drawn  between  two  sand-paper 
surfaces.  This  was  the  inaugni-ation  of  the  friction- 
match,  and  the  ignition  produced  a  detonation. 

20.  The  Congrcvi;  match  substituted  phosphorus  for 
sulphide  of  antimony,  and  the  match  ignited  on  any 
rough  surface.  The  substitution  of  saltpeter  for 
chlorate  of  potash  produced  rpiiet  ignition.  Intro- 
.luced  in  1831. 

Then  followed  the  substitution  of  saltpeter  for 
chlorate  of  potash,  so  that  both  the  original  articles 
were  superseded,  greater  safety  and  comfort  being 
attained. 

The  chemical  reactions  are  as  follows  ;  — 

The  phosphorus  is  ignited  by  frictioual  compression. 

The  heat  evolved  decomposes  the  saltpeter. 

The  evolution  of  oxygen  supports  the  Hame  and 
enables  the  ignition  of  the  sulphur. 

The  burning  sulphur  ignites  the  wood. 

Stearine  was  then  substituted  for  the  suljihur,  into 
which  the  match  was  dipped  before  tipping  with  the 
more  inflammable  com]iouud. 

Light'ing  Gas  by  E-lec-tric'i-ty.  A  means  of 
lighting  gas  by  developing  a  spark  or  producing  a 
red  heat  in  a  platinum  coil  at  the  jet  of  issuing  gas. 

It  is  used  in  situations  difficult  of  access,  sucli  as 
the  rotunda,  dome,  and  tholus  of  the  Capitol  at 
Washington,  and  the  Senate  and  House  of  Repre- 
sentatives, whose,  gas-burners  are  above  the  glass 
ceilings  in  a  chamlier  below'  the  roof.  Gardiner's 
apparatus,  used  in  the  dome  and  tholus,  was  the 
subject  of  a  report  by  a  commission  consisting  ot 
Messrs.  Shatfner,  Pike,  and  Knight. 

From  the  report  the  following  is  extracted  :  — 

"The  gas-pipe  connections  consist  of  circles  of 
burners  at  45,  80,  and  165  feet  from  the  floor  of  the 
rotunda,  and  are  furnished  with  300,  325,  and  425 
burners  respectively.  In  addition  to  these,  a  cluster 
of  90  burners  is  placed  in  the  tholus  at  a  hight  of 
264  feet  from  the  floor,  and,  being  60  feet  above  the 
crown  of  the  dome,  is,  of  course,  invisible  from  the 
interior,  but  is  a  beautiful  object  riewed  from  the 
Capitol  grounds,  and  visible  at  a  distance  of  many 
miles. 

"  The  flow  of  gas  at  each  tier,  and  in  the  tliolus, 
is  equalized  by  a  regulator,  and  governed  liy  a  stop- 
cock, tlie  latter  being  opened  and  closed  by  electro- 
magnetic engines  in  tlieir  immediate  vicinity,  worked 
from  the  battery,  the  central  brain  of  the  apparatus 
from  which  ramifies  the  nervous  fluid  wliich  vitalizes 
the  motive  agents  and  the  illuminating  coil  of  each 
of  the  1,130  burners. 

"  The  battery  occupies  an  elliptical  room  45  by  36 


feet,  and  consists  of  200  glass  jars  of  a  depth  and 
diameter  of  about  13  inches,  containing  two  zinc 
plates  9  by  10  inches,  weighing  6  pounds  each,  and 
an  interposed  carbon  plate,  all  supported  by  suitable 
insulators  in  the  acid  bath.  It  is  disposed  on 
benches  in  concentric  series  in  the  room,  and  ar- 
yanged  in  sections  of  20  jai-s  each,  to  be  brought  into 
service  as  required. 

"  The  connections  consist  of  live  miles  of  No.  10 
copper  wire,  doubly  wrapped  with  linen  yarn,  and, 
wdieu  necessary,  incased  in  india-ruliber  tubing  : 
this  is  securely  laid  in  protecting  pi[)es  or  through 
passages  drilled  through  the  walls,  the  return  cir- 
cuit from  the  engines  and  the  liurners  being  made 
through  the  gas-pipes. 

"The  burners  used  have  an  inde.striictible  lava 
tip,  which  acts  as  an  insulator,  and  each  is  provided 
with  an  insulated  coil  of  platinum  v.ue,  placed  on 
one  side  of  the  orifice,  so  as  not  to  interfere  with  the 
free  exit  of  the  gas,  which  is  lighted  by  exposure  to 
the  red-hot  metal  when  the  electric  connection  is 
made. 

"  The  tiei-s  of  burners  are  divided  into  sections  of 
from  30  to  50  burners,  each  section  having  imle- 
]iendent  connection  with  the  instrument,  so  that  a 
tier  being  divided  into  ten  sections,  it  is  lighted  by 
a  correspoiuling  number  of  pulsations  following  the 
flow  of  the  gas,  which  is  turned  on  by  the  electro- 
magnetic engine  belonging  to  and  in  the  vicinity  of 
the  tier.  The  manipulation  which,  by  successive 
pulsations,  ojierates  the  engines,  makes  the  series  of 
illuminating  connections,  and  registers  the  work,  is 
jierformed  in  a  passageway  leading  north  from  the 
floor  of  the  rotunda,  and  perhaps  50  feet  from  the 
battery. 

'''  The  electro-magnetic  engines  consist  of  a  double 
hi'lix,  with  a  sliding  armature,  on  wdiich  is  a  latch 
which  operates  a  ratchet-wheel  on  the  axis  of  the 
stop-cwk.  The  operator,  by  a  succcs.sion  of  electric 
connections,  works  the  armature  piston,  and  turns 
the  jdug  of  the  stop-cock  such  a  fraction  of  a  revo- 
lution as  is  represented  by  a  number  of  teeth  on  the 
ratchet-wheel. 

"The  dial-]ilate  has  eleven  keys,  with  a  corre- 
sponding number  of  verniers. 

"The  jirimary  electric  connection  with  the  bat- 
tciT  is  made  by  a  stud  in  the  central  key,  which,  by 
rotation,  is  made  to  bring  such  a  portion  of  tlie  bp.t- 
tery  into  play  as  may  be  required,  a  vernier  indicat- 
ing the  extent  of  batteiy  connection  which  t:d;f3 
place  in  successive  sections  of  20  jars. 

"The  surrounding  key.s,  ten  in  numbc;-,  arc 
equally  divided  between  the  dutie,5  of  turning  on 
the  gas  and  lighting  the  same  at  the  five  levels  for 
which  the  dial-plate  and  keys  are  adapted.  Bi.t 
four  of  these  are  yet  arranged,  consfsting  of  the  tier.'j 
at  the  elevation  of  45,  SO,  and  165  feet,  respectively, 
and  the  tholus  at  264  feet. 

"  The  fifth  may  be  used  for  a  tier  at  the  spring  of 
the  dome,  or  a  circle  to  illuminate  the  pictures. 

"  Each  gas-key  has  a  dark  and  a  li;,"ht  segment  on 
its  disk,  wdiich  are  exhiliited  at  an  opening  in  the 
dial-plate,  in  correspondence  with  the  closed  and 
open  position  of  the  stoji-cock,  which  governs  the 
flow  of  gas  at  the  tier  i-epresentcd  by  the  said  key. 

"  Each  lighting  key  has  a  pointer,  which  indicates 
on  its  vernier  the  extent  to  wliich  the  electric  con- 
nection has  been  made  in  the  sections  of  the  tier  to 
wdiich  it  belongs." 

Another  fomi  of  apparatus  consists  of  a  galvanic 
battery,  Huhnikorff's  induction  coil,  and  conduct- 
ing wires,  which  are  broken  near  the  gas-jets  so  that 
an  electric  spark  is  produced  by  a  charge  of  elec- 
tricity leaping  to  the  "tips"  of  the  burners,  each 
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biinicr  being  insulateil,  ami  forming  ii  jiart  of  tlie 
circuit.  Tlie  cmls  uf  tlie  wiri's  from  wliioh  tliti 
s|iarlv  procoeils  are  covered  with  platinum  to  pre- 
vent their  eonosion. 

One  or  the  other  )ilan  is  adopted  in  many  public 
buiHings,  theaters,  halls,  and  large  stores,  and  it  is 
proposed  to  light  the  street-lamps  of  cities  liy  this 
means.  A  large  circuit  of  lamps,  embracing  the 
streets  of  a  wai'd  or  district,  are  connected  by  insu- 
lated wires  proceeding  from  a  conveniently  situated 
battery,  either  magno-electric  or  voltaic.     See  also 

ELKCTIidPIIllIttlS. 

Light'nmg-ar-rest'er.  A  device  used  in  telegra- 
phy tor  guarding  against  passage  of  atmospheric  elec- 
tricity througli  the  instruments. 

The  line  wires  are  attached  to  a  plate  of  brass, 
usually  serrated  on  the  under  side.  This  plate  rests 
upon  another  plate  connecteil  with  the  ground,  the 
two  plates  being  separated  by  a  thin  layer  of  insulat- 
ing material. 

As  lightning  possesses  enormous  tension,  prefer- 
ring a  sliort  route  even  through  a  poor  conductor  to 
a  longer  one  through  a  good  conductor,  it  forces  its 
])assage  through  the  layer  of  insulating  material  and 
thence  to  the  ground,  or  vice  versa.  See  LiciHTNlNG- 
DISCH.iRGEK. 

The  Stoics  distinguished  two  things  in  thunder, 
the  lightning  and  the  noise.  They  looked  upon  the 
first  as  the  etfect  of  the  latter,  which  was  jiroperly 
what  they  termed  thundei- ;  for,  according  to  tliem, 
thunder  was  occasioned  by  the  shock  of  clouds,  and 
lightning  w-as  the  combustion  of  the  volatile  parts 
of  the  cloud,  set  on  lire  by  the  shook.  Chrysippus 
taught  that  "  these  effects  were  coincident,  and  that 
ourperceptionof  the  lightning  beforit  tlie  thunder-clap 
is  owing  to  our  sight  Iieing  i[uicker  than  our  hearing. " 

liiglit'ning-con-duct'or.  A  metallic  conductor 
intended  to  establish  a  delinite  line  of  least  resist- 
ance between  two  l>odies  in  ojiposite  electrical  states. 
The  resistance  of  the  line  sliould  be  so  small  that  no 
destructive  effect  shall  arise  from  any  discharge  along 
it.  Lightning-rods  are  included  under  this  general 
definition. 

"The  most  important  ancient  notice  of  the  rela- 
tions between  lightning  and  condui'ting  metals  ap- 
pears to  be  that  of  Ctesias.  He  had  possessed  two 
iron  swords,  presents  from  the  King  Artaxerxes 
Mnemon  and  from  his  mother  Parysati.s,  which, 
when  planted  in  the  earth,  avcited  idouds,  hail,  and 
strokes  of  lightning.  He  had  hinrself  seen  the  oper- 
ation, for  the  king  had  twice  tried  the  experiment 
before  his  eyes.  The  exact  attention  paid  by  the 
Etruscans  to  the  meteorological  processes  of  the  at- 
mosphere in  all  that  d(;viated  I'roni  the  ordinary  course 
of  phenomena  makes  it  certaiidy  to  be  lamented  that 
nothing  has  come  down  to  us  from  their  Fulgural 
books.  The  epochs  of  the  appearance  of  great  com- 
ets, of  the  fall  of  meteoric  stones,  and  of  .showers  of 
falling  stars,  would  no  donlit  have  been  found  re- 
corded in  them,  as  in  the  more  ancient  Chinese 
annals,  of  which  Edouard  Biot  has  made  use.  Creu- 
ser  has  attempted  to  show  that  the  natural  features 
of  Etruria  may  have  influenced  the  peculiar  turn  of 
mind  of  its  inhabitants.  A  'calling  forth'  of  the 
lightning,  which  is  ascribed  to  Prometheus,  reminds 
us  of  the  ju'etended  '  drawing  down  '  of  lightning  by 
the  Fulguratores.  This  operation  consisted  in  a 
mere  conjuration,  and  may  have  becui  of  no  more 
efficacy  tlian  the  .skinneil  ass's  head,  whiidi,  in  the 
Etruscan  rites,  was  considered  a  preservative  from 
danger  in  thunder-storms. 

"In  the  very  complicated  Etruscan  angnral  the- 
ory, a  distinction  was  made  between  the  *  soft  re- 
minding lightnings  sent  by  Jupiter  from  his  own 
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perfect  ]>ower,  and  the  violent  electrical  explosions 
or  chastening  thunderbolts  which  he  might  only 
send  con.stitutionally  after  consultation  with  the 
other  twelve  gods.'  "  —  Hr.MEOLDT. 

Light'ning-dis-charg'er.  {Telegraphy.)  A  de- 
vice to  jiioti'ct  telegraphic  apparatus  from  the  effects 
of  atmospheric  electricity  ]iassing  over  the  wires. 

In  Fig.  2953,  a  is  an  iron  plate  calleil  the  earth-plate, 
over,   but  imt 

in    immediate  Jig  2953. 

contact  with 
wdiich  are  two 
smaller  plates 
b  h  called  con- 
ductors ;  each 
plate  has  two 
screws  for  at- 
tacliing  wires. 
To  the  screws 
/'  /  are  a  t- 
tached  the  up 
and  down 
wires  respectively,  to  the  screws  </</,  the  wires  lead- 
ing to  the  apparatus  ;  and  to  the  screw  h,  the  earth- 
wire.  The  up]ier  jilates  h  b  are  kejit  in  ]ilace  by  small 
knobs  i  i,  attached  to  them  and  by  buttons  i  k  on 
the  earth-plate.  In  order  to  ju'cvent  metallic  con- 
tact, these,  as  well  as  the  sides  of  the  earth-plate,  are 
covei'cd  with  vulcanite.  The  atmospheric  electricity, 
on  reaching  the  conductors,  springs  over  to  the  earth- 
plate,  and  is  thus  diverted  from  the  apparatus.  See 
also  P.\iiAr;nB:Li;. 

Ught'ning-rod.  A  form  of  lightning  conduct- 
or, attached  to  a  struitnre  for  the  puiiiose  of  pro- 
tecting it  from  lightning. 

It  is  preferably  made  of  copper,  that  metal  having 
a  greater  conducting  jiower  than  any  other,  but  iron 
is  the  material  usually  employed. 

The  alleged  iniiuovements  since  its  inveiition  by 
Dr.  Fianklin  arc  innumerable  ;  most  of  these  are, 
however,  worthless,  or  of  a  trifling  and  unimportant 
character. 

The  first  lightning-rod  elected  with  a  definite  pur- 
pose of  protection  was  put  up  by  Benjamin  Fraidv- 
jin  soon  after  175'i,  when  he  brought  down  elec- 
tricity from  a  thunder-cli  nd.  The  first  in  England 
was  set  up  at  Payne's  Hill,  by  Dr.  Watson.  In  ITtiti 
one  was  placed  on  the  tower  of  St.  Mark  at  Venice  ; 
it  has  since  escajicd  injury,  though  jireviously  it  had 
been  freiiuently  struck  by  lightning. 

Great  opposition  was  at  first  raised  against  the  in- 
vention, and  the  charges  of  impiety  were  revived  ; 
but  the  centuries  were  exploding  these  notions,  and 
Franklin  held  his  ground.  After  the  theory  was 
admitted,  a  curious  war  arose.  Knobs  af^ninst  points. 
Benjamin  Franklin  said  paints;  but  as  he  was  a 
rebel.  King  George  III.  and  his  admirei's  of  course 
declareii  for  knobs.  Franklin,  who  could  handle  a 
pen  like  a  cimeter,  wrote  :  "  I  enter  into  no  con- 
troversy. I  leave  my  philosophical  ojiinions  to  take 
their  chance  in  the  world.  If  they  are  right,  truth 
and  expei-ienoe  will  support  them  ;  if  wrong,  they 
ought  to  be  refuted  and  rejected.  Disjuites  are  apt 
to  sour  one's  temper  and  disturb  one's  quiet.  I 
have  no  private  interest  in  the  i-eception  of  my  in- 
ventions by  the  world,  having  never  made,  nor  pro- 
posed to  make,  the  least  profit  by  any  of  them. 
The  king's  changing  his  ))ointed  conductors  for 
blunt  ones  is,  therefore,  a  matter  of  small  importance 
to  me.  If  I  had  a  wish  about  it,  it  is  that  he  had 
rejected  them  altogether  as  inett'cctual.  For  it  is 
only  since  he  thought  himself  and  family  safe  from 
the  thunder  of  heaven  that  he  dared  to  use  his  own 
thunder  in  destroying  his  innocent  subjects." 
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The  king  requested  the  president  of  the  Royal 
Society  to  resign,  becau.se  he  could  not  see  with 
royal  eyes.  The  knob  theory  has  long  since  been 
entirely  exploded. 

Sir  \V.  Snow  Harris's  lightning-rod  for  land  nse 
consi.sts  of  wide  bauds  of  copper  or  of  copper  tub- 
ing, the  metal  of  either  being  A  inch  thick.  The 
metal  is  prepared  in  lengths  of  10  feet.  The  sections 
of  tubing  are  united  liy  intermediate  screw  sections. 
The  striji  conductor  is  nailed  to  the  wall ;  the  tube 
is  secured  by  coupling-])ieces.  The  upper  extremity 
has  a  bayonet-point  18  inches  long,  5  iuch  iu  diame- 
ter at  the  point  of  connection  to  the  solid  plug  witli 
which  the  tube  terminates.  The  ground  connection 
consists  of  a  desi:ending  rod  and  a  cross  rod,  giving 
3  divergent  branches. 

Harris's  lightning-conductor  for  vessels  converts 
the  masts  into  lightning-conductors  by  the  insertion 
in  grooves  of  a  double  set  of  copper  plates,  connect- 
ing l)y  bands  of  cop[)er  leading  through  the  siile 
undfr  the  di^ck-beanis,  and  with  the  large  bolts 
le:ijiiig  through  the  keel  and  ke^dson.  The  system 
is  designed  to  include  all  large  metallic  masses  i;i 
the  hull. 

These  plates  are  from  1  to  4  inches  wide,  curved 
so  as  to  correspond  to  the  round  of  the  mast,  into 
which  they  are  inlaid  longitudinally.  They  are 
from  1^  to  ^  inch  thick,  4  feet  in  length,  and  are 
secured  by  copper  nails  at  intervals  of  (i  inches. 

According  to  the  opinioii  of  Sir  W.  Snow  Harris 
and  other  eminent  electricians,  the  insulation  of  a 
metallic  conductor  by  inclosing  it  iu  a  glass  tube  or 
by  glass  supports  is  unnecessary  if  the  continuity  of 
a  sufficient  conductor  be  preserved.  Harris  stiites 
that  the  electrical  discharge  does  not  quit  an  easv 
line  of  transit  such  as  is  furnished  by  a  copper  rod 
of  sufficient  size,  to  pass  to  other  bodies  out  of  the 
line.  He  considers  it  unlikely  that  the  lightning 
would  leave  such  a  roil  even  to  reach  metallic  clamp-;, 
but  it  would  be  unwise  to  put  such  temptation  in 
its  way,  unless  the  cla;nps  were  so  connected  with 
the  ground  as  to  mike  them  a  pirt  of  a  continuous 
line  of  descent. 

It  is  very  important  to  mike  ground  connections 
for  extensive  areas  of  iron  surfaces  such  a.s  are  found 
in  the  rods,  iron  bsauis  and  joists,  copings,  lintels, 
thresholds,  stairs,  chinm.'y,  window,  and  door  caps, 
window-casings,  pillars,  etc.  This  matter  is  not 
much  attended  to,  however,  but  iron  is  inserted 
wherever  convenience  dictates,  regardless  of  all  elec- 
tric considerations. 

The  conductors  should  be  prolonged  until  reach- 
ing moist  soil,  or  if  this  be  impracticable  should  b3 
carried,  at  a  d'pth  of  two  feet  or  more,  to  a  distance 
of  some  -30  feet  from  the  building,  or  connected  with 
old  chain  conveyed  to  a  similar  distance  ;  the  trench 
in  which  it  is  laid  being  partially  filled  with  car- 
bonaceous matter. 

In  regard  to  the  area  protected  by  a  rod,  a  differ- 
ence of  opinion  exists,  and  tlie  matter  cannot  be  con- 
sidered as  determined.  The  opinion  of  Leroy,  ITSS, 
was  that  it  proteitted  a  space  around  equal  "to  tliree 
times  the  hight  of  the  rod.  The  Academy  of  Sci- 
ences of  Paris,  18:2.3,  opined  that  it  protected  a  circu- 
lar space  whose  radius  is  equal  to  the  hight  of  the 
rod.  This  is  the  general  opinion,  but  has  no  suffi- 
cient data  for  its  foumlation.  It  is,  however,  the 
basis  of  the  Ameiican  practice  in  putting  up  light- 
ning-rods. 

Professor  Henry,  a  high  authority  on  the  subject, 
recommends  a  rod  of  round  iron  about  1  inch  in  di- 
ameter, terminating  in  a  single  platinum  point,  and 
secured  to  the  building  by  iron  eyes.  Glass  insulat- 
ors he  considers,  as  do  other  eminent  electricians,  of 


little  impoi-tance.  It  should  jireferably  be  placed  on 
the  west  side  of  the  building  in  this  latitude,  and 
especially  on  that  chimney  from  which  a  current  of 
air  ascends  during  the  snnuner  season,  and  should  be 
connected  where  practicable  with  the  water  or  gas 
pipes  of  the  street.  Where  this  is  impracticable, 
ijonnectiou  should  be  made  with  a  well  always  con- 
taining water,  or  with  an  iron  plate  buiied  in  the 
ground.  This  rod  may  be  put  up  by  an  ordinary 
blacksmith. 

The  lightning-rod  invented  by  Moses  G.  Farmer 
of  P)Oston  is  Ibrmed  of  a  core  of  steel,  which  is  first 
carefully  tinned  and  tlien  covered  witli  copper,  after 
which  the  compound  wire  is  tinned,  to  prevent  rust- 
ing. 

Lightning-rods  for  powder-magazines  were  for- 
merly erected  on  a  mast  at  a  short  distance  from  the 
building.  It  is  now  thought  advisable  to  attach 
them  directly  to  the  building  in  the  following  man- 
ner :  A  strip  of  copper  is  secured  to  the  ridge  of  the 
building,  at  each  end  of  which  is  a  lightning-rod, 
of  i  inch  copper,  projecting  about  5  feet  above  tile 
highest  part  of  the  building.  Copper  strijis  pass 
down  the  hijis  and  are  secured  to  the  eave-trough, 
the  water-pipes  being  connected  with  the  under- 
grounil  conductor,  which  is  divided  into  two  branch- 
es at  about  4  feet  from  the  building.  These  are 
about  2i  feet  below  the  surface,  and  are  covered  with 
coal-ashes  and  earth. 

It  is  estimated  that  at  least  50  persons  are  killed 
annually  by  lightning  in  the  L^nited  States,  69  in 
France,  and  22  in  England,  but  no  conductor  has 
been  contrived  to  be  carried  on  the  person,  though  it 
has  been  often  suggested.  The- risk  is  so  small,  nu- 
merically considered,  that  it  is  not  probable,  any  great 
proportion  of  the  inhabitants  of  any  country  will 
make  special  provision  for  avoiding  the  danger. 

Professor  Arago  classed  several  well-known  sites 
according  to  the  frequency  of  their  storms,  from  the 
best  information  he  could  obtain.  His  list  begins 
as  follows  :  — 

Days  of  Thunder 
per  Year. 

1.  Calcutta  averages       .         .         .         .60 

2.  Patua  (India)  sujijiosed  to  average  53 

3.  Rio  Janeiro  averages  ....    50.6 

4.  Maryland  (U.  S.)  supposed  to  average    41 

5.  Martinique  averages  .  .  .  .39 

6.  Abyssinia  suppo.sed  to  average        .         38 

7.  Guadalou]ic  averages.         .         .         .37 

8.  Viviers  (France)  averages        .         .         24.7 

9.  Quebec  averages         .         .         .         .23.3 

10.  Buenos  Ayres  averages  .  .  .  22.5 

11.  Denainvilliers  (France)  averages  .     20.6 
The  lowest  average  he  gives  is  that  of  Cairo  in 

Egypt,  three  days  of  thunder  per  annum.  That  of 
Paris  and  most  of  the  European  cities  is  about  fifteen 
ilays.  He  estimates  the  da)'s  of  thunder  at  New 
York  to  be  about  the  same. 

Fig.  2954  exhibits  some  of  the  numerous  variety 
of  rods  for'which  patents  have  been  secured  in  the 
United  States. 

(I  has  a  series  of  points  formed  of  spiral  coils  com- 
bined with  a  tuliular  portion,  forming  the  tip.  The 
conductor  is  a  flat  strip. 

b,  a  jointeil  tubular  conductor  for  ves.sels.  It  is 
divided  at  the  head  of  the  lower  mast,  a  branch 
leading  down  the  shrouds  on  either  side  to  the  wa- 
ter. 

c,  an  iron  rod  tipped  with  copper,  the  point  of 
which  is  gilded. 

d  has  a  central  copper  slip  inclosed  between  iron 
side-pieces  ;  the  points  of  connection  have  inter- 
posed zinc  plate.s. 


LIGHTNING-ROD. 


1318 


LIGHT-SHIP. 


e.  The  iron  rod  is  grooved  to  receive  a  copper 
slij).  The  joints  are  secured  by  screw-threaded  wasli- 
ers. 

f.  The  point  is  I'ormed  witli  two  opposite  wings. 


Fig.  2954. 


Ligktnijlg  Rods^  Points,  and  Attachments. 


q.  The  rod  is  composed  of  a  .sinj^le  strip  of  copper 
wound  spirally  .so  as  to  form  a  tube. 


h  is  composed  of  several  strands  of  wire  laid  to- 
gether so  as  to  foi'ni  a  rope,  and  having  several  tips. 

i.  The  point  is  funned  of  three  or  more  metals 
inclosed  one  within  the  otliei-,  the  most  fusible  out- 
side. 

j  is  an  insulating  attaclnnmit  with  additional  con- 
ductor points  at  the  coupling  of  I'od-sections. 

k.  A  copper  cable,  composed  of  a  central  wire  i'o])e 
and  two  exterior  strands  laid  up  in  o)iposite  direc- 
tions. 

/  comprises  two  or  more  copper-wire  ropes  inter- 
twined with  an  ecjual  number  of  iron  rods. 

VI.  A  series  of  metallic  stii|is,  forming  a  tube,  are 
joined  together, 

11.  A  metallic  stiip  is  doubled  up  or  fcorrugated, 
so  as  to  form  a  tube  with  spiral  flanges. 

0.  The  joints  of  the  rod  are  conjiled  by  pieces 
cross-shaped  in  section  and  secured  by  livets  or  bolts. 

p  has  four  twisted  rods  with  wire  worming. 

q.  The  tubular  sections  are  united  by  short  pieces 
inside  slotted,  so  as  to  Ibrm  a  species  of  bayonet- 
joint,  and  held  by  pins. 

r  is  composed  of  two  strips  of  sheet-metal,  riveted 
togethin-  at  their  angles  and  twisted  spirally. 

.s.  The  stri])s  constituting  the  rod  have  slots 
through  which  staples  are  inserted  to  fasten  them 
together. 

t.  The  sections  are  connected  by  interior  short 
pieces  fastened  to  each  by  pins. 

u.  The  e-xterior  cable  is  stiffened  by  a  spirally 
Hanged  cove.  The  tip  is  fastened  by  a  dovetailed 
coupling-screw. 

V.  The  sections  of  the  square  tubular  rod  are  se- 
cured to  each  other  by  srpiare  plugs  fastened  by  in- 
denting the  tubes  into  suitable  depressions  formed 
in  them,  or  by  rivets. 

w.  The  sections  are  coupled  by  an  interior  cylinder 
and  a  tajiering  plug  projecting  from  eacdi  of  its  ends. 

j-\  An  interior  tube  with  pins  holds  the  ends  of 
the  tubulai-  sections  together. 

>j  to  )•  )•  inclnsive  represent  sections  of  various 
kinds  of  patented  rods. 

Light-port.  (Sliiphmldhiy.)  An  opening  in  a 
slii|i's  side  provided  with  a  glazed  lid  or  cover. 
Soiiietimes  called  a  scidllr. 

Light-room.  (i\autica!.)  A  small  chamber 
ne.\t  to,  b^lt  isolated  from,  the  magazine.  The  lat- 
ter receives  its  light  through  a  glass  partition  be- 
tween the  two  chambers. 

Lights.  (Pyrotechnics.)  Pieces  formed  by  press- 
ing an  indammable  composition,  whieli  burns  with 
a  white  or  colined  light,  into  cases  of  large  diameter 
or  shallow  vessels  ;  such  are  Bengal  -  lights,  blue- 
lights,  etc. 

Light-ship.  A  vessel  moored  in  the  vicinity  of 
a  dangerous  shoal  or  headland,  and  carrying  aloft  a 
warning  light.  The  lirst  light-vessel  moored  on  the 
coast  of  Great  Britain  was  that  at  the  Nore  in  1734. 
There  were,  in  1850,  26  floating  lights  on  the  coast 
of  England. 

Steven.son  states  that  the  annn.il  expense  of  main- 
taining a  floating  light,  including  tlie  wages  and 
vietUiiling  of  the  crew,  who  are  eleven  in  number,  is, 
on  an  average,  £1,000;  and  the  flrst  cost  of  such 
a  vessel,  fitted  complete  with  lantern  and  lighting 
apparatus,  anchors,  cables,  etc.,  is  nearly  £5,000. 
The  lanterns  are  oc;tagonal  in  form,  5  feet  6  inches 
in  diameter  ;  and,  where  ti.\ed  lights  are  exhibited, 
they  are  fitted  with  eight  Argand  lamps,  each  in  the 
focus  of  a  parabolic  reflector  of  twelve  inches  di- 
ameter ;  but,  in  the  revolving  lights,  four  lamps  and 
reflectors  only  are  fitted.  The  greatest  ilepth  of  wa- 
ter in  which  any  liglit-ves.sel  belonging  to  the  Cor- 
poration of  Trinity  House  at  present  rides  is  at  the 
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station  of  the  Seven  Stones  between  the  Scilly  Isl- 
ands and  tile  coast  of  Cornwall,  and  is  about  40 
fathoms. 

Liglit-vessels  are  moored  with  eliiiiii-eables  of  li 
inch  diameter,  and  a  single  mushroom  anchor  of  32 
cwt. ;  the  chain-cables  are  200  fathoms  in  length. 
Some  of  the  vessels  are  moored  to  span-t/roimd  moor- 
ings, consisting  of  100  fathoms  of  chain  to  each  arm, 
and  a  mushroom  anchor  of  similar  weight  at  the 
end  of  each  ;  a  riding-cable  of  150  I'athoms  is  in  such 
cases  attached  to  the  center  ring  of  the  ground- 
chain. 

Lig'num-vi'tae.  The  wooil  of  a  tree  of  the  genus 
Guiacum,  a  native  of  tlie  warm  latitudes  ol'  -Ameri- 
ca. It  is  hard  and  heavy,  and  is  used  for  sheaves 
of  sliip's  blocks,  and  for  ninepin  balls. 

Limb.  1.  The  graduated  arc  or  sector  of  a  meas- 
uring or  optical  instrument. 

2.  {Locksmithing.)  One  of  the  pieces  which  com- 
pose a  lock. 

Iiimb,  Ar-ti-fi'cial.  See  Akm,  Foot,  Hand, 
Leg,  Autifici.vl. 

Lim'ber.  1.  (Gun-carriaje.)  The  detachable 
]iart  mounted  on  the  two  fore-wheels,  and  to  which 
the  horses  are  attached.  The  gun  is  limbered  up 
when  the  trail  of  the  gun-carriage  proper  is  lifted  up 
and  looped  over  the  pintle-hook  of  the  limber,  iu  or- 
der for  marching.     See  GiJN-c.A.r.m.4.CiE. 

The  term  Uiabcr  is  also  applied  to  the  fore-carriage 
of  the  ammunition-wagou  to  which  the  caisson  or 
tumbril  is  connected. 

Limbers  difier  in  construction  with  the  purpose 
and  positions  of  the  guns  ;  as,  — 

Thec(i«enia/e-limber;  i\\e  field-gua  limber,  with  an 
ammunition-bo.x  ;  t\\e  (j.in-isoii-gim  Mmhtr  ;  the  lim- 
ber with  shafts  ;  the  jDO?c-limber  ;  the  siege-carriage 
limber  ;  the  battcry-wigou  limber. 

The  parts  of  a  limber  are  usually  — 

The  axle,  pole,  futchels,  pintle,  pintle-bolster, 
bolster  yoke-hoik,  bolster-plate,  upper  and  lower 
pintle-plates,  limber-wheel,  ammunition-bo.x,  trail- 
ring,  limber-hook,  limber-chain,  etc. 

2.  {Skipwrighting.)  A  passage  on  each  side  of  the 
keelson  for  bilge-water.  It  is  covered  in  by  a  mov- 
able board  called  a  limber-board,  wh'ise  edges  rest 
respectively  upon  the  keelson  and  limbcr-strake. 

3.  A  shaft  or  thill  of  a  vehicle. 

Lim'ber-board.  (Sliipbuildiiig.)  A  plank  reach- 
ing from  the  keelson  to  the  limber-strake,  and  mere- 
ly butting  against  the  bulkheads,  so  as  to  be  easily 
taken  up  to  expose  the  lim'xrs. 

Iiim'ber-chaiu.  1.  {Nautical.)  A  chain  pass- 
ing through  the  limber-holes  of  a  vessel  by  which 
they  may  be  cleared  of  dirt  that  chokes  them. 

2.  (Artillery.)  A  keep-chain  which  goes  round 
the  pintle  anil  confines  the  trail  to  the  limber,  pre- 
venting its  Hying  off  the  limber-hook. 

Lim'ber-ohest.  The  ammunition  or  tool  chest 
belonging  to  the  limber  of  an  artillery-carriage  of  any 
description.  Those  of  the  gun-carriage  and  caisson 
are  fitted  up  as  ammunition-chests,  while  those  of 
the  forge  and  battery  wagon  contain  respectively 
tools  and  stores  for  blacksmiths',  and  for  carriage- 
makers'  and  sadillers'  use. 

Lim'ber-holes.  {Shipwrighling.)  Holes  through 
the  floor-timbers  on  each  sMe  of  the  keelson,  to  al- 
low the  passage  of  bilge-water.  The  row  of  holes 
constitutes  the  limbcr-pas.ia'ie. 

Iiim'ber-hook.  (.irtillery.)  The  hook  on  the 
limber  to  which  the  trail  of  the  gun  is  attached. 

Lim'ber-ing-up  Hoop.  (Artilloy.)  A  stirrup- 
handle  on  the  trail  of  a  gun  by  which  the  piece  is 
moved  iu  limliering  and  unlimbering. 

Lim'ber-strake.     {Shipbuilding.)     That  strake 


of  the  inner  skin  which  is  nearest  to  the  keelson.  A 
space  between  it  and  the  latter  is  called  the  limber, 
and  forms  a  passage  for  bilge-water. 

Lime.  {Sugar.)  Lime-water  used  in  clarifying 
coarse  sugar. 

Lime-floor.  A  floor  of  lime-mortar,  spread,  beat- 
en, and  rubbed  smooth. 

Lime-kiln.     Lime  is  derived  from  its  carbonate, 

j  which  exists  in  immense  quantities  in  nature  in  the 

;  form  of  limestone,  including  marble.     It  is,  where 

these   are   abundant,    prepared    from   oyster-shells, 

which  are  also  a  carbonate  of  lime. 

'      The  iirocess  consists  in  calcining  the  carbonate  in 

kilns,  during  whicli  the  carbonic  acid  is  driven  ott', 

leaving  oxide  of  calcium  or  (juicklime. 

The  forms  of  kiln  are  various,  probably  the  mo.st 
primitive  being  made  by  excavating  a  hole  in  the 
earth  in  the  shape  of  an  inverted  cone,  in  which  al- 
ternate layers  of  limestone  anil  fuel  were  placed,  and 


the  top  covered  with  sods.  Kilns  having  chambers 
in  the  form  of  an  inverted  cone  are  generally  em- 
jdoyed  in  places  where  materials  are  scarce  and  coal 
is  the  fuel  used.  Tlie  ovoidal  form,  truncated  at  its 
upper  ]iart,  is,  however,  generally  preferred,  on  ac- 
count of  its  losing  less  heat  by  radiation,  and  allow- 
ing the  upper  portion  of  the  lime  to  settle  more 
gradually  and  evenly  as  the  lower  portion  is  with- 
drawn. 

The  kiln  may  be  built  of  either  stone  or  brick, 
either  cylindrical  or  rectangular,  and  is  usually 
erected  against  the  side  of  a  natural  bank,  or  a 
mound  is  thrown  up  behind  it. 

A  B  represents  a  kiln  used  at  Rudersdorf,  Prussia, 
adapted  to  burn  one  part  wood  and  foilr  of  turf.  It 
has  five  fireplaces  a  a;  6  is  an  ash-pit  ;  c  c  are  open- 
ings for  regulating  the  draft ;  d,  openings  for  with- 
drawing the  lime. 

It  is  lined  with  a  double  thickness  of  fire-bricks, 
the  space  between  which  and  the  outer  masonry  is 
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tilled  ill  with  wi'll-rammeil  cinders  to  prevent  loss 
of  heat. 

A  eontinucms  kiln,  eniiiloyed  in  Belgium,  has  eight 
o|ienings  for  removing  the  lime,  which  is  being  con- 
tinually withdrawn  while  fresh  charges  are  added  at 
the  to(>.  It  is  charged  with  alternate  layers  of  coal 
and  limestone,  in  tlie  jiroportion  of  one  coal  to  four 
limestone,  and  is  allowed  to  cool  hut  once  a  year, 
for  ins}icction  and  repairs. 

A  kiln  was  invented  by  Count  Rumford,  having 
for  its  ]>rincijial  objects  to  consume  the  smoke,  to 
bring  a  large  surface  of  flame  and  hot  vapor  in  con- 
tact with  the  limestone,  to  keep  the  latter  separate 
from  the  fuel,  and  to  allow  the  process  to  be  continu- 
ous. 

It  consists  of  a  truncated  cone,  some  15  feet  high, 
2  feet  in  diameter  at  base,  and  9  inches  at  top.  In 
order  to  retain  the  heat,  the  sides,  which  are  of 
brick  and  very  thin,  are  double  and  filled  in  with 
dry  wood-ashes.  The  fuel  is  introduced  through  an 
opening  above,  which  is  covered  by  a  hinged  iron 
plate,  raised  and  lowered  by  means  of  a  chain,  to 
regulate  the  draft.  The  opening  for  cleaning  the 
tirepjace  is  provided  with  a  grate  and  ash-jiit,  and 
also,  by  causing  a  horizontal  draft  into  the  fuinace, 
assists  in  consuming  the  smoke.  The  limestone  is 
fed  in  at  the  top  of  the  furnace.  The  products  of 
combustion  are  directed  downward  before  they  are 
admitted  into  the  body  of  the  kiln,  the  unconsumed 
portion  finally  passing  out  at  the  top.  The  incan- 
descent mass  of  lime  below  assists  in  heating  the 
charge  above.  The  lime  is  removed  at  an  opening 
below,  and  fresh  charges  are  adiled  at  the  top  us  this 
is  gradually  withdrawn. 

In  the  kiln  C,  blasts  of  air  are  forced  through  the 
burnt  and  cooling  lime,  and  mingle  with  the  caloric 
currents  from  the  furnaces.  The  furnaces  are  placed 
around  the  kiln,  and  blasts  of  air  forced  through 
the  fuel  and  through  the  top  of  the  fire  space. 

The  upper  enil  of  the  kiln  is  arched  over,  and  the 
feed-liole  stopped  with  a  removable  cover  having  a 
perforation  in  its  center. 

In  D  the  kiln  has  bottom  discharge  ;  the  furnaces 
are  arranged  on  each  side  and  discharge  into  the 
kiln.  AilBross-arrangement  of  flues  counteracts  ine- 
quality of  draft  on  the  windward  and  leeward  sides. 

A  kiln,  invented  liy  Mr.  Booker  of  Dublin,  having 
the  form  of  two  truncated  cones  joined  at  their 
bases,  where  the  diameter  is  about  7  feet,  tapering 
to  3  feet  at  top  and  bottom,  and  from  25  to  30  feet 
in  bight,  is  said  to  have  produced  excellent  results. 
A  pivoted  plate  of  iron  is  placed  over  the  top  for 
regulating  the  draft. 

Artificial  hydraulic  lime  is  now  manufactured  on 
a  large  scale  in  England  and  France,  and  has  been 
employed  in  a  number  of  important  works. 

Two  qualities  are  prepared  by  two  different  pro- 
cesses. The  first,  which  produces  the  best  lime  but 
is  most  expensive,  consists  in  mixing  with  rich 
slaked  lime  a  certain  proportion  of  clay,  and  calcining 
the  mass. 

In  the  second,  some  soft  calcareous  material  is  sub- 
stituted for  the  lime,  and  the  materials  incorporate<l 
by  grinding. 

In  an  establishment  at  Meudon,  near  Paris,  the  ma- 
terials made  use  of  are  the  chalk  of  the  vicinity  and 
a  clay  from  Vaugirartl,  in  the  proportion  of  four  chalk 
to  one  clay.  These,  broken  into  lumps,  are  thrown 
into  a  circular  basin,  around  which  an  upright  mill- 
stone, having  its  axis  attached  to  a  vertical  shaft,  is 
caused  to  travel  ;  this  is  provided  with  a  follower, 
consisting  of  a  wheel  having  attached  toothed  anange- 
meiits  ;  by  this  the  mixture  is,  with  the  addition  of 
water,  ground  into  a  pulp,  and  is  drawn  oft',  de- 


scending successively  into  a  series  of  chambers  at 
dift'erent  levels,  nntil  it  attains  the  proper  consisten- 
cy for  molding.  The  mass  is  then  divideil  into  reg- 
uhir  and  ecpial  prisnjs  by  means  of  a  mold,  and  these 
arc  jilaced  on  drying-shelves  nntil  sufficiently  dry 
for  burning. 

C'at<i  (150  n.  c.)  gave  directions  for  forming  a 
lime-kiln.  He  ])referred  a  truncated  cone,  10  feet  in 
diameter  at  the  bottom,  211  feet  high,  aiid  3  feet  di- 
ameter at  the  top.  The  grate  covered  the  whole  bot- 
tom ;  there  was  a  pit  below  for  the  ashes,  and  two 
furnace-doors,  one  for  drawing  out  the  burnt  stone 
and  the  other  for  admitting  air  and  fuel. 

Lime-light.  A  light  produced  by  projecting 
jets  of  ignited  hydiogcii  and  oxygen  upon  a  ball  of 
lime. 

Invented  by  Lieutenant  Drummond,  who  first  ap- 
plied it  in  the  focus  of  a  paraboloid  for  geodetic 
purpo.ses.     See  Dri'MMONti-light. 

Lime-ma-chine'.  (Gas-making.)  A  machine 
ill  which  gas  is  purified  by  passing  through  lime. 
Sec  Gas-itiufiei;. 

Lime-paste.  The  cream  of  lime,  produced  by 
slaking  with  water. 

Lime-pow'der.  The  decrepitated  lime  produced 
by  air-slaking, 

"  liime-screen.     A  sifter  for  separating  lime  pow- 
dered by  slaking  from  the  lumps. 

Lime-spread'er.  A  tiaveling  box  with  per- 
forated bottom,  or  other  device,  for  distributing 
powdci'cd  lime  over  land  as  a  manure. 

Lime'stoue.  A  rock  composed  of  lime  and  car- 
bonic acid. 

The  term  in  a  geological  sense  includes  chalk  and 
marble,  but  technically  these  are  distinct. 

Limestones  are  often  fossiliferous  ;  in  the  meta- 
nioi'iihic  limestones,  such  as  statuary  marble,  the 
traces  of  fossils  are  obliterated. 

Siliceous  limestones  are  mixtures  of  carbonate  of 
lime  and  Hint. 

Magnesian  limestone,  dolomite,  is  a  compound  of 
carbonates  of  lime  and  magnesia. 

Chalk  is  an  aggregation  of  fossils,  large  and  small. 
The  latter  are  microscopic. 

Oolite  is  composed  of  small,  egg-like  grains,  each 
of  which  has  a  grain  of  sand  as  a  nucleus,  covered 
by  concentric  layers  of  carbonate  of  lime. 

Pure  carbonate  of  lime  occurs  in  the  form  of  cal- 
careous spar,  but  is  generally  associated  with  other 
minerals.  According  to  its  combinations  it  is  known 
as  :  — 

Argillaceous.  Ferruginous. 

Magne,sian.  Bituminous. 

Sandy.  Fetid,  etc. 

According  to  its  texture  it  is  known  as  :  — 

Lamellar.  Oolitic. 

Sacchaioid.  Chalky. 

Granular.  Pulverulent. 

Compact.  Concreted,  etc. 

Lime'stone-me'ter.  .An  instrument  invented 
by  Dr.  I'le  for  ascertaining  the  proportion  of  calca- 
reous matters  in  soils.  See  Ure's  Dictionary,  II. 
pp.  6S9,  690  (Am.  ed.). 

Lime-Twa'ter.  A  solution  of  lime  prepared  by 
mixing  liydiate  of  lime  with  boiling  distilled  water. 

Lim'iug.  1.  (Lcathcr-mannfaeture.)  The  opera- 
tion of  steeping  hides  in  lime-water  or  milk  of  lime, 
to  remove  the  hair.  The  action  of  the  lime  is  to 
dissolve  thi^  hair  sheath  and  form  a  soap  witH  the 
fat  of  the  hide.      Unhiiring. 

2.  Slaked  lime  thinned  with  water,  used  in  bleach- 
ing. 


1,1  MP. 


1321 


LINE. 


Iiimp.  The  sheet-iron  scraper  wherewith  the  top 
layer  of  poor  ore  is  removed  from  tlie  sieve. 

liinch-pin.  (Vehicle.)  A  pin  passing  vertically 
through  a  mortise  near  the  enfl  of  the  spiiid/c  or  (ii'iii 
of  an  a.rlc,  and  serving  to  hold  the  wheel  on  the  spin- 
dle.    The  ring  on  the  end  of  the  axle  is  the  I  inch-hoop. 

With  Ihimb/c-sk-eiii  wagons,  a  nut  takes  the  place 
of  the  linch-pin.     See  Axle. 

The  chariots  of  Egypt  had  two  wheels,  with  6 
spokes  each.  Sometimes  the  wheels  were  fast  to 
the  axle  like  our  railroad  wheels  ;  sometimes  they 
ran  u]ion  tlie  axles,  like  our  carriages  :  in  the  latter 
case,  they  liad  bronze  linc/i-piits,  as  shown  at  Aboo- 
sinihel  aiid  at  Thelies.     No  .screw  in  old  Egypt. 

Line.  1.  (Fihcr.)  The  finer  and  longer  stjipled 
flax  separated  from  the  ehorter,  tow,  by  means  of  the 
H.^CKLE  (which  see). 

2.  (Print i>i(/.)  An  arrangement  of  lettei-s  and 
words  across  a  page  or  column. 

3.  The  twelfth  of  an  inch. 

4.  A  measuring  cord,  or  one  for  tying  or  suspending 
objects,  as  a  trqicAiui'.,  c/otlics-line,  ehaH-Aine,  etc. 

5.  (Machine rij.)  a.  The  truth  of  position  ;  as  an 
engine  in  line,  that  is,  the  motions  of  the  piston, 
pitman,  and  crank- wrist  in  the  same  plane,  and  at 
right  angles  to  the  axis  of  the  tly-wheel. 

b.  The  line  of  centers.  The  dead  point  of  a 
ci'ank,  when  the  connecting-rod  ami  crank  are  in  a 
straight  line. 

6.  (Fortification.)     A  rampart.     Continued  lines 
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are  used  to  inclose  a  front  or  to  connect  principal 
works  with  one  another  by  a  continuous  parapet. 

licd^iTis,  tenailics,  or  bastions  are  placed  at  inter- 
vals, for  flank  defense,  and  give  rise  to  the  terms,  — 

Redan  line  (m). 

Tcnaille  line  (n). 

Ba-ilioii  line  (o). 

Indented  liyics  (p)  have  a  succession  of  faces  and 
flanks  at  right  angles.  The  faces  are  four  times  the 
length  of  the  flanks ;  the  latter  have  an  enfilading 
fire  on  the  faces  of  the  parapet. 

Names  defining  position  and  relation  are  :  — 

Line  of  defense  :  extending  from  the  projecting 
angle  of  a  work  to  the  exterior  extremities  of  the 
flanks  which  defend  it. 

Line  of  circumrallation  :  a  belt  of  fiehl-works  two 
or  three  miles  from  the  place  invested,  facing  the 
countiy. 

Line  of  cmitravallation :  a  belt  of  field-works 
facing  the  place  attacked. 

Line  with  intervals  :  one  having  detached  works 
which  command  the  intervening  space  and  enable 
them  to  support  each  other. 

7.  (Shipbuildine/.)  A  delineation  of  the  form  of 
a  vessel,  representing  vertical  and  horizontal  sec- 
tions. 


a.  Bcam-\ine.  The  line  indicating  the  intersec- 
tion of  the  top  of  the  beams  with  the  frames  of  the 
ship. 

b.  Beardin(f-\ine.  The  trace  of  the  inner  surface 
of  the  shiji's  skin  upon  the  Lrel,  stem,  and  stern-post. 

c.  Boundanj-linQ.  The  trace  of  the  outside  sur- 
face of  the  skin,  coiTcsponding  to  the  outside  edge 
of  the  rabbet. 

d.  Bow  and  buttoek  lines  are  the  boundaries  of  the 
vertical  sections  of  the  ship,  in  planes  parallel  to 
the  vertical  longitudinal  section. 

e.  C'cn!er-\ine.  The  central,  vertical,  longitudi- 
nal section. 

/.  The  cuttin<f-down  line  is  a  curve  on  the  sheer 
plan,  corresponding  to  the  upjier  surface  of  the 
throats  of  the  floors  amidships  and  to  the  under  .side 
of  the  keelson. 

g.  Dieu/onnl  lines  show  the  boundaries  of  various 
sections  formed  by  planes  which  are  oblique  to  the 
vertical,  longitudinal  plane,  and  which  intersect  that 
plane  in  straight  lines  parallel  to  the  keel. 

h.  Lcrel  lines  are  similar  to  the  water  lines,  ex- 
cepting that  they  are  parallel  to  tlie  keel  instead  of 
to  the  sui-f;\cc  of  the  watei',  or  the  line  of  flotation. 

i.  The  inuin-brcodth  line  is  the  boundary  of  the 
widest  part  of  the  ship  in  each  of  the  tliree  plans,  — 
the  shear-plan,  lui  If -breadth  plan,  bodij-plan. 

j.  Ilibband-Vme.  An  oblicjue  longitudinal  section. 
See  Diaffonul  line. 

k.  Shccr-\mu.  The  line  of  the  deck  at  the  side  of 
the  .ship.  The  upward  curvature  towards  the  ends 
is  called  the  sheer,  and  the  ert'cct  is  ti)  raise  the  ves- 
sel to  a  greater  hight  out  of  the  water  at  the  stem 
and  stern,  where  her  motion  relatively  to  the  water 
is  greatest. 

I.  Stejiping-Mne.  The  bcarding-Vmi'  at  the  points 
where  it  curves  upward  towards  the  ends  of  the  ves- 
sel. 

m.  The  top-breadth  or  top-timber  line  is  a  line 
drawn  to  the  sheer  of  the  ship,  fore  and  aft,  at  the 
hight  of  the  under  side  of  the  gunwale  amid.ships. 

71.  The  top-side  line  is  a  sheer-line  ilrawu  above 
the  top-timber  line  at  the  upper  side  of  the  gun- 
wale. 

0.  JPrticc-lines  are  straight  and  hmizontal  in  the 
sheer-plan  and  curved  in  the  holf-brradth  plan.  They 
show  the  form  of  the  ship  at  succi-ssive  depths,  as 
would  appear  by  so  many  horizontal  sections. 

8.  (Xaiitical.)  a.  A  running  cord  or  rope;  as, 
boirline,  bant  line,  clew  line,  spilling  line,  etc. 

b.  A  cord  for  a  specific  purpose  ;  as,  a  hnnd-line, 
a  20-fathom  sounding-line  having  a  lead  of  from  7  to 
14  pounds  (see  Haxd-lise).  A  deep-sea  line,  one  of 
say  200  fathoms,  and  having  a  leail  of  28  pounds 
weight  (.see  Deep-se.\  Line).     AJi.shi/ig-]uu'. 

e.  A  grade  of  rope,  such  as  marline,  irhite  line, 
tarred  line,  etc. 

9.  (Mining.)  a.  Line  (f  bearing.  The  strike  of 
a  stratum,  or  its  direction  at  right  angles  to  the  dip. 

b.  Si/nclituil  line.  The  axis  of  the  valley  curva- 
ture of  sti'ata,  opjiosed  to  anticlinal. 

c.  Antielinal  line.  The  axis  of  the  ridge  or  sad- 
dle curvature  of  strata,  opposed  to  sijnelinal, 

d.  Line  of  least  resistance.  The  line  of  mine  or 
a.ris  of  e-rplosion.  A  line  drawn  from  the  focus  of  a 
mine  to  that  point  in  the  direction  of  which  the 
charge  meets  with  the  lea.st  resistance. 

10.  (Architecture.)  Springing  Vine.  The  line  from 
which  an  arch  rises,  and  from  which  the  versed  sine 
is  calculated. 

II.  (Metsonry.)  The  bricklayer's  cord,  which  is 
his  guide  for  level  and  direction.  It  is  stretched 
between  line-jiins. 

12.   (llailxoay-engineering.)     A   railway-track,    as 
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tlie  main  line  or  trunk.     A  loop-\me,  a  connecting 
line,  a  crosslny  lini.',  a  side  line  or  switch. 

13.  ( Te/et/riiphy. )  The  wife  connecting  one  sta- 
tion with  anotlici-. 

The  jiart  of  an  instrument  to  which  the  line  is 
connected  is  known  as  its  Icriniiml. 

The  wires  and  instruments  form  the  circuil.  See 
CiKCUiT  ;  Wire. 

14.  {Surveying.)  a.  Buae-Une.  A  carefully  meas- 
ured line  which  extends  between  two  stations  and 
forms  the  basis  of  triangulation. 

b.  Line  of  direction,  thf- beciriiuj.  The  line  laid 
down  or  protracted  in  a  survey. 

15.  {Drafting  and  Perspective.)  a.  The  ground 
line  or  fuiidamental  line.  The  common  section  of 
the  ground  plane  and  the  base  of  the  picture.  The 
terrestrial  line. 

b.  The  horizontal  line.  The  common  section  of 
the  horizontal  and  that  of  the  <lraft  of  representation, 
pa.ssing  through  the  principal  points. 

c.  The  visual  line.  The  line  conceived  to  |u'oeeed 
from  the  object  to  the  eye. 

d.  The  principal  line.  A  line  drawn  from  the  eye 
perpendicular  to  tlie  pii^ture.     The  line  of  distance. 

16.  {Carpentrg.)  To  strike  a  straight  line  on  tim- 
ber or  boards  ;  usually  a  chalk  line  between  points 
determini'd  bv  measurement. 

Lin'e-ar  Mi-croni'e-ter.  (Optics.)  A  gradu- 
ated scale  placed  in  the  held  of  a  telescope,  and  u.sed 
to  measure  distances  between  objects. 

Iiine-clamp.     A   device   to    hold   a   clothes   or 
other  line. 
Fig  2937.  In  the  examjde,  the  line 

is  clamped  between  the 
liook  and  the  serrated 
swinging  segment. 

Lined-gold.  Gold 
backed  by  a  leal'  of  baser 
metal. 

Line-en-grav'ing. 
This  term  is  used  to  dis- 
tingi-.ish  it  from  aquatint, 
mezzotint,  and  stipple  or 
J  chalk  engraving.  It  was 
I  originally  entirely  executed 
with  tlie  graver  and  dry 
point.  The  latter  term 
is  to  distinguish  it  from 
the  etching  point,  which 
makes  a  mark  through  a 
ground  upon  the  plate, 
which  is  afterwards  bit  in 
with  acid. 

0  Latterly,   the  subject  is 

tj  first  etched  and    then  fin- 

fV  ished  with  the  graver.   Cer- 

^  tain    parts    are    left   to   be 

aothes-Liiie  Holder.  entirely  executed  by  the 
graver  and  dry  point,  while 
otiicr  pai'ts  are  deepened  and  made  more  elfcctive  Ijy 
the  a])plication  of  the  graver  to  the  etched  lines. 
.Smooth  jiortions  are  laid  in  by  the  ruling-machine, 
which  has  a  diamond-point  working  througli  a  ground 
upon  the  plate,  and  so  arranged  as  to  make  a  series 
of  pai-allel  marks  at  regulated  distances.  After  rul- 
ing, the  plate  is  bit  in  with  acid,  as  described 
under  Etching.  (See  RrLiNfi-MACniNE,  Engiiav- 
Kn's.)  Line-engraving  is  generally  admitted  to  be 
the  highest  style  of  the  art. 

Lin'en.  {Fabric.)  A  cloth  made  of  flax  and 
having  many  grades  of  fineness,  and  several  forms 
distinguished  by  their  figures  or  surfaces  ;  as  dam- 
ask, diaper,  cambric,  huckaback,  etc. 

The  earliest  notice  of  linen  —  cloth  of  flax  —  is  in 


Egypt.  In  the  time  of  Moses,  the  Pharaoh  was  ar- 
rayed in  vestures  of  fine  linen  ;  and  on  the  tomb  of 
I5eni  Hassan  are  shown  the  pulling  of  the  flax  and 
the  ridding  of  the  seeds  by  means  of  the  ripple.  It 
was  the  only  material  allowed  for  the  garments  of 
the  priests  and  the  bandaging  of  the  dead.  The 
ceremonial  law  of  the  Hebri'ws  also  prescribes  linen 
for  the  priests.  Cotton  was  then  unknown,  except 
as  a  curiosity.  Wool  was  regai-ded  as  foul.  We 
read  of  the  Egyptian  linen  in  Genesis,  Chronicles, 
Proverbs,  and  Ezekiel.  Pharaoh  arrayed  Joseph  in 
vestures  of  fine  linen,  1710  u.  c.  The  mixture  of 
ila.x  and  wool  in  a  fabric  was  forbidden  (Lev.  xix. 
19).  Solomon  had  linen  yarn  brought  out  of  Egypt 
(1  Kings  X.  28). 

"  He  [Aaron]  shall  put  an  the  holy  linen  coat, 
and  lie  shall  have  the  linen  breeches  upon  his  llesh, 
and  shall  be  girded  with  a  linen  girdle,  and  with  the 
linen  miter  shall  he  be  attired  ;  these  are  holy  gar- 
ments." 

Wilkinson  states  that  the  ancient  Egyptian  linen 
is  far  .superior  to  the  finest  modern  in  general  quali- 
ty and  the  evenness  of  the  threads.  One  specimen 
has  540  threads  or  270  double  threads  in  the  warp, 
and  110  in  the  woof 

In  the  linen  corselet  given  by  Amasis  of  Egypt  to 
the  Lacedemonians,  each  thread,  though  fine,  was 
composed  of  300  other  threads,  all  distinct.  It  was 
handsomely  embroidered.  The  tomb  of  Rameses  III. 
at  Thebes  showed  a  similar  corselet,  worked  with  fig- 
ures of  animals.  Pliny  notices  the  coiselet  of  Amasis, 
shown  in  the  temple  of  Minerva  at  Rhodes.  See 
Flax. 

It  was  first  manufactured  in  England  by  Flemish 
weavers,  under  the  protection  of  Henry  HI.,  1253. 
Before  this,  woolen  shirts  were  generally  worn.  A 
company  of  linen-weavers  was  established  in  Lon- 
don, 13G8. 

The  Presbyterians,  who  left  persecution  in  Scotland 
in  the  time  of  the  Stuarts,  planted  the  linen  manu- 
facture iu  the  North  of  Ireland,  and  were  encouraged 
by  William  III.  and  succeeding  governments. 

Lin'en  Pa'per.  As  with  ]iaper  of  cotton,  bam- 
boo, morus  liark,  and  silk,  it  appears  that  the  first 
manufacture  of  linen  paper  was  in  China.  The 
Egyptians  excelled  in  fine  linen  in  very  early  times. 
Aboiu  1500  II.  c,  the  Israelites  left  Egypt  with  stores 
of  linen  ;  and  five  hundred  yeais  al'terward,  Solo- 
mon inijiorted  linen  yarn  from  thence.  Yet,  with 
all  this,  it  does  not  appear  that  the  people  of  any 
country  bordering  on  the  Mediterranean  bad  con- 
ceived the  idea  of  tearing  these  rags  to  pieces,  making 
them  into  pulp,  and  then  into  a  sheet.     See  PaI'er. 

The  use  of  papyrus  itself,  though  it  so  much  pre- 
ceded any  true  paper,  is  by  many  persons  supposed 
not  to  have  antedated  the  expi^dition  of  Alexander. 
Without  the  papyrus,  which  so  long  gave  the  Egyp- 
tians precedence  in  the  matter  of  written  records, 
they  must  have  been  reduced  to  the  same  straits  as 
their  neighbors,  and  have  written  on  waxed  tablets, 
linen  cloth,  palm  leaves,  bark,  etc.  The  use  of 
parchment  was  not  yet,  if  we  may  credit  the  asser- 
tion that  it  was  invented  by  the  king  of  Pergamus 
as  a  substitute  for  the  papyrus,  on  which  an  embargo 
was  laid  by  the  reigning  Ptolemy,  whoever  he  was. 

The  use  of  linen  paper  in  Europe  ap|)ears  to  have 
originated  in  Germany,  about  the  eleventh  or  twelfth 
century,  the  exact  date  being  undeterminable.  We 
read  of  a  German  paper-mill  at  Nuremberg  in  1390, 
one  in  England  in  1343,  in  France,  1314,  Italy,  1367. 
Linen  paper,  however,  is  yet  preserved,  containing 
documents  of  much  older  date. 

,lohn  Tate  had  a  mill  at  Stevenage,  England,  in 
1496,  but  the  manufacture  was  much  increased  by 
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Spielman  in  1588.  Tliis  person  was  a  German  jew- 
eler, and  estiiblished  a  paper-mill  at  Deptford  during 
tlie  reign  of  (Jiieen  Elizabeth. 

Whatman's  mill  was  established  at  Maidstone  in 
1770.     The  name  is  yet  a  famous  brand. 
Lin 'en-pro  v'er.     A  small  mieroscope  for  count- 
ing the  threads 
2958.  in  linen  fabrics. 

Its  base  has  a 
squareopening, 
which  e.xpo.ses 
a  certain  area 
of  linen,  and 
the  glass  above 
enables  the 
number  of 
threads  to  be 
counted. 

Some  linen-provers  are  provided  with  four  perfora- 
tions, which  are  respectively,  — 

i  of  1  inch.  Ti'n  of  37  inches. 

Y^to  of  40  inches.  you  oi  34  inches. 

.See  Reed. 

liine-of-bat'tle  Ship.  In  England,  a  ship  of 
not  less  than  *.U  guns. 

Line  of  Cen'ters.  (MMhinery.)  a.  A  straight 
lin(!  joining  the  centers  of  two  wheels  in  gear. 

b.  The  line  when  the  crank  and  the  connecting- 
rod  are  in  a  straight  line.  The  dead-point  of  the 
ci'ank. 

Line  of  De-fense'.  (Fm-tifimtion.)  A  line  join- 
ing a  salient  angle  with  the  opposite  tlank.  See 
KiNE,  6. 

Line  of  Fire.     (Ordnance.)     The  line  formed  by 
the  axis  of  the  piece  produced.     When  the  gun  is 
laid  point-blank,  the  line  of  fire  is  parallel  to  the 
line  ofslijhf,  and  not  otherwise.     See  Fig.  295ti. 
a  b,  line  of  fire. 
c  d,  line  of  metal. 
e /,  liuf  of  sight  (point-bl.ankl. 
liiue  of  Met'al.    (Ordnance.)    A  line  joining  the 
notches  on  the  breech  and  muzzle,  and  forming  an 
angle  with  the  axis  of  the  bore,  in  consequence  of 
the  taper  form  of  the  piece.      See  Fig.  2956. 

Line  of  Mst'al-el-e-va'tion.  (Ordnance.)  The 
elevation  dui."  to  the  conical  form  of  the  gun  when 
the  line  of  mi-tal  is  laid  horizontal. 

Iiine  of  Sight  (Ordnance.)  The  line  passing 
through  the  breech  and  muzzle  sights  of  a  gun  at 
any  elevation  and  the  object.     See  Fig.  2956. 

Line-pin.  (Brieklayiny.)  A  pin  used  by  biick- 
layers  to  hold  the  line  by  which 
the  bricks  are  laid.  Its  pointed 
end  is  forced  into  a  raortar-joint 
of  the  building. 

Lin'er.  1.  (Marble-ieorl-ing.) 
A  long  slab  of  stone  to  which  jiieces 
of  marble  are  secured  in  order  to 
be  ground  or  ])olished.  The  pieces 
of  marble  —  for  a  tesselated  pave- 
ment, for  instance  — are  placed 
face  downward  on  a  Hat  stone  ; 
plaster  of  paris  i.s  poured  on  their  upjjer  surfaces. 
and  the  liner  is  laid  upon  them  so  as  to  be  cemented 
to  each,  though  they  may  vary  in  thickness.  They 
are  then  ready  for  grinding  by  being  drawn  back 
and  forth  over  a  large  sla))  of  marble,  sand  and  wa- 
ter being  supplied  between  the  surfaces,  which  act 
by  mutual  attrition. 

2.  (Machinery.)  A  thin  piece  placed  between 
parts  to  adjust  them.     X  shim. 

3.  (Nautical.)  a.  A  line-of-battle  .ship.  One 
large  enough  to  occupy  a  position  in  the  main  line. 


Fig.  2959. 
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b.  One  of  a  regular  line  of  vessels  or  packets  sail- 
ing or  steaming  between  ports. 

Line-rock'et.  (Pyrotechnics.)  A  small  rocket 
made  to  run  along  an  extended  wire  or  line. 

Lines.  (Saddlery.)  Another  name  for  driving- 
reins. 

Line— Twind'er.  A  reel  for  a  clothes-line,  a  fish- 
ing-line, a  chalk-line, 

a  "^ log-line,     etc.      In  Fig.  2960.  ^ 

the  example,  the  line,  %i' 

after  being  withdrawn 
for  use,  is  re-wound 
on  the  reel  by  a  spring 
npon  the  reel -shaft. 

Line-'wire.  <  Te- 
legraphy.) The  wire 
connecting  stations. 
They  are  usually  of 
iron,  on  account  of  its 
comparative  cheap- 
ness, and  its  tenacity, 
which  allows  a  long 
reach  between  posts.  See  Insulator  ;  Telegr.\pii  ; 
and,  for  a  specific  index  of  related  subjects,  see 
Electimcal  -VrrAKArrs  and  AprLiANCES. 

Lin'gel.  A  small  thong  of  leather  for  sewing  or 
lacing  bands.      Linglc. 

Lin'got.     An  iron  mold  for  casting  metals. 

Lin'guet.  1.  A  tongue  ;  as  in  some  organ-pipes. 
A  langnet. 

2.  The  ])icce  of  a  sword-hilt  which  turns  down 
over  the  mouth-jiiece  of  a  scabbard. 

Lin'ing.  1.  (Joinery.)  Inside  boarding  ;  in  con- 
tradistinction to  outside  sheathing  or  boxing,  called 
casing.    A  covering  of  an  inteiior  surface,  such  as — 

The5o^-ij!(/ of  window-shutters  which  form  the  backs 
of  the  recesses  into  wliicli  the  shutters  are  folded. 

The  facings  on  each  side  of  a  doorway. 

The  vertical  pieces  of  a  window-way  parallel  with 
the  surface  of  the  wall. 

2.  {Metallurgy.)  The  feiiigi  or  protecting  stuff  on 
the  boshes  of  a  puddling-furnace.  The  inside  sur- 
face material  of  a  Bl.\st-furnac-e  (which  see). 

3.  (Steam-engine.)  A  non-radiating  covering  of 
felt,  etc.,  for  a  steam-boiler.  The  term  is  hardly 
correct  here,  for  the  covering  is  exterior,  and  is 
properly  known  as  clcnding,  lagging,  or  jacket. 

4.  (Hydraulic  Engineering.)  Puddle  laid  on  the 
sides  of  a  canal,  to  prevent  the  percolation  of  water. 

Fig.  2961. 
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Connecting  Links. 
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Ijink.  1.  A  short  connecting  piece  of  circular  or 
otlicr  cinuvaU'nt  .sliape,  as  one  of  the  oval  rings  or 
divisions  of  a  chain. 

The  illustration  shows  several  links  capable  of  be- 
ing taken  apart,  and  thus  becoming  a  means  of  unit- 
ing the  broken  ends  of  a  chain.  Each  half  of  the  link 
a  has  a  swivel  to  which  it  is  connected  by  a  head,  the 
swivel  of  each  part  forming  a  nut  for  tlie  threaded 
leg  of  the  otiier  jiortion.  The  link  h  is  nurde  of  two 
sections,  h'  b'\  laid  upon  each  other  and  riveted.  The 
illustrations  (c  c',  d  d,  e  <■',  //')  are  forms  of  connect- 
ing link  whose  twin  swiveling  portions  form  a  mous- 
ing for  each  other. 


2.  A  short  connecting  bar  with  a  bearing  in  each 
end,  for  transmitting  motion  from  one  rod  or  lever  to 
anotlier. 

3.  The  length  of  one  section -of  Gunter's  chain, 
7.92  inches,  the  100th  part  of  66  feet. 

4.  A  torch.  It  is  made  of  toW  and  pitch,  or  of 
conibustililc  splinters,  such  as  of  pitch-iiine. 

Link-mo'tion.  A  gear  by  which  the  valve  is 
oiieratcd  in  lucuniotives  and  similar  engines.  It  acts 
as  a  vai'iable  cut-ulf,  or  reverses  the  steam,  or  renders 
the  valve  inactive,  as  may  be  required. 

It  consists  of  two  eccentrics  n  o  and  their  rods  p  q, 
one  for  the  forward  and  the  other  for  the  backward 


Fig.  2962. 


hinh-Motion. 


movement  of  the  engine.  The  rods  are  connected 
to  the  respective  ends  of  a  slotted  bar  r  called  the 
link,  which  is  vertically  adjusted  by  an  arrangement 
of  levers  terminating  in  a  handle  v,  as  shown.  The 
valve-rod  s  is  connected  to  a  sliding  p'in  which 
moves  up  and  down  in  the  slot  of  the  link  as  the 
latter  is  adjusteil  vertically  by  the  handle  and  con- 
necting-levers jireviously  referred  to.  The  handle 
is  retained  at  any  set.  which  may  be  given  to  it,  by 
engagement  with  a  notchi^d  segment-bar. 

The  motions  of  the  valve  are  produced  by  an  im- 
pulse imparted  to  tlie  pin  in  the  slot  of  the  link  ;  as 
the  pin  moves,  a  longitudinal  reciprocation  is  im- 
parted to  the  valveroil.  The  motion  of  the  pin  — 
which  is  furnisheil  with  a  slide  to  adapt  it  to  move 
in  the  slot  of  the  link —  is  ma<le  up  of  the  motions 
imparted  to  it  by  the  two  eccentrics  ;  and  when  the 
pin-slide  is  in  the  middle  of  the  link,  it  is  not  moved 
at  all,  as  the  actions  of  the  eccentrics  just  balance 
each  other,  and  the  link  simply  oscillates  on  the 
slide-pin  as  a  center.  When  the  link  is  thus  ad- 
justed, the  Inuidh'  being  at  the  middle  notch  of  the 
segment,  the  valve  is  inactive  and  the  engine  at  rest. 

When  the  slide-pin  occupies  a  position  either  way 
from  the  said  nnddle  position  in  the  link,  it  is  there- 
by brought  under  the  domination  of  the  eccentric- 
rod,  whose  end  of  the  link  it  occupies.  The  other 
eccentric-rod  then  forms  a  fulcrum,  on  which  tlie 
link  oscillates,  carrying  with  it  the  slide-pin,  and 
tliereby  operating  the  valve-rod  and  valve  at  a  full 
stroke.  By  shifting  the  link  r  downward  from  the 
position  shown  in  the  lignre,  the  eccentric  n  and  its 
rod  p  are  brought  into  activity,  the  rod  q  attaining 
a  ncarlji  absolute  position,  reversing  the  motion  of 
the  slide,  anil  conse(|Uently  of  the  engine. 

Wl[en  tlie  slide-]iin  oicupies  a  jio.sition  in  the  link 
at  any  point  bi'tween  the  middle  and  either  end,  it 
receives  a  motion  therefrom  great  in  proportion  to  its 
proximity  to  the  end,  and  conversely.  In  snch  posi- 
tion, the  motion  of  the  valve  is  distinctly  made  up 
of  the  motions  of  the  two  eccentrics,  as  the  fulernm- 
point  of  the  link  is  itself  shifting,  and  the  effect  is 
to  give  the  valve  only  a  part  of  the  throw  of  the 


eccentric.     The  steam-valves  are   partially  opened, 
quickly  closed  again,  so  that  the  admission  of  steam 


Fig.  2963. 


ceases  some  time 
before  the  termina- 
tion of  the  stroke, 
and  the  steam,  be- 
ing cut  off,  is 
worked  expansive- 
ly. The  nearer  the 
slide  is  to  the  mid- 
dle of  the  slot,  the 
quicker  is  the  cut 
off- 

In  Fig.  2963,  the 
stay  -  rods  D  D, 
which  hold  the 
guidesforthe  cross- 
head  F,  bind  the 
cvlinder  E  and 
shaft-bearings  to- 
gether to  resist  the 
rendingstrain.  The 
link-block  M  L  K 
isadjusted  by  .sbiiii- 
miug,  and  is  held 
in  any  desired  po- 
sition by  the 
toothed  link  //and 
the  pinion  0.  See  Burgh's  "  Link-Motion  and  Ex 
pansion-Gear."     London,  1871. 
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Link-'worm'ing.  (Nautical.)  Wonuing  a  ca- 
ble by  rlKiiii.s  inserted  in  the  interstices  of  the 
strands. 

Iiink-le'ver.  (Railroad-cnginc.)  The  reversing 
lever  of  a  locomotive. 

Iiink-i)(rork.  Work  in  which  motion  is  coinniu- 
nicati'd  by  coiiiu'cting  pieces. 

lan'net-hole.  {G/nss.)  (Fr.  huutlc.)  A  hole 
connecting  the  j;lass-inelting  furnace  with  the  arch. 

Iiin'seed-niill.  (/.('«<,  Flax.)  A  mill  for  grind- 
ing lla.\-si-ed  for  oil.     See  OiL-MiLL. 

iiin'seed-oil.     6il  expressed  from  flax  {lint)  seed. 

Lin'sey.  (F<:hric.)  A  country-made  fabric,  of 
linen  warp  and  worsted  lilling,  undressed  ;  hence 
tile  name  li)iu'y-woolscff. 

Iiin'stock.  A  lint-stnck.  A  gunner's  forked 
.staff,  to  hold  a  mat('h  of  lint  dip]ied  in  a  .soUition  of 
saltpeter.      It  is  referred  to  by  (Shakespeare  :  — 

"  And  the  nimble  gunner 
With  linstock  now  the  devilish  cannon  touches." 

Henry  T. 

Lint.  Raveled  or  scr.iped  linen  reduced  to  a  soft 
state  ami  used  tor  dressing  wo'inds  m  nlcers.  As 
formerly  prepared,  it  consisted  of  scrapings  from  the 
surface  of  old  linen  cloth,  which  was  (b-awn  beneath 
a  knife,  the  weft-threads  being  pushed  back  from 
time  to  time,  and  the  scrapiHgs  being  obtained  from 
the  threads  of  the  warp. 

A  machine  has  be(>n  used  for  the  ]>urpose,  the 
straight,  blunt  knife-blaile  being  brought  down  liy 
a  pedal  upon  the  frayed  edges  of  the  linen,  which 
lies  upon  a  little  leather  covered  ledge  beneath  it. 
The  linen  is  rolled  upon  a  roun<l  stick  whose  length 
is  in  t!ie  direction  of  the  weft-threads,  and  thi'  edge 
of  the  piece,  being  pushed  under  the  ile-cending  knife, 
receives  a  )iull  after  the  knife  has  supplied  it,  thereby 
raveling  oil'  tlie  weft-threads  anil  scraping  the  warp- 
threads.  The  art  of  using  the  machine  consists  in 
causing  the  knife  to  descend  on  the  warp  between 
the  weft-threads  at  each  ileseent. 

Lint  made  up  into  a  flat,  oval  form  is  termed  a 
pledtjet :  into  a  cylindrical  form,  or  resembling  a  date- 
stone,  it  is  a  dossil. 

A  substitute  for  lint  consists  of  carded  or  scribbcd 
fiber,  impregnated  with  vegetable  tar  to  render  it 
antiseptic  and  disinfectant. 

Lint-doc'tor.  A  sharp-e<Iged  ruler  on  the  de- 
livery side  of  the  calico-printing  cylinder,  to  detain 
any  lint  or  fibers  whicli  may  come  off  the  cotton 
cloth.  The  color-doctor  on  the  other  side  of  the 
roller  acts  as  a  wiper  to  remove  superfluous  color. 
See  C.\LIC(l-PilINTIXO. 

Lin^tel.  {Carpcninj.)  A  piece  of  timber  laid 
horizontally  over  a  doorway  or  window.  An  arch 
above  to  bear  the  superincumbent  loail  is  called  a 
discharging-^  rcli. 

Lip.  1.  A  projecting  flange,  as  on  the  edge  of  a 
kettle. 

A  narrow  surface  around  an  opening,  as  the  lip  of 
a  bottle. 

2.  (Music.)  In  organ-pipes,  the  edge  against  wdiich 
the  sheet  of  air  impinges.  The  vibration  acquired 
thereby  is  comnninicated  to  the  column  of  air  in  the 
pipe,  and  produces  a  musical  note.  See  Mouth- 
pipe  ;  Pipe. 

3.  (IVatcr-whccl.)  -A  rim  closing  the  joint  be- 
tween the  barrel  and  curb  of  a  turbine. 

i.  (Vehicles.)  A  cMttoo  plate.  A  projecting  part 
of  the  boUter. 

Lip-bit.  A  boring-tool  adapted  to  be  used  in  a 
brace,  and  having  a  cutting  liji  projecting  beyond 
the  eiul  of  the  bairel.      See  Bit. 

Lip-bead  Bolt.  A  bolt  with  a  head  projecting 
sideways. 


Li-qua'tion.  Silver  is  separated  from  copper  by 
melting  the  alloy  with  the  addition  of  lead,  anil 
cooling  the  triple  alloy  suddenly  in  the  form  of 
cakes.  Tliese  cakes  are  heated  to  such  a  degree  on 
an  inclined  hearth  as  to  cause  the  alloy  of  lead  and 
silver  to  run  off,  and  allow  the  copper  to  remain. 

The  leail  and  silver  may  be  separated  by  cujiella- 
tion  or  by  Pattinson's  process,  in  which  the  alloy  is 
allowed  to  cool  slowly  and  the  crystals  removed  as 
they  form,  leaving  the  alloy  relatively  licher  in  sil- 
ver. By  a  repetition  of  the  process  an  alloy  of  great 
richness  is  procured,  an<l  the  operation  may  be  fol- 
lowed by  cupcUation,  in  whieli  the  lead  is  oxidized, 
melts,  and  runs  otf.     See  LKAii-FtniNACE. 

Li-qua'tion  Hearth  or  Fur'nace.  A  hearth 
or  furnace  in  which  metals  are  se|iarati'd  liv  exposure 
to  a  heat  which  melts  one  or  more  of  them,  but  leaves 
the  othei-  or  others  nnmelted. 

The  disks  of  alloy  —  .say,  copper,  lead,  and  silver 
—  are  set  on  edge  in  a  slanting  jiosition  on  two  iron 
plates,  between  which  is  an  interval.  Wedges  are 
placed  between  the  disks  until  the  furnace  is  charged, 
and  the  space  around  the  disks  is  then  filled  in  with 


Fig.  2964. 
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LiriKiitHni-Yurnace. 

charcoal,  the  to|i  of  the  furnace  restorc'd,  and  heat 
ajijilied  to  the  kindling  in  the  chamber  below.  As 
the  temperature  increases,  the  alloy  of  lead  and  sil- 
ver, w'hose  union  is  more  intimate  than  that  of 
either  with  the  copper,  becomes  fused  and  runs  down 
to  a  conductor  on  the  bottom  of  the  fire-chamber, 
and  is  led  to  the  cistern  in  front,  from  whence  it  is 
ladled,  the  lead  ami  silver  being  afterward  separated 
by  cupellation. 
'  Liq'uid-car'bon  Fur'nace.  A  furnace  in  which 
liijuid  fuel,  such  as  petroleum,  is  introduced  into  the 
fire-chamber  and  burnt  in  <.'ontact  with  air  and  some- 


Fig.  2965. 


Liquid-  Carbon  Furnace. 


times  with  steam.  The  exam  pie  has  an  injector  above 
the  fire-door,  for  the  introduction  of  the  liquid  hy- 
drocarbon ;  the  supply  is  regulated  by  a  cock,  and 


LIQUID-COOLKR. 


1326 


LIQUID-METER. 


at  the  point  of  ejection  it  is  associated  witli  super- 
lieateil  steam  at  a  tenipi-iature  of  aliout  ()00°  Fall. 
The  coinbineil  spray  tlms  injected  conies  in  contact 
with  the  liot  ashes  on  tliu  giatc-bars,  liy  «liich  it  is 
ignited. 

In  raising  steam,  tire  is  first  made  on  the  grate- 
bars  in  the  ordinary  way,  and  the  injector  is  brought 
into  action  wlien  tlie  required  pressure  is  obtained  in 
the  boih'r. 

Liq'uid-cool'er.  An  apparatus  for  cooling 
w'ort,  beer,  wine,  water,  etc.  On  a  small  scale,  as 
the  wine-cooler  at  the  sideboard,  it  is  a  tub  in  which 

Fig.  2966. 


Voltttf-  Cooler. 

bottles  are  stood  with  broken  ice  around  them.  For 
soda-water  and  other  li(iuids  on  draft,  it  is  a  coil  of 
pipe  which  passes  through  a  chamber,  and  is  covereil 
with  pounded  ice.  For  milk,  it  is  a  pan  which  has 
a  false  bottom,  through  which  cold  water  circulates. 
For  beer  on  draft,  it  is  a  chamber  in  which  the  keg 
is  set  with  blocks  of  ice  about  it  and  the  faucet 
projecting.     See  Fig.  632. 

On  a  larger  scale,  used  in  breweries  for  cooling 
wort  or  beer,  it  has  many  forms.  It  is  usually  a 
very  large  sliallow  vat.  One  is  shown  in  Fig.  2966. 
It  is  a  volute,  formed  by  a  wide  strip  of  metal  set  on 
edge  bi'tween  ujiper  and  lowei-  heads.  A  long  sheet- 
metal  plate  is  folde.l  and  then  convolveil,  so  as  to 
form  a  helix  with  two  distinct  spaces  ;  the  edges  of 
the  plate  are  attached  to  the  top  and  bottom  disks, 
which  form  heads,  and  one  space  in  the  convolution 
is  for  the  refrigerating  li(iuid,  the  other  for  the  va- 
jjor  or  Huid  to  be  conilensed  ;  induction  and  educ- 
tion passages  admit  and  discharge  the  respective 
lluiils. 

In  Fig.  2967,  the  beer,  on  its  way  from  the  cool- 

beds  to  the   fer- 
Fig  2937.  menting-tun, 

flows  into  the 
trough  D,  and 
thence  trickles 
over  the  vertical 
series  of  horizon- 
tal pipes,through 
which  cold  water 
passes.  Similar 
to  this  in  con- 
struction is  the 
Degrand  con- 
denser, except 
that  the  latter  is 
for  heating  cane 
juice,  and  the 
pipes  are  filled 
with  steam.  See 
Fig.  1421. 

Liquid-Cooler.  The  cooler  in 

which  the  wort 
passes  through  a  coil  of  pipe  in  a  vat  which  is  filled 
with  ice,  or  through  which  Hows  a  stream  of  cold 
water,  is  also  like  the  coil-condenser  in  the  arrange- 
ment of  its  parts.     See  Fig.  631. 


Another  form  is  that  in  which  an  outer  and  an  in- 
ner vessel  are  filled  with  ice  and  coinniunicate  by 
short      tubes 

which  cross  the       „-„  Fig.  2£U3. 

i  n  ter  veniiig 
space ;  over 
these  tubes  the 
beer  descends 
in  a  shower  from 
a  pan  above. 

Fig.  2968  has 
two  vertical 
cases  A  A'  in 
which  wort  cir- 
culates, dis- 
charging at  c 
and  e.  From  . 
each  of  these 
cases  project 
boxes  A  III, 
which  lap  past 
each  other  in 
the  intervening 
space  through 
which  water 
flows  from  D  to 
E.  In  the  cases 
are  also  plates 
which  extend 
into  the  boxes,  so  a-s  to  form  a  sinuous  channel 
through  which  the  wort  jiasses  in  a  sheet  against  the 
outer  walls  of  the  box,  which  are  cooled  by  the  water. 

Another  form  is  a  series  of  inclined  troughs  through 
which  the  wort  passes  to  be  cooled  by  exposure  to 
the  air. 

Liq'uid-ma-nure'  Cart.  A  tank  on  wheels  for 
conveyance  of  liquid  manure  to  a  field  and  distrib- 
uting it  there.  As  shown,  it  is  made  of  boiler-iron 
riveted,  and  is  filled  by  means  of  a  portable  pump 

Fig  29b9 


Liquid-  Cooler. 


Liquid-Manure  Cart. 

and  hose,  shown  in  position.  The  tank  is  hung  upon 
centeis,  so  as  to  remain  level  on  inclined  ground. 

Liq'uid-me'ter.  A  device  for  ascertaining  the 
quantity  of  liquid  received  or  discharged  through 
an  orifice.     See  Meter,  Water. 

It  does  not  appear  to  have  been  in  use  prior  to 
1824,  when  William  Pontifex  of  London,  England, 
patented  a  new  mode  of  adjusting  or  equalizing  the 
pressure  of  fluiils  or  li(iuids  in  pijies  or  tubes,  and 
also  an  improved  mode  of  ineasuiing  said  fluids  or 
liquids.  This  consisted  in  forming  a  chamber  over 
the  supplv-pipe  and  near  its  end,  in  which  was  a 
leathern  cu)i  secured  to  the  top  of  the  chamber.  A 
series  of  weights,  one  above  the  other,  was  also  sus- 
pended from  the  top  of  the  chamber,  wliich  were 
successively  raised  as  the  pressure  of  the  liiiuid  in- 
creased.    An  arm  connei'ted  with  the  bottom  of  the 
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cup  operated  a  valve,  which  gi-adually  closed  the 
ilischaige  orifice  as  the  weights  were  lifted. 

William  Brunton,  near  the  same  time,  invented  a 
meter  in  which  the  reciprocating  motion  of  a  piston 
in  a  cylinder  was  caused  to  measure  the  amount  of 
water  discharged,  the  valve  aiTangements,  etc. ,  being 
jiimilar  to  those  of  the  steam-engine. 

The  forms  of  meter  are  various,  the  principal  be- 
ing known  as  the  diaphragm,  the  balanced,  in  which 
ilompiTssed  air  is  employed,  the  piston,  the  propeller, 
and  the  flaribte  tube  and  roller  meter. 

The  spirit-meter  of  Siemens  and  Halske  is  shown 
in  Fig.  2970  (.4).  This  instrument  is  designed  to 
register  the  (piantity  of  spirit  di.scharged,  and  also  the 
amount  of  absolute  alcohol  contained  therein.     The 

Fig.  2970. 


lifjnid  enters 
through  the 
pipe  a  into 
the  chamber, 
whence  it  pass- 
es through  two 
pipes  e  d,  one 
of  which  ter- 
minates in  a 
chamber  e, 
whence  it  is 
carried  by  the 
pipe  /"  through 
the  lower  part  of  the  vessel  g. 
The  other  conducts  it  directly 
to  the  upper  part  of  g. 

The  parts  of  the  pijies  which 
pass  through  g  are  perforated 
respectively  on  the  upper  and 
lowerside.s,  causingupwardand 
downward  currents  therein, 
thoroughly  mingling  the  spirit, 
so  as  to  insure  that  the  quan- 
tity of  alcohol  contained  in 
the  spirit  does  not  vary.  The 
Liqvid-ihters,  two  meet  in  the  chamber  h, 
passing  through  a  pipe  i  into 
a  chamber  y,  from  which  it  flows  into  the  volumeter 


':  through  the  jipe  /.-.  The  volumeter  is  a  hollow  drum 
I,  having  a  concentric  cylinder  m,  the  space  between 
\  the  two  being  divideil  into  three  compartments. 
Three  slits  in  the  central  cylinder  permit  the  liquid 
to  How  successively  into  each  compartment,  as  it  in 
turn  occupies  the  lowest  position.  The  openings  are 
]  so  arranged  that  while  the  lower  chamber  is  lilling 
the  level  is  too  low  to  permit  an  escape  into  either 
of  the  others,  and  the  apparatus  remains  stationary 
,  until  the  lower  chamber  is  full.  The  discharge  of 
this  then  commences,  while  the  ajierture  through 
'  which  it  received  its  supply  is  carried  by  the  rota- 
tion above  the  liquid  in  the  central  chamber.  To 
prevent  overflow  until  tliis  change  of  position  has 
occurred,  the  discharge-channels  are  carried  spirally 
from  each  chamber  round  the  exterior  of  the  one  next 
J  following.  The  registering  dials  are  actuated  in  the 
usual  manner.  The  amount  of  pure  spirit  is  deter- 
mined tiy  the  indications  of  a  hydrometer  n  in  the 
tank  g,  having  a  curved  lever,  the  shorter  arm  of 
which  is  connected  with  its  stem.  The  hydrometer 
is  filled  with  alcohol,  and  rises  and  falls  according 
to  the  density  of  the  siirrounding  spirit,  causing 
the  lever  to  vibrate  each  time  that  a  chamber  of 
the  volumeter  is  emptied,  to  an  extent  indicating 
the  quantity  of  pure  spirit  contained  therein.  A 
three-leaved  cam.  attached  to  the  axis  of  the  vol- 
umeter, is  connected  with  the  long  ami  of  the  lever, 
and  is  provided  with  a  ratchet-wheel  of  large  diame- 
ter with  fine  teeth.  This  is  placed  on  the  a.xis  of 
the  fii-st  register-wheel,  and  causes  it  to  turn  an 
amount  equal  to  the  movement  of  the  cuned  lever. 

The  water-meter  of  Duboys  of  Paris  (£')  con- 
sists of  a  casing  a,  in  the  interior  of  which  is  a 
diaphragm  b,  cairying  in  its  center  a  metallic  disk  c, 
the  convex  edges  of  which  accurately  fit  the  sides  of 
the  casing.  The  diaphragm  and  disk  are  ke|it  in  po- 
sition by  the  rod  d,  which  passes  through  water-tight 
orifices,  e  and /are  apertures  for  receiving  and  dis- 
charging the  water. 

As  the  water  enters  through  either  duct,  as  <•,  it 
raises  the  diaphragm,  forcing  out  the  water  on  the 
upper  side  until  the  vessel  is  full,  when  the  dia- 
phragm fits  closely  against  that  side.  During  the 
process  of  filling,  the  vessel  is  inclined  ;  but  when  the 
weight  rises  to  the  top,  it  gives  that  side  the  prepon- 
derance, causing  the  vessel  to  tuni  on  its  pivots  un- 
til it  becomes  the  bottom  side.  At  the  .same  time, 
the  supply-opening  is  closed  and  that  for  discharge 
opened,  while  on  the  opposite  side  a  contrary  efi"ect 
is  produced.  Arrangements  are  provided  to  prevent 
the  vessel  from  tilting  until  it  is  entirely  filled. 

The  meter  of  JI.  Clement  of  Orleans  consists  of  an 
upright  cylinder  divided  into  five  compartments, 
each  of  which  is  caused  to  actuate  a  crank  on  a  ver- 
tical axis  common  to  all.  This  carries  a  compound 
stop-cock,  which  a<lmits  the  water  to  and  discharges 
it  from  each  compartment  when  filled. 

Payton's  meter  ((',  Fig.  2970)  contains  two  S-shaped 
arms,  whose  extremities  during  rotation  are  in  close 
contact  with  each  other  and  with  the  sides  of  the 
box.  The  arrows  indicate  the  direction  of  the  cur- 
rent. Similar  devices  are  shown  under  RoTAnv 
Bi.owER ;  Rotary  Pump. 

In  Cochrane's  meter  for  measuring  liquids  under 
pressure,  the  measurement  is  effected  by  a  pivoted 
vessel  resembling  a  double  scoop,  which  tilts  and 
discharges  when  either  side  is  full.  A  bent  lever 
below  tills  is  tilted  back  and  forth  at  each  move- 
ment of  the  scoop,  actuating  the  registering  mechan- 
ism. 

Atwell's  cylindrical  case  has  a  piston  E  which 
turns  on  an  axial  shaft  communicating  motion  to 
the  register,  and  cariying  an  arm  which,  at  the  end 
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of  each  stroke,  ulmuges  a  cylimliical  valve  F'  so  as 
to  cause  tlie  wutei-  to  alteiiuitely  enter  and  discharge 


FuUating-Piston  Meier 

from  the  meaburing-ohauiber  at  opposite  sides  of  the 
internal  partition  C. 

In  Fig.  2972,  a  watcr-whecl  within  a  pipe  is  con- 
nected to  a  register  to  indicate  tlie  How  of  water. 
The  How  is  regulated  by  a  sliding-valve. 

In  Young's  spirit-meter,  Hoats  G  in  the  measur- 
ing-chambers are  attached  to  each  end  of  a  pivoted 
beam.  The  alternate  downward  motion  of  the  Hoats, 
as  the  chambers  are  discharged,  diverts  the  induc- 
tion How  from  one  to  the  other.  The  Hoats  G  and 
tin'ir  valves  occupy  two  chambers,  and  arc  suspend- 
ed to  opposite  ends  of  the  oscillating  beam  E.  The 
valve-stems  have  a  limited   sliding   motion  in  the 


Fig.  2D73. 


Spiral-  Vane  Meter. 


Young's  Spirit-Meter. 


into  the  clmmher  Z),  is  by  means  of  the  valve  C  ad- 
mitted alternately  to  each  end  of  the  hollow  valve 
i>',  wliicli  is  divided  into  compartments  by  the  par- 
titions I  I'.  From  these  the  Huid  Hows  alternately 
through  appropriate  ports  behind  the  pistons  a  a  on 

Fig.  2974. 


A  solution  of  sugai',  used  in  claying  tlie 
A  live  or  mordant  in  solution,  as  thi- 


ng. 2975 


floats,  so  that  the  float  will  rise  to  a  sufficient  hight 
without  raising  the  valve  to  permit  the  emptying  of 
the  chamber.  At  the  point  of  disi;harge  the  weight- 
ed rod  J  is  thrown  past  the  vertical,  aild,  closing  the 
valve  to  this  chamber,  opens  the  induction-iiipe  to  the 
other  chamber,  de|ire.ssing  that  float  sufficiently  to 
close  the  escape- valve. 

In  Sickles's  meter  (Fig.  2974)  the  liiiuid,  flowing 


Sicktts^s  Liqiiift-Meter. 

the  rod  b,  which  has  tappets  that  strike  the  jiins  c  e' 
on  the  upright  .shaft  rf,  causing  its  partial  rotation 
and  operating  the  slide-valve  C,  which  admits  the 
lUiid  into  the  compartments  of  the  valve  S. 

Liq'uor.  1.  A  term  ajiplied  to  a  jirepaved  solu- 
tion, as,  — 

(Siiijar.) 
loaves. 

(Dyeing.) 
liquor. 

Liquor  of  flints,  liquor  silicum  :  soluble  glass. 

Liquor  of  /ilmvius  ;  bichloride  of  tin. 

2.    A  dilution  ;  as  liquor  ammouio,  etc. 

Llq'uor-gage.  A  ujeasuring-vod  for  determining 
the  depth  uf  the  licjuid  in  a  cask  or  tank.  A  part 
"f  the  gagev's  ei|uipment. 

Liq'uor-pump.  A  jiortable  pump  for  emptying 
casks,  etc.      .See  Bur.R-PI'.MP. 

Liq'uor-thief.  A  tube  which  is  let  ilown  through 
the  bung-hole  of  a  cask  and  then 
closed,  so  as  to  withdraw  liquid 
therefrom.  It  is  usually  closed  at 
to])  by  the  finger,  but,  in  the  illus- 
tration, the  tube  is  closed  by  a  plug. 
A  mtinplinfi-tuhc.     A  vclinche. 

Lisle-Iace.  A  light,  fine,  trans- 
parent, white  -  thread,  hand-made 
lace,  so  called  from  Lisle  in  France. 
It  has  a  diamond-shaped  mesh, 
formed,  by  2  threads  plaited  to  a 
perpendicular  line.  Also  known  as 
i:leii  r-f'iiiinhitiou. 

Lis'seus.  (Ro]ic -making.)  The 
ultimate  strands  of  a  rope. 

List.  1 .  To  chop  a  block  or  stave 
to  .an  approximate  shape  ;  e.  g.  the 
balk  or  codlinq  from  which  staves 
are  to  be  rived  is  choppeil  to  give  a 
taper  towards  each  end,  before  being 
cleft  into  staves  by  tlie  frov;  and 
mallet. 

2.  {Car/mUn/.)  a.  The  upper 
rail  of  n  railing. 

h.  A  narrow  strip  from  the  edge 
of  a  jilank. 

c.  A  small,  square  molding,  A 
Jillet. 

3.  A  selvage  (srlf-cdgc)  strip  on 
the  edge  of  broadcloth. 

4.  {Uopc-making.)    A  woolen  flap  in  the  hands  of 
a  rope-maker,  through  which  the  yarn  goes. 


Liquor-  Thief. 
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5.  a.  A  thin  coat  of  tin  preparatory  to  the  thicker 
coat,  in  tinning  iron  plates. 

b.  A  selvage  or  wire  of  tin  formed  on  the  under 
edge  of  plates  in  tinning. 

6.  {Nautical.)  An  inclination  of  a  ship  to  one 
side.     A  heel. 

List'el.  (Jaimrij.)  A  narrow,  slightly  project- 
ing ledge.     A  reglet. 

List'er.  A  three-pronged  fish-spear.  See  Leistf.r. 

Listing.  1.  Cuttingaway the  sappy edgeofa board. 

2.    Till?  narrow  edge  of  a  hoard. 

List-pan.  (Tin-plate  manio/actiirc.)  A  perfor- 
ated skimmer. 

List-pot.  A  heated  pan  with  a  small  quantity 
of  tin  at  the  bottom,  and  the  last  of  the  series  of  five 
pans  used  in  the  manufactui'e  of  tin-plate.  Tin-pot, 
waxli-pnt,  rircrise-pot,  pan,  list-pot.      See  TiN-PLATE. 

Litli'arge.  Semi-crystalline  or  fused  proto.xide 
of  li^ad,  obtained  in  separating  silver  from  lead  ore, 
and  useil  in  the  ■■omposition  of  fiint-glass. 

Lith'ic  Paint.  A  mastic  of  petalite  (which  con- 
tains an  alkali  known  as  litliia),  sand,  and  litharge, 
used  as  a  coating  for  walls. 

Lith'i-um.     A  metal,  the  base  of  lithia. 

Equivalent,  6.9  ;  symbol,  Li.  This  rare  metal 
somesvhat  resembles  siKlium,  and  has  no  special  in- 
terest in  a  mechanical  point  of  view.  Specific  grav- 
ity, 0.59;  fiising-point,  356°  Fah. 

Lith'o-olast.  (Sargcrij.)  -A  powerful  forceps-like 
instrument,  with  two  blades  having  concealecl  chisel 
or  wedge  shaped  projections  to  cut  the  stone  in  the 
bladder  into  pieces,  if  found  to  be  too  large  to  extract 
by  means  of  the  litliotomy-forcaps  after  the  opera- 
tion of  lithoto'ny. 

Litll'o-coria.  A  cement  for  uniting  stones.  See 
Cemf.n  1'. 

Lith'o-frac'teur.  Composed  of  nitro-glycerine, 
52  per  cent ;  infusorial  silica  ami  .sand,  30  per  cent ; 
carbon,  12  per  cent;  NaO  NO',  4  per  cent;  sul- 
phur, 2  per  cent. 

Its  characteristics,  as  compared  with  dynamite, 
are  :  (1)  greater  sensitiveness  to  temperature,  explod- 
ing at  120°,  while  dynamite  explodes  at  190°  ;  (2) 
greater  sensitiveness  to  moisture  from  the  presence 
of  the  hygroscopic  nitrate  of  soda  ;  (3)  the  gases  from 
the  explosion  always  contain  carbonic  oxide  from  the 
carbon  in  the  compound  ;  (4)  for  equal  volumes  it 
has  the  less  explosive  power.  — Journal  of  Applied 
Cli^mistrij. 

Lith'o-glyph.     An  engraving  on  a  gem. 

Lith'o-grapli'ic  Cray'on.  In  drawing  on  stone 
for  the  pui'poses  of  lithographic  pi'intrng,  crayons  are 
used.  They  are  composed  essentially  of  soap,  wax, 
fat,  and  lampblack,  and  are  cast  in  the  form  of  little 
cylindrical  sticks.  These  are  fastened  in  a  porte- 
erayon  or  quill  in  the  ordinary  way.  The  above 
constituents,  with  various  additions  of  sliellac, 
mastic,  etc.,  are  fused  together  and  finally  set  on 
fire.  The  longer  the  mixture  burns,  the  harder  the 
product  becomes  ;  three  or  four  grades  are  usually 
made. 

A  grained  lithographic  stone  is  always  required  for 
a  crayon-drawing ;  that  is,  a  stone  to  which  an 
evenly  roughened  surface  has  been  given  by  grind- 
ing it  carefully  with  sharp  sand  of  a  uuitorm  char- 
acter. The  asperities  upon  the  surface  of  such  a 
stone  remove  the  substance  of  the  crayon  in  quan- 
tity proportionate  to  the  pressure  employed  liy  the 
artist.  When  finished,  such  a  drawing  appears  to 
the  eye  exactly  as  the  impressions  on  ]iaper  printed 
from  the  same  stone  are  intended  to  look.  The 
printing  cajiability  is  possessed  liy  a  crayon-drawing 
only  after  it  has  been  etidied  with  a  very  weak  acid 
and  gum-water.     See  LiTHor.RAPHV. 


Lithographic  crayon  or  idialk  (Engelniann) :  — 

Yellow  wax,  32  parts  ;  Marseilles  soap,  24  parts  ; 
tallow,  4  parts ;  saltpeter,  1  part  ;  lampblack,  7 
parts. 

Melt  the  wax  and  tallow  first  ;  add  tlie  soap  grad- 
ually, and  heat  till  the  nnxture  catches  fire  of  itself. 
Remove  the  vessel  hon\  the  fire,  and  let  its  contents 
burn  for  about  two  minutes  for  soft,  and  tliiee  min- 
utes for  hard,  crayons.  Extinguish  the  fianie,  and 
add  very  gradually  and  carefully  the  .saltpeter  dis- 
solved in  7  parts  of  water.  Heat  is  now  to  be  ap- 
plied with  constant  agitation,  till  the  mass  again 
takes  fire,  when  it  is  to  be  instantly  exiingui.shed 
and  the  lampblack  added.  Mix  very  thoroi'.ghly, 
and  heat  till  combustion  once  more  takes  ]ilace, 
which  is  to  be  instantly  checked  as  befoie.  It  now 
remains  to  test  the  qunlitj'  of  the  crayon  as  to  hard- 
ness, and  the  quality  of  the  point  which  can  be  given 
to  it.  A  sample  is  poured  out  for  this  purpose,  cooled, 
cut  into  strips,  and  left  standing  a  day.  If  soft, 
farther  burning  will  harden  the  product  ;  but  it  can 
only  be  softened  by  adding  an  extra  soft  quality  of 
crayon.  When  satiffactory,  the  mass  is  melted  and 
poured  into  suitable  molds.  There  are  many  other 
recipes  for  makiiig  crayons,  involving  the  use  of 
resins,  etc.,  but  the  above  is  the  simplest,  and  with- 
out doubt  one  of  the  best.  Lemercier's  formula  is 
but  a  reha.sh  of  the  foregoing,  and  the  same  may  be 
;aid  of  Korn's,  save  that  he  does  not  set  fire  to  )iis 
n)ixture,  but  juolongs  the  time  of  melting  immensely, 
to  attain  the  linidening  of  the  nias.s. 

Lith'o-graph'ic  Ink.  Lithogiaphic  ink,  adapt- 
ed lor  draw  ing  on  stone,  is  a  conqiound  similar  to 
that  used  for  LiTHOGiiAPUU'  Ciiayons  (which  see), 
.save  that  soap  enough  is  present  to  render  it  quite 
soluble  in  water.  It  is  rubbed  up  like  india-ink, 
and  used  with  a  pen  or  very  small  hair-jiencil,  most- 
ly on  smooth  .stones.  The  usual  piepaiation  with 
acid  and  gimi-water  fits  tlic  work  done  with  it  for 
printing. 

The  same,  or  an  ink  quite  like  this,  is  also  used 
for  writing  on  autotjraphie  tran^fer-paprr. 

2'ransfer-inh  is  used  for  transtei  ring  from  one  stone 
to  another,  or  from  an  engraved  plate  to  stone,  also 
for  photo-lithographic  transfers.  It  is  com]iosed  of 
fatty  and  resinous  bodies  I'used  together,  and  often 
bnrneil.  Soap  is  frecjuently  added  in  small  (|uanfity. 
and  it  is  always  colored  with  lamjiblaek.  Transfer- 
ink  is  used  with  a  roller,  like  piinting-ink,  or  with 
a  tampon  or  ^aA,  when  transfers  are  made  from  en- 
graved stones.  This  ink  is  sometimes  called  re- 
transfer-ink,  in  allusion  to  the  fact  that  the  printing 
surface  is  sometimes  formed  by  a  second  transfer. 

Printing-ink  for  lithograpliic  iiur]:oses  is  very 
similar  to  that  used  by  the  ty]ie  or  woodcut  printer. 
In  the  latter,  boiled  oil,  resin-oil,  and  similar  adhe- 
.sive  Huids  serve  as  a  vehicle  for  the  carbonaceous  or 
mineral  matter  wliiih  gives  the  color.  In  litho-  ' 
graphic  printing,  the  nature  of  the  oily  substance 
ground  with  the  lamplilack,  or  color,  is  all  impor- 
tant ;  for  upon  its  attinity  for  the  design  upon  the 
stone,  and  its  repulsion  for  the  damp  portions,  de- 
pends the  possibility  of  printing.  Experience  has 
shown  that  burned  iiiiseed-vil.  technically  known  as 
LiTHnoKAPHic  Varnish  (which  see),  is  admirably 
adapted  for  the  manufacture  and  thinning  of  litho- 
graphic ink.  The  treatment  such  Varnish  has  been 
subjected  to,  while  it  does  not  seriously  lower  its 
affinity  for  the  lithographic  picture,  or  its  repulsion 
for  the  gummed  and  damp  jiarts  of  the  stone,  will 
be  found  to  have  deprived  it  completely  of  its  greasy 
character,  which  would  gradually  teiul  to  smear  and 
cloud  the  work. 

In  the  manufacture  of  black  ink,  the  quality  de- 
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penils  a  {(ood  ileal  ii]ioii  that  of  thi'  lampblack  used  ; 
but  irliieHy  upon  tlic  thorotighiu'ss  of  tlie  iiwdianiual 
process  Ijy  wliii.-h  it  is  ground.  It  conies  into  the 
market  as  an  exceedingly  tough  jiaste,  made  up  in 
closed  cans.  The  lithographic  printer  thins  this 
with  varnish  of  appropi'iati;  consistence,  to  suit  his 
ri'iiuirenients,  using  the  inuller  and  pallet-knife  to 
make  the  mi.xture  tliorougli  and  uniform. 

Kecdpes  for  a  variety  of  lithographic  inks  are  ap- 
pended hereto. 

Lithographic  ink  for  drawing  and  wiiting  on  stone 
witli  tile  [len  (Desmadryll,  Sr.)  :  White  wax,  40 
parts  ;  mastic,  10  parts  ;  shellac,  28  parts  ;  white 
soap,  22  parts  ;  lampblack,  9  parts. 

The  wa.x  is  heated  in  a  suitable  vessel  till  it  con- 
tinues to  bum  wlii'U  set  Hre  to.  It  is  then  removed 
from  the  lire,  and  the  soap,  sliellac,  and  mastic  add- 
ed in  small  c|uantities  at  a  time,  but  not  fast  enougli 
to  extinguish  tlie  llanie.  W'lieu  all  the  ingredients 
are  mixed,  the  cover  is  put  on  the  jian,  so  as  to  stop 
farther  comlmstion  ;  the  lampblack  is  now  added, 
and  the  whole  heated  once  more  till  it  catches  fire  ; 
the  ilame  is  extinguislied  at  once,  and  the  ink  is 
examined  after  cooling.  If  it  gives  a  solution  which 
too  soon  becomes  gelatinous  or  .sticky,  it  must  be 
Ijurned  more. 

.\nother  recipe,  which  gives  a  softer  ink,  is  the 
following  (Desmadryll,  Sr.):  Tallow,  10 parts  ;  wax, 
10  parts  ;  soap,  16  parts;  shellac,  14  parts;  lamp- 
bhick,  5  parts. 

Kuse  tog-ther  and  treat  exactly  as  above. 

The  following  is  Lemercier's  recipe  for  a  similar 
ink  :  — 

Yellow  wax,  i  parts  ;  tallow,  3  parts  ;  white  Mar- 
seilles soap,  13  parts,  sludlac,  6  parts  ;  lampblack, 
3  parts.  Melt  tlie  wax  and  tallow,  and  add  the  .soap 
in  small  quantities,  then  the  sliellac,  and  stir  till  all 
is  evenly  blended.  Raise,  the  temperature  till  the 
vapors  take  fire,  burn  cautiously  for  from  one  to  two 
minutes  ;  the  lampblack  is  to  be  added  next,  anil 
well  mixed,  and  heat  continued  for  a  iiuartcr  of  an 
hour.  The  ink  is  then  poured  out  on  a  slab,  cooled, 
and  again  melted  with  moderate  heat,  and  constant 
stirring.  The  second  melting  is  sii]iposed  to  effect 
a  more  thorough  blending  of  the  constituents. 

Ink  for  working  on  stone  with  the  hair-pencil 
(Engelmann):  — 

Wax,  6  ])arts  ;  soap,  6  parts  ;  tallow,  3  parts  ; 
lampblack,  2  parts.  Jlelt  together  and  burn  for  a 
short  time. 

Ink  for  autogra]phic  transfer  (Engelmann):  — 

Shellac,  16  parts;  wliite  wax,  10  parts  ;  soap,  8 
parts  ;  dragon's  blooil,  8  parts ;  tallow,  5  parts. 
.Melt  tlie  wax  and  tallow  till  ready  to  take  lire  ;  add 
the  soap  gradually  in  small  pieces,  anil  let  the  heat 
rise  to  the  point  of  combustion.  Add,  while  burn- 
ing, the  shellac  and  dragon's  blood,  and  continue 
'  the  burning  for  about  five  minutes.  One  part  of 
this  mixture  dissolved  in  eiglit  parts  of  hot  water 
gives  a  good  ink. 

Anotlier  recipe  (Cruzcl)  is  as  follows  :  — 

White  wax,  8  parts  ;  white  soap,  2  parts  ;  shellac, 
2  parts  ;  lampblack,  i[uantity  suHicient.  Mcdt  the 
soap  ami  wax  together,  then  add  the  Jampblack,  of 
which  there  sliould  be  no  more  than  will  just  color 
the  ink  when  dissolved.  Burn  for  about  half  a 
minute,  put  out  the  llame,  and  add  the  shellac  with 
constant  stirring.  Heat  is  again  applied  till  the 
mixture  takes  fire,  after  which  it  is  cooled. 

Mantoux  obtained  the  gold  medal  from  the  Soci- 
ili  d' Encouragement,  for  the  following  autographic 
ink  :  — 

Gum-copal,  6  parts  ;  wax,  10  parts  ;  tallow,  10 
parts  ;  soap,   8  parts  ;  shellac,  10  parts  ;  gura-mas- 


1  tic,   10  parts  ;  sulphur,  1   part.      Heat  the  cojial  till 
it  begins  to  crackle  ;  then,  to  facilitate  its  fusion, 
j  add  a  small  quantity  of  olive-oil.      When  melted  add 
the  tallow  and  wax.      Heat  and  ignite,  and  add  the 
soap  quite  dry  ami  in   little  pieces.      When  melted 
and   while  still   burning,  throw  in  the  mastic  and 
shellac.      The   sulphur  is  now   stirred   in,   whereby 
the  heat  will  be  iiicrea.sed,  and  the  union  of  the  co- 
p,d   with  the  other  ingredients  accomplished  thor- 
oughly.    The  llame  at  this  stage  of  the  jtrocess  is 
to   be  extinguished,    but   alter  cooling  a   little   the 
whole  is  again  heateil,  and  set  tire  to,  and  let  burn 
moderately  till  the  volume  of  the  whole  is  reduced 
I  to  one  fourth  of  what  it  was.     This  ink  is  to  be  dis- 
solved in  ten  parts  of  hot  water  ;  it  is  dilKcult  to 
make,  but  is  said  to  be  one  of  the  veiy  best. 
j      Ink  for  transfer  from  stone  to  stone :  — 
1       Wax,  1   part  ;  soa]),  1   ))art  ;  tallow,  1  part  ;  var- 
I  nish,    4    parts ;    Venice    turpentine,    6    parts  ;    .stiff 
printing-ink,  quantity  .sutficient. 

These  substances  are  melted,  and  thoroughly  mixed 
with  the  inuller  on  a  slali  slightly  warmed,  the  |iro- 
portion  of  printing-ink  being  kept  as  small  as  possi- 
ble. If  too  thick  for  u.se,  more  varnish  is  added  by 
the  printer,  according  to  his  judgment,  at  the  time 
of  pulling  the  transler-slieet. 

The  above  reci[ie  can  only  be  regarded  as  typical 
of  and  one  of  the  simplest  of  the  intinite  variety  of 
componniis  for  transfer  from  jicn  and  crayon  drawings 
on  stone,  and  also  from  engraved  stones  and  jdates. 
It  may  almost  be  maintained  that  there  are  as  many 
formulas  for  transfer-inks  of  this  kind  as  there  are 
transferrers,  each  making  his  own  favorite  compound, 
often  with  imposing  secrecy.  As  in  many  other 
cases,  marked  success  in  transferring  deiiemls  more 
upon  the  man  than  ui)on  any  other  single  ciiciiin- 
stance. 

Lith'o-graph'ic  Pa'per.  For  transfer  purposes, 
riiiiMsc  pajpcr  iliidia  proof)  is  much  used,  it  is  cut 
into  large  sheets,  and  ]irejiared  by  coating  one  side 
evenly  with  starch-paste,  applied  with  a  sponge. 
When  dry,  a  second  coat  is  scuuctinies  given.  Such 
jiaper  is  used  for  transferring  from  stone  to  stone. 

For  autographic  transfers,  any  good  book  or  writ- 
ing paper  may  be  employed.  The  sizing  on  the  lat- 
ter is  often  considered  sufticient,  but  lor  first-class 
work  a  coating  of  a  .solution  of  isinglass  or  gelatine, 
with  an  addition  of  gamboge,  is  generally  used.  For 
]ihoto-lithogra]diic  transfers,  i'lMC  paper  is  required 
to  attain  superior  results. 

For  ]iiintiiig  from  lithographic  stones,  almost  any 
jiaper  is  suitable  which  is  fitted  for  ty]ie  and  wood- 
cUt  work.  This  is  not  so  when  a  sohible  chemical 
siibstance  is  present  in  the  paper,  such  as  chlorine, 
alum,  etc.  The  fact  that  the  stone  is  constantly  wet 
causes  such  re-agents  as  the  above  to  act  upon  it, 
and  upon  the  drawing  which  takes  the  ink,  even 
\\  hen  the  pajier  itself  is  not  dampened,  and  a  gradual 
but  certain  deterioration  of  the  work  necessarily  fol- 
lows. In  the  early  days  of  lithography,  when  [laper 
was  made  for  mechanical  ]iiinting  ]irocesscs  only, 
difficultieswere  experienced  in  procuring  it  of  suitable 
quality  lor  lilhogra]diic  luinting.  Tlusc  dilficulties 
no  longer  exist,  manufacturers  having  mw\\  im- 
proved the  bleaching  and  sizing  of  stock.  Unsized 
jiaper,  such  as  India  (iroof  and  plate  piaper,  usually 
printed  damji,  generally  give  the  clearest  and  black- 
est impressions  from  stone.  For  crayon  and  close 
artistic  work,  one  or  the  other  is  indisjicnsable  ; 
but  they  are  expensive  ami  will  not  stand  wear 
and  tear,  therefore  sized  jiapers  of  various  kinds 
and  qualities,  a.s  book,  map,  bond,  are  largely  em- 
ployed for  comniercial  and  ]irofessional  work.  On 
the    lithographic   power-press,   paper   more   or   less 
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siz.'d  works  better  than  th.it  in  whinli  the  fibers 
are  easily  disintegrated.  Ou  such  jiresses  dry  paper 
is  very  desirable,  therefore  much  attention  is  now 
being  paid  to  smoothness  and  regularity  of  surfai.'e, 
which  should  lift  the  ink  thorougldy  without  in- 
juring the  work,  even  on  editions  of  many  thou- 
sands from  the  same  stone.  Such  papers  are  now 
manufactured,  although  greater  perfection  in  this  re- 
spect is  still  desirable,  the  power-press  having  created 
a  demand  for  quality  as  well  as  quantity  not  dreamed 
often  years  ag>i. 

Lith'o-graph'ic  Pen.  (Lithography.)  Litho- 
graphic pens  for  writing  on  stone  are  now  made  by 
the  best  steel-pen  makers,  and  are  useil  to  a  limited 
extent.  Such  pens  are  e.^cceedingly  small  and  tine, 
even  finer  than  a  crow-quill,  but  the  best  lithographic 
pens  are  yet  made  by  the  artists  themselves.  They 
are  made  of  thin  steel  ribbon,  very  slightly  hollow, 
shaped  and  slit  by  a  fine  pair  of  seissoi-s  made  spe- 
cially for  the  purpos_'.  These  peus  are  not  fitted  for 
working  on  pajjer,  but  on  the  surface  of  the  stone 
they  give  lines  of  extreme  fineness  unattainable  in 
any  other  way. 

Iiith'o-grapli'ic  Press.  The  manner  of  apply- 
ing pressure  to  a  lithographic  stone  for  the  purposes 
of  printing  or  transferring  differs  essentially  from 
that  employed  for  analogous  work  in  the  type  and 
copperplate  hand-presses.  In  the  latter  two,  up  and 
down  pressure  of  the  platen,  or  the  progiessive  roll- 
ing pressure  of  the  cylinder,  is  employed ;  in  the  for- 
mer, a  scraper  is  used.  In  power-pre.'is  ))rinting, 
however,  it  will  be  seen  that  these  distinctions  do 
not  hold  good. 

The  lithographic  hand-press  consists  of  a  frame 
provided  with  rollers  b  b  b,  on  which  the  carriage  a 
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ntns  to  and  fro.  The  scraper  c  consists  of  a  flat  piece 
of  boxwood,  beveled  from  both  sides  to  about  a  quar- 
ter-inch edge,  and  firmly  clamped  in  the  sliding  iron 
piece  above.  The  hight  of  the  scraper  above  the  car- 
riage can  be  adjusted  bv  the  screw  d  to  suit  the  va- 
rying thickness  of  the  stones.  The  manner  of  print- 
ing is  as  follows  ;  The  stone  i,  with  the  design  upon 
it,  is  placed  face  up  upon  the  carriage  ;  it  is  damped 
and  inked,  and  the  sheet  of  paper  which  is  to  rec.ive 
the  impression  is  laid  thereon.  The  t>Tnpan  h  of 
leather,  stretched  in  an  iron  frame,  is  then  lowered 
upon  it,  a.s  in  the  figure,  and  the  carriage  pushed 
under  the  sci-aper.  By  depressing  the  lever  e  to  the 
position  indicated  by  "the  dotted  lines,  the  toggles 


at  each  end  of  the  shaft  /  raise  the  beaiings  of  the 
winch  f/,  upon  the  axle  of  wliich  a  strong  iron  roller 
is  maile  fast.  This  roller,  or  cylinder,  is  the  full 
width  of  the  press,  and  the  depression  of  the  lever 
brings  it  into  contact  with  the  under  side  of  the 
carriage,  lifting  the  latter  at  the  same  time  off  the 
rollers  bbb,  and  pres-sing  the  forward  end  of  the  stone 
;»g:iiust  the  edge  of  the  scraper.  By  revolving  the 
winch-handle,  the  stone  is  slowly  dragged  under  this 
stationary  edge,  which  applies  its  pressure  progress- 
ively through  the  leather  of  the  tympan,  to  a  nar- 
row strip  of  the  work,  the  result  being  ecjuivalent  to 
a  very  much  greater  crushing  force  applied  over  a 
laiger  surface.  When  the  whole  of  the  design  has 
passed  under  the  scrajier,  the  lever  c  at  the  side  is 
restored  to  its  upright  position,  the  carriage  falls 
)ipon  the  rollers  b  b  b,  it  is  brought  back  by  hand, 
the  tympan  lifted,  and  the  printed  sheet  removed. 

This,  with  unimportant  modifications,  is  the  fonn 
given  to  the  lithographic  hand-press  in  England  and 
America.  In  Gei-many,  Belgium,  and  France,  presses 
of  this  construction  are  rarely  seen.  In  Prussia,  for 
instance,  a  press  is  used,  occupying  nearly  double 
the  space,  but  admirably  constructed  and  well  adapt- 
ed for  the  execution  of  first-class  work.  In  tlds 
machine,  the  scraper  and  its  holder  swing  from  the 
side  across  the  carriage,  the  holder  or  head  is  then 
locked,  and  the  ]iressure  applied  by  a  compound 
lever  with  the  foot.  The  carriage  is  then  drawn 
through  by  a  liroad  girth  or  belt,  one  end  of  which 
is  made  fast  to  it  and  the  other  wound  about  an  a.xle 
of  small  diameter  at  the  extreme  end  of  the  frame, 
rotated  by  a  stnr  similar  to  that  of  a  coppeqjlate- 
press.  The  result  is  an  exceedingly  steady  and  uni- 
form motion,  but  the  loss  of  time  as  compared  with 
the  English  press  is  considerable. 

In  the  construction  of  lithographic  power- ]U'esse.s, 
the  scraper  (irinciple  has  been  tried  without  success  ; 
power  has  long  been  and  is  still  ap]ilied  to  the  ordi- 
nary haml-presses,  to  relieve  the  workmen  from  the 
labor  of  pnlling  the  caniage  through  ;  but  for  all 
automatic  presses  driven  by  steam,  a  cj-linder  of 
large  diameter  is  now  emploj'cd  to  ajiply  the  press- 
ure. Since  1865,  many  press- builders  in  Europe 
and  America  have  turned  their  attention  actively 
to  this  sul^ject,  and  produced  serviceable  machines. 
One  of  the  most  satisfactory  presses  of  the  kind, 
though  not  the  earliest,  is  that-  now  well  known  as 
Hoe's  Steam  Lithographic  Machine.  It  is  a  stop- 
cylinder  pres.s,  or  one  in  which  the  cylinder  comes 
to  rest  pending  the  adjustment  of  the  sheet.  The 
paper  is  fed  to  grippei-s  ou  the  cylinder  from  the 
inclined  table  above.  The  traveling-bed,  on  which 
the  stone  rests,  is  drawn  under  the  cylinder  by  a 
crank  and  connecting-rod  from  the  end  of  the  frame 
below,  and  the  cylinder,  after  lieing  thrown  into 
gear,  is  rotated  at  the  same  time  (earning  the  sheet 
with  it)  by  a  rack  attached  to  the  side  of  the  bed. 
At  the  end  of  the  stioke  the  cylinder  goes  out  of 
gear,  and  remains  stationary  and  locked  during  the 
return  of  the  bed  and  stone  ;  the  latter  passing  un- 
der a  cut-away  part  of  the  cylinder,  so  as  not  to 
come  in  contact  with  it.  In  place  of  a  tymjian,  the 
cylinder  is  covered  with,  a  thin  rubber  blanket.  The 
inking  of  the  stone  is  efi'ccted  by  parallel  rollers 
(from  three  to  six)  in  fVont  of  the  cylinder,  upon 
which  are  heavy  riding  rollers  of  iron  ;  the  latter 
being  made  to  vibrate  laterally  to  aid  the  distribu- 
tion of  the  ink.  These  inking-rollers  are  covered 
with  leather,  like  the  ordinary  hand-rollers  for  litho- 
graphic printing  ;  they  receive  their  ink  from  a  ta- 
ble which  travels  with  the  bed,  and  are  driven  by  a 
rack  or  friction-pieces  on  the  sides  of  the  bed.  The 
ink  is  fed  to  said  table  from  a  fountain  at  the  end  of 
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tile  press,  ami  distiibiiteil  by  a  number  of  oblique- 
lyiiig  rollers,  also  covered  with  leatlier. 

The  automatic   Jumping   arrangement   is   at   the 
back  of  the  cylinder.     It  consists  of  a  shallow  trough 


containing  water,  partially  immersed  in  which  a 
cylinder  of  wood  is  made  slowly  to  revolve.  An  ab- 
sorbent roller  is  held  in  contact  with  the  wet  surface 
of  this  cylinder  lor  a  longer  or  shorter  time,  accord- 
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ing  to  the  amount  of  water  rerjuired  upon  tin'  stone, 
after  whi('h  it  carries  its  increase  of  moisture  over  to 
a  heavy  riding-roller,  which  again  gives  it  up  to  two 
damping-rollers  covered  with  linen,  which  travcr.se 
the  stone  as  it  passes  beneath  them,  just  before  it 
meets  the  iid<ing-rolIers  at  the  other  side  of  the  cyl- 
inder ;  the  feed  of  water  admits  of  adjustment  as  to 
([uantity,  wliile  the  jiress  is  in  motion. 

The  pressure  in  tliis  ]iress  is  adjusted  by  means  of 
liutting-screws,  which  lift  or  lower  the  bed  in  the 
traveling-carriage  ;  these  screws  are  turned  by  a 
key  from  above. 

When  the  sheet  is  printeil  it  is  conveyed  by  an 
intermediate  cylinder  proWd  'd  with  grippers  to  the 
lly  at  the  end  of  the  press,  and  there  deposited,  face 
up,  on  the  |)ile  of  printed  woi'k. 

This  press,  tliongli  by  no  means  identical  with 
Euroi)ean  machine.'*  of  the  same  class,  may  be  regard- 
ed as  furnishing  an  illustration  of  the  essential  fea- 
tures of  them  all. 

The  introduction  of  the  lithographic  power-press 
has  totally  remodeled  the  lithographic  trade  through- 
oat  the  world  witliin  the  sliort  pi-riod  of  four  years 
(from  1868-72),  increasing  the  ])os.sible  production 
about  tenfold.  It  has  lowered  the  cost  of,  and,  in 
fact-,  rendered  possible,  large  editions  from  stone, 
which,  in  former  times,  found  their  way  to  the  type- 
])ress  with  very  inferior  results.  By  this  change 
the  general  iniblic  have  i)roliied  largely. 

Lith'o-graph'ic  Roll'er.  (Lil/uuiraphi/.)  Made 
of  a  stock  of  wuiiil  or  metal,  covered  with  a  fold  or 
two  of  woolen  cloth,  over  which  a  skin  of  leather  is 
drawn.  The  leather  is  of  tine  quality  and  shaved 
to  an  even  thickness.  The  .seam  is  made  by  turn- 
ing the  leather  edge  to  edge  and  sewing  it  with  silk, 
it  being  afterwards  turned  Inside  out.  The  umiii  or 
Ifrir  side  of  the  leather  is  generally  used  for  color- 
lollers,  for  th  •  reason  that  it  can  be  washed  with  tur- 
pi'ntine,  and  for  no  other  reason.  Where  a  roller  is 
kept  for  each  individual  color,  as  at  Prang's  eliromo 
establishment,  the  Hesh  side  is  used  for  this  us  well 
as  for  black  ]u"inting. 

Hanil-rollers  are  from  11  to. 14  inches  in  length 
:ind  'i\  inches  in  diameter.     They  have  timber  stocks 


for  lightness,  and  the  handles  at  the  end  are  laid 
hold  of  by  loose  leather  sleeves,  in  whi(di  the  han- 
dk's  turn,  and  by  compressing  which,  the  printer, 
without  blistering  his  hands,  can  produce  a  vaiiety 
of  etl'ects.  By  a  slow  motion,  with  considerable 
pressiu'e,  the  roller  ilrags  over  the  stone,  depositing 
ink  ;  by  a  (juick  motion  and  light  pressure  the  ten- 
dency is  to  lift  ink.  In  like  manner  the  roller  of 
clo.se -grained  leather  de]iosits  ink,  while  the  ten- 
dency of  a  coarser  grain  of  leather  is  to  lift  it.  These 
consiilerations  are  of  the  greatest  importance  in  de- 
veloping the  resources  of  the  art  of  printing,  for  in 
this  easi'  it  is  an  art. 

Mnchine-roUers  have  a  metallic  stock,  but  in 
other  respects  are  made  as  the  hand-rollers.  The  ex- 
pense of  making  them  is  much  increased  by  the  gieat 
length,  which  is  sometimes  as  much  as  50  inches. 
The  improveil  method  is  now  to  drive  them  by  fric- 
tion disks  running  with  the  bed,  whereby  the  speed 
of  the  rollers  is  rendered  eiiuai  to  that  ol  the  surface 
of  the  stone,  preventing  wiping  action. 

The  capacity  of  a  lithographii'-printing  roller  de- 
pends upon  the  relative  adhesion  of  the  ink  to  the 
leather  surface  of  the  roller,  and  to  the  inked  sur- 
faci*  of  the  stone. 

Lith'o-graph'ic  Stone.  A  sedimentary  lime- 
stone from  the  upper  beds  of  the  Jurassic  formation. 
Lithogra]diic  stones  of  various  sizes  and  weights  are 
now  aitieles  of  commerce  all  over  the  world.  They 
are  obtained  ahnost  solely  from  the  extensive  quar- 
ries of  Solenhofen,  in  Bavaria.  France  furnishes  a 
very  hard  and  dark  blue  stone,  which  is  hut  little 
u.sed.  In  Canada  stone  of  good  c|uality  i.s  said  to 
exist,  as  also  in  Jli.ssonri ;  but  little  is  known  of 
either.  The  Bavarian  .stone  oc:'Ui>i  in  nearly  hori- 
zontal layers.  When  these  are  ol'  suitable  ciuality 
and  thickness  (from  two  to  five  inches),  they  are 
squared  and  trimmeil  for  exportation,  the  slabs  va- 
rying in  .size  from  fi  x  8  to  40  x  60  inches.  Two 
(]ua!ities  are  recognized  :  the  yellow,  and  the  bUie 
(u-  gr.iy  (though  the  dift'erence  in  color  is  not  much). 
The  latter  are  liardiu-  and  more  generally  .serviceable, 
and  cost  ten  to  fifteen  per  cent  more  than  the  yel- 
low. 
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Lithographic  .stone  is  a  very  homogeneous  sub- 
stance, flee  from  sauil  or  grit,  luid  po.ssessed  also  of 
strength  suUicient  to  stani  tlie  wear  ami  tear  of  the 
press.  Besides  carbonate  of  lime,  it  contains  small 
quantities  of  magnesia  and  aluniina,  and  traces  of 
si'ica  anil  iron.  Its  serviceableness  for  lithograjihic 
pni"poses  depends  chietly  upon  its  chemical  constitu- 
tion, in  whicli  respect  it  may  be  regarded  as  carbo- 
nate of  lime  only. 

In  this  country,  lithographic  stones  are  sold  by  the 
pound,  and  the  ratio  increases  rapidly  with  the  size, 
varying  from  five  to  twenty-five  cents.  Zinc  plates 
are  used  successfully  as  a  substitute  for  stone,  but 
they  are  by  no  means  so  generally  useful.  See 
Lithography  and  Zixcogii.\phy.  See  also  list  of 
processes  under  FiSE  Arts  :  ExiiRAVi.sG  ;  'Graph. 

Lith'o-graph'ic  Var'nish.  An  oily  varnish  used 
for  the  manufacture  of  litliogmiiUic  ink,  and  by 
printers  for  thiuning  the  same.  It  is  made  by  heat- 
ing linseed-oil  very  strongly  in  a  suitable  pan, 
and  finally  setting  lire  to  it.  When  sufficiently 
changed  in  its  nature,  and  sufficiently  concentrat- 
ed, the  ilame  is  extinguished  by  a  cover,  and  th-? 
varnish  let  cool.  The  changes  which  take  place 
during  this  treatment  of  the  oil  are  not  well  un- 
derstooil.  All  the  older  recipes  insist  on  the  in- 
troduction of  several  slices  of  stale  bread,  and  some 
peeled  onions,  into  the  oil  when  it  gets  hot.  Their 
effect  has  been  variously  stated  ;  but,  beyond  a  great 
commotion  and  consequent  exposure  of  the  surfa<  e 
to  the  air,  their  beneficial  action  is  more  than  prob- 
lematical. When  the  oil  has  become  hot  enough  to 
take  lire,  it  is  let  burn  under  pro])er  control,  by 
which  treatment  a  considerable  iliminution  of  its 
bulk  is  caused  and  an  increase  of  its  viscidity.  The 
longer  it  burns  the  stiller  and  more  sticky  it  be- 
comes, drawing  out  into  threads  between  the  finger 
and  thumb.  In  this  respect,  there  are  three  or  four 
grades  known  to  the  trade,  as  Nos.  1,  2,  3,  4. 

Lithographic  varnish  is  not  to  be  confounded  with 
boiled  liiisecd-oi',  in  the  preparation  of  which  oxide 
of  lead  is  used.  It  retains  enough  of  the  greasy 
character  to  impart  to  the  ink  the  iiualities  requisite 
for  lithographic  printing,  but  not  enough  to  smear 
the  stone  or  grease  the  printing-paper.  It  may  tend 
to  elucidate  the  changes  which  fatty  bodies  undergo 
when  strongly  heated  and  burned,  if  it  is  remem- 
bered that  previous  to  combustion  the  o.vygen  of  the 
air  comes  in  contact  with  the  hot  surface  ;  but  that 
after  the  fused  contents  of  a  pan  are  covered  with  a 
iiame,  there  can  be  no  more  oxidizing  action,  only 
a  species  of  eonrentration  or  elimination  of  the  more 
volatile  constituents.  See  LiTHOGR.iPHY  and  Lith- 
ographic IsK. 

Li-thog'ra-phy.  The  process  of  engraving  or 
drawing  on  stone,  in  such  a  way  as  to  produce  a 
surface  from  which  printed  copies  can  be  multiplied 
in  the  press. 

This  great  art,  now  an  all-important  industry 
throughout  the  world,  has  come  into  existence  anil 
attained  its  wonderful  development  within  the  pres- 
ent century.  Cntil  tlie  discovery  of  lithography  by 
Alois  Senefelder,  only  two  methods  of  printing  were 
known  and  practiced  :  that  from  engraved  metallic 
plates,  and  that  from  raised  type  or  wooden  blocks. 
Both  of  these  were  essentially  mechanical  in  their 
nature,  mechanical  means  were  used  to  produce  the 
engraved  surfaces,  and  in  printing,  the  simple  adhe- 
siveness of  the  ink  was  the  one  essential  condition. 

Senefelder  discovered  and  developed  to  perfection 
a  tot;vlly  new  method,  in  which  the  chemical  consti- 
tution of  tlie  materials  emiJoyed  plays  a  rital  part. 
The  hi-story  of  this  invention,  which  occupied  him 
three  or  four  yeai-s,  viz.  from  1796  to  about  ISOO,  is 


interesting  and  insti-uctive,  but  too  lengthy  for  our 
space.  It  will  be  found  fully  given  in  his  own  work 
upon  this  subject,  which  has  been  translated  into 
English. 

The  invention  was  the  result  of  earnest,  persist- 
ent, and  highly  intelligent  work,  tending  towards 
a  distinct  object  which  Senefelder  kept  all  the  time 
before  his  mind,  namely,  the  discovery  of  a  new 
printing  process  which  would  adapt  itself  to  his 
wants  as  an  author.  Much  has  been  said  by  writers 
anxious  to  glorify  the  meie  circumstance  at  the  cost 
of  the  mind  which  giasps  and  utilizes  it,  of  an  acci- 
dent which  lielped  this  gi-eat  inventor  on  his  way  ; 
but  it  will  be  found  to  liave  had  no  direct  bearing 
on  lithography,  which  was  not  invented  until  tliree 
years  later,  and  that  the  credit  of  possessing  creative 
genius  of  the  highest  order  is  Senefelder's  indispu- 
table right. 

Almost  the  only  stone  suitable  for  lithogiajihic 
"vork  is  a  com|iact,  sedimentary  limestone  of  a  yel- 
lowish or  bluish-gray  color,  which  comes  from  the 
now  celelirated  Solenhofen  quarries  in  Bavaria.  Such 
stratified  slabs  of  stone  as  separate  naturally  into 
layers  of  from  two  to  five  inches  in  thickness  are  fit 
for  lithograjdiic  use.  They  are  tiimmed  on  the  ' 
edges  so  as  to  give  them  a  rectangular  form,  ai-e 
ground  by  moving  one  upon  another,  with  sand  and 
water  between,  and  finally  polished  with  pumice- 
stone.     See  Lithugp.aphic  Stone. 

Upon  such  a  surface  the  artist  produces  the  design 
to  be  printed  from.  This  is  done  by  one  of  four  dis- 
tinct methods  :  — 

1.  He  draws  it  with  a  fluid,  watery  ink. 

2.  With  a  soliil  crayon. 

3.  He  obtains  it  by  transfer  from  an  inky  design 
produced  on  paper  by  various  means. 

4.  He  engi-aves  it  on  a  pre]iaieJ  stone. 

1.  In  the  first  case,  the  lithographer  uses  an  ink 
which,  though  it  Contains  other  substances,  may 
be  regarded  as  consisting  essentially  of  a  soluble 
soap  (stearate  or  oleate  of  soda  or  potash)  colored 
with  lampblack  sufficient  to  render  it  visible  upon 
the  gray  surface  of  the  stone.  (See  Lithographu; 
Ink.)  The  design  is  drawn  with  a  watery  solution 
of  such  an  ink,  using  a  pen  or  fine  hair-yiencil,  ex- 
actly as  it  is  required  to  appear  when  printed,  and 
left  to  dry  upon  the  clean  stone.  Such  a  drawing 
cannot  be  printed  from  until  subjected  to  an  etching 
process,  the  object  of  which  is  not  to  elevate  or  de- 
press the  work,  but  to  act  upon  it  cheniically.  The 
application  of  an  exceedingly  weak  acid  (nitric  or 
hydrochloric)  over  the  whole  surface  does  not  wash 
away  or  blur  the  image  as  water  would  ;  it  decom- 
poses the  soap  contained  in  the  ink,  combining  with 
it-s  alkali,  and  sets  free,  in  intimate  contact  with  the 
particles  of  carbonate  of  liine,  of  which  the  stone 
consists,  the  insoluble  fatty  acids  contained  in  the 
.soap.  As  far  as  the  design  is  concerned,  it  is  now- 
fit  for  printing  ;  that  is,  it  would  take  ]irinting-ink 
from  the  roller,  but  the  other  parts  of  the  stone 
would  not  reniaiu  clean.  To  enalile  tlicm  to  do  so, 
the  whole  surface  is  flooded  over  with  a  solution  of 
gum-arabic  in  water,  the  action  of  w hich  is  to  inca- 
pacitate the  clean  places  for  receiving  grease  of  any 
kind  while  wet.  After  a  few  ndnutes  the  excess  of 
gum  is  washed  away,  the  stone  is  dried,  and  ])laced 
in  the  hands  of  the  printer.  In  api)earance  no  change 
has  taken  place;  the  acid,  although  it  necessarily 
dissolves  part  of  the  stone,  does  so  to  an  impercepti- 
ble extent. 

It  should  be  remarked  here,  that  at  the  present 
day  the  practice  of  applying  the  dilute  acid  and  gum 
at  the  same  time  is  almost  invariably  followed.  The 
results,  in  both  cases,  are  identical,  but   the  older 
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niBthoil  is  desoi'ibecl  above,  as  better  calculated  to 
segregate  tlie  changes  which  take  place. 

Tile  ojteration  ol'  printing  may  now  be  proceederl 
with.  For  this  purpose  the  workman  phices  the 
stone  in  the  press,  and  ailj  lists  tlie  pressure.  He 
then  carefully  washes  oH',  with  a  sponge  and 
abundance  of  clean  water,  any  excess  of  gum,  and 
while  still  wet  he  washes  out  tlie  remains  of  the 
drawing  with  turpentine,  in  which  it  is,  soluble, 
using  a  piece  of  rag  to  rub  tlie  surface  with.  This 
proci'iUire  would  smear  the  whole  stone  and  utterly 
ruin  tlie  work,  were  it  not  for  the  protective  action 
of  the  gum.  Wlien  wiped  clean,  the  surface  at  tiist 
glance  a])pears  to  be  perfectly  blank  ;  but  a  closer 
inspection  shows  the-work  as  a  lohile  design,  in  the 
face  of  the  stone. 

The  printer  now  passes  the  roller,  charged  with 
printing-ink,  to  and  fro  over  the  stone,  which  is 
still  damp.  The  white  image  instantly  takes  the 
greasy  ink,  and  holds  it  with  a  strong  affinity. 
(See  Lithographic  Ink.)  The  iilm  fir.st  held  by 
its  adhesion  accumulates  more  from  the  roller,  aiKi  so 
on  till  the  workman  thinks  the  design  is  sulficicutly 
rolled  up.  During  this  operation  the  rest  of  the 
stone  has  been  kept  damp  ;  it  will  be  found  to  have 
taken  no  ink  from  the  roller.  A  sheet  of  printing- 
pap(M'  is  iie.xt  laid  down  upon  it,  the  tympan  is 
closed,  and  the  stone  jniHfd  /hroui/h.  Wlien  again 
released,  and  the  sheet  lifted,  the  ink  will  be  found 
to  have  divided  itself  between  the  stone  and  the 
paper.  In  this  way  lithographic  impressions  are 
pulled ;  the  operations  of  damping,  rollin;)  in,  and 
printing  following  each  other  in  constant  succession. 
Should  the  stone  get  dry,  its  surface  will  immedi- 
ately take  ink  indiscriminately  ;  but  will  part  with 
it  on  being  damped  again,  if  the  rolling  be  con- 
tinued, without  injury  to  the  work.  Only  after 
washing  out  with  turpentine  does  the  true  white 
lithographic  picture  in  the  stone  become  visilde,  its 
affinity  for  the  blaek  printing-ink  causing  it  to  re- 
main covered  all  tl\e  time. 

Such  are  the  facts,  without  theory,  upon  which 
Senefelder's  invention  is  based,  and  such  the  phe- 
nomena with  which  every  good  lithographer  ought 
to  be  familiar.  They  repeat  themselves,  in  modified 
form,  in  the  other  three  methods,  which  it  will  not 
be  necessary  to  describe  at  such  length.  The  proba- 
ble scientific  explanation  —  though  it  involves  the 
assumption  of  chemical  reactions  which  many  would 
dispute,  and  which  are  hy  no  means  demonstrated  — 
is,  that  it  is  not  simply  a  greasing  of  the  particles  of 
limestone  which  enables  them  to  take  ink  and  resist 
water  wliile  thousands  of  impressions  are  printing  ; 
but  the  formation  of  an  actual  chemical  compound, 
more  or  less  definite  in  its  constitution.  In  fact,  tliere 
are  many  reasons  for  believing  that  at  the  moment 
when  the  mineral  acid  sets  the  fatty  and  resinous 
acids  free,  tliey  combine  with  the  lime,  displacing 
the  carbonic  acid,  and  forming  insoluble  lime  soaps. 
In  like  manner  it  must  also  bj  assnnieil  that  the 
gum  enters  into  a  more  or  less  perfect  union  with 
the  substance  of  the  stone,  depositing  at  least  an  in- 
soluble coating  on  the  particles,  wdiich  no  amount 
of  washing,  or  even  continuous  rubbing,  can  remove  ; 
and  through  which,  though  infinitely  thin,  no  fatty 
matter  can  penetrate.  Whatever  the  nature  of  this 
union  may  be,  it  is  quite  as  essential  to  the  success- 
ful prosecution  of  lithographic  printing,  as  that  pro- 
duced by  the  fatty  and  resinous  constituents  of  the 
ink,  althougVi  the  vital  importance  of  the  umclion 
performed  hy  the  gum  has  been  almost  universally 
ignored  liy  the  few  persons  who  have  written  on  tile 
subject  of  lithography.  It  is  also  highly  probable 
that  the  change  which  the  gum  effects  is  facilitated 


and  perfected  by  the  slight  solvent  action  of  the 
weak  mineral  acid  on  the  .stone,  in  coiise()uence  of 
which  its  surface  is  rendered  chemically  clean. 

It  will  lie  readily  understood  that  want  of  sjiace, 
and  the  chemical  character  of  the  subject,  make  it 
inexpedient  to  do  more  than  simply  sketch  out  the 
above  theory,  without  advancing  arguments  in  its 
favor. 

2.  In  the  second  method  which  the  lithographic  ar- 
tist employs  to  produce  his  design,  he  avails  himself 
of  the  litliographic  crayon  on  a  grained  stone,  —  a 
stone  the  surface  of  wliich  is  evenly  rougliened  by 
grinding  it  in  a  peculiar  manner  with  very  sliar|)  and 
even  sand.  The  crayon  is  composeil  of  soap,  wax, 
tallow,  and  sometimes  resinous  substances  with  lamp- 
black, and  it  is  used  on  stone  as  an  ordinary  chalk  is 
on  rough  jiaper.  In  the  hands  of  an  experienced  and 
capable  artist,  this  modification  of  the  litliographic 
art  offers  many  advantages  ;  great  freedom  in  execu- 
tion with  delicacy  in  the  lighter  shades,  as  well  as 
vigor,  depth,  and  transparency  in  the  shadows.  To 
accomplish  these  results,  genuine  artistic  cajiacity  is 
of  more  importance  than  technical  training  ;  lithog- 
raphy diH'ering  essentially  in  this  respect  from  the 
arts  of  cojiperplate  and  wood  engraving.  The  draw- 
ing being  finished  exactly  as  it  is  to  appear  on  paper 
when  printed,  the  stone  is  acidulated  or  etched  in 
the  manner  above  exjdained  as  a]iplicablc  to  ink  em- 
ployed in  the  liquid  state,  and  the  result  is  the  for- 
mation of  the  same  white  lithographic  picture,  capa- 
ble of  taking  printing-ink.  The  eH'ect  of  the  grain 
of  the  stone,  in  giving  character  to  this  metliod, 
does  not  require  lengthy  explanation.  It  prevents  the 
continuity  of  the  stroke,  the  particles  ol  chalk  clos- 
ing in  roundtheas|ieiities,aiid  producingdecper tones 
in  proportion  as  the  artist  leans  more  heavily,  but 
rarely  or  never  bridging  them  over  so  as  to  jiroduce 
perfect  blackness,  with  opacity  as  a  consequence. 

A  modification  of  crayon-drawing  is  the  produc- 
tion of  rubbed  tints  on  stone,  chietljr  for  cliromo- 
lithogra[ihic  work.  The  material  used  as  crayon  for 
this  purpose  is  not  cast  into  cylindrical  .sticks,  but 
applied  in  larger  masses.  It  is  rubbed  npoii  the 
grained  surface  pretty  freely,  and  then  rubbed  off 
or  distributed  in  accordance  with  the  lights  and' 
shades  of  the  design,  a  small  jiiece  of  woolen  cloth 
or  a  stump  being  used  for  this  purpose  ;  afterwards 
the  stone  is  strongly  etched.  For  soft,  undulat- 
ing surfaces  rubbed  tints  are  unsurpassed,  and  their 
use  does  not  hinder  that  of  crayon  for  portions  of  the 
work  requiring  more  force  and  detail  than  can  be 
readily  given  by  rubbing.  See  Lithogkaphk; 
Cp.ayon. 

3.  The  third  lithographic  method  is  by  fe-ftHs/i'r.  Of 
this  there  are  several  varieties,  but  they  all  resemble 
each  other  in  the  fact  that  the  work  is  not  drawn  or 
engraved  upon  the  stone  direct,  but  is  placed  there  in 
a  completed  condition  from  some  source  furnishing 
it,  and  that  paper  is  invariably  used  at  the  medium, 
by  the  intervention  of  whiidi  it  is  carried  over. 

Autographic  transferring,  in  this  country,  is  al- 
most solely  confined  to  the  reproduction  of  manu- 
script matter  for  busiiyiss  purposes.  The  writing  is 
often  done  on  ordinary,  well-sized  writing-pa)ier ; 
but  better  on  paper  prepared  with  a  thin  coating  of 
gelatine,  llour-jiaste,  or  starch,  which  may  be  col- 
ored by  gamboge.  Such  a  sheet,  after  being  written 
on,  is  damiied  (sometimes  with  an  exceedingly  weak 
acid)  and  then  laid  face  downward  on  a  clean  stone 
in  the  press,  anil  pulled  through.  If  the  pajier  was 
well  prepared,  it  will  adhere  to  the  stone.  It  is  then 
damped  on  the  back,  and  pressure  .again  applied. 
When,  at  last,  the  sheet  is  carefully  lifti'd,  the  ink 
will  be  left  behind  in  contact  with  the  stone.      It  is 
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then  etched  with  acidulated  gum-water  in  the  usual 
way,  and  then  printed. 

All  tran.sferring  Is  done  in  this  manner,  save 
that  the  ink  differs  according  to  the  nature  of  the 
work. 

Autographic  transfers,  of  a  very  superior  charac- 
ter, are  ijuite  common  in  Great  Britain.  Much  of 
the  map-work,  ornamental  designs,  and  lettering  is 
done  on  transfer-papei-  by  persons  who  make  this 
liranch  of  tlie  art  a  specialty. 

Transferring  from  stone  to  stone  constitutes  at  the 
present  day  one  of  the  most  important  and  difficult 
of  the  processes  practiced  hy  the  lithographer,  and 
every  large  establishment  has  two  or  three,  or  more, 
men  who  do  nothing  else. 

When  a  design  has  been  engraved  or  dravpn  upon 
stone  —  often  at  considerable  ctpeii-se  —  it  is  al- 
most the  rule  in  this  country  not  to  print  from  it 
direct.  It  is  found  safer,  quicker,  and  more  eco- 
nomical to  preserve  the  original  stone  carefully, 
making  as  many  transfers  for  the  press  as  the  siz:; 
of  the  work  and"  tliat  of  the  edition  will  warrant. 
In  this  way  small  work,  such  as  labels,  show-cards, 
etc.,  can  be  multiplied  u]ion  a  stone,  and  the  expense 
of  printing  proportionately  reduced,  with  a  facility 
which  often  gives  lithograpliy  the  advantage  over 
typography,  even  in  cost.  Very  valuable  original 
stoues  also  are  saved  fiom  the  wear  and  tear  of  the 
press,  and  from  accidents  ;  and  the  artist's  work,  in 
place  of  furnishing  but  two  or  three  thousand  im- 
pressions, may  yield  indirectly  nnny  times  that 
number.  It  is  true  a  transl'er  is  no'„  always  eijual  to 
the  original  in  quality,  but  the  difference  is  very 
slight,  and  such  work  is  for  many  purposes  quite 
satisfactory. 

Impressions  for  transfer  from  stone  to  stone  ai'e 
pulled  or  printed  very  carefully  on  India  proof-p.iper 
with  a  starched  surface  ;  but  an  ink  differing  from 
printing-ink  is  used,  the  constitution  of  wliirh 
makes  it  very  eti'ective  when  transferred  to  the  clean 
stone.     See  Lithogk.a.phio  Ikk. 

Transfers  from  engraved  stones  and  plates  are 
pulled  in  the  same  way  as  oidinary  impressions  from 
such  are  printed  (an  operation  to  be  presently  de- 
scribed), but  with  stiff  transfer-ink. 

Plioto-Iitliographic  transfers  will  be  found  de- 
scribed under  PHOTO-LrnioGi:.\PHY. 

4.  Engraving  on  stone  —  the  fourth  subdivision  of 
the  art  —  is  essentially  different  from  the  preceding 
methods  of  producing  a  printing-surface.  It  is  very 
largely  practiced,  however,  especially  in  the  United 
States,  and  is  of  much  importance. 

For  this  purpose,  after  a  stone  of  suitable  size  is 
polished,  its  whole  surface  is  etched  or  prepared  with 
gum-water  and  an  exceedingly  dilute  arid,  and  its 
face  is  then  colored  black  with  a  trace  of  lamplilack, 
or  red  with  a  little  powdered  red  chalk,  and  let  dry. 
The  coloration  is  simply  to  enable  tlie  engraver  to 
see  his  work  as  it  progresses.  Upon  this  surface  the 
design  is  now  engraved,  or  rather  scratched  ;  sliar)i- 
pointed  steel  needles  ami  the  diamond  being  almost 
the  only  tools  used.  When  the  design  is  finished, 
oil  is  poured  over  the  whole,  and  some  time  is  al- 
lowed for  its  absorption  by  the  stone  where  the 
needle  has  laid  it  bare.  The  coloring  matter,  and 
any  excess  of  gum  upon  the  surface,  is  next  washed 
off,  and  ink  is  rubbed  into  the  lines  with  a  iampnn 
or  pad,  made  of  some  folds  of  woolen  cloth  fastened 
to  the  face  of  a  small  piece  of  Hat  wood.  As  the 
treatment  with  gum  ]irotects  the  rest  of  the  stone,  it 
will  remain  clean  as  long  as  damp.  If  an  impres- 
sion be  now  pulled,  the  sheet  will  lift  the  ink  out  of 
the  lines,  which  are  very  shallow,  as  in  copperplate 
printing.     From  tlif  foregoing  it  will  be  seen  that 


printing  from  an  engraved  stone  is  a7i  interesting 
and  complex  operation.  The  ink  is  held  not  only 
by  the  peculiar  nature  of  the  lithographic  picture, 
which  forms  the  bottom  of  tlie  lines,  but  also  me- 
chanically by  reason  of  their  tlepression  and  depth  ; 
and  the  rest  of  the  surface  is  clean,  not  Ijecause  it  is 
wipi'd  oft'  mechanically  as  in  copperplate  printing, 
but  because  it  is  damp  and  diies  not  take  ink.  Litho- 
graphic engraving,  however,  difl'ers  considerably  from 
engraving  on  copper  or  sti'el.  As  it  is  dom^  in  a  fri- 
able substance  with  the  needle,  the  boundaries  of  the 
lines  never  attain  the  smoothness  and  clearness 
which  are  given  by  the  graver,  though  the  apjiroxi- 
mation  is  nuudi  closer  than  would  he  supposed  pos- 
sible, the  dexterous  use  of  the  diamond  giving  won- 
derful perfection  in  this  respect.  The  ponderousness 
of  the  stones,  and  tlie  drnwinii  character  of  tlie 
method,  take  also  from  the  freedom  and  sweeji 
which  the  experienced  copperplate  engraver  imparts 
so  readily  to  his  work  :  lastly,  the  depth  of  the  line 
cannot  be  proportioned  to  its  width,  as  is  the  case 
on  steel  or  copper.  At  the  present  day  very  little 
jirinting  is  done  from  engraved  stones,  —  almost  none 
in  this  country, — but  they  are  constantly  used, 
nevertheless,  in  consequence  of  the  great  facility 
with  which  transfers  of  the  finest  and  most  delicate 
designs  can  be  made  from  them,  and  from  them 
only. 

Printing  from  engraved  work  is  slow,  and  there- 
fore costly,  but  after  transfer  it  is  ilone  with  the 
roller  and  without  iiinisual  expense.  In  this  way  it 
is  possible  to  supply  work  (so  fine  that  it  can  only 
be  produced  witli  the  needle  and  diamond)  at  a  very 
moderate  cost. 

A  most  striking  elalioration  of  this  system  is  to  be 
found  in  the  commercial  lithograpliy  of  the  United 
States,  especially  bonds,  checks,  certilicates  of  stocks, 
etc.,  which,  in  redundancy  of  ornament  (excellent  as 
to  quality),  are  not  equalled  by  that  of  any  other 
country.  '  The  vignettes,  borders,  etc.,  for  such  doc- 
uments are  all  transferred  from  separate  engraved 
stones,  which  are  retained  on  hand  in  great  variety 
as  an  important  jiart  of  the  lithographer's  stock  in 
trade,  and  from  them  any  particular  design  can  be 
compUed  or  built  up  anil  transferred  to  a  smooth 
stone. 

Analogous  to  lithographic  engraving  is  the  process 
of  etching  on  stone,  so  as  to  produce  a  similar  result. 
This  is  sometimes  used  very  successfully  on  ruled 
.shades  and  tints.  For  this  purpose,  the  stone  is 
protected  by  a  shellac  ground,  which  is  cut  through 
by  the  steel-point  or  diamond,  generally  the  latter.  A 
wall  of  wax  is  then  raised  round  the  edge  of  the  stone, 
and  dilute  nitiic  or  hydrochloric  acid  poured  on. 
When  bitten  deep  enougli,  the  lines  are  filled  with 
thick  lithographic  writing-ink,  and  let  dry.  The 
ground  is  then  removed  and  the  surface  etched 
strongly  with  acid  and  gum.  This  moditication  is 
generally  used  in  combination  with  engraving  to 
produce  certain  effects. 

In  addition  to  the  foregoing  four  great  subdivis- 
ions of  the  lithographic  art,  various  expedients  are 
used  to  produce  certain  results  which  liardly  deserve 
mention  here.  One  exception,  perhaps,  is  to  be 
found  in  a  method,  very  commonly  followed,  of  ob- 
taining graduated  tints  for  color-printing.  For  this 
purpose,  a  solution  of  asphalt  and  crayon  in  turpen- 
tine is  applied  to  a  grain  stone,  let  dry,  and  then 
scraped  more  or  less  with  a  scraper  or  knife,  accord- 
ing to  the  tint  required.  The  stone  is  then  etched, 
washed  out,  and  printed.  This  method  is  now  su- 
perseded in  many  establishments  by  the  rubbed  tint 
already  described. 

Chronio-lithography  is  doubtless  the  highest  de- 
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velopinent  of  the  lithographic  art.  For  it  all  the 
foregoing  metlioJs  are  put  in  requisition,  but  it 
does  not  itself  constitute  an  essentially  distinct 
method  in  a  teehnieal  sense.  In  the  imitation  and 
reproduction  of  oil  and  water-color  paintings,  much 
knowledge  and  experience  not  possessed  liy  the  or- 
dinary lithographer  arc  renuired  ;  still  the  novel 
and  ditlicult  part  of  the  art  of  making  tirst-class 
chi'omos  lies  in  the  appreciation  and  selection  of 
colors,  their  judicious  superimposing  and  blending, 
and  above  all  things  in  a  cultivated  estimation  of 
the  true  value  of  a  picture  and  of  pictorial  ell'ects 
generally.     See  CHUiiMo-LiriiOGiiAPH. 

Senefelder  died  in  1834.  Every  phase  of  the  lith- 
ographic art  desciibed  in  the  preceding  sketch  was 
iudicateil,  origijiated,  or  practiced  by  him.  Even 
chromo-litliography  was  suggested  and  anticipated 
by  him.  The  development  and  perfection  of  the 
present  day,  in  every  branch  of  his  great  invention, 
wouUl  gi-atify  and  astonish  liim  infinitely  ;  lie  would 
gaze  in  amazement  at  the  lithographic  power-press, 
printing  thousands  of  slu'cts  daily  ;  and  his  philan- 
thropic mind  would  be  lost  in  admiration  at  the 
sight  of  a  chromo,  which  lie  would  conlbimd  with 
the  original  painting,  and  which  his  art  has  plai  ed 
within  the  reach  of  every  one.  All  this  he  would 
readily  comprehend  ;  ;j/(o/o-lithography  alone  would 
be  to  him  a  mystery  and  a  revelation.  —  Conlribnted 
to  l/iia  iroii-  hii  Mr.  J.   IT.  Osboriif-. 

Iiith'o-labe.  (Surgical.)  An  instrument  for 
gnispiiig  a  stone  in  the  bladder,  and  holding  it 
while  it  is  being  acted  upon  by  a  lithotritio  instru- 
ment.    The  litlwprione  is  a  form  of  litholabe. 

Lith'o-lyte.  (Siinjical.)  A  form  of  catheter  for 
conveying  solvents  of  calculi  into  the  bladder. 

Lith'ou-trip  tor.  An  instrument  lor  crushing 
the  stone  in  tile  bladder  into  minute  fragments,  that 
they  may  jiass  out  with  the  urine. 

The  instrnment  ((  is  made  of  two  halves,  one  slid- 
ing within  the  other,  and  is  of  the  size  and  shape  of  an 

Fig.  2978. 


Lithoniriplor  and  Lithotomy-Forceps. 

ordinary  catheter  when  closed.  It  is  introduced  into 
the  bladder  by  the  urethra  ;  then,  by  means  of  a 
screw  or  rack  and  jiinion  worked  on  the  outer  ex- 
tremity, the  movable  part  is  made  to  slide  back  within 
the  bladder,  now  forming  two  jaws  by  which  the 
stone  is  seized  ;  by  turning  the  screw  or  handle,  the 
blade  is  propelled  onward  again  by  short  jerks,  thus 
breaking  the  stone  into  fragments  so  minute  that 
they  may  pass  the  urethra. 

This  is  Ibllowed  by  the  use  of  the  lithotriptic  in- 
strument, the  cvaciuUing  ciUltHcr  or  double-current 
catheter,  which  is  a  catheter  of  moderate  size,  liaving 
a  wall  along  its  center,  dividing  it  into  two  canals. 
By  means  of  tlie  upper  one  the  bladder  is  tilled  with 
tepid  water,  which  finds  its  exit  tlirough  tlie  lower 
one,  carrying  with  it  all  particles  of  stone  remaining 
after  the  operation  of  lithotiity. 

The  temple  of  Serapis  in  .\lexandria  was  used  as 
a  hospital  in  the  time  of  the  Ptolemies,  and  here 
were  performed  operations  in  lithotomy,  crushing 
the  stone,  reducing  dislocations,  etc. 


Animeiiius  of  Alexaiidiia,  the  lirst  century  B.  c, 
proposed  and  performed  the  operation  of  lithotrity, 
or  breaking  a  calculus  in  the  bladder,  when  too  large 
for  extraction  by  lithotomy.  The  Romans  seem  to 
have  been  much  .subject  to  the  stone  in  the  bladder. 

The  lithotritor  of  t'elsus  (first  century  A.  u.)  was 
a  hook  ill^e^ted  behind  the  stone  while  it  was  cleft 
by  the  end  of  a  blunt  instrument,  struck  by  a  ham- 
mer. This  instrument  was  suiiilar  to  some  of  the 
modern. 

Lith'o-pho-tog'ra-phy.  A  process  by  which  a 
]ihutogiaphic  jiieture  is  di'Veloped  on  stone,  so  as  to 
admit  of  impressions  being  taken  therefrom.  See 
PHuru-Lrriiu(!i;Ai'iiY. 

Li-thor'i-neur.  An  instrument  invented  by 
Meiiieu  and  Tanihou  for  filing  down  a  calculus  in 
the  bladder. 

Ijith'o-tint.  A  process  of  drawing  ujioii  stone, 
in  w  liicli  the  ink  is  applied  to  the  stoiie  by  a  camcl's- 
hair  ]ienril. 

liith'o-toxne.  (Surgical.)  A  bistoury  or  scalpel 
for  making  the  incision  in  lithotomy.  This  knife  is 
of  various  sizes  and  sha]ies,  blunt,  probe,  or  sharp 
pointed.  It  is  inserted  through  the  groove  of  the 
lithotomy -s/o/f;  through  a  small  opening  jireviously 
made  in  the  urethra,  and  carried  along  into  the 
bladder,  making  an  opening  just  large  enough  to 
allow  the  extraction  of  the  stone  by  means  of  the 
forceps.  The  gorget,  bueelor,  and  bistouri  caekd  are 
varieties  of  lithotoincs.  Hippocrates,  d.  357  U.  C, 
treats  of  the  operation  of  lithotomy,  which  .seems  in 
Ills  lime  to  have  been  practiced  as  a  specialty  by  cer- 
tain chirurgeons.  Five  methods  of  o[ierating  are 
enumerated  by  Dunglisoii,  in  some  cases  lecpiiiing 
.special  instruments.  As  it  is  the  neck  or  body  of 
the  bladder  that  is  cut,  the  instrument  might  more 
properly  be  called  a  eiislutoiiie. 

Iii-thot'o-me-cache.  (Svrgica?.)  An  instru- 
ment u.M'd  in  lithotomy.  It  is  introduced  with 
blades  concealed  in  a  sheath,  from  whicli  they  are 
protruded,  by  pressing  upon  a  lever,  on  reaching  the 
(dace  of  operation.  The  incision  is  made  by  with- 
drawing the  instrument.  It  is  made  single  or  double 
bladed.      Called  also  a  bislouri-eeiclie. 

This  instrument  is  s]iecifieally  recommended  by 
Sabatier,  ]  797,  in  an  article  read  before  the  National 
Institute  of  France,  October  6,  1797. 

Li-thot'o-my-bi-sect'or.  (Surgical.)  An  in- 
stiiunent  lor  making  tlie  bilateral  incisions  in  lithot- 
omy. 

Li-thot'o-my  -  for'ceps.  An  instrument  (b. 
Fig.  297s)  fur  extracting  stone  from  the  bladder 
throngh  the  opening  previously  made  by  lithotomy. 
Its  blades  are  concave,  with  rasp  teeth  cut  in  to  take 
a  firm  hold  on  the  stone,  the  outer  surface  well 
rounded  to  admit  of  easy  introduction,  with  crossed 
slianks  so  that  the  lilades  may  be  fully  opened  with- 
in tlie  bladder  vithout  expanding  the  wound. 

Li-thot'o-my-gor'get.  (Surgical.)  A  litho- 
tonie  witli  one  or  two  concealed  blades  which  are 
exposed  by  pn-ssure  when  reijuiied. 

Li-thot'o-my-scoop.  (Surgical.)  A  small, 
f-poon-like  instrument  for  removing  calculi  or  frag- 
ments of  stone  from  the  bladder,  after  the  operation 
of  lithotomy  or  lithontrijisy. 

Li-thot'o-my-search^er.     (Surgical.)    See  Ll- 

THOTOMY-SUUNII. 

Li-thot'o-my-souad.  (Surgical.)  A  steel, 
catheter-shapeil  iiistrunieiit  introduced  into  the  blad- 
der by  the  urethra.  It  indicates  the  presence  of 
stone  by  a  peculiar  click  when  it  comes  in  contact 
with  it." 

Li-thot'o-my-stafF.  (Surgical.)  An  instru- 
ment curved  like  a  catheter  and  with  a  deep  groove 
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on  the  convex  side  of  its  curved  poition,  introduced 
ijito  the  bladder  by  the  uretlua,  lor  the  purpose  of 
guitiing  the  cutting-iustruuient  in  lithotomy. 

Iiith'o-trip  tor.    See  Lithontriitob. 

Iiith'o-tri  ter.     See  Lithuntiuptor. 

Iiitil'o-type.  1.  A  steieotype  in  which  the  sur- 
face is  composed  of  gum-shellac,  fine  sand,  and  a 
little  tar  and  linseed-oil. 

2.  A  name  signifying  printing  from  stone.  The 
lithographic  design  on  the  stone  is  deeply  etched, 
giving  a  sufficient  relief  for  the  type-press. 

Lit'mus.  A  coloring  matter  produced  from  the 
lichen  Roo'lla  tinctorUi. 

Li-tram'e-ter.  An  instrument  for  ascertaining 
the  specific  gravity  of  liq^uids,  invented  by  Dr.  Hare 
of  Philadelphia. 

It  is  founded  upon  the  principle  that,  when  col- 
umns of  dilferent  liipiids  are  elevated  by  the  same 
pressure,  their  hights  must  be  inversely  as  their 
gravities.  It  consists  of  two  tubes,  their  lower  en<ls 
open  and  submerged  in  two  linuids  whose  specific 
gravity  is  to  be  compared,  say  one  vessel  of  water 
and  the  other  of  an  oil  or  siiirit.  The  tubes  connect 
above  with  a  horizontal  pipe,  from  which  the  air  is 
exhausted  by  an  air-pump.  Atmospheric  yiressure 
causes  the  li'iuids  to  rise  in  the  tubes  to  a  bight  ac- 
coriling  to  their  gravity. 

Lifter.  A  stretcher  with  a  bed,  and  in  many 
cases  a  canopy  ;  used,  not  as  the  stretcher  ordinarily 
is,  in  emergency  and  haste,  but  provideil  for  the  u?.e 
of  the  civil  sick,  during  necessary  transportation 
home  or  hospital-ward. 

Another  form  of  litter  is  ailapted  to  be  carried  by 
two  animals.     This  approaches  or  reaches  the  palan- 

Fig.  2979. 


Litter. 

i\\\m,  and  there  is  probably  no  absolute  dividing- 
line  between  the  two. 

The  litter  (Icclica)  on  which  the  body  of  Augustus 
was  carried  to  the  grave  was  made  of  ivory  and  gold, 
and  covered  with  costly  purple  drapery  worked  with 
gold. 

Stretchers  were  used  in  the  Roman  army  to  carry 
wounded  officere. 

The  Asiatic  litter  was  introduced  into  Greece,  hav- 
ing four  posts,  canopy,  and  curtains.  They  were 
carried  by  four  liearers,  and  used  in  traveling.  When 
standing,  it  rested  on  four  feet.  The  hcticn  of  tlie 
Empire  was  closed  with  panels  of  lapis  specularis,  — 
talc.  The  poles  were  removable.  It  was  a  palan- 
quin, carried  on  the  shoulders  of  the  bearers. 

Com))anies  were  formed,  and  lecticie  were  placed 
in  public  places  for  hire. 

The  lectica  was  adapted  for  a  person  l}"ing  down  ; 
the  sella,  or  sedan-chair,  for  the  sitting  posture. 

Lit'tress.  A  smooth  kind  of  cartridge-paper, 
used  in  the  manufacture  of  cards. 

Live-ax'le.  One  communicating  power  ;  in  con- 
tradistinction to  a  dead  or  blind  axle. 

Live-box.  A  cell  in  which  living  microscopic 
objects  are  confined  for  observation.  It  has  a  tubu- 
lar piece  with  a  ghiss  top,  upon  which  slips  an  upper 


ring  having  al.-o  a  glass  top.  The  object  is  confined 
betweiMi  the  glasses. 

Live-gang.  (Saw.)  A  gang-saw  mill,  so  ar- 
ranged as  to  cut  through  and  through  the  logs  with- 
out previous  slabbing.  The  bark  and  wany  edge 
are  afterward  removed  from  eacli  board  by  a  double 
cdijtr.    The  lumber  goes  to  market  of  the  full  width. 

Live-head.  (Lathe.)  The  liead-stuek  of  a  lathe, 
which  contains  the  livc-spindle ;  in  contradistinction 
to  the  dead-liead  or  tail-stock,  which  contains  the 
dceid-spiiidlr. 

Live-mat'ter.  (Printing.)  Type  in  page  or 
column  ready  for  priuting. 

Liv'er  of  An'ti-mo-ny.  A  sulphuret  of  anti- 
mony and  jiotussn. 

Liv'er  of  Sul'phur.    Fused  sulphuret  of  potassa. 

Live-spin'dle.  (Lathe.)  The  rotjiting  effective 
siiimlle  in  the  head-slock  of  a  lathe  ;  in  contradis- 
tinction to  the  dcad-spindle  in  the  deud-hcad  or  tail- 
stock. 

Live-steam.  (Slcam-cnginc.)  1.  Steam  from 
the  boiler  at  its  full  pressure  ;  in  contjadistinction 
to  rfcarf-steam. 

2.  Steam  from  the  boiler  ;  in  contradistinction  to 
cchaust-stcinn. 

Live-trap.  A  device  for  imprisoning  living  mi- 
croscopic objects.  It  consists  of  three  parallel  glass 
slips  ;  the  middle  one  has  a  circular  perforation 
forming  the  cell,  while  the  other  one  constitutes  the 
sides. 

Lix-iv'i-al  Salt.     One  obtained  liy  leaching. 

Lix-iv-i-a'tiou.  The  process  of  .separating  a 
soluVile  fioni  an  insoluble  material  by  a  wa.shing  or 
filtering  action.     Leaching. 

Li.civiatioii  removes  a  soluble  material,  which  is 
the  valuable  ]iortion,  as  in  discharging  a  certain 
amount  of  syrup  from  a  bone-black  filter,  by  passing 
water  therethrough.  The  leaching  of  ashes  is  a  fa- 
miliar instance  of  li.xiviation. 

Elidriation  is  the  separation  of  more  soluble  and 
comparatively  useless  ]  ortions  fiom  one  le.-s  soluble, 
by  allowing  the  latter  to  .settle  and  decanting  the 
supernatant  lii|Uoi',  as  in  the  case  of  removing  the 
sacch.arine  and  coloring  matter  from  stanh  in  the 
starch  manufacture. 

Liz'ard.  1.  (Xautical.)  a.  A  piece  of  rope  hav- 
ing one  or  more  legs  with  thimbles  acting  as  fair- 
leaders  or  for  other  purposes. 

b.  the  top-gallant  lizard  is  a  rope  with  one  end 
hitched  to  a  hole  in  the  royal-pole  and  the  other 
spliced  rounil  a  thimble  on  the  hauling  ]iart  of  the 
mast-rope.  It  keeps  the  mast  from  turning  over 
when  its  head  comes  below  the  topmast  crosstrees. 

2.  A  crotch  of  timber  or  a  forked  limb,  used  as  a 
sled  to  support  a  stone  being  hauled  olf  a  field.  A 
stone-boat, 

Li-ziere'.  (Fortification.)  A  berrnc.  A  small 
coping  or  space  between  the  foot  of  the  parapet  and 
the  scarp. 

Load.  The  amount  of  work  done  by  an  engine 
working  up  to  its  capacity.  Not  to  be  confounded 
with  diiti/. 

Load'er.      A  machine  attached  to  a  wagon,  as 

a  hay-loader  or  stone-loader.     In  the  former   i:ase, 

it  is  an  endless  traveling  apron  on  a  truck,  trailing 

\  behind  the  wagon  and  carrying  up  the  hay  collected 

by  a  rake.     See  H.w-loadicr. 

Load'ing-fun 'nel.  One  for  charging  mortars 
with  loo-e  ]>.iwdi-r. 

Load'ing-ham'mer.     One  for  loading  rifles. 

Load'stone.  A  natural  magnet.  An  ore  of 
iron  ;  the  |irotoxide  and  jieroxide  of  iron  in  combi- 
nation.     See  Magnf.t. 

Load  'Wa'ter-line.     (Xauticul.)     The  line  of 
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notation  of  a  ship  when  she  has  her  full  cargo  on 
board. 

Loaf.     1.   The  conical  mass  of  molded  sugar. 

2.  A  shaped  mass  of  light  bread  in  the  dough  state, 
or  baked. 

Loam.  (Foundiny.)  A  mixture  which  essen- 
tiiilly  consists  of  s;uid  and  clay,  the  farmer  largely 
predominating,  with  a  certain  quantity  of  horse-dung 
added,  or  some  equivalent  for  the  same,  such  as 
chopped  straw,  sawdust,  cow-liair,  etc.  Beds  of 
loain  are  sometimes  found  of  nearly  suitable  compo- 
.sition,  but  it  is  more  commonly  made  up  by  blending 
liitt'erent  sorts  of  sand,  clay,  etc.,  in  a  mill  resem- 
bling a  pug-mill.  In  molding,  it  is  always  used 
ijuite  wet,  like  plaster,  but  is  dried  pci-1'ectly  befoi-e 
pouring.  Its  characteristics  must  be  plasticity  while 
wet,  strength  and  solidity  when  dry,  perviousness 
to  the  air  from  the  mold,  and  the  power  to  resist 
the  high  temperature  of  the  metal.  It  is  employed 
lor  large  work  in  both  brass  and  iron,  oljviating  the 
use  of  a  pattern,  as  alre.idy  explained.      See  Mold. 

Loam-beat'er.  {Foaading.)  The  rammer  of  a 
moldiT,  used  in  compacting  the  loam  around  the 
pattern. 

Loam-board.  (Fjwiding.)  Cores  which  are 
struck  up  upon  a  spindle  or  barrel  are  supplied  with 
loam  from  a  board  placed  across  the  trestles  on  which 
the  barrel  revolves,  which  is  hence  called  a  lonm- 
hiii'd.  This  is  cut  to  the  shape  of  the  core.  It  is 
also  used  after  the  latter  is  dry,  as  a  rest  on  wliiidi 
to  place  the  tool  (a  very  broad  chisel  with  a  short 
handle  at  each  end)  used  to  turn  it  down  to  the  ex- 
act size  and  shape,  before  black-washing. 

Loam-cake.  A  disk  of  loam  which  covers  in  the 
mold  in  loam-work  casting,  and  which  is  perforated 
with  holes  for  the  entry  of  the  metal  and  the  escape 
of  the  air. 

Loam-m.old'ins.  Making  a  mold  by  templets. 
See  Miii.niN!;. 

Loam-plate.  (Fjimiing.)  One  of  the  flat  cast- 
iron  rings  or  plates  useil  in  loam-molding,  upon 
which  the  nowel  or  the  cope  rests,  as  the  case  may  be. 

Loam-Tvork.  A  method  of  making  molds  for 
large  hollow  castings,  sui:li  as  cisterns,  tanks,  steam- 
engine  cylinder.s,  and  kettles  of  large  .size,  etc. 

Instead  of  making  a  pattern  of  the  object,  the 
nowz'  and  cope  are  built  up  of  bricks  and  covered 
with  loim,  which  is  shaped  by  a  templet.  The  parts 
are  afterward  brought  into  the  required  juxtaposi- 
tion in  a  pit,  surrounded  by  packed  .sand,  and  then 
the  nii'tal  is  run  in. 

Lob'bing.  {Mclnllargy.)  Breaking  blocks  of  ore 
into  piei'e-i  with  tlie  ham-ner,  for  assortment  as  to 
quality  with  such  ores  as  copper,  and  for  more  eflcc- 
tual  treatment  in  the  preparatory  roasting  or  calcin- 
ing processes.      Otherwise  called  cobbing. 

Lobe-plate.  A  strong  piece  of  cast-iron  laid 
upon  the  keelson,  etc.,  to  support  the  parts  of  a  ma- 
rin  ?  steam-engine.    A  sole-plalc.    A  foimdation-plate. 

Lo'oal.  {Telegraphy.)  The  battery  of  a  local 
circuit.  Tlie  latter  is  one  which  includes  only  the 
apjiaratus  in  an  office,  and  is  closed  by  a  relay." 

Loch'a-ber-axe.  The  battle-axe  of  the  High- 
Ian  lers. 

Lock.  (Anglo-Saxon,  loc,  an  inclosure  or  fasten- 
ing.) 1.  A  devii'C  having  a  bolt  moved  by  a  key, 
and  serving  to  secure  a  door,  lid,  or  otlier  object. 

The  ancients,  though  possessing  many  valuable 
arts  and  great  skill,  do  not  seem  to  have  been  suc- 
cessfid  in  locks.  Those  of  the  Egyptians,  Greeks, 
and  Romans  were  clumsy  contrivances.  Denon  has 
an  engraving  of  an  Egyptian  lock  of  wood,  which  is 
similar  to  the  one  shown  at  J,  Fig.  2980. 

The  locks  used  to  the  present  day  in  Syria  are 


much  like  those  used  over  2,000  years  ago  in  Pales- 
tine and  in  Egypt.  Tliompson  mentions  that  the 
steward  of  the  Carmelite  Convent,  on  Jit.  Carinel, 
opeiu'd  his  magazine  with  a  key  as  laige  as  a  club  ; 
reminding  him  of  the  passage,  "  And  the  key  of  the 
house!  of  David  will  1  lay  upon  his  shoulder."  — 
Isaiah  xxii.  22. 

The  strongholds  of  the  castles  of  Syria  yet  have 
enormous  locks  and  keys.  They  are  placed  on  the 
inside  of  the  doors,  and  have  a  number  of  metallic 
wards  which  are  adjusted  by  the  pins  on  the  key. 
A  hole  is  cut  through  the  door,  and  the  hand  and 
aim  thrust  through  to  insert  the  key.  "  My  be- 
loved put  in  his  hand  by  the  hole  of  the  door,  and 
my  bowels  were  moved  ior  him."  (Canticles  v.  4.) 
That  is  the  way  "the  beloved"  let  himself  into  the 
chamber. 

In  the  Book  of  Judges,  chapter  iii.  verses  23-25, 
it  is  stated  that  Eliud,  going  forth,  locked  the 
doors,  and  his  servants  took  a  key  and  opened  them. 
This  was  1336  D.  c,  and  is  the  first  mention  of  a 
key  which  could  he  taken  out  of  the  lock. 

A,  Fig.  2U80,  .shows  one  of  these  Oriental  locks. 
The  following  is  the  description  given  in  Eton's 
"Survey  of  the  Turkish  Empire,"  published  towards 
the  close  of  the  last  century.  It  will  answer  as  well 
for  the  present  time  :  — ^ 

"  The  key  goes  into  the  back  part  of  the  bolt,  and 
is  comjiosed  of  a  square  stick  with  hve  or  six  iron  or 
wooden  ]iins,  aliout  half  an  inch  long,  towards  the 
end  of  it,  placed  at  irregidar  distances,  and  answer- 
ing to  holes  in  the  upper  part  of  the  bolt,  which  is 
pierced  with  a  s(piare  hole  to  receive  the  key.  The 
key,  being  put  in  as  far  as  it  will  go,  is  then  lilted 
up  ;  and  the  pins,  entering  the  conesponding  holes, 
raise  other  pins  which  had  dr<ijiped  into  tluse  holes 
from  the  part  of  the  lock  immediately  above,  and 
which  have  heads  to  prevent  them  falling  lower  than 
is  necessary.  The  bolt,  being  thus  I'lved  from  the 
upper  pins,  is  drawn  back  by  means  of  the  key  ;  the 
key  is  then  lowered,  and  may  be  drawn  out  of  the 
bolt.  To  lock  it  again,  the  bolt  is  only  jiushed  in, 
and  the  njjper  ]iins  fall  into  the  holes  in  the  bolt  by 
their  own  weight." 

Locks  of  this  kind  are  supposed  to  have  \>een  ex- 
changed by  the  Pluenician  navigators  with  the  peo- 
]ile  of  Cornwall  for  tin,  and  locks  of  this  j  attern, 
l>nt  home-made,  still  exist  in  that  ([ueer  old  jirong 
of  Britain. 

Occasional  notices  are  found  among  the  Gi-eek  and 
Koman  writers  of  the  keys  of  their  times  ;  as  when 
Aratus  compares  the  constellation  of  Cassi(q>eia  to  a 
Koman  key,  "  having  a  curved  stem"  and  a  handle 
"  shaped  like  the  south  stars  "  of  the  group.  Aris- 
ton  also  refers  to  their  "deeply  bent"  stems,  and 
Eustathius  compares  them  to  sickles  ;  and  indeed 
some  were  so  large  that  they  might  fairly  be  carried 
over  the  shoulders,  as  described  by  Callimachus  in 
his  "  Hymn  to  Ceres,"  where  he  represents  the 
priestess  of  Nicippe  carrying  her  key  in  that  manner. 

Homer's  allusion  to  the  lock  on  the  wardrobe  of 
Penelope  is  thus  rendered  by  Pojie  :  — 

"  A  brazen  key  she  held,  the  handle  turned. 
With  steel  and  poli.shed  ivory  adorned. 
The  bolt,  obedient  to  the  silken  strinj;:. 
Forsakes  the  staple  as  she  pulls  the  ring ; 
The  wards,  respondent  to  the  key,  turn  round, 
The  bars  Hy  back,  the  flying  valves  resound  ; 
Loud  as  a  bull  makes  hill  and  valley  ring, 
So  roared  the  lock  when  it  released  the  spring." 

It  is  said  that  locks  with  sliders  and  tumblers 
have  for  centuries  heen  made  in  China. 

Tradition  says  that  locks  were  made  in  England 
in  the  reign  of  Alfred,  hut  it  was  not  till  the  four- 
teenth century  that  the  craft  was  recognized  as  a 
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distinct  one.  In  the  reign  of  Elizabeth,  locks  with  j 
bells  or  chimes  attached  were  so  constructed  as  to 
ring  an  alarm  or  [day  a  tune  when  tampered  with. 
The  medieval  locks  were  often  highly  ornamented 
and  artistic  pieces  of  workmanship,  constituting 
quite  an  im]iortant  part  of  the  church-door  or  cabi- 
net to  which  they  were  attached.  A  number  yet 
survive  on  the  cathedrals  ami  churches  of  Europe,  and 
on  the  plate  and  muniment  chests  of  the  old  families. 
The  letter-loek  is  a  Dutch  invention,  but  is  as- 
cribed, in  the  "Memorabilia"  of  Vanhagen  von 
Ense,  written  about  1650,  to  Regnier,  Director  of 
the  Musee  d'Artillerie  at  Paris.  Regnier"s  locks 
were  much  esteemed,  and  the  courier's  dispatcli- 
boxes  were  fastened  with  them.  They  are,  however, 
alluded  to  in  Beaumont  and  Fletcher's  "  The  Noble 
Gentleman,"  printed  in  1615.  See  Letteiv-look, 
p.  1292.  Carew,  in  some  verses  written  five  years 
later,  has  this  reference  ;  — 

"  As  doeth  a  lock  that  goea 
With  letters;  for,  till  every  one  be  known. 
The  lock  's  as  fast  as  though  you  had  found  none." 

The  letters  of  tlu'  alphabet  were  engraved  on  four 
parallel  revolving  rings,  which  l>y  prearrangement 
on  the  part  of  the  owner  were  made  to  spell  a  certain 
word,  or  number  of  words,  before  the  lock  could  be 
opened. 

A  French  treatise,  L' AH  de  Scmirkr,  published 
in  1767,  contains  many  examples  of  the  locks  of  that 
and  former  periods,  it  appears  that,  though  the  art 
had  advanced  as  far  as  the  invention  of  the  single  tum- 
bler, yet  the  main  dependence  was  jilaced  on  the 
comple.vity  of  the  wards.  Multiple  bolts,  shot  si- 
miltaneously  by  a  single  key,  were  much  in  vogue. 
One  lock,  figuring  in  this  work  as  attached  to  a  large 
coffer  or  chest,  has  as  many  as  tvvidve  of  the.se  bolts. 
The  simplest  modern  form  of  lock  is  the  common 
spring-lock,  the  interior  arrangement  of  which  is 
shown  at  B.  In  the  cut,  the  bolt  is  represented 
half  shot.  At  a  a  are  two  notches  on  the  under 
side  of  the  bolt,  connected  by  a  curved  part ;  b  is 
the  back  spring,  which  becomes  compressed  by  the 
passage  of  the  curve  through  a  limited  aperture  in 
the  rim  c  c  of  the  lock.  When  the  bolt  is  wholly 
withdrawn,  one  of  the  notches  a  rests  upon  the  rim 
c  c,  and  the  force  with  which  the  notch  falls  into 
this  position,  urged  by  the  spring  h,  gives  rise  to  the 
snapping  or  clicking  noise.  When  the  bolt  is  wholly 
shot,  the  other  notidi  rests  in  like  manner  upon  the 
edge  of  the  aperture  in  the  rim. 

IFards,  or  iplwch,  were  among  the  most  important 
improvements  in  locks,  and  when  sufficiently  com- 
plicated were  considered,  especially  when  the  lock 
was  provided  with  numerous  and  strong  bolts,  as 
alibrding  nearly  perfect  security. 

Wards,  shown  at  B  and  C,  are  pieces  of  metal 
having  a  circular  curvature,  and  are  atti.'ied  to  the 
interior  of  the  lock.  They  may  be  in  cross-section 
of  any  shape,  affording  sufficient  strength  to  resist 
the  usual  wear  and  tear  occasioned  by  the  motion  of 
the  key,  which  is  very  slight.  They  lit  into  clefts 
or  grooves  in  the  key,  wdiich  turns  around  upon 
them,  and  prevent  the  lock  from  being  opened  ex- 
cept by  its  own  projier  key,  or  by  a  key  so  constmct- 
ed  as  to  avoid  them  altogether. 

t?  is  a  ward-lock  key  and  its  keyhole.  The  vari- 
ous parts  are,  — 

n,  the»iaift-ward,or6W(/(/<:-  e,  hit,  ov  web. 

ward.  /,  bow. 

b,  stem,  or  body.  (/,  eye. 

c,  pin.  h,  slot. 

d,  collar. 

D  shows  the  manner  of  opening  a  warded  lock  by 


means  of  a  false  key.  a  is  the  true  key,  the  wards 
of  which  are  somewhat  complex.  An  instrument  b, 
covered  with  wax  or  soap  on  one  side,  is  inserted  in 
the  keyhole  and  turned,  reci'iving  a  perfec;t  impres- 
sion of  the  wards.  A  piece  of  wire  c  is  tlum  Ijent  into 
such  a  shape  as  to  avoi<l  contact  with  these  when 
turned  in  the  lock,  withdrawing  the  bolt  with  as 
much  facility  as  the  proper  key  would  do. 

This  is  a  skeleton-key.  A  mastcr-ki'y  is  similar 
in  principle,  being  so  constructed  as  to  avoid  the 
wards  of  a  set  of  locks.  Such  keys  are  adapted  to 
locks  having  wards  of  the  same  general  form. 

The  period  of  the  invention  of  tumbler-locks  (E) 
is  unknown.    Some  elaborate  examples  are  exhibited 

Fig.  29S0. 
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Locks. 
in  the  French  treatise  before  referred  to,  published 
in  1767. 

The  tumhler  is  a  lever  or  latch  which  falls  into  a 
notch  of  the  bolt,  and  prevents  it  from  being  shot 
until  the  tumbler  has  been  raised  or  released  by  the 
action  of  the  key.  A  simple  form  is  shown  at  E. 
The  bolt  has  two  square,  notches  a  am  its  upper 
edge.  Behind  the  bolt  is  the  tumbler  h,  pivoted  at 
one  end,  and  having  a  projecting  stump  c  at  the 
other,  which,  in  either  position,  locked  or  unlocked. 
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falls  into  one  of  the  notches  of  tlie  bolt.     The  turn-  :  relative  jiosition  of  the  turnhlers  at  the  inoinent  of 


bier  must  lirst  be  lilted  by  the  key,  relea.sinj;  thi 
stump  from  the  notch  in  the  bolt  bel'ore  the  key  can 
act  on  the  latter  to  turn  it  either  way. 

Barron's  tumbler-lock  was  patented  in  1778.  Its 
principle  consisted  in  an  arrangement  "  to  allow  a 
stump  on  the  tumbler  to  pass  through  an  opening  in 
the  bolt,  or  a  stump  on  the  bolt  to  pass  through 
an  opening  in  the  tumbler." 

The  former  arrangement  is  shown  atF.  This  lock 
has  two  tumblers  of  uue(inal  width,  each  having  a 
stump  or  stud  which,  when  the  lock  is  in  either  a 
lockeil  or  unlocked  position,  rests  in  one  of  the 
notches  represented  in  the  bottom  of  the  gating  of 
the  Ijolt.  The  wi'b  of  the  key  lun  two  une.|ual  steps 
which,  wlien  the  key  is  turned  in  the  lock,  elevat(^ 
the  tumblers  e  [ually  and  to  a  suliicieu);  hight  to  lift 
the  stumps  clear  of  thj  lower  notches  in  the  bolt 
and  bring  them  e.^cactly  on  a  level  with  the  gating  or 
slot  in  the  bolt,  permitting  the  latter  to  slide  freely  ; 
whereas,  if  an  improper  key  be  used,  they  will  beeither 
lifted  too  high  or  too  low,  so  that  it  cannot  pass. 

The  patents  granteil  for  locks,  both  in  England 
and  this  country,  since  Birron's  time,  have  been  very 
numerous.  Br.ihmah's,  patented  in  England,  1784, 
is  sliown  at  H.  It  has  a  central  barrel  a,  having 
grooves  in  which  are  a  number  of  sliders  c  c,  whose 
ends  rest  ag.iiuit  the  spiing.  Each  of  these  is 
notched  at  a  dillVront  p<rt  of  its  length,  so  that  they 
must  be  uneipially  depressed  b.'fore  the  plate  e  can 
enter  all  the  notches  simultaneously,  ami  allow  the 
barrel  a  to  turn  so  as  to  actuate  the  bolt.  This  is 
etfected  by  a  stud  (/  working  in  the  slot  on  the 
bolt  shown  at  /.  The  slidars  are  provided  with 
false  notches  to  increase  tlie  difficulty  which  a  bur- 
glar would  experience  in  finding  the  position  of  the 
true  ones.  The  key  /"  has  longitudinal  slots  corrc- 
sponiling  in  length  to  the  distance  which  each  slider 
must  ha  depressed. 

/  is  an  e.ttorior  view  of  the  lock,  and  /  shows  the 
form  of  tlie  bolt  and  the  manner  in  which  the  rotation 
of  the  b.irrel  is  maile  etfective  in  throwing  the  bolt. 

The  (latent  of  Mitchell  and  Lawton,  1S15,  em- 
braced, am  mg  other  devices,  a  revolving  curtain  for 
closing  the  keyhole. 

A  detector  which  indicated  if  any  of  the  tumblers 
had  been  overlifteil  was  |iatented  by  Ruxton  in  1816. 

In  the  same  year,  Kemp  devised  a  lock  whose  slid- 
ers were  operated  by  a  set  of  small  concentric  tubes 
in  the  barrel  of  the  key. 

Paper  secured  over  the  keyhole  to  indicate  tam- 
pering was  patented  by  Gottleib,  1829. 

Xt  the  ])resent  day,  the  aid  of  photography  has 
been  called  into  re![uisiliou  as  a  detector. 

Two  photographs  are  made  from  an  irregular  pat- 
tern, one  of  which  is  placed  over  the  keyhole,  and 
the  other  is  retained.  The  American  Seal-Lock  Com- 
pany employs  sheets  of  variegated  glass,  cut  into 
strips,  for  this  purpose.  Access  to  the  keyhole  can 
only  be  obtained  by  breaking  the  glass,  wdiich  of 
course  cannot  be  replaced.      See  Se.\i,-Lock. 

Chubb's  loL-k,  1S18,  has  six  or  more  tumblers  turn- 
ing on  a  pin  common  to  all.  Each  of  these  must  be 
lifted  to  a  different  hight  before  a  stud  on  the  bolt 
can  pass  through  a  continuous  aperture  formed  by  a 
slot  in  each  tumbler  when  all  are  in  their  proper 
position.  Should  either  of  the  tumblers  be  over- 
lifted  by  the  introdnction  of  a  false  key,  it  is  held 
in  that  position  by  a  spring,  thus  indicating  that  the 
lock  lias  b.'cn  tampered  with. 

In  Newell's  AmericMiu  lock  (exhibited  in  England 
in  1851)  the  bits  are  intei  changeable  on  the  stem  of 
the  key,  so  that  an  indelinite  number  of  combina- 
tions may  be  formed,   each  of  which  so  alters  the 


locking  that  they  can  only  be  brought  into  position 
to  allow  the  bolt  to  be  withdrawn  by  the  san:e  ar- 
rangement of  the  bits.  There  are  three  sets  of  bits, 
the  two  nearest  the  keyhole  falling  to  a  connnon  level 
when  the  key  is  withdrawn,  while  those  of  the  third, 
which  are  inaccessible  to  the  "  feeling"  devices  of  the 
burglar,  remain  at  the  diffi'ioit  hights  to  which 
they  were  lifted  by  the  key  through  the  medium  of 
the  other  two.      See  I'EU.Ml'T.vrioN-LdCK. 

It  has  been  jiroposed  to  construct  locks  with  clock- 
work attaclnnents,  so  that  they  cannot  be  opened, 
even  with  their  projier  key,  until  a  regulated  interval 
of  time  has  elapsed.  Mr.  Kuthertoid  of  Jedburg, 
Scotland,  ]iatcnteda  lock  of  this  description  in  1831. 
A  circular  stop-plate  is  placed  against  the  end  of 
the  bolt  of  the  lock,  and  so  adjusted  that  the  bolt 
cannot  be  withdrawn  until  a  jiarticular  notch  in  the 
rim  of  the  circular  plate  is,  by  means  of  clock-work, 
brought  opposite  the  end  of  tlie  bolt. 

Locks  having  pins  or  ]iipe-shafts  fitting  in  the 
pipe  or  barrel  of  a  key  can  only  be  oiiened  from  one 
side,  but  those  adajited  lor  keys  with  a  solid  stem 
can  be  ojiened  liom  cither  side.  In  the  latter  case, 
only  one  half  the  key  acts  at  once. 

The  variety,  both  in  the  form  and  nomenclatuie 
of  locks,  is  very  great.  Not  all  of  the  English  trade 
terms  for  locks  obtain  with  us.  The  following  is  a 
summary  ;  some  of  the  distinctions  are  evident, 
others  w  ill  be  explained  :  — 

A  hull-lock-  is  one  the  bolt  of  which  can  only  be 
driven  or  withdrawn  by  the  action  of  a  key. 

A  latch-lock  can  be  opened  by  a  knob  on  the  in- 
side, but  reipiires  the  use  of  a  key  on  the  outside. 

In-door  and  out-door  locks,  on  the  respective  sides 
of  a  door. 

Door-locks  are  known  as  iron-rim,  brass-case,  or 
■mortise,  according  to  the  ([uality  or  mode  of  fitting. 
The  draw-buck  has  a  bolt  cajiable  of  three  positions, 
locked,  latclicd,  or  ojyen.  The  sjiriiuj -stock  is  a  wooden 
door-lock  of  inlerior  quality. 

The  dcud-lock  or  closet-lock  has  a  single  bolt. 
The  two-biilt  has  a  latch  anil  bolt. 
The  three-bolt  has  the  addition  of  an  interior  bolt, 
not  ojieratable  Irom  the  outsiile  by  any  means. 

The  knob-lock  and  rimj-lock  are  so  named  from 
the  forms  of  their  handles. 

The  right-hand  and  left-hand  locks  are  for  door  to 
swing  to  the  right  or  to  the  left. 

A  dormant-lock  is  one  having  a  bolt  that  will  not 
close  of  itself 

A  sjrring-lock  is  one  whose  bolt  is  protracted  by  a 
spring. 

A  rim-lock  is  named  from  its  shape. 
T«;'rf-locks  are  so  called  from  having  wards  cor- 
responding to  clefts  in   the  key,    into  which  they 
must  enter  before  the  key  can  be  turned.     They  are 
known  as  one-tcard,   two-ward,  etc.,  according   to 
number  ;   the  round  wards  being  sometimes  called 
wheels,  as  one-n-heel,   two-n-lieel.     The  shape  of  the 
ward  sometimes  gives  a  name,  as  h-ward,  T-ward, 
7,-ward.     If  the  ward  be  cast  solid  instead  of  being 
made  of  a  bent  strip,  the  lock  is  termed  solid-ward. 
A  lock  without  wards  is  a  plain-lock. 
Straight-locks  have   a  plate   screwed   flat  against 
the  woodwork  ;  cut-locks  are  inserted  into  the  wood- 
work, .so  as  to  lie  Hush  therewith.     Morlise-loeksa.re 
slipped  into  a  mortise  cut  into  the  edge  of  the  door. 
7'"Hii/(V-locks  have  one  or  more  pivoted  pieces, 
(■ailed  tumblers,  (irovided  with  a  lug  or  dog  fitting  a 
notch  in  the  bolt,  from  wdiich  the  dog  must  be  re- 
leased before  the  bolt  can  be  thrown. 

The  letter,  jjuzzlc,  permutation,  or  eondilnation  lock 
has  usually  a  series  of  notched  rings,  which  must  be 
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turned  until  all  the  notches  are  in  line  in  order  to 
enter  or  h  ithdraw  the  bolt. 

Wheel-locks  are  those  in  which  one  or  more  wheels 
form  a  i«irt  of  the  interior  mechanism. 

Detector^  proUcior^  paranoptict  vibrating -guards 
compound -lever,  defianec,  duplex,  delcnt,  Iwldfast, 
drill-proof,  are  among  the  names  given  liy  inventoi-s 
to  vaiious  descriptions  of  patented  locks. 

The  stock-lock  is  an  outride  wooden  lock  for  sta- 
ble.s,  gates,  etc. 

D-locks  and  P-locks  are  gate-locks  of  forms  resem- 
bling those  lettei-s. 

llanj'  locks  are  known  by  their  adaptation  to  spe- 
cific uses  ;  as,  cnbinet,  cupboard,  bookcase,  desk,  port- 
able desk,  table,  drawer,  box,  cuddy,  chtst,  carpcl-bag, 
valise,  trunk,  etc.,  locks.     See  list,  ]i.  1312. 

2.  (Hydraulic  Engineering.)  a.  An  inclosure  in 
a  canal  between  gates,  where  boats  are  raised  and 
lowered.     See  C.^nal. 

The  parts  of  a  canal-lock  are,  — 

The  hcid-gnic  and  tail-giU\  which,  with  the  side- 
walls,  inclose  the  lock-c/iii/iier.  They  are  made  of 
framing  with  leaf-planking  nailed  and  bolted  there- 
to. 

The  clap-sill  or  in  iler-sill,  with  two  branches,  is 
the  framing  against  which  the  lower  edge  of  the  gate 
shuts. 

The  hollow-quoin  is  the  recess  iu  the  masonry  oc- 
cupied by  the  lieel-p  ist  of  the  gate. 

The  head-bay  or  head-crown,  is  the  canal  above  the 
lock. 

The  to  i'-bay  or  aft-bay,  below  the  lock-chamber. 

The  lift  is  the  amount  of  fall  overcome  by  the 
lock. 

The  lift-will  is  the  wall  at  the  foot  of  the  head- 
gate. 

A  canal-lock  is  a  device  by  which  boats  are  j>ass;ed 
from  one  level  to  another.  It  consists  of  a  basin  be- 
tween the  levels,  having  a  pair  of  gates  at  each  end 
communicating  with  the  respective  level.  Fig.  29S1 
.shows  a  vertical,  longitudiual  section  a,  a  plan  b, 
and  views  of  the  upper  and  lower  gate  c  d. 

c  is  the  lock-chamber  ;  the  floor  is  called  the  invert, 
and  is  lined  with  masonry.  Tlie  floor  of  tlie  upper 
end  is  even  with  the  upper  level,  anil  the  lower  floor 
with  the  lower  level.  The  gates  are  shown  ixt  g  (f  ; 
the}'  turn  upon  their  hingeing  ends ;  when  shut,  they 
close  against  each  other,  presenting  an  angle  up  hUl 
against  the  force  of  the  water.  When  a  boat  is  to 
ascend,  the  lower  gates  are  opened,  the  lx)at  floated 
into  the  chamber,  and  the  gates  closed.  Water  is 
then  allowed  to  pa,ss  by  underground  conduits  m  ?n 
to  the  chamber,  until  it  is  even  witli  the  water  of 
the  upper  level ;  the  upper  gates  aie  then  opened 
and  the  boat  floated  out.  In  descending,  the  boat 
is  floated  into  the  full  chamber,  the  upper  gates 
closed  ;  the  water  in  the  chamber  allowed  to  pa,ss 
from  tlie  latter  by  the  conduits  »  ti  to  the  lower 
level,  until  the  level  of  the  water  on  each  side  of  the 
lower  gates  is  even,  when  they  are  opened  and  the 
boat  floated  out. 

The  EUesniere  and  Chester  Canal,  England,  crosses 
a  quicksand  iu  Cheshire,  at  which  place  cast-iron 
locks  and  lock-gates  were  made,  Tlie  locks  {B  O 
rise  17  feet,  are  founded  upon  i^iles,  and  formed  of 
cast-iron  plates  and  girders.  The  leaves  of  the  gates 
have  cast-iron  heads,  heels,  and  ribs,  in  separate 
pieces  with  flanges,  which  are  fastened  together  with 
nuts  and  screws  ;  the  whole  is  covered  with  wooden 
planking.  The  docks  and  gates  are  stated  to  have 
given  good  satisfaction. 

The  complete  canal-lock  was  invented  by  Dionisio 
and  Pietro  Domenico  in  1481,  consisting,  as  it  did, 
of  a  lock-chamber  inclosed  by  a  double  pair  of  gates. 


I  This  invention  soon  spread  throughout  Europe,  and 

j  Leonardo  da  Vinci  erected  si.\  of  them  at  the  junc- 
tion of  the  two  canals  of  Jlilan,  1497.     The  fall  was 

I  17   Milan  bi-asso.      (Jlilan  brasso  =  1.7 Jo  English 

\feet. 

In  1188,  Alberto  Pitentino  converted  the  Mincio 
into  a  canal  and  restored  it  to  its  ancient  course, 
from  whence  it  had  been  divertud  by  the  Komans  in 
the  time  of  Quintus  Curtius  Hostilius.  Cresy  dates 
the  introduction  of  locks  from  the  period  of  the 
building  of  this  canal.  It  was  a  curious  contrivance 
called  a  conch,  with  a  balance-lever  and  hanging 
gate,  which  .somehow  opened  to  allow  the  boats  to 
pass.     This  was  used  at  Governolo,  to  dam  up  the 

Fig.  2981. 
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Cantd-hcick. 

waters  of  the  Mincio  on  the  side  of  Mantua.  It  was 
probably  a  kind  of  sluice.  See  Cresy 's  "Ency.  Civil 
Engineering,"  pp.  185-1S8. 

The  fii-st  canal-lock  in  England  was  constructed 
by  John  Trew  of  Glamorganshire  for  the  Exeter  Ca- 
nal. The  lock-chambers  were  300  feet  in  length, 
80  in  breadth  at  top,  50  at  the  bottom.  The  gates 
were  in  pairs,  at  each  end,  25  feet  high,  and  each 
leaf  20  feet  wi<le,  furnished  with  iron  and  brass  work 
that  they  might  be  moved  with  facility.  Sluices 
were  made  to  admit  and  remove  the  water  in  lock- 
ing. The  object  was  to  ascend  to  a  level  in  the  river 
E.\,  above  a  weir  constructed  across  the  river. 

This  account  disproves  the  statement  that  locks 
were  iutrodnced  into  England  by  Vermuyden,  a 
Dutch  engineer,  in  the  time  of  Charles  I. 

A  substitute  for  the  lock  is  found  in  the  cnnal-lifl, 
which  is  tised  in  some  cases,  but  not  with  boats  of 
large  capai-ity.     See  Lift,  Canal. 

b.  An  embankment  or  structure  confining  the  wa- 
ters of  a  canal  or  race.     A  weir  or  guard-lock. 

3.  (Printing.)  To  wedge  up  a  form  in  a  chase  by 
means  of  sticks  and  quoins. 

4.  A  cotter  or  kev  ;  as  the  one  which  fastenn  the 
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ca])-siiuai'e  over  the  trumuoii  of  a  mounted  camion. 
A  forelock. 

5.  {Firc-ariiis.)  The  firing  apparatus  of  a  gun, 
usually  consisting  of  a  trigger,  sear,  hammer,  and 
mainspring.     See  Gun-lock.  ! 

6.  A  fastening  for  the  ends  of  a  hoop  which  in-  j 
closes  a  bale.     See  Balk-tie. 

7.  (i'chide.)  «..A  device  to  keep  a  wheel  from 
turning  in  descending  a  liill.  See.  W.\gox-lock  ; 
Caruiaof.-locic  ;  C.\ii-bi:ake,  etc.  I 

6.  The  swerving  to  the  right  or  left  of  the  fore 
carriage  of  a  vehicle,  deviating  from  the  line  of  di- 
rection of  the  hind  wheels  and  the  tren<l  of  the  car- 
riage proper.  It  is  called  the  haw  or  the  yeo  lock 
respectively,  according  as  it  is  to  the  left  or  the 
right  of  the  driver. 

8.  (Plastering. )  The  projection  of  the  plaster  or 
cement  behind  the  lath,  which  keeps  it  from  falling 
or  scaling  off. 

See  under  the  following  heads  :  — 


Air-lock. 

Alarm-lock  for  tills. 

Bug  lock. 

Dolt. 

Book-edge  lock. 

Box-lock 

Broach 

Burglar-alarm  lock. 

Canal-lock 

Cannon  lock. 

Car-door  lock 

Carriase-lOL'k. 

Car- "eat  lock. 

Oa^e-lock. 

Cell-door  lock. 

Check-lock. 

Chest-lock. 

Cla^p-lock. 

Dead-lock. 

Detector-lock. 

Dial-lock. 

Dog. 

Door-lock. 

Double  lock. 

Dr.iwer-lock. 

Fenre. 

Firelock. 

Flint-lock. 

Forelock. 

Fu  c  lock. 

tiuanl-loek. 

Gun-lock. 

Hasp 

Hasp-lock. 

Keeper. 

Key. 

Key-fastener. 

Keyhole  protector. 

Lat(!h. 

Latch-key. 

Letter-lock. 

Lift-chain. 

Li  ft -chamber. 

Lift-latch. 

Lift  lock. 

Locker. 

Loek-tile. 

Lock-gate. 

Locking-forceps. 

Lock-nut. 


Lock-paddle. 

Lock-piece. 

Lock-pulley. 

Lock-rail. 

Lock-saw, 

Ix>ck-.sill. 

Lnck-stitch. 

Lock-up  valve. 

Lock-woir. 

Matchlock. 

Mnrtise-lock. 

Multiple  bolt. 

Night-latch. 

Nut-lock. 

Oar-lock. 

Padlock. 

Percussion-lock. 

Permutation-lock. 

Piano-lock. 

Pick-lock. 

Puzzle-lock. 

Rabbeted  lock. 

Reversible  lock. 

Rim-lock. 

Ring  lock. 

Uose-lock. 

Rowlock. 

Rural  lock. 

Safe-lock. 

Sash-lock. 

Screw-lock. 

Seal-lock. 

Shutter-lock. 

Spindle. 

Spring-lock. 

Stap'.e-lock. 

Stump-lock. 

Tent.ition-lock. 

Tide-lock. 

TiU-lock. 

'I'ime-lock. 

Trunk-lock. 

Tumbler. 

Tumbler-lock. 

Tusk. 

Valise-lock. 

Wagon-lock. 

Wai'd-lock. 

Wheel-lock. 

Window-locU. 


Lock-bay.  (.HijilrauUc  Eiiijhueriiui.)  Thejjond 
or  .spare  of  water  between  the  gates  of  a  canal-lock. 

Lock-chain.  (Vehicle.)  A  chain  employed  to 
lock  the  wheels  by  attactiing  a  part  of  the  rim  to 
some  non-rotating  part  of  the  vidiicle.  Or  a  chain 
by  which  is  secured  to  the  vehicle  a  nkid-platc,  on 
which  the  wheel  rides  in  descending  a  hill.  A  skid- 
chain. 

Lock-cham'ber.  {HiidraulicEnejineering. )  That 
part  of  a  canal-luck,  between  the  gates,  in  which  a 
boat  rises  or  sinks  to  the  level  above  or  below.  See 
Canal-lock. 

Lock-cramp.  An  implement  used  to  restrain  the 
spring  in  putting  the  parts  of  a  gun-lock  together. 


'Lock'er.  (XaulicaJ.)  A  comiiartnient  in  a  ship 
for  stowing  away  things. 

The  chain-lockers  are  centered  around  the  foot  of 
the  niain-niast. 

Shot-lockcrs  are  recesses  and  -shelves  for  .shot. 

Lcickers  in  the  cabin  are  for  various  articles,  an- 
swering to  closets,  and  may  be  fastened  by  a  lock. 

Lock'et.  1.  (Arms.)  That  ]>art  of  a  leathern 
sword-scabbard  where  the  lock  is  fastened. 

2.   (Jevclnj.)   a.  The  fastening  of  a  necklace,  etc. 

b.  A  gold  i:ase  with  a  snap]iing  cover,  and  adapted 
to  i'<iutaii]  liair  or  a  miniature. 

Lock-file.  A  slitting  tile,  knife-.sliaped,  for  cut- 
ting out  till-  warils  in  the  bit  of  the  key.      See  File. 

iiock-fil'ers'  Cramp.  A  pair  of  leaden  or  bra- 
zen clie.ks  lor  a  vise. 

Lock-gate.  (Hydraulic  Engineering.)  A  pair 
of  closed  doors  at  one  end  of  a  canal-lock,  to  confine 
the  water  in  the  chamber.  The  gates  at  the  end  of 
the  lock-chamber  are  respectively  the  head-gates  and 
tail-gates.     See  Canal-lock,  ji.  440. 

The  lock-gate  consists  of  two  leaves,  each  having 
a  top  and  bottom  cross-piece,  diagonal  brace,  quoin- 
post,  also  known  as  a  heel-post ;  and  miter-post,  also 
known  as  a  meeting-post.  One  pair  of  gates  consti- 
tute the  head-gate  ;  the  lower  pair  form  the  tail-gate  ; 
the  two,  with  the  sidc-wal/s,  inclose  the  lock-cham- 
ber. 

Lock-hatch.  (Hydraulic  Engineering.)  The 
sluicc-lioard  or  sliding-gate  in  a  .sluiceway. 

Lock-hole.  The  recess  in  a  musket-stock  to  re- 
ceivi'  the  lock. 

Lock'ing-for'ceps.  A  light  forceps  wlinse  arms 
are  automatically  locked  when  closed  ;  used  for  va- 


Fig.  2982. 
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1-ious  purposes,  such  as  holding  a  sponge  tent  in 
uterine  operations,  for  carrying  lint,  etc. 

Lock'ing-plate.  1.  {Horology.)  Or  comU-roliecl. 
A  notched  circular  plate  on  the  great  wheel,  whose 
notches  receive  the  end  of  a  lever  attached  to  the 
lifting  piece,  and  by  w'hich  the  number  of  strokes  is 
governed. 

2.  (Vehicle.)  A  plate  on  a  vehicle  to  take  the 
wear  of  tlie  forc-whcel  when  the  vehicle  is  turning 
short.      A  nih-pliilc. 

Lock-nail.  One  of  the  pins  by  w'hich  the  parts 
of  a  gun-lock  are  secured  to  the  Inck-plate.  In  the 
old  form  of  lock,  they  are  the  tumbler-pin,  niain- 
spi-ing-scrcw,  sear-pin,  bri<llc-screw pin,  hammer-^iail, 
hammer-spring  scrcio. 

Lock-nut.  A  supplementary  nut  screwed  down 
upon  a  ]iriniary  one,  to  prevent  its  shaking  loose.  A 
jam-nut,  check-nut,  or piiiching-nut. 

A  nut-lock  is  a  means  for  preventing  a  nut  from 
turning.     See  Nut-lock. 

Lock-pad'dle.  (Hydraulic  Engineering.)  A 
sluice  for  lilliug  an  empty  loi'k-chamber. 

Lock-piece.  In  guns  of  the  old  construction, 
a  lug  cast  just  alongside  of  the  vent  for  the  attach- 
ment of  tlic  lock. 

Lock-plate.  That  jilate  on  which  the  iiarts  of  a 
gun-lork  are  fastened,  an<l  w'hich  is  screwed  to  the 
stock. 

Lock-pul'ley.  (Machinery.)  Two  pulleys  formed 
to  rotate  together  or  separately,  at  will.  One  of  them 
slips  on  a  spline,  and  has  a  pin  wliich  locks  into  a 
hole  in  the  face  of  the  other  pulley.      See  PuLLEy. 

Lock-rail.     (Carpentry.)     Of  a  door-frame,   tlie 
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transverae  piece  which  separates  the  main  doorway  :  pinion  on  the  driving-wheel  axle.  The  writer  cannot 
from  the  open  space  above  it,  which  is  usually  occu-  state  whether  the  said  pinion  was  a  ratchet,  and  al- 
pied  by  a  glazed  sash.     A  transom.  lowed  the  rack  to  sUp  back  on  its  return  stroke,  or 

Lock'ram.     (Fabric.)     (Fr.  Locronan,  a  town  of ,  jvhether  it  was  thrown  out  of  gear  in  returning  while 


Bre.'agne.)     .\  hempen  cloth. 

Lock'rand.  (.Uasoiiri/.)  A  coui-se  of  bond- 
stones. 

Lock-saiv.  A  compass-saw  used  in  cutting  .seats 
for  locks  in  doors.  It  has  a  fine,  taper,  flexible 
blade.     See  CoMP.\s.s-SAW. 

Lock-screw.  The  screw  which  fastens  the  gun- 
lock  to  the  stock. 

Lock-sill.  [Hijdraulic  Enrjinceriiui.)  A  piece 
of  timber  at  the  threshold  of  a  canal-lock,  with  a 
chamf  Mcd  edgi',  against  which  the  gates  shut. 

Lock-stitch.  A  sawing-niacliiue  stitch  in  which 
the  lower  tliread  is  made  to  pass  over  the  upper  one, 
simply  iutrrlocking  therewith.     See  SriTCH. 

Lock-tool.  A  cianip  used  in  putting  the  parts 
of  a  giiu-loL'k  toTiethi'r. 

Lock-up  Safe'ty-valve.  A  safety-valve  which 
is  so  inclosed  tluit  weight  cannot  be  surreptitiously 
added  to  the  lever  ;  as  in  the  example,  in  which  the 
lever  and  weights  are  inclosed  in  a  lock-up  chamber 
which  the  steam  does  not  enter,  so  that  they  are  secure 
from  access  by  any  not  possessed  of  the  key,  and  can 
be  inspected  at  any  time.     A  rod  passing  through  the 
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but 


chamber-top  enables  the   engineer  to  blow  oH' 
attbrds  no  facility  for  lioUling  down  the  valve. 

The  lock-up  valve  was  a  feature  in  the  sgecifiea- 
tion  of  a  locomotive,  for  wliicii  a  piize  was  offered  in 
1829,  and  won  by  .Stephenson's  "Rocket." 

Lock-wag'on.  A  device  to  impede  or  arrest 
the  motion  of  one  or  !uore  wheels  of  a  vehicle  when 
lescending  a  hill,  or  wlien  it  is  desired  to  prevent  |  into  tlie  chimney. 


See  \V.\GO.\'-LOCK. 
.\  weir  having  a  lock-chamber  and 


its  being  ntovei 

Lock-weir. 
gates. 

Lo'c.o-mo'tive.  A  s  If-moviiig,  traveling  steam- 
engine. 

Watt's  patents  of  1769  and  1784  included  the  uses 
of  steam-engines  for  running  carriages  on  land,  but 
he  never  made  any  sucli. 

A  locomotive  was  made  by  Cngnot,  a  Fri'nchman, 
in  1769.  It  is  still  iireserved  in  the  mu.senm  of  the 
Conservatoire  des  Arts  et  Jletiers  at  Tans,  and 
is  described  as  having  a  copper  boiler,  much  like  a 
common  kettle,  and  a  pair  of  13-inch  single-acting 
cylinder.?,  w^hieh  operated  a  single  driving-wheel 
roughened  on  its  periphery.  Hornblower's  steam- 
carriag.'  had  the  same  date,  1769. 


the  cylinder  on  the  other  side  became  effective.  Its 
mode  of  conpling  the  power  to  the  running-gear  re- 
sembled, in  some  respects,  his  steamboat. 

In  17Si,  William  Murdoch  of  Redruth,  Cornwall, 
England,  while  in  charge  of  the  Boulton  and  Watt 
pumping-engine,  made  a  locomotive  wherein  a  lamp 
supplied  the  heat.  Determining  to  give  it  a  trial  on 
a  road,  he  lit  the  lamp  beneath  the  boiler,  and  as 
soon  as  the  working  parts  were  thrown  into  gear, 
the  thing  started  and  got  away  from  him,  he  Ibllow- 
ing  it  along  the  lane  at  full  speed.  The  night  was 
dark,  and  the  locomotive  met  and  scared  the  clergy- 
man of  the  parish,  who  raised  a  cry  of  distress, 
thinking  he  had  met  the  Evil  One.  This  locomotive 
was  exhibited  liefore  the  Institution  of  Mechanical 
Engineers  in  18.50,  66  years  after  its  construction. 

Oliver  Evans  of  I'lijladelphia  obtained  a  patent  in 
Maryland  in  1787  for  the  exclusive  right  to  make 
steam-wagons  for  roads  and  railways.  The  details 
of  the  invention  are  not  known  to  the  writer.  His 
descendants  in  the  third  generation  are  yet  invent- 
ing. He  is  entitled  to  the  credit  of  first  making  the 
double-acting  high-pressure  steam-engine  a  success. 
In  1801,  he  built  a  floating  dredging-machine, 
to  which  he  fitted  wheels  connected  with  the 
engine,  and  conveyed  it  IJ  miles  to  the  place 
of  launching.  See  HiGii-priEssur.E  Steam- 
engine. 

It  is  stated  that  about  1803,  a  Mr.  Freder- 
icks maile  a  locomotive  for  a  .silver-nnne  in 
Hanover.  The  princi]iles  of  construction  are 
unknown. 

In  1806,  a  locomotive  to  be  driven  by  hot 
air  was  constructed  by  Niepce  at  Chalons, 
France. 

Trevethick's  locomotive  had  a  single  cylin- 
der, laid  horizontally  below  the  bottom  or  front 
jiart  of  the  boiler,  its  reciprocating  ])iston-rod 
being  connected  by  another  rod  with  a  crank, 
at  tile  midlength  of  an  axle  whicli  cariied  a 
fly-wheel  and  a  pair  of  cog-wheels,  which  geared  into 
other  spur-wheels  on  the  axle  of  the  driving-wheels. 
The  engine  was  run  upon  a  railway  at  Mertliyr-Tyd- 
vil,  in  1802,   and  drew  ten  tons  in  addition  to  its 
own  load  at  the  rate  of  five  miles  ])cr  hour.      Vivian 
was  associateil  with  Trevetliick  in  the  patent.      It 
was  high-pressure,   non-condensing,   anil  exhausted 
It  may  lie  considered  the  first 


ocomotive  to  run  on  rails  or  ti'ams. 

Blenkinsop's  locomotive,  in  1811,  gave  still  better 
satisfaction  to  its  owners,  and  it  was  usefnllj'  em- 
ployed at  the  Middleton  Colliery  in  haiding  coals  on 
a  tramway,  the  engine  having  spur-wheels  working 
into  a  rack  on  one  side  of  the  track.  The  engine 
(.A,  Fig.  2984)  was  otherwise  supjiortcd  on  four 
wheels.  Tiie  fire  was  built  in  a  large  tnl)e  passing 
through  the  boiler,  and  the  tube  was  bent  up  at  the 
end  to  for.m  a  chimney.  Two  vertical  cylinders 
were  placed  above  the  boiler,  and  tlie  (listons  were 
connected  by  cross-heads  and  connecting-rods  to 
cranks  on  the  axles  of  spui-])inious,  which  geared 
into  the  main  spur-wheel,  which  formed  the  driver. 
It  was  long  used  on  a  colliery  railway  between 
Leeds  and  Jliddletown,  3i  miles  distant,  and  per- 


Symington  showed  a  model  of  a  steam -carriage  in  haps  was  the  first  .successful  locomotive  in  regular 
Edinburgh  in  1770.  It  was  a  long-coupled,  four-  )  use.  It  drew  trains  of  30  tons  weight  3J  miles  per 
wheeled  carriage,  the  boiler  and  engine  beliind,  a  j  hour. 

coach-body  on  the  usual  springs,  and  in  front  tlie  In  1812,  Blackett  made  a  series  of  experiments 
guard,  who  governed  the  fore-wheels  by  a  lever.  To  which  proved  that  the  expedient  of  a  pinion  and 
the  piston-rod  was  attached  a  rack  gearing  into  a  |  rack-rail  was  unnecessary  ;  and  Chapman  patented  a 
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locomotive  with  eifjlit  wheels  driven  by  gearing,  for 
the  purpose  of  increasing  tlie  tractive  adhesion.  In 
the  same  year,  brunton  invented  a  means  of  driving 


Fig  2984 


A,  B'^tiUjisop'-'i  LorfiVJnlive  (ISil). 

B,  HdUy's  Locomolivt  (1S13). 

a  locomotive  by  two  propellers  consisting  of  jointed 
rods  intended  to  imitate  the  action  of  the  hind  legs 
of  a  horse.    Analogous  contrivances 
were  adopted  by  Gordon  and  Gur- 
ney. 

In  the  spring  of  1813,  William 
Hedley  built  a  locomotive  with  four 
smooth  drive-wheels,  to  run  on  a 
smooth  rail.  Tlie  machine  failed 
to  accomplish  much,  on  account  of 
its  small  boiler.  Hedley  thereupon 
the  same  year  built  another  engine 
(shown  at  B,  Fig.  2984),  having  a 
return-flue  boiler,  aud  mounted  on 
eight  driving-wheels,  which  were 
coupled  together  by  intermediate 
gear-wheels  on  the  axles,  and  all 
propelled  by  a  gear  in  the  center, 
driven  by  a  pitman  from  the  walk- 
ing-beam. See  "  Who  Invented 
the  Locomotive-Engine?"  London, 
1858,  written  liy  0.  D.  Hedley, 
the  son  of  the  inventor. 

Medley's  locomotive  was  objected 
to  by  residents  of  Newcastle,  on 
account  of  the  smoke.  He  there- 
fore passed  the  smoke  into  a  large 
receiver  («),  and  turned  the  exhaust-steam  upon  it. 
From  the  receiver  the  steam  and  smoke  were  con- 


veyed by  a  [lipe  (/))  to  the  chimney,  which  device 
soon  developed  into  the  steani-ldust. 

"Puffing  Billy"  was  at  work  more  or  less  until 
1862,  when  it  was  laid  up  as  a  memorial  in  the 
British  Patent  Office  Museum.  Hedley  died  in 
1842. 

In  1815,  Dodds  and  Stephenson  patented  an  engine 
(shown  by  side  and  end  views.  Fig.  21)85),  in  wliich 
the  power  might  be  applied  eitlier  through  wrist.s, 
at  angles  of  9u'  to  each  other  on  the  driving-wheel, 
or  an  endless  chain  working  in  gearing  on  the  axles. 
A  patent  was  taken  out  in  the  succeeding  year  Ijy 
Lo.sh  and  Stephenson,  enibiaciug,  among  other  fea- 
tures, a  series  of  cylinders  conmuinicating  with  tlie 
water  in  the  boiler,  aud  liaving  pistons  with  rods  at 
their  lower  ends,  which  were  caused  to  piess  upon 
axles  having  vertically  movable  liearings,  so  as  to 
keep  the  wheels  down  when  running  on  an  uneven 
track.  Their  first  engine  is  stated  to  have  been 
made  for  the  Killingworth  Kaihvay,  and  their  en- 
gines were  employed  on  iron  tra(;ks  liy  the  Stockton 
and  Darlington  Kaihvay  in  1S25,  aud,  later,  at  the 
Newcastle  collieries.  The  locomotive  in  the  Stock- 
ton and  Darlington  Railway  had  two  vertical  cylin- 
ders, and  the  driving-shaft  hail  cranks  at  an  angle 
of  90°.  The  axles  of  the  wheels  were  coupled  by  an 
endless  chain  passing  around  both  axles. 

In  1829,  the  Liverpool  and  Manchester  P.ailway, 
then  the  most  extensive  and  finished  work  of  the 
kind  ever  undertaken,  was  coniyileted,  aud  the  di- 
rectors ottered  a  reward  of  £.  5(iU  for  the  best  loco- 
motive, which  shoidd  fulfill  certain  inijiosed  condi- 
tions. Among  these  were,  that  it  was  to  consume 
its  own  smoke,  draw  three  times  its  own  weight  at  a 
rate  of  not  less  than  10  miles  an  hour,  and  the  boiler- 
pressure  was  not  to  exceed  511  jiounds  per  stjuare 
inch.  The  weight  was  not  to  excei-d  six  tons,  nor 
the  cost  £  550. 

Three  engines  competed  for  the  prize  :  the  "Rock- 
et," constructed  by  George  Stepheiisou  ;  the  "  Sans- 
pareil,  by  Timothy  Hackworth  ;  the  "Uovelty,"  by 
Messrs.  iiraitliewaite  and  Ericsson. 

The  "Kocket"  weighed  4  tons  5  cwt.,  and  its 
tender,  with  water  and  coke,  3  tons  4  cwt.  It  had 
two  loaded  carriages  attached,  weighing  a  little 
over  9  tons  10  cwt.  The  gieatest  velocity  attained 
was  24i  miles  per  hour,  and  the  aveiage  consump- 


Doiliis  and  Stephenson  Lttcomotive  0815). 


tion   nf  coke  per  hour  217   poumis.      .See  ./,    Fig. 
2986. 
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Thfi  "Sansparid"  attained  a  speed  of  22j  miles 
per  hour,  l)iit  with  an  expenditure  of  fuel  per  hour 
of  692  pounds. 

The  "Novelty"  carried  its  own  water  and  fuel.  In 
consequence  of  successive  accidents  to  the  working  ar- 
rangements, this  engine  was  withdrawn  from  comjieti- 
tion.  A  fourth  engine,  the  "  Perei'verance,"  by  Uur- 
stall,  not  being  adapted  to  the  track,  was  withdrawn. 

The  opening  of  the  Liverpool  and  Manchester 
Railroad,  September  IJ,  IS'29,  was  an  era  in  civili- 
z.ition,  and  ))erhaps  the  Krst  victim  to  the  iron  horse 
was  slain  on  that  day,  —  Mr.  Huskisson,  Home  Secre- 
tary in  the  British  Cabinet.  Eiglit  locomotives  were 
used  on  that  day,  and  while  the  engines  were  water- 
ing at  tlic  Parkside  station  some  of  the  guests  de- 
scendi'd  to  the  road.  While  Mr.  Huskisson  was 
talking  to  the  Duke  of  Wellington,  the  famous 
"Rocket"  came  by,  knocked  down  Mr.  Huskis.son, 
and  the  wheels  pas.sed  over  his  left  leg.  He  was 
placed  on  board  the  "Northumbrian,"  diiven  by 
George  Stephenson,  who  conveyed  him  15  miles  in 
25  minutes,  at  the  rate  of  36  miles  an  hour,  the 
most  mai'velous  achievempnt  yet.  Mr.  Huskisson 
died  the  same  night  at  Eccles. 

The  "  Rocket "  engine  was  superseded  in  1837, 
being  condemned  for  life  to  the  collieries.  Here  it 
proved  it.self  capable  of  a  rate  of  60  miles  an  hour  ; 
but  being  again  convicted  of  levity  while  on  duty, 
it  was  cashiered  and  its  place  filleil  by  heavier  ma- 
chines of  12  tons.  After  a  few  years  of  inglorious 
retirement,  some  one,  not  totally  oblivious  of  how  it 
would  look  in  history,  recalled  the  old  soldier  from 
his  limbo,  and  now  he  enjoys  the  company  of  his 
elder  brother,  Hedley's  "  Putting  Billy,"  in  the  Eng- 
lish Patent  Museum. 

In  Fig.  29S6,  A  is  an  elevation  of  the  "  Rocket." 
The  boiler  a  is  a  cylinder  6  feet  long,  and  has  25  tubes. 
This  feature  was  due  to  Mr.  Henry  Booth,  though  a 
tubular  boiler  hail  been  jiatented  by  M.  Seguin 
in  France,  in  1S2S.  The  tire-box  b  has  two  tubes, 
communicating  with  the  boiler  below  and  above, 
and  is  surrounileil  by  an  exterior  casing,  into  which 
the  water  from  the  boiler  flows  and  is  maintained 
at  the  same  level  as  that  in  the  boiler. 

jB  is  a  longitudinal  vertical  section  of  a  modem 
English  locomotive.  The  boiler  is  surrounded  by 
two  casings,  one  witliin  the  other,  united  by  stays. 
The  tubes  a  are  of  firass,  124  in  number,  and  the 
boiler  has  longitudinal  stays  connecting  the  ends. 
b  is  the  smoke-box,  into  which  the  blast-pipe  c  dis- 
charges, d  is  the  steam-dome,  into  which  the  steam 
from  the  upper  part  of  the  boiler  enters,  its  amount 
being  govei'ned  by  a  regulator  controlled  by  a  winch. 
This  serves  to  obviate  in  great  degree  the  eflects  of 
priming.  The  steam-pipe  c  has  two  branches,  each 
entering  one  of  the  boxes  containing  the  valves  by 
which  the  flow  of  steam  to  the  cylinders  is  controlled. 

C  is  an  express-engine  designed  by  Gooch  for  the 
Great  Western  Railway,  where  an  unusual  rate  of 
speed  is  maintained.  The  boiler  has  305  tubes,  2 
inches  in  diameter.  The  cylinders  are  18  inches  di- 
ameler  and  21  inches  stroke,  the  diiHng-wheels  8 
feet  in  diameter,  the  heating  surface  of  the  lire-box 
153  square  feet. 

D  is  an  express-engine  designed  by  Crampton  for 
the  .same  road.     It  is  adapted  for  the  usual  gage. 

For  details  of  English  locomotives,  which  differ 
considerably  in  construction  from  those  used  in  the 
United  States,  the  reader  is  referred  to  Colburn'.s 
"Locomotive  Engineering." 

The  engines  employed  on  the  Irish  mail-trains  be- 
tween London  and  Holyhead  weigh  27  tons  ;  the 
tenders  17  tons,  carrying  2  tons  of  .coke  and  1,500 
gallons  of  water.     The  cylinders  are  of  16  inches 


diameter  and  24-inch  stroke.  The  apparatus  for 
feeding  the  fuel  also  provides  for  the  comljustion  of 
the  smoke.  The  engine  is  sui)plied  with  water  while 
running,  from  a  trough  beneath  the  rails,  from  which 
the  water  is  scooped  up  by  the  tank.  The  cost  of  a 
locomotive  of  this  description  is  nearly  £3,000.  It 
is  said  that  one  of  them  has  been  known  to  run  130 
miles  in  144  minutes, 

Faulding's   locomotive   (English)   is   designed   to 
avoid  the  inertia  of  its  working  part.s.     It  has  an 

Fig.  2986. 


A,  Stfphrn^nn^s  "  Rocke!  "  (1829). 

B,  E?i:^!isk  Lnromotivt'  i  Lonsitu'Iinni  Stctiott). 

C,  Goorlrs  E-qirtis  En^inf  [Englisk). 

D,  Crajrtpton's  Express  Engine  {English). 

oscillating  cylinder  on  each  side,  which  is,  by  a  par- 
tition at  its"  midlength,  divided  into  two  cylinders, 
each  of  whose  pistons,  coupled  directly  to  the  crank- 
pins,  propels  one  of  the  four  ilriving-wheels,  and  is 
simultaneously  driven  outward  and  inward.  The 
crank-axles  are  at  right  angles  with  each  other,  so 
that  each  wheel  is  driven  alternately.  The  cylinders 
are  carried  on  a  frame  supported  by  the  journals  of 
the  driving-wheels,  so  as  not  to  be  affected  by  the 
motion  of  the  springs. 

The  flrst  locomotive  run  on  rails  outside  of  Eng- 
land was  the  "Stourbridge  Lion,"  made  by  Stephen- 
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son  iiiiil  Inoiight  from  England  for  the  Delaware  and 
Hudson  Canal  and  Railroad  Company  by  Horatio 
AUi'ii.  Tlii.s  wa.s  in  August,  ISiiy.  It  was  soon 
found  that  Engli.sh  locomotives,  adapted  for  gentle 
curves,  were  ill  suited  for  the  exigencies  of  American 
railroads,  where  curves  of  as  small  a  radius  as  200 
feet  were  sometimes  employed,  ilr.  Peter  Coopei-, 
since  so  well  and  widely  known,  devised  an  engine 
which  solved  the  difficulty.     This  was  in  1829. 


The  second  locomotive  built  in  the  United  States 
for  actual  service  was  for  the  .South  Carolina  L'ail- 
road,  ami  niaile  its  tii-st  regular  trip  in  March,  1831. 
.See  Kailw.w. 

Tlie  London  "  Engineer  "  describes  an  engine  built 
for  the  Mt.  Cenis  Railway  as  having  four  drivers  and 
four  horizontal  wheels,  which  latter  gnisp  between 
them  a  central  rail  with  an  amount  of  pressure  regu- 
lated by  springs,  which  are  controlled  by  bars  bear- 


Fig.  298; 


liahlwin  Locotnotii-e  (Central  Longitudinal  Section). 


.  29S8. 


ing  upon  them,  and  adjusted  liy  means  of  ii  shaft 
extending  across  the  engine  and  furnished  with  right 
and  left  handed  screws.  This  shaft  carries  on  its  end 
a  worm-wheel,  gearing  into  a  worm  connected  with 
a  hand-wheel  on  the  foot-plate,  by  which  the  press- 
ure is  regulated.  This  maj-  be  increased  to  24  tons, 
6  on  each  wheel. 

Fig.  29S7  is  a  central  longitndin.al  section  of  an 
approved  form  of  American  locomotive  as  made  at 
the  Baldwin  Locomotive  Works,  Philadelphia. 
Fig.  2938  is  a  front  elevation,  one  half  of  which 
shows  a  transverse  section 
through  the  boiler.  The  en- 
gine has  four  drivers,  60J  in- 
ches in  diameter,  and  a  four- 
wheeleil  swing  bolster  truck, 
and  weighs,  with  water  and 
fuel,  about  65,000  pounds. 
The  flues,  144  in  number,  are 
2  inches  in  diameter,  and  1 1 
feet  ,5  inches  in  length.  The 
lire-box,  of  cast-steel,  is  06 
inches  long,  .34i  inches  wide, 
and  63  inches  deep.  Water- 
space  3  iuchessidesand  back, 
4  inches  front.  Grates,  cast- 
iron.  The  cylinders  are  hori- 
zontal. Valve-motion  grad- 
uated to  cut  oft'  at  any 
point  of  the  stroke.  Tlie 
tires  of  cast-steel,  and  the 
Bul'iiiin  LncnmMii-e  {Enil  wheel-centers  of  cast-iron 
with  hollow  spokes  and 
rims  ;  the  wrist-pins  of  cast- 
steel,  the  connecting-rods  of  hammered  iron.  The 
truck-wheels  are  28  inches  in  diameter.  All  the 
principal  parts  of  the  engine  are  interchangeable. 

Attempts  are  being  made,  by  adaptation  of  the 
furnace  and  boiler,  to  run  locomotives  by  means  of 
liquid  fuel.  Differences  also  occur  in  the  construc- 
tion of  the  heating  parts,  according  to  the  character 
of  the  fuel,  — coal,  coke,  wood,  jieat,  etc. 

The  ordinary  speed  attainerl  on  Englisli  railwavs 
is  greater  than  that  usual  in  this  country.  The 
Great  Western  exiue.ss  from  London  to  Exeter  trav- 
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els  at  the  rate  of  43  miles  an  hour  including  stoppages, 
or  51  miles  an  hour  while  actually  running.  Midway 
between  some  of  the  stations  a  speed  of  60  miles  is 
attained,  and  on  experimental  trips  70  miles  an  hour 
has  been  reached.  A  .speed  of  75  ndles  is  equivalent 
to  35  yards  per  second,  so  that  if  a  row  of  stakes  one 
yard  apart  were  driven  at  the  side  of  the  road,  they 
would  at  this  velocity  appear  undistinguishable  one 
from  another.  Were  the  driving-wheels  of  the  loco- 
motive 7  feet  in  diameter,  they  would  revolve  5 
times  in  a  .second,  each  piston  would  frai'crse  the 
cylinder  10  times  per  second,  while  there  would  be 
20  discharges  of  waste-steam  per  second,  causing  a 
continuous  sound  instead  of  the  "cough"  which  is 
heard  when  tlie  engine  is  moving  .slowly. 

Very  high  s]iecds  have  been  attained,  on  special 
occasions,  on  American  roads,  jirobably  fully  equal- 
ing any  time  ever  made  in  England.  For  instance, 
it  is  stated  that  a  train  conveying  some  otticials  of 
the  New  York  Central  Railroad  made  the  distance 
from  Rochester  to  Syracuse,  81  miles,  in  61  minutes, 
said  to  be  the  fastest  time  ever  made  in  America. 

The  life  of  a  locomotive-engine  is  stated  in  a  paper 
read  before  the  P.ritish  Association  at  thirty  years. 
Some  of  the  small  parts  reipiire  renewal  every  six 
months.  The  boiler-tubes  la.st  five  years,  and  the 
crank-axles  six  years  ;  tires,  boilers,  and  fire-boxes, 
seven  to  ten  years.  The  side-frames,  axles,  and  other 
parts,  30  years.  During  this  period,  the  total  cost  of 
repaii-s  is  estimated  at  §24,450  in  American  money, 
the  original  cost  of  the  engine  being  S  8, 490.  It  there- 
fore requires  for  repairs  in  eleven  yeais  a  sum  eijual 
to  its  original  cost.  In  this  time  it  is  estimated 
that  an  engine  in  average  rise  has  run  220,000  miles. 

See  Clark's  "  Recent  Practice  on  the  Locomo- 
tive "  ;  Tredgold  on  "  Locomotive-Engines,"  Lon- 
don, 1851;  Heusinger  and  Clauss's  "Locomotive 
JIaschine,"  Wiesbaden,  1858  ;  Weissenborn's  "Amer- 
ican Engineering,"  New  York,  1861  :  "The  Stu- 
dent's Guide  to  the  Locomotive,"  London,  1849. 

The  following  figures,  from  the  linihrnij  Times, 
show  the  result  of  locomotive  performance  on  the 
Cleveland,  Columbus,  Cincinnati,  and  Indianapolis 
Railway,  397  miles,  for  the  month  of  March,  1872, 
and  mav  be  interesting  in  this  connection  :  — 
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America*  Locomotive  {Perspert ire  View). 


Miles  run  by  passenger  trains 
Mile's  run  by  freight  trains  . 
Mile5  run  by  otlior  trains 


53  222 

"  201*34B 
.    67.449 


Total  mileage 322,014 


No.  of  miles  run  to  1  pint  of  oil 
No.  of  miles  run  to  1  ton  of  coal 

(MDes  run  with  coal,  158.01S.) 

Cost  per  mile  run  for  repairs    .... 
Cost  per  mile  run  for  stores  .         .        .        . 

Cost  per  mile  run  for  fuel         .         .         ,         , 
Cost  per  mile  mi  for  E.,  F.,  anil  W.    . 

Total  cost  per  mile  run  .... 

Total  pints  of  en^neoil  u>~ej  .    •   . 

Total  pounds  of  tallo-v  used     .... 
Total  pounds  of  waste  used  .... 

Total  quarts  of  oil  used 

Total  tons  of  coal  used 


23.23 

40  62 


4.15  cents. 

55  " 
7.40  '* 
7  10     " 


19.20  cents. 

8,027 
.    3,693. 

1,951' 
.    1,928  V 

2,401 


The  principal  par 

Air-brake. 
Air-brake  cylinder. 
.\ir-pipe. 
Air-pump. 
Air- valve. 
Ash-box. 
Axle-boxes. 
Bell. 

Bell-cord. 
Bell -crank. 
Bell-standards. 
Blow-off  cock. 
Boiler. 
Braces. 
Cab. 

Center-casting. 
Check-valve. 
Chimnev. 
Clock. 
Cone. 

Convey-pipe. 
Coupling  bar. 
Coupling-pin. 
Counterbalance. 
Cross-head. 
Crown-bars. 
Crown -sheet 
Cylinder. 
Cylinder-cocks. 
Discharge- valve. 
Dome- 
Drivers. 
Dry-pipe. 
Eccentrics. 
Eccentric-rods. 


t.s  of  a  lornmotive  are,  — 

Ecren  trie-straps. 
E<iualizing-bar. 
Feed-pipe. 
Fire-bars. 
Fire-box. 
Fire-door. 
Fire-grate- 
Flag. 
Flag-staff. 
Flues. 
Flue-plates- 
Foot-bo  ird. 
Frame. 
Gage-cocks. 
Galoot-spring. 
Grate-bars. 
Guides- 
Hand-rail. 
Ha  Hirers. 
He  id-light. 
Hcad-;>late 
Injector. 
Lamp 

Link-motion. 
Low-water  alarm. 
Main-rod. 
Man-hole 
Man-hole  plate. 
Oil-cups. 
Parallel-rods. 
Pet-rock. 
Pilot. 
Pipes 
Piston. 
Piston-rod. 


Receiving-valve 

Reflector. 

Reverse-bar 

Rocker-arm. 

Running-boanl. 

Safety-chain- 

Safety -valve. 

Sand-box. 

Sand- pipe. 

Slide-valve. 

Smoke-box 

Smoke-stack. 

Spark-arrester 

Springs. 

Steam -dome. 


Steam-gage. 

Saving-bolster, 

Tallow-cups. 

Throttle-bar. 

Throttle-lever. 

Throttle-valve. 

Truck. 

Valve-genr. 

Water-cocks. 

Water  gage. 

Wheels. 

Whistle. 

Whistle-cord. 

Whistle- valve. 

Wrist. 


Lo'co-mo'tive-boil'er.  (Steam-oigine.)  Aboil- 
I'r  with  numeroii.s  fiues  connecting  the  fire-liox  with 
the  smoke-box  beneath  the  chinniey.  See  Locomo- 
tive. 

Lo'co-mo'tive-car.  {Raihray.)  A  locomotive 
ami  car  comlnnt'd  in  one  vehicle. 

Lo'co-mo'tive-chair.     A  wheeled  chair  for  an 
invalid.     That  .sliown  is  propelled  by  turn- 
ing the  crank  which  is  geared  to  the  forward 
w-heel.      Levers   actnate   the   rear   wht-el.s, 
whose    axles    are   pivoted   and   form   the 
means  of  guidance.     The   back  and   foot 
piece  are  connected,  and  are  simultane- 
imsly  moved  to  a  sitting  or  reclining  ad- 
justment. 


Locomotive-Chair. 


Lo'co-mo'tive-fur'nace.    iSfcavi'Oiffine.)    The 
fire-box  of  a  In.-nniotivH.     Spo  Locomotive. 
Lo'co-mo'tive  Pile-en'giae.     A  [ulc-driver. 
Lo'co-mo'tive  -  pump.     (S/ft  m  -  engine. )     The 
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feeil-|iiiiii|i  by  wliiili  a  locomotive-boiler  is  supplied 
with  water.      Scv  In.ikctiik. 
Lo'co-mo'tive   Smoke-pipe.    The- ehininey- 

stai'k  uf  a  loi'oiiiDtivc.      Si'(_-  Lmu.MOTIVli. 

Loco-mo'tive  Valve-gear.  (Steam-cnyinc.) 
The  means  liy  which  the  ciigiiii'er  governs  the  mo- 
tions of  the.  valves,  opening,  closing,  or  reversing. 
See  LiNK-.MOTlox. 

Iiode.  1.  (Mininrj.)  A  regular  vein  affording 
metal. 

When  parallel  to  the  axis  of  elevation  of  the  dis- 
trict, it  is  termed  nV//i<  rmining. 

When  at  right  angles  to  the  said  a.xis,  it  is  termed 
a  cross  course. 

When  at  an  angle  of  45°,  it  is  termed  a  contra- 
lode  or  counter. 

A  rakc-rcin  is  a  ]iprpeniliuular  mineral  lode. 

A  live  rein  or  lode  is  one  wliieh  euntains  metallic 
ores.  It  is  said  to  be  a  dead  lode  when  the  ores  give 
out. 

The  back  is  the  upper  part  of  a  lode. 

The  ira/ls  or  checks  are  the  sides  of  the  hdc ;  as 
the  vein  inclines,  the  walls  are  known  as  the  upper 
or  hanrjinrj  wall  and  the  under  wall. 

The  hade  or  huflinej  is  the  slojie  or  inclination. 

The  beariivj  is  the  coarse  or  direction. 

The  country  is  the  rock  traverseil  by  the  lode  or  vein. 

Side-lodes,  strings,  feeders,  and  branches  are  minor 
ramitications  of  a  vein  or  lode. 

The  rjanguc  is  the  non-metalliferous  portion  of 
the  vein.     (German,  Gang,  vein.) 

A  heave  or  fault  is  a  displacement  or  dislocation 
of  a  vein. 

Gossans  are  surface  indications  of  a  vein. 

Bunches,  nests,  concretions,  nodules,  are  detached 
masses  of  different  characters. 

2.  (Hiidraulic  Engineering.)  A  reach  of  water  in 
a  canal,  or  slack-water  navigation. 

Lodg'ing- knees.  {.S/ii/ilmi/ding.)  Compass- 
timliers  lying  horizontally  and  securing  the  junction 
of  the  ileck-beams  with  the  frames. 

Lodg'ment.  (Fortijication.)  An  intrencliment 
hastily  thrown!  up  in  a  captured  work  to  maintain 
the  position  against  recapture. 

Loft,  (.irehiteelure.)  a.  An  elevated  gallery  in 
a  church,  for  an  organ  or  choir. 

b.  An  elevated  story  in  a  barn  or  stable,  as  a  hay- 
loft above  the  floor  on  whiidi  the  animals  are  stalled. 

IiOg.  1.  (Nautical.)  A  device  for  ascertaining 
the  rate  of  a  ship's  motion.  In  its  common  form  it 
consists  of  a  triangular  piece  of  wood,  called  the  log- 
chip,  curved  at  thi'  liottom,  which  is  loaded  so  that 
it  may  float  upright  in  the  water.  It  has  a  radius 
of  about  6  inches,  and  a  thiekness  of  j  inch.  To 
its  corners  is  attached  a  cord,  termed  the  log-line, 
which  is  wound  around  a  reel,  the  a.\is  of  which 
projects,  allowing  it  to  turn  freely  whi"n  lieM  in  the 
hollow  between  the  thumb  ami  forelinger.  The  line 
is  long  enough  to  measure  the  distance  sailed  by  the 
ship  at  her  greatest  speed  during  a  given  time,  usu- 
ally 30  seconds,  and  is  divided  into  knots,  corre- 
sponding to  a  proportionate  part  of  the  n.iutical  mile, 
that  is,  51  feet,  though  some  navigators  make  it  a 
trifle  longer  or  shorter,  as  they  conceive  that  the 
ship  overruns  or  nnderruns  her  reckoning. 

The  string  is  knotteil  at  such  intervals  that  the 
.spaces  bear  the  same  relation  to  a  nautical  nule  that 
a  half-minute  does  to  an  hour.  That  is,  the  knots 
must  be  the  120th  of  a  nautical  mile  apart.  The  Eng- 
lish geographical  or  nauti(;al  mile  is  /u  of  a  degree 
of  latitude,  about  2,025  yards.  Each  i-)(iV  is  there- 
fore 50/./iy  feet.  For  or<linary  land  measure,  the 
English  statute  mile  is  used,  =  5,280  feet.  A  knot 
would  be  44  feet.     See  Pedometer. 


Fig.  2991. 
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a,  Iffj-efii/K 

b,  suni/-'iiif 

c,  furtrunner  or  slrati-nmrk 


(/,  las:-tine. 
€,  yand'giass 
J]  reel. 


A  certain  length  of  line  —  not  marked  —  inter- 
venes between  the  chip  and  the  first  division  on  the 
line.  This  is  tenned  the  slraii-line,  and  serves  to 
allow  the  chip  to  drift  beyond  the  dead-water  in  the 
wake  of  the  ship. 

Each  knot  is  made  sensible  to  the  feeling  as  well 
as  to  the  sight,  and  is  subdivided  into  ten  fathoms, 
so  called.  The  time  is  measured  by  a  small  sand- 
glass. In  heaving  the  log,  the  observer,  usually  an 
offieer  or  petty  officer,  throws  the  chip  over  the 
taffrail,  an<l  as  the  first  mark  on  the  line  passes  over 
the  reel,  calls  out  "turn  "  to  the  assistant,  who  im- 
mediately inverts  the  glass.  When  the  sand  has  all 
run  out  the  latter  calls  out  "out,"  when  the  ob- 
server checks  the  line,  noting  the  knots  and  fathoms 
which  have  passed  out.  Tliis  operation,  in  well- 
regulated  vessels,  is  performed  every  hour,  and  the 
result,  as  well  as  the  course  by  compass  which  the 
vessel  is  steering  at  the  time,  is  entered  in  the  log- 
book, to  serve  as  a  basis  for  the  dead,  reckoning. 
.Sometimes,  as  in  the  British  navj',  a  28"  glass 
is  employed,  the  length  of  the  line  being  projior- 
tionately  reduced. 

Estimating  a  nnle  at  6,139.75  feet,  ami  u.sing  a 
30"  glass,  — 

1  knot      =51.1G20  fei't,  or  51  feet  1.95  inches. 
1  fathom  =    5.11629  feet,  or  5  feet  1.395  inches. 

If  a  2S"  glass  is  used,  and  8  divisions,  then  — 

1  knot      =  47  feet    9.024  inches. 
1  fathom  =    5  feet  11.627  inches. 

The  line  should  be  about  150  fathcmis  long,  having 
10  fathoms  betw'cen  the  chip  and  hrst  knot  for  .stray- 
line. 

Bowditcli  gives  6,120  feet  in  a  sea-mile,  ndueh, 
if  taken  as  the  length,  with  a  28"  glass,  will  make 
the  divisions  47.6  feet  and  5.95  feet. 

Some  logs,  the  earliest  of  which,  perhaps,  was 
Mas.sey's,  are  actuated  by  wings  on  a  rotating  rod, 
wdiich  turns  as  the  vessel  passes  through  the  water, 
operating,  Viy  means  of  an  endless  screw,  a  series  of 
multiplying  wheels,  which  register  the  total  distance 
run  between  the  time  the  log  was  thrown  overboard 
and  that  at  wdiich  it  was  taken  from  the  water. 
The.se  are  only  taken  in  when  the  shi|i's  course  is 
changed,  or  when  the  speed  is  below  two  or  tjiree 
knots  jier  hour.  They  are  somewhat  liable  to  turn 
up  missing,  owing  probably  to  their  being  bitten  off 
by  sharks. 

Reid's  log  is  of  this  class,  but  the  spindle  which 
carries  the  wings  is  combined  with  a  metdianism  for 
breaking  galvanic  circuit  upon  a  certain  number  of 
rotations  of  the  spindle.  The  armature  operates  a 
registering  mechanism. 

The  "  lierthon  log"  is  nn  adaptation  of  Pitot's 
tube.  In  its  elementary  form  it  consists  of  a  small 
tube  passing  through  the  ship's  keel  nearly  amid- 
ships, and  carried  up  to  any  convenient  hight,  when 
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Fig.  2992. 


Reid^s  Log. 


it  is  curved  downward  and  united  to  the  leg  of  au 
inverted  siphon  containing  mercury.  When  the  ship 
is  making  lieadivav,  the  water  wliich  enters  tlie  tube 
tlirougli  an  aperture  near  its  lower  end  rises,  furring 
up  the  mercury,  which  indicates  tlie  ship's  speed  on 
a  suitable  register.  By  turni\ig  the  tulie  so  that  the 
aperture  forms  a  certain  angle  with  the  keel,  the 
ship's  draft  may  be  ascertained. 

In  reference  to  tliis  subject  Humboldt  says,  — 

"  It  lias  frerpiently  been  asserted  that  the  use  of 
the  log  for  measuring  a  .ship's  way  dates  back  only 
to  the  end  of  the  sixteentli  or  liegiuning  of  the  seven- 
teentli  century,  tlie  year  1607  being  usually  as.signed 
as  the  period  when  the  first  mention  of  it  occurs. 
Navarrete  s.ays  that  it  was  used  on  boanl  English 
ships  in  l,i77,  and  that  in  Magellan's  time  the  .ship's 
speed  was  estimated  by  the  eye.  On  the  contrary, 
I'igafetta,  a  companion  of  Magellan,  speaks  of  the 
log,  la  catena  a  poppi,  as  of  a  long-known  means  of 
measuring  distances  at  sea. 

"  The  Romans,  in  the  time  of  the  Republic,  had  in 
their  ships  an  apparatus  for  measuring  the  distance 
passed  over,  consisting  of  wheels  four  feet  liigh,  pro- 
vided with  paddles  placed  outside  the  ship,  alter  the 
manner  of  a  modern  steamboat,  ami  according  to  the 
detailed  description  of  Vitruviiis,  having  a  train  of 
gearing  consisting  of  tliree-toothed  wheels,  and  regis- 
tering the  number  of  revolutions  made  by  the  exte- 
rior paddle.s,  and  also  miles  traversed  by  the  .ship, 
by  the  dropping  of  small  round  stones  from  an  aper- 
ture in  a  wheel-case. 

"This  was  constructed  on  the  principle  of  the 
odometer  (or  hodonukr),  whijh  was  also  employed 
by  the  Romans  on  land,  mention  being  made  of  a 
traveling  carriage  belonging  to  the  Emperor  Com- 
modus  provided  with  such  an  apparatus.  Hero  of 
Alexandria,  in  his  manuscript  on  the  dioplra,  de- 
scribes an  odometer  of  much  more  perfect  construc- 
tion, adapted  for  use  both  by  land  and  water. 

"The  earlier  nautical  works  of  the  Spaniards  refer 
only  to  the  method  of  arriving  at  the  distance  made 
by  estimation  ;  judging  the  velocity  of  the  ship  dur- 
ing the  time  occupied  by  the  running  out  of  each 
hour  or  lialf-hour  glass.  This  would  seem  to  have 
involved,  on  the  part  of  the  navigator,  if  even  a  rude 
approximation  to  accuracy  were  n.ttaiiieil,  not  only 
a  general  knowledge  of  the  usual  rate  of  speed  of 
vessels  and  an  aciiuaintanee  with  the  effects  pro- 
duced by  drift  and  sot  of  the  sea,  but  also  with  the 
sailing  nualities  of  the  particular  vessel  in  which  he 
happened  to  be.  Medina  lays  down,  as  a  general 
rule,  that  '  the  most  a  ship  advances  in  an  hour  is 
four  miles,  and  with  feebler  breezes  three,  or  even 
two."  Columbus,  in  his  journal,  frequently  refers 
to  his  disputes  with  his  lieutenant,  Piiison,  in  re- 
spect to  the  distance  made  by  the  fleet  since  leaving 
Palos,  and  speaks  of  making  8  miles  per  hour, 
double  the  speed  referred  to  by  Medina.  He 
makes  no  mention  of  the  log.  When  it  was  pro- 
posed, in  1495,  to  determine  the  Papal  line  of  demar- 
cation between  the  discoveries  of  tlie  Spaliiards  and 
Portuguese,  the  distance  sailed  over  was  to  be  de- 
termined by  the  judgment  of  20  very  experienced 
mariners,   who  were  to  prick  off  on  the  chart  the 


distance  made  by  the  ship  every  six 
hours,  according  to  their  estimation. 
In  Pigafetta's  journal  of  Magellan's 
voyage,  he  speaks  of  a  *  chain  at 
the  jioop,'  used  throughout  the  en- 
tire voyage  to  measure  the  way.  This 
would  seem  to  have  been  an  arrange- 
ment similar  to  the  log-line,  though  no 
mention  is  made  of  the  sand-glass, 
the  log-chip,  or  of  marks  or  divisions 
of  the  chain." 

In  connection  with  this  subject,  it  may  be  men- 
tioned that  Professor  Scoresby  made  careful  observa- 
tions during  a  passage  across  the  Atlantic  and  dur- 
ing the  prevalence  of  a  protracted  storm.  He 
found  :  — 

Extreme  altitude  of  waves  above  the 

intervening  depressions  or  hollows   .     43  feet. 
Mean  distance  between  waves  .         .       559    " 
Extreme  distance  from  crest  to  crest     .  600    " 
Interval  of  time  between  waves        .         16  seconds. 
Velocity  per  hour         .         .         .         .     32i  miles. 

Newton  found  that  the  velocity  of  the  waves  is  as 
the  square  roots  of  their  breadths  ;  as  taken  between 
the  tops  of  the  ridges.  Also,  that  the)'  move  through 
a  space  equal  to  their  breadth  in  the  same  time  in 
which  a  pendulum  oscillates  v*'hf)se  length  is  equal 
to  the  distance  between  the  ridges.  Waves  wliose 
breadth  is  39A  inches  will  move  that  distance  in  a 
second  of  time.  Their  motion  is  progressive,  but 
does  not  impart  a  like  motion  to  a  floating  object, 
as  the  water  does  not  move  at  the  rate  of  the  undu- 
lations. 

2.  (Steam-engine.)  A  tabulated  summary  of  the 
performance  of  the  engines  and  bi^ilers,  and  of  the 
consumption  of  coals,  tallow,  oil,  and  other  engi- 
neers' stores  on  board  a  steam -vessel. 

3.  A  stick  of  timber  butted  at  the  ends  and  ready 
for  sawing. 

Log-board.  (Nautical.)  The  hinged  pair  of 
boards  on  which  the  memoranda  of  time,  wind, 
course,  rate,  etc.,  are  noted  for  transcription  into 
the  iog-hook. 

Log-book.  (Nautical.)  The  book  which  con- 
tains a  journal  of  the  vessel's  progress  from  day  to 
day,  with  any  event  occurring  on  board,  of  spoken 
vessels,  etc.  It  is  transcribed  from  the  log-hoard, 
and  forms  the  rough-log  from  which  (in  government 
vessels)  the  smooth-log  is  transcribed  for  the  navy 
dejiartment. 

Log-chip.  (Nautical.)  The  triangular  board  on 
the  end  of  the  log-tine.     See  Log. 

Log'ger-head.  (Nautical.)  A  runnel  on  the 
gunwale  ot  a  whaleboat,  over  which  the  line  passes 
as  it  is  drawn  out  by  the  fish. 

Log'giug-axe.  An  axe  used  in  cutting  off  logs. 
It  is  usually  heavier  than  a  felling  or  lopping  axe. 
A  substitute  in  the  cross-cut  saw,  or  the  drug  saw. 

Log'ging-head.  The  working-beam  of  a  steam- 
engine. 

Log-glass.  {Nautical.)  The  sand-glass  used  at 
heaving  the  log.  Half-minute  or  quarter-minute 
glasses  are  used,  according  to  the  rate  of  sailing. 
See  Loo. 

Log-line.  (Nautical.)  A  line  150  fathoms  in 
length.     See  Loo. 

Log-meas'ur-er.  A  device  for  gaging  logs,  tak- 
ing the  rounil  measure  with  the  allowance  for  the 
squaring,  and  giving  the  results  in  boaril  measure  of 
the  ascertained  square  in  running  feet  of  the  log. 

Log'o-type.  A  type  having  for  its  face  a  whole 
word  or  a  combination  of  letters  in  common  use  ;  as, 
con,  com,  tion,  iiig,  the,  and,  in,  on,  etc.     These  com- 
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jiouiiilecl  types  iire  not  now  used,  but  the  practice 
still  remitiiis  in  (■oiulmmtions  of  letters,  sin^li  as,;/',  Jfi. 

Log-reel.     Tlie  reel  of  the  log-liue.      See  Lug. 

Log-sled.  .\  short,  strong,  low-benehed  sled  for 
hauling  logs.  In  the  example,  the  sled  has  an  an- 
gular frame  provided  with  trunnions  at  eaeli  end  of 


Fig.  2993. 


its  base  or  lower  portion,  with  bearings  in  the  sides 
of  the  sled,  and  is  so  eonneeted  with  a  idiuin  and  log- 
hooks  that  the  draft  foree  of  the  team  will  act  to 
raise  the  log  ami  draw  it  forward  upon  the  sled. 

Log'TWOod.    .\  dyewood  obtained  from  trees  of 
the  genus  Hcematoxylon  campeachianuni. 


Fig.  2994. 


Fig  2995. 


''  Small  Cornish  "  Boiler. 

Lon'dou-boirer.  Also  known  as 
the  "Small  Cornish  15oiler."  It  has 
a  cylindrical  fire-tnbe  Hue  running 
through  it,  which  contains  the  furnace 
and  tire-bars.  The  fire-grate  is  so  ar- 
ranged with  a  removable  brick  bridge, 
that  the  whole  or  any  less  area  of  grate 
can  be  used  that  is  found  most  eco- 
nomical. 

The  current  of  flame  and  hot  air  in 
this  boiler  first  passes  from  the  fire 
through  the  fine-tube  to  the  back  eml 
of  the  boiler,  whence  it  returns  under 
one  side  of  tlie  shell  to  the  front,  where 
it  crosses  into  the  other  side-flue, 
through  which  it  proceeds  to  the  chim- 
ncv  in  a  continuous  or  wltccJ  tlraft. 

Long-boat.  A  large  ship's  boat, 
from  32  to  40  feet  long,  having  a  beam 
from  .29  to  .25  of  its  length.  Has  a 
heavy,  flat  floor,  and  is  sharper  in  its 
floor  than  a  hinvch.     It  is  carvel  built. 

Long-bow.  (IVrnpon.)  A  bow 
the  hight  of  the  archer,  formerly  used 
in  England.      See  Bow. 

Long-cloth.  {Fabric.)  A  pecu- 
liar kind  of  fine  cotton  cloth,  made 
milled  or  plain. 

Long-flax.  Flax  to  be  spun  its 
natural  lentrth  without  cutting. 


Lnni^-Hnn^e 
Barometer. 


Long-plane.  {Joinery.)  A  joiner's  plane  used 
when  a  piece  of  sturtis  to  lie  planed  up  very  straight. 
It  is  2  leet  :j  imdii'S  long. 

Loug-poil.     {Fabric.)     A  shaggy  velvet. 

Long  Prlm'er.  (Printing.)  A  size  of  type  be- 
tween tSinall  J'iai  and  Bounjcuis. 

Small  Pica,  83  ems  to  a  foot. 
Long  Primer,  89  ems  to  a  foot. 
Bourgeois,  1(12  ems  to  a  foot. 

Long-range  Ba-rom'e-ter.  \  barometer,  the 
up[ter  portion  of  whose  tube  is  in  spiral  foi'in, 
an<l  of  dinjinished  diameter,  the  distance  between 
the  coils  being  usually  12  base  to  1  jierjiendicular, 
so  that  each  inch  rise  of  mercury  in  the  tube  is  in- 
dicated by  an  advance  of  12  inches  in  the  spiral  coil, 
admitting  of  .small  variations  being  read  without  tl.e 
aid  of  a  vernier. 

In  another  form,  the  diameter  of  the  tube  is  di- 
minished at  its  upiier  end,  and  this,  with  the  upper 
part  of  the  enlarged  jiortion,  is  filled  with  a  fluid 
jiroportionately  lighter  than  mercury.  The  indica- 
tions of  the  latter  are  thus  multiplied  in  proportion 
to  the  difference  between  the  sectional  areas  of  the 
contracted  and  enlarged  portions  of  the  tube. 

Long-ruff'er.     A  coarse  heckle.     See  Heckle. 

Long-saw.  A  pit-saw  ;  used  by  a  man  standing 
above  the  log,  and  one  below. 

Long-slide.  A  slide-valve  of  such  length  as 
to  govern  the  ports  at  both  ends  of  the  cylinder, 
and  having  a  hollow  back  whicdi  forms  an  cdui'tion 
passage.  It  was  invented  by  Murdoch,  of  the  firm 
of  Boultnn  and  Watt.     See  C'or.Nisii  Exgixk. 

Long-tack'le  Block.  {Xau/ical.)  A  block 
having  two  single  sheaves,  one  above  the  other.  The 
lower  one  is  3  the  size  of  the  upper.  It  is  used  in 
combination  with  a  single  block,  to  form  long-tackle 
for  loailing  or  other  purchase. 

Loug-tim'ber.  \Shipbtiildiii(j.)  A  timber  rising 
from  the  cants  and  continued  in  one  piece  to  the  top 
of  the  second  futtock. 

Long-torn.     1.   A  kind  of  gold-w.i.shing  cradle. 

2.  {Xautirnl.)  A  pivot-gun  amidship.  See  Piv- 
OT-i:fN. 

Long-valve.  A  slide-valve  found  in  some  of  the 
Watt  engines,  and  which  was  long  enough  to  cover 
the  ports  at  both  ends  of  the  cyliiuler.    A  lonij-slide. 

Long-wool.  Combing  wool ;  in  distinction  to 
the  shorter,  which  is  carded. 

Loobs.     {.Viiiinri.)     The  slimes  of  tin  ore. 

Loo'er.  From  Lour  (Fr.  vdour,  velvets,  a  hat- 
ter's brnshing-pad.      See  LrilE. 

Loof.  (Shipbui/diny.)  That  part  of  the  bow 
where  the  timbers  begin  to  caitt  or  curve  in  towards 
the  stem. 

Look'ing-glass.  The  old  mirror  of  Narci.ssus  is 
older  than  bronze  or  glass,  and  the  handful  of  black 
li(piid  still  holds  its  jilace  as  the  mirror  of  incanta- 
tions. (See  JIiUROU.)  "  As  in  water  face  aiLswereth 
to  face"  (Prov.  xxvii.  19)  was  a  compari.son  adapitcd 
to  the  comprehension  of  a  people  who  had  left  F.gypt 
and  the  arts  behind  them  for  a  period  of  near  500 
years. 

Mirrors  to  show  the  fnll  length  of  the  person  were 
known  in  Greece  and  Rome.  (Specula  toti.i  jmria 
corporihuf:.  —  Sen'ec.\.)  Pliny  refers  to  glass  miiTors 
with  a  backing  of  leaf-metal,   made  at  Sidon. 

Looking-glasses  were  inadi'  in  Venice,  1298,  and 
in  England  at  Lambeth,  ]li93. 

"  Bought  a  looking-glass  by  the  Old  Exchange, 
which  co.sts  me  £5  os.,  — a  very  fair  ghuss. " —  Pe- 
I'Ys's  Diary,  1664. 

Looking-glasses  are  silvered,  as  it  is  called,  by  the 
following  process  :  A  sheet  of  tin-foil  is  placed  very 
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siiiootlily  on  a  table  or  stone,  and  tlie  foil  Ls  then 
floo.letl  with  niercuiy.  The  gliiss  is  laid  upon  it  in 
such  a  way  i»s  to  expel  aii-bubbles,  and  heavy  weights 
are  laid  on  the  glass.  The  weights  press  out  the 
saperliuous  mercury,  and  what  remains  forms  an 
amalgam  with  the  tin,  which  adheres  to  the  back 
of  the  glass.     See  Silvering. 

Liebig  recommended  the  following  solution  for 
silvering  mirrors  :  — 

One  part  nitrate  of  silver  dissolved  in  20  parts 
pure  water.  Form  a  solution  of  nitrate  of  annnuuia, 
of  a  specific  gi-avit}'  of  1.115,  and  a  lye  of  carlwnate 
of  soda,  specific  gravity  1.035,  reduced  one  third 
by  evaporation.  The  silvering  liquid  con.sists  of 
the  ammoniated  .solution,  100  parts  ;  sOver  solution, 
140  parts  ;  lye,  750  parts.  The  application  of  a 
separate  solution  causes  a  deposition  of  silver  on  the 
glass.     See  also  SiLVEr,iN"G-GLA.s3. 

Siemens  has  modified  the  operation,  as  suggested 
by  Liebig,  and  greatly  simplified  the  reduction  of 
the  silver.  Dry  ammonia  g.is  is  p^issed  through  al- 
dehyde to  produce  aldehyde  ammonia  ;  2.5  grammes 
of  aldehyde  ammonia  and  i  grammes  nitrate  of  silver 
to  1  liter  of  water  is  the  proper  proportion  to  take. 
The  nitrate  of  silver  and  aldehyde  ammonia  are 
separately  dissolved  in  distilled  water,  mixed,  and 
filtered. 

The  object  to  be  silvered  must  be  thoroughly 
cleansed  to  free  it  of  gre^ise,  and  if  it  be  a  globe  or  bot- 
tle, the  liquid  is  poured  in  as  high  as  it  is  desired  to 
form  the  deposit.  .\s  soon  as  the  heat,  which  must 
be  applied,  shows  50'  Centigrade,  the  separation  of 
the  silver  begins  and  soon  spreads  itself  over  the 
whole  surface.  At  first,  when  the  c  >ating  is  very 
thin,  it  looks  dark,  but  soon  assumes  a  metallic 
luster ;  when  it  j^  a  brilliant  white,  it  is  time  to  re- 
move the  fluid  contents,  as  the  mirror  is  apt  to  be 
injureil  by  too  long  contact  with  the  aldehyde. 

Flat  objects  are  laid  upon  the  mixture  in  the  usual 
manner. 

In  Germany,  where  aldehyde  ammonia  can  hi 
purchased  at  a  reasonable  cost,  tiiis  process  is  highly 
X>rized,  By  making  his  own  salt,  in  the  manm-i- 
uesciibed  above,  the  chemist  in  this  country  Ciiii 
also  avail  himself  of  the  method. 

Drayton's  method  is  to  employ  a  silvering  fluid 
made  of  nitrate  of  silver,  ammonia,  and  an  alcoholic 
solution  of  the  oil  of  c;issia.  This  is  poured  upon 
the  glass,  and  a  reducing  fluid  of  alcohol  and  oil  of 
cloves  applied.  This  causes  a  separation  of  the 
silver,  which  deposits  itself  upon  the  glass. 

Vohls  method  of  silvering  the  interior  of  globes 
is  to  cause  a  precipitation  of  nitrate  of  silver  by  the 
use  of  a  solution  of  gun-cotton  di.ssolved  in  hot 
caustic  potash. 

Steinheil  uses  nitrate  of  silver,  caustic  ammonia, 
caustic  soda,  milk,  sugar,  and  water.  The  deposit 
is  pure  silver. 

Thomson's  method,  used  mostly  for  silvering  the 
inside  of  globes  and  bottles,  deposits  from  an  o.xide 
or  salt  of  silver. 

Martin's  process  is  quite  similar  to  the  last  men- 
tioned. 

Some  lookiug-glas.ses  have  a  dark  varnish  or  coat- 
ing at  the  back.  These  reflect  only  a  small  portion 
of  the  light. 

M.  Salvetat  has  announced  to  the  Society  of  En- 
couragement, in  Palis,  a  process  of  preparing  looking- 
glasses,  in  wiiich  tin-foil  is  replaced  by  platinum 
applied  in  a  metallic  and  brilliant  powder.  The  glass, 
ha\-ing  been  carefully  cleaned  and  ]n>lished,  is  cov- 
ered, by  means  of  a  brush,  with  a  mixtui-e  of  chlo- 
ride of  platinum,  essence  of  lavender,  and  a  comjiosi- 
tion  of  litharge  and  borate  of  lead.     When  dry,  the 


glass  is  placed  in  niutfles,  when  the  essence,  l>eing 
volatilized,  leaves  a  deposit  of  platinum  dust  firmlv 
united  to  the  glass.  The  new  process  requires  but  a 
fen-  hours.      See  PLArixiziSG. 

Dode's  plan  is  to  dissolve  jilatinum  in  nitro-muri- 
atic  acid,  evaporate  to  dryness,  mix  with  oil  f  f 
lavender,  take  the  resulting  precipitate,  mix  with 
litharge  or  borate  of  lead,  apply  to  the  glass  and 
bake  in  an  oven. 

IiOol.  [Mclallurgy.)  A  vessel  to  receive  the 
washing  of  metallic  ores. 

liOOm.  A  machine  in  which  yarn  or  thread  is 
woven  into  fabric. 

A  woven  fabric  consists  of  yams  called  the  warji 
laid  in  one  direction,  and  crossed  by  j'arns  laid 
transversely  and  known  as  the  woof.  The  ictirp  is 
also  called  the  chain.  The  words  woof,  weft,  Jiliing, 
aje  synonyms. 

The  essential  parts  of  a  loom  are,  — 

1.  A  frame  in  which  the  row  of  yarns  fonning  the 
warp  is  held. 

2.  Leashes  or  harness  which  govern  the  decussa- 
tion of  the  threads  to  form  a  shed  for  the  woof. 

Means  for  holding  and  actuating,  when  of  the 
simplest  description,  may  be  saiil  to  be  a  i/ani-bcam, 
to  pay  ofi"  the  yarn  as  the  weaWng  proceeds  ;  a  means 
lor  operating  the  IcasJus,  by  which  alternate  threads 
all  across  the  warp  are  raised  and  thtir  intermttliates 
lowered,  so  as  to  make  a  decussation  (Lat.,  dccussis 
=  dtccm  aiscs  or  X)  or  crossing  known  as  the  s/icd, 
in  which  the  mix;/' is  deposited  ;  a  means  for  holding 
taut  the  web,  so  as  to  keep  a  pro]ier  sti-ain  on  the 
warp.  A  slnitth  or  bobbin  for  the  yarn  is  usual, 
but  this  is  not  absolute,  as  a  ball  of  yarn  or  other 
filUng  can  be,  and  is,  rolled  through  the  .-htd.  In 
horsehair  and  slat  looms,  the  stiff  tilling  is  drawn 
thro\igh  by  fingei-s,  or  thrust  through,  and  in  .sonje 
iiarron-ware  and  fringe  looms  the  filling  is  put  in 
by  a  rod  w  hich  goes  and  returns. 

Stripped  of  its  familiarity,  weaving  is  a  veiy  in- 
genious and  remarkable  process,  and  many  must 
have  been  the  essays  before  a  serviceable  fabric  was 
produced.  The  lueparation  of  the  fiber,  its  spin- 
ning, winding,  warping,  and  weaving,  must  hare 
had  a  gi-adual  giowth,  but  with  the  commencement 
of  historical  notices  of  civilization  we  find  nations  in 
lX)ssession  of  the  art. 

Egj'pt  excelled  in  fine  linen  for  ages  before  Abra- 
ham ;  and  the  iuhubitants  of  India  doubtless  spun 
and  wove   their  cotton   before   Osyniandyas,    whose 

"  Vast  aaj  truokless  legs  of  stoue 
Stand  in  the  desert." 

It  is  natural  to  conclude  that  the  jilants  which 
yielded  fi'oer  in  bolls,  such  as  the  cotton  and  ascle- 
pias,  were  the  first  to  be  utilized,  as  the  uses  of  flax, 
hemp,  and  silk-require  peculiar  preparatory  process- 
es. Kark,  although  used  extensively  by  the  natives 
ot  some  of  the  islands  of  Polynesia,  has  not  come 
into  general  use  tor  raiment  elsewhere  ;  but  few  trees 
yield  a  bark  which  will  make  clothing  equal  to  the 
tapn  cloth  of  the  Fijis.  This  is  made  from  the  )«i>cr 
nmlberry,  which  grows  wihl  in  Oceanica  and  Poly- 
nesia, as  well  as  in  I'arts  of  Asia.  The  Fiji  group  is 
near  the  equator,  and  was  dis^'oveted  in  1(J43  by 
Tasman,  the  Dutch  naWgator.  There  arc  225  islands, 
80  of  which  are  inhabited  by  a  pojiulation  estimated 
at  250,000.  Paper  is  also  made  of  the  same  mateiiiU 
(Broussonetia),  and  specimens  are  in  the  Patent 
Otfiee  and  Agricultural  Depiirtment  Museum. 

The  7nasi  cloth  is  made  by  the  Siune  islanders,  of 
the  l)ark  of  the  malo-lree.  The  bark,  as  removed 
from  the  tree,  is  steeped  in  water,  and  beaten  on  a 
flat  log  with  a  giooved  mallet.  Two  lengths  of  the 
wet  stulf  are  beaten  together  at  their  edges,  being 
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united  by  their  gluten.  Separate  pieces  are  united 
by  the  starch  of  the  t(iro  and  then  dyed.  Tile  mode 
of  uniting  is  e.'cactly  the  same  as  that  practiced  with 
the  strips  of  papyrus,  as  described  by  Pliny.  See 
PArEit. 

The  Fijis  are  strangely  cruel,  ingenious,  and  ver- 
satile, l)eing  the  manufacturers  for  the  islanders  of 
other  groups,  supplying  them  witli  canoes,  sjiars, 
sails,  pottery,  mosquito  curtains,  cloth,  siiiiielj  rope 
of  cuir  or  cocoa-nut  husk. 

In  Captain  I 'ook's  time  the  inhabitants  of  the  Pa- 
cilic  islands  had  no  knowledge  of  wcaviiuj,  though 
ingenious  in  hraidin'j,  plaitinfj,  and  nettlmj. 

I'erliajis  the  earliest  exami>lcs  of  weaving  were 
baskets,  hurdles,  and  mats,  in  which  the  intersec- 
tions are  exactly  the  same,  though  the  mode  of  pro- 
duction is  ditlerent. 

The  invention  of  the  loom  antedates  all  authentic 
history  of  the  Chinese,  Hindoos,  and  Egyptians,  and 
chance  references  to  woven  goods  are  found  at  an 
early  period  of  tli3  Old  Testament  history,  as  iu  the 
case  of  the  "  vestures  of  line  linen  "  in  which  Jo- 
seph was  arr.ayed  by  Pharaoh.  (See  Flax  ;  Linen.) 
The  references  to  woven  goods  in  the  Mosaic,  period 
are  very  numerous.  The  art  of  weaving  was  held  to 
have  biwn  darived  from  the  early  sovereigns  of  the 
laud  ;  so  great  regard  was  felt  for  the  inventor,  that 
the  work  was  generally  tluis  associated. 

Semiramis,  the  Assyrian  queen,  is  credited  with 
the  invention  of  weaving.  The  Greeks  represented 
Minerva  with  a  distaff,  as  being  the  invcntress  of 
spinning.  Homer  refers  to  the  products  of  the  loom. 
The  Kgyptians  credited  it  to  Isis  ;  the  Jfohamme- 
daus  to  a  .son  of  .laph.'t ;  tlie  Chinese  to  the  con.sort 
of  the  Eniperoi'  Yao  (Noah) ;  the  Peruvians  to  Ma- 
maoella,  wife  of  Mauco  Capac,  their  first  sovereign. 

Tlie  modern  Arabs  ami  the  Hindoos  use  a  procuin- 
V)cnt  looai.  Tiie  Bible  notices  of  weaving  refer 
to  loom-work,  nrft.iiir^,  and  braidin'j.  1.  When 
Delilah  wove  into  the  web  the  seven  locks  of  Sam- 
son's hair. 

2.  Where  Isaiah  pronounces  a  curse  upon  Egypt, 
which  shall  destroy  all  her  vast  w'orks  of  irrigation 
and  improvement,  and  "confound"  those  who  live 
by  weaving  networks. 

The  Bible  also  refers  to  needlework  and  embroid- 
ery, in  the  mournful  song  of  the  mother  of  Sisera. 
See  D.v.MASK. 

The  mode  by  which  the  weavers  of  India  execute 
thi:  jaiiidanec  has  been  explained  by  Mr.  Taylor  as 
follows  :  — 

"  The  Hindoo  weavers  place  the  pattern,  drawn 
upon  paper,  below  the  war]),  and  range  along  the 
track  of  the  woof  a  number  of  cut  threads  eipial  to 
the  liowers  or  parts  of  the  design  to  be  made  ;  then, 
with  two  small,  tiuc-poiiit^'d  bamboo  sticks,  they 
draw  each  of  th.^se  threads  between  as  many  threads 
of  the  warp  as  niiy  be  ei|ual  to  the  width  of  the  fig- 
ure which  is  to  be  formed.  When  all  the  threads 
liave  been  brought  between  the  warp,  they  are  drawn 
close  by  a  stroke  of  the  lay  (U-  batten  ;  the  shuttle 
is  then  passed  by  on<^  of  the  weavers  through  the 
shed,  and  the  weft  having  been  driven  home,  it  is 
returned  by  the  other  wc;iver." 

Pliny  accoriled  the  invention  of  the  loom  to  the 
Egyptians.  The  Israelites  carried  with  them  the 
art  of  weaving  when  they  left  Egypt,  and  in  Leviti- 
cus (chap.  xiii. )  the  warp  and  the  woof  of  linen  and 
woolen  fabrics  are  fairly  distinguished. 

The  finest  of  the  linen  mummy-cloths  of  the  an- 
cient Egyptians  —  specimens  of  which  may  still  be 
found  —  have  about  140  threads  to  the  inch  in  tlie 
weft  and  about  64  in  the  warp. 

The  looms  of  Egypt  are  shown  abundantly  in  the 


tombs,  and  the  web  was  either  liorizontal  or  perpen- 
dicular ;  the  former  are  shown  at  Bcni  Hassan,  the 
latter  at  Thclies.  The  woof  was  sometimes  pushed 
upward,  sometimes  tlownward.  The  ^iroduct  was 
check  or  plain.  The  shuttle  was  not  usual,  but  the 
tilling  was  pushed  through  the  shed  by  a  stick  or 
hooked  rod.  Wilkinson  says  that  some  of  the  col- 
ored patterns  of  the  Egyptian  cloths  were  worked  by 
the  loom  ;  and  others  are  the  result  of  dyeing  and 
printing  processes. 

"Colored  dresses,"  says  Pliny,  "were  known  in 
the  time  of  Homer,  from  whom  the  robes  of  triumph 
were  borrowed  ;  and  from  the  Phrygians  having  been 
the  first  to  devise  the  method  of  giving  the  same 
effect  with  the  needle,  they  have  been  called  '  I'hry- 
giones.'  But  to  weave  cloth  with  gold  tliread  was 
the  invention  of  an  Asiatic  king,  Attains,  from 
whom  the  name  'Attalic'  was  derived;  and  the 
Babylonians  were  nio.st  noted  for  their  skill  in  weav- 
ing cloths  of  various  colors." 

It  reminds  one  of  the  "  jircy  of  divers  colors  of 
needlework  on  both  sides,"  in  the  famous  Hebrew 
song  more  than  thirteen  centuries  before  Pliny,  and 
of  till'  "goodly  Babyloni.sh  garment"  secreted  by 
Achan  from  the  spoils  of  Ai,  ],,''>{I0  years  before  the 
erudite  lioman  made  his  miscellaneous  collection  of 
curiosities. 

A  specimen  of  an  ancient  Egyptian  rug  in  the  pos- 
session of  Mr.  Hays  is  dcsiribcd  by  Wilkins(m  us 
made  of  woolen  threads  on  linen  string's,  having  a 
central  figure  in  white  on  a  green  ground,  a  border 
of  red  and  blue  lines,  and  the  remainder  of  it  a 
ground  of  yellow  with  figures  and  ornaments  in  red, 
white,  and  blue.  This  is  but  11  x  S)  inches,  and  may 
be  ncedlc\\'oj-k  on  linen  canvas,  with  one  set  of 
linen  .strings  pulled  out,  and  it  cannot  lie  relied  upon 
as  illustrative  of  loom-work;  though  interesting  as 
emhroidcrij. 

Pugs  and  mats  were  the  earliest  form  of  carjiets, 
and  the  early  notices  of  them  are  frequent  and  in- 
teresting.    (See  C'AnPET. )     Pliiiv  says  :  — 

"Thick  flocky  wool  has  been  esteemed  for  the 
manufacture  of  carpets  from  the  very  earliest  times. 
It  is  (juite  clear  fiom  what  we  read  in  Homer,  that 
they  were  in  use  in  his  time.  The  Gauls  embroid- 
ered them  in  a  different  manner  from  that  which  is 
practiced  by  the  Parthians.  AVool  is  compressed, 
also,  for  making  a  felt,  which,  if  .'■oaked  in  vinegar, 
is  capable  of  resisting  iron  even  ;  and,  what  is  still 
more,  after  having  gone  through  the  la.st  process, 
wool  will  even  resist  fire  ;  tlie  refuse,  too,  when 
taken  out  of  the  vat  of  the  scourer,  is  used  for  mak- 
ing mattresses,  an  invention,  I  fancy,  of  the  Gauls." 
"The  ciaiisripa  [a  thick  cloth,  sh.iggy  on  one  side, 
and  used  for  coverlets  and  cloaks]  has  been  brought 
into  use  in  my  father's  memory,  and  1  myself  recol- 
lect the  amp/uinailn  [najipcd  on  both  sides]  and  the 
long  shaggy  apron  [rtnlra/i]  being  introduced  ;  but 
at  the  present  day,  the  laliclavc  [Ijroad-striped]  tu- 
nic is  beginning  to  be  manufactured  into  an  hiiita- 
tion  of  the  r/ausapn." 

"  'Varro  [50  B.  c]  informs  us  that  he  himself  was 
an  eyewitness  that,  in  the  tem|ile  of  Sancu.s,  the  wool 
was  still  |u-e.served  on  the  ilistalf  and  sjiindle  of  Tana- 
quil  [wife  of  Tarqninius  I'riscus,  (lit;  b.  c,  and  a 
native  of  Etruria],  who  was  also  called  Caia  Ciecilia  ; 
and  he  says  that  the  royal  waverl  [watered]  toga  for- 
merly worn  by  Servius  Tullius  [578  E.  c],  and  now 
in  the  tem]ile  of  Fortuna,  was  made  by  her.  Tana- 
quil  was  the  first  who  wove  the  straight  tunic  [funi- 
m  redn,  woven  in  a  per|iendiciilar  loom].  Such  as 
our  young  people  wear  with  the  white  toga  ;  newly 
married  women,  also.  Waved  [loidu/nta,  watered] 
garments  were  lirst  the  most  esteemed  of  all,  after 
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wiiicli  tliose  formed  of  vaiious  colors  came  into  vogue. 
Fenestella  iuform.s  us  tliat  toops  with  a  smooth  sur- 
face, as  well  as  the  Plirygiau  togas,  began  to  be  used 
in  the  latter  part  of  the  reign  of  Augustus.  The 
prdcjrJa  had  its  origin  anioug  the  Ktriirians." 

"The  method  of  weaving  with  more  than  one 
thi'ead  was  invented  at  Alexandria.  These  cloths 
are  called  jioUmitci ;  it  was  in  Gaal  that  they  were 
first  divided  into  checkers." 

Pliny  gives  the  Gauls  good  credit,  — checker-work 
weaving,  the  reaping-machine,  beer  of  malt,  bread 
raised  by  yeast,  sieves  of  horsehair,  embroidered 
rugs  ;  but  all  trayis  Padanus  (Po)  seems  to  have 
been  Gaul  with  Pliny. 

The  Greeks  and  Romans  had  looms  in  which  the 
warp  was  horizontal,  and  othei's  in  wliich  it  was 
vertical,  so  that  the  weaver  sit  at  work.  The  bo.v- 
woDd  shuttle  was  of  the  modern  shajie,  pointed  at 
each  end,  and  had  a  cavity  in  whi -h  the  woof-thread 
was  wound  on  a  stationary  ])iin  or  ipiill,  or  on  a  bob- 
bin which  revolved  as  the  yarn  unwound,  and  passed 
through  a  hole  in  the  side  of  the  shuttle. 

The  threads  of  the  warp  were  decussated  by  a  stick 
(aruiido),  which  divided  the  threads  alternately,  and 
the  respective  sets  were  passed  through  the  loops  of 
the  leashes  (licice)  of  the  harness  ;  the  lea.shes  of  a 
given  set  being  attached  to  a  straight  rod  called  a 
liciUorium.  The  shnjilest  f jr.Ti  had  one  set  of  leash- 
es, which  alternately  raised  and  d^'pre&sed  its  set  of 
threads  above  and  b?low  the  intervening  threads. 
The  number  of  sets  of  leashes  was  iucreased  accord- 
ing to  the  complexity  of  the  pattern.  The  woof- 
thread  was  beaten  up  to  compact  the  fabric  by  a 
sword  {spitha)  or  a  comb  (pcclcn),  like  the  modern 
rc::d. 

Tile  term  polimiti,  signifying  "many  leashes," 
and  the  referMi.'e  to  it  by  Pliny,  indicate  that  the 
Greek  and  Riman  liorns  had  harness  in  which  the 
leashes  were  arranged  in  .sets  to  weave  twills  or  pat- 
tern.?, which  the  Latin  terms  bilcx,  Inlc.e,  and  the 
Greek  dimilus,  trinitos,  pjlimitos,  alluding  to  the 
degree  of  complexity  of  thi  system,  fully  conlirm. 

What  the  Gr.  i^axiTov,  or  six-thrcadcd,  may  have 
been  it  is  not  easy  to  tell  ;  but  the  word  is  used  in 
connection  with  a  sprig  or  ornament  produce  1  in  the 
texture  at  regular  intervals,  and  it  is  probable  that 
it  was  a  si.x-part  harness,  Uoating  the  woof  to  make 
a  pattern.  The  name  came  down  through  the  ages 
as  ^dii-.Tov,  Lit.  saiiiifuiii,  O.  Fr.  sxinct,  Ger.  simnwt, 
Sp.  xamctiy  It.  sciamito,  and  in  oar  own  archaic,  — 

"  So  flashed  and  fell  the  brand  Excaiibnr : 
But  ere  he  dipt  the  surfice,  ro-*e  an  arm 
Clothel  in  whiie  S'tmite,  mystic,  wonderful, 
And  caught  him  by  the  hilt.'' 

The  arts  of  dressing  flax  and  wool  were  known  in 
Britain  ]>revious  to  the  conquest  by  Ctesar,  who 
states  that  the  art  of  wearing  was  not  known  by 
the  islanders.  However  this  may  be,  an  imperial 
manufactory  of  woolen  and  linen  cloth  for  the  use 
of  the  Komau  army  in  Britain  was  established  at 
Venta  Bulgarum,  since  called  Winchester.  In  Bish- 
op Aldhelm's  book,  A.  P.  6S0,  in  an  essay  on  char- 
acter, occui"3  a  simile  from  the  art  of  figure-weaving, 
in  which  he  refers  to  a  "web  woven  by  shuttles, 
tilled  with  threads  of  purple  and  many  other  colors, 
flying  from  side  to  side,  and  forming  a  variety  of 
figures  and  images."  A  famous  specimen  of  em- 
broidery of  this  character  is  preserved  in  the  Cathe- 
dral of  Bayeaux.  It  is  a  piece  of  linen  alwut  19 
inches  in  width  and  67  yards  iii  length,  containing 
the  history  of  the  conipiest  of  England  by  William 
of  Normandy.  It  is  supposed  to  have  been  executed 
by  ^Matilda,  wife  of  William,  and  the  ladies  of  her 
court.     Its  beauty  is  principally  needlework. 


The   annexed  cut   is  from   Erasmus's   book,   the 
'  Praise  of  Folly,"  and  shows  the  lady  of  the  house 


A  Ladye  at  her  Loom. 

at  her  loom.     The  cloth-beam,  shuttle,  and  harness 
are  clearly  shown. 

"  ^Vh::t  need  we  name  the  pev^ral  kinds  of  looms? 
Tho^  delicate,  to  who^e  f;iir-colour"d  threjids 
Hanj  fiiur'd  wei^rhts,  who.ce  various  numbers  guide 
The  artist's  band  :  he.  unseen  flow'rs.  and  trees, 
And  Tales,  and  azure  hills,  unerring  works  " 

Dteb,  T/it  Fhtct,  1757. 

Toward  the  close  of  the  eleventh  century,  the 
weavers  in  the  large  towns  of  England  were  foi'med 
into  guilds  or  societies. 

In  the  reign  of  Richard  I.  (1197)  a  law  was  passed 
for  regulating  the  fabiication  and  sale  of  cloth. 

Edward  111.  encouraged  the  immigration  of  weav- 
ers and  cloth-makers,  but  the  art  does  not  seem  to 
have  flourished  in  England  as  it  did  on  the  Conti- 
nent, as  wool  continued  to  be  a  staple  article  of  ex- 
port. 

During  the  persecutions  of  the  Duke  of  Alva  in 
Flanders,  in  the  sixteenth  century,  many  Flemi.sh 
weavers  settled  in  England,  and  introduced  or  juo- 
moted  the  manufacture  of  baizes,  serges,  crapes,  and 
other  descnptions  of  stufls.  The  revocation  of  the 
Edict  of  Xantesin  16S5(gianted  to  the  French  Prot- 
estants bv  Henrv  IV.  in  159S,  confirmed  bv  Louis 
XUI.  in"  1610,  and  by  Louis  XIV.  in  1652),  by 
Louis  XIV.  drove  from  France  many  ingenious 
artisans,  who  carried  with  them  to  England  and 
other  countries  the  arts  of  silk  working,  making 
crystal  glass,  jeweliy,  etc. 

In  weaving  plain  cloth  the  threails  which  run 
lengthwise  of  the  fabric  constitute  the  trarp.  Those 
in  the  direction  of  the  width  are  called  the  weft, 
woo1\  shoot,  or  tram. 

The  warp  is  divided  into  two  parts,  each  contain- 
ing an  alternate  thread,  which  are  alternately  raised 
and  lowered,  allowing  the  weft-tlireail  to  pass  be- 
tween them  through  a  space  termed  the  shed. 

The  principal  working  parts  of  the  hand  and  pow- 
er loom  are  the  same,  comprising  a  frame,  at  one  end 
of  which  is  the  beam  or  yarn  roll,  on  which  the 
warp-threails  are  wound,  and  at  the  other  the  cloth- 
beam  on  which  the  finished  cloth  is  wound.  The 
means  for  paying  off  the  yarn  from  one  beam  and 
winding  the  cloth  on  to  the  other  are  known  as  the 
let-off  imA  trtl.-e-vp  respectively. 

Each  half  of  the  warp  is  alternately  raised  and 
lowered  bv  means  of  the  licalds  or  hedd-lcs,  threads 
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liaving  liiops  :it  thi'ir  lowci'  ends  and  attiiuhctl  above 
to  two  liuri/ontal  roils  coinieL-tfil  hy  a  pulli^y,  tlii' 
whole  colk'itivuly  coustitiitiiif;  tliB  hariuss,  so  that 
when  one  healil  rises  the  other  falls.  Kach  warp- 
thread  passes  llirough  one  of  these  loops.  Tin!  warp- 
threads  also  pass  thiough  the  dciUs  or  teeth  of  a  real 
at  tile  lower  part  of  a  movable  swing-franu!  ealled 
the  /athe,  laij,  or  batten,  whieh  beats  home  and  com- 
paets  the  war|)-threads  as  the  work  ]ii'o^resses. 

The  liottoni  uf  this  frame  has  a  projeeting  ledge, 
forming  a  path  fur  the  shuttle  which  contains  a  cop, 
on  whieh  the  weft-yarn  is  wound. 

Tlie  shnttle  in  hand-looms  is  thrown  across  the 
race  by  hand  or  by  means  of  the  flu.  When  the  lat- 
ter is  used  the  two  ends  of  tlie  shuttle-race  are 
closed,  so  as  to  form  a  trough  in  whieli  two  pieces 
of  wood,  calleil  ijickers  or  peckers,  are  caused  to  move 
along  wires.  A  string  from  each  picker  is  attai.'hed 
to  a  handle  whiidi  the  weaver  holds  in  his  right 
hanil,  and  by  means  of  a  smart  jerk  he  propels  the 
shuttle  back  and  forth  along  the  race.  The  weaver 
is  seated  at  the  end  of  the  loom  ne.xt  the  cloth-beam, 
and  by  pressing  «itli  his  foot  on  one  of  two  treadles 
he  raises  one  of  the  heulils,  and  with  it  one  set  of 
warp-threads.  The  shuttle  is  then  thrown,  passing 
through  the  shed  between  the  two  sets,  and  the 
weft-thread  is  driven  home  by  the  batten,  whic'.i  the 
weaver  guides  with  his  left  hand.  The  other  treadhi 
is  now  di'presseil,  raising  tlie  other  set  of  warp- 
threads,  the  shuttle  thrown  back  to  its  first  posi- 
tion ami  the  wel't-tliiTad  beaten  home  as  before.  In 
this  manner  the  wi'ft-thread  is  causinl  to  pass  al- 
ternately above  and  below  the  threads  of  each  of  the 
two  sets  composing  the  warp  until  the  work  is  com- 
pleted. When  a  few  inches  of  cloth  are  woven  it  is 
wound  npon  the  cloth-beam. 

In  order  to  prevent  the  idoth  from  contracting  in 
breadth  liefore  being  wound  on  the  cloth-ljeam,  two 
pieces  of  wooil  with  sharp-pointed  ends,  whieh  are 
inserted  in  the  selvage  of  the  cloth,  arc  emidoyed. 
This  stretcher  is  called  a  temple. 

Previous  to  being  wound  on  the  yarn-beam,  the 
war[i-yarns  rc([uire  to  be  laid  side  by  side  in  one 
plane.  This  is  eft'ected  by  a  device  called  the  \V.\1U>- 
IN«-Mii,L  (which  see). 

lu  Fig.  2937  is  shown  au  improved   hand-loom, 

Fig.  2997. 
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operated  by  a  iTank   on  the  shaft  //.     The  warp- 
roller  is  at  the  left  and  the  cloth-roller  at  the  right 


of  the  nuichine.  The  harness-frame  carries  four 
heddles,  which  are  actuated  Ijy  the  revolution  of  the 
cams  A /i,  acting  on  levius// connected  to  the  hed- 
dles. L  is  the  shnttle-bo.\  on  the  lay,  and  T  the 
breast-bcani.  A  lly-wheel  on  the  same  shalt  with 
the  cams  eiiualizes  the  motion.  The  cams  are  .so  ar- 
ranged on  tlie  shaft  as  to  act  in  the  re(iuired  consecu- 
tion to  proiluce  the  twill  or  Jiattern  re(|uiri'd,  and  by 
imreasiiig  the  number  of  cams  and  heddles  a  varie- 
gated recurrent  pattern  of  considerable  complexity 
may  be  prodnced.  The  revolution  of  the  crank 
gives  all  the  motions  of  the  machine,  —  heddles, 
shuttle,  and  batten.  (See  Hani>-i.oom.)  In  other 
forms  of  hand-looms  tlie  motions  are  derived  from 
the  vibration  of  the  batten. 

A  positive  niotion  has  been  given  to  the  shuttle 
in  place  of  the  lly  motion,  on  several  occa.sions. 
Once  in  Greenough's  circular  loom,  and  again  in  Ly- 
all's  reei]>rocatiiig  loom.  In  the  latter  case,  the 
shuttle  is  conveyed  through  the  shed  by  a  carriage 
which  is  impelled  by  cords,  wliii  h  are  wound  ujion 
a  reciprocating  drum  beneath  the  frame.  The  car- 
riage and  the  shuttle  have  rollers  which  move  in 
contact  with  the  yarn,  so  as  to  have  a  rolling  but  no 
rubbing  action.  The  rotary  motion  of  the  rollers  in 
the  carriage  is  transmitted  through  the  warp  to  the 
lower  rollers  of  the  shuttle,  as  the  thieads  of  the 
wai'p  pass  between  the  two. 

The  earjiest  iiowei--loom  on  record  was  contrived 
by  a  French  naval  oHicer,  W.  de  tiennes,  and  is  ile- 
•scribed  in  the  "Journal  des  b'ljavan.s,"  1078.  The 
inventor  claimed  that  a  single  mill  could  give  mo- 
tion to  10  or  12  looms,  and  that  cloth  <'onld  be  made 
by  their  means  much  wider  than  by  tlie  ordinary 
loom  then  in  use.  It  does  not  a)ipear  to  have  been  a 
practical  working  apjiaratus,  and  ncvi»r  came  into  use. 

We  are  indebted  to  Dr.  Edmund  Cartwright  for 
the  first  practical  power-loom.  He  was  a  minister 
of  the  gospel,  and  unacquainted  \\\t\\  mechanics  ;  but 
had  his  attention  turned  to  the  subject  by  a  re- 
mark, that  when  Arkwright's  patents  expired  .so 
many  jiersons  would  go  into  the  spinning  business 
that  no  hands  would  be  found  to  weave  the  cotton. 
He  declares  that  his  iirst  attempt  was  a  most  rude 
piece  of  machinery.  "The  warp  was  jdaeed  }ier- 
pendicnlarly,  the  reed  fell  with  the  weight  of  at 
least  half  a  hundred  weight,  and  the  .s]irings  which 
threw  the  shuttle  were  strong  enough  to  have  thrown 
a  C'ongreve  rocket."  It  required  the  power  of  two 
men  to  work  it.  He  secured  his  ]iatent  April  i, 
1785.  He  then  went  for  the  first  time  to  see  how 
other  people  wove,  and  was  astonished  at  the  com- 
parative clumsiness  of  his  own  contrivance.  He 
went  on  improving,  and  took  out  his  last  jiatent  1787. 
He  met  with  the  trouble  incident  to  great  inventors, 
—  an  ignorant  populace  and  rich  iiirates.  He  spent 
£  30,000  in  his  endi'avors  to  perfect  his  loom,  and  in 
1808  received  a  rarliamentary  grant  of  £10,000  for 
his  great  national  sei'vices.  On  this  sum  he  retired 
to  a  farm  in  Kent,  and  sjient  his  declining  years  in 
eonifort,  occaionally  trotting  out  his  hobbies.  He 
died  in  1823,  aged  80.  ' 

8team  was  applied  to  liis  looms  in  1807. 

Fig.  2998  shows  the  working  parts  of  a  power- 
loom,  the  framing  being  omitted. 

.The  warp  a  is  wound  u]:on  the  waip-beam  b,  and, 
passing  over  the  roller  e,  is  carried  through  the  two 
iiealds  d  d,  which  alternately  raise  and  lower  the 
two  sets  of  warp-threads,  fVjrmiiii;  the  shed  for  the 
passage  of  the  shuttle.  The  shuttle  is  driven  along 
the  shuttle-race  e  by  a  kind  of  hammer/,  woj'ked  by 
a  lever  (/  moving  through  a  small  arc  of  a  circle.  The 
tini.shed  cloth  is  kejit  tight  by  the  temples  h,  a  por- 
tion being  wound  on  the  cloth-beam  /  i. 
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Fig.  299S- 


Working  Parts  of  a  Power-Loom. 

In  the  iiower-loora,  five  distinct  actions  are 
performed  by  .steam-iiower. 

1.  Raising  and  lowering  alternately  the  two 
sets  of  warp-threads. 

2.  Throwing  the  shuttle. 

3.  Driving  up  each  weft-threaj  after  the 
shuttle  is  thrown. 

4.  Unwinding  the  warp  from  the  beam. 

5.  .AVinding  the  cloth  on  the  cloth-roller. 

An  arrangement  is  also  introduced  for  stop- 
ping the  loom  when  a  thread  breaks,  when 
the  shuttle  sticks  in  its  passage,  or  wljen  the 
yarn  on  the  cop  contained  in  the  sliuttle  has 

run  out.     This  may  be  cfTeeted  in  various  ways,  dc-  I  is  the  frame,  c  is  the  warp-beam,  and 
pending  on  the  nature  of  the  loom.  beam  ;  k  w,  the  lay.     The  heddlcs  are 

Fig.  2999  represents  an  improved  power-loom,     a  '  cams  h  acting  on  the  levers  rj,  to  wl: 


c  the  cloth- 
actuated  by 
licli  they  are 


Warpjng~MiU^  ^yinding•Machinrf  and  Poh 


connected.     On  the  same  shaft  is  the  scroll-cam  iv', 
in  which  traverses  a  roller   imparting  a  vibratory 

Fig.  3001. 


motion   to  the  lay, 
shuttle. 


Looms  for  "  Domestic  "  Cottons  and  for  Linens 


in  which  is  a  raceway  for  the 


Fig.  3000  is  a  per.spec- 
tive  view  of  a  iimrping- 
viachine,  wivdinrf .  ma- 
cJiinr,  and  a  loom  for 
light  and  medinm  cotton 
goods. 

Fig.  3001  is  a  perspec- 
tive view  of  two  looms, 
one  for  "  domestics  "  and 
heavy  cotton  goods,  the 
other,  on  the  right  of  the 
pictui'e,  for  linens. 

With  the  modern  pow- 
er-loom, the  cost  at  Man- 
chester of  weaving  a  piece 
of  cotton  cloth  25  inches 
wide,  29  yanls  long,  and 
11  picks  per  J  inch,  is 
estimated  at  lOJ  cents. 
One  person   can   attend 
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to  two  or  tliiee  looms,  and  each  loom  produces  26 
pieces  of  such  cloth  per  day. 

On  the  old  liaiid-looiii  of  1800,  one  man  would 
attend  to  one  loom,  and  would  produce  4  pieces  at 
an  expense  of  tJti  cents  each. 

In  plain  cloths  the  warp  and  welt  threads  are  of 
about  eipuil  fineness.  Yarns  of  two  ditt'erent  sizes 
introduced  into  tlie  web  produce  a  sort  of  striping;. 
When  the  warp  and  weft  threads  are  of  ditferent 
colors  a  shot  pattern  is  produced. 

Striped  patterns  are  formed  by  introducing  at 


regular  intervals  the  different  colored  threads  re- 
quired ;  checks,  by  inserting  ilirt'erent  colored  threads 
at  proper  distances  in  the  warp  and  crossing  them 
in  tlie  weft  by  threads  of  the  desired  color  in  sulti- 
cient  number  to  give  tlie  desired  width. 

In  twills,  each  weft-thread  does  not  cross  alternate 
warp-threails,  but  only  the  recurrent  third,  fourth, 
lifth,  or  sixth,  the  required  number  being  inserted 
througli  eai'h  lieald.     See  Twill. 

I'iled  work,  as  velvet,  velveteen,  fustian,  or  piled  ■ 
carpet,  is  formed  by  introducing  a  third  thread,  previ- 


Flg.  3002. 


Figure-Loom, 


onsly  looped  by  weaving  it  over  wires  the  breadth  of 
the  fabric.  In  some  kinds  these  are  cut  (rat  with  a 
knife,  in  others  they  are  simply  withdrawn  from  the 
loops. 

One  mode  of  making  goods  in  patterns  of  colored 
figures  is  by  means  of  a  variety  of  shuttles,  each 
carrying  its  own  colored  thread.  These  shuttles  are 
arranged  in  a  box  whioh  may  be  raised  or  lowered, 
so  as  to  bring  tlie  required  shuttle  opposite  to  the 
picker  which  drives  througli  the  shed.  This  motion 
of  the  shuttle-box  is  obtained  by  means  of  a  P.\r- 
TERN-wiiEEL  or  Pattehn-chain  (which  see). 


Figures,  previous  to  the  invention  of  Jacquaid, 
were  formed  in  the  dratr-lomn. 

In  this,  the  warp-threads  were  arranged  in  sepa- 
rate grcnips  so  disposed  as,  in  conjunction  with  the 
weft-thrends,  to  form  the  figures.  The  jiroper  suc- 
cession of  the  weft-threads  as  to  color,  etc.,  was  ar- 
ranged by  the  weaver,  several  shuttles  being  em- 
ployed, if  necessary.  For  this  purpose,  a  pattern- 
card  was  proviiled,  to  which  the  workman  could 
ennstantly  refer.  Each  set  of  war])-threads  was 
attached  to  a  handle  by  which  they  were  drawn  up 
at  the  proper  time  by  an  attendant  called  a  draw- 
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hoy.  This  involved  liability  to  mistakes,  deranging 
the  pattern,  and  to  obviate  this  a  mechanical  diuw- 
boy  was  invented. 

Jacijuard's  ingenious  invention  superseded  this, 
producing  an  entire  levolutiou  in  the  art  of  tigm-e- 
vveaving. 

Joseph  JLiria  Jacquard  was 
born  at  Lyons,  1752  ;  invented 
his  loom  for  weaving  figured 
fabrics  in  ISOl  ;  and  died  at 
Orleans  in  1834. 

The  action  of  the  Jacquard  in 
producing  patterns  upon  fabric 
may  be  briefly  described  as  fol- 
lows :  — 

To  the  oriliuarj'  looms  perfo- 
rated cards  are  added,  through 
which  certain  needles  pass,  caus- 
ing the  threads  to  rise  and  fall, 
according  to  the  holes  in  the 
cards,  thus  reproducing  upon  the 
tissue  in  the  loom  the  jiattern 
which  is  perforated  in  the  card. 
See  Jacquaud  Loo.m. 

Fig.  3002  is  a  view  of  an 
English  power-loom  for  fancy 
weaving,  having  what  is  called 
a  dobbij,  with  the  harness  con- 
trolling mechanism. 

The  pattern  -  chains  d  are 
mounted  in  a  frame  at  the  top 
of  the  loom,  and  in  their  move- 
ment their  pins  act  on  vertical 
hooked  wires  or  jacks  c,  con- 
nected with  a  series  of  coupled  levers  e,  connected  in 
turn  with  the  harness-frames  /'.  A  rocking  frame 
a  at  the  top  of  tlie  loom,  provided  at  its  opposite 
ends  with  cross  or  griff  knives  or  bars  b,  engages  the 
hooked  wires  selected  by  the  pins  of  the  pattern- 
Fig.  3003. 


satin   checks,   etc.,    may  be  produced.      The  loom 
also  shows  changeable  shuttle- boxes. 

One  example  of  (.'rompton's  looms  is  given  in 
Figs.  3003  and  3o04,  the  former  being  an  end  eleva- 
tion and  the  latter  a  front  elevation. 

Fig.  3001. 


^^;ri 


Crompton's  Figure-Loom  {End  ElevaXion) 


chains,  and  raises  the  harness-frames  necessary  to 
produce  the  pattern:     Plain  and  fancy  twills,  spots. 


Crompton's  Loom  {Front  View). 

'  The  harness-frames  c  are  attached  by  cords  or 
wires  to  horizontal  top  and  bottom  levers  d,  whose 
opposite  ends  are  connected  by  means  of  notched 
jacks  /and  wires  <j.  The  notched  jacks  are  moved 
by  pins  on  a  pattern-cylinder  n,  so  that  their  notch- 
es are  engaged  by  either  the  lifter  or  depressor  h  i, 
to  raise  or  lower  the  harness-frames.  This  loom 
has  also  shifting  shuttle-boxes,  and  the  box-lever 
is  moved  bv  a  star  cam. 

On  the  left  of  Fig.   3004,  Fig.  3005. 

one  of  the  jacks/  is  .shown  on 
an  enlarged  scale  to  exhibit 
the  notches  more  clearly. 

In  another  variety  of 
Crompton's  loom  (Fig.  3005), 
vertical  levers  pivoted  at  the 
side  are  connected  at  bottom 
and  top  to  the  heddle  or  har- 
ness-frames by  cords,  and 
notched  jacks  pivoted  to  such 
vertical  levers  and  controlled 
by  a  pattern-cylinder  are  en- 
gaged by  bars  which  move  the 
levers  and  open  the  shed,  these 
bars  acting  as  lifters,  de- 
pressers,  and  eveners.  The 
figure  shows  the  motion  work 
merely. 

In  Short's  loom  for  weav- 
ing fabrics  of  any  width,  the 
shuttles  are  carried  through 
the  shed  by  a  belt  having  a 
continuous  motion.  This  is 
supported  on  a  carriage  with 
small  anti-friction  rollers 
tiaversing  the  raceway  when 
it  is  swung  as  a  batten.  A 
shuttle  is  engaged  by  a  lug 

on  the  belt  and.-after  crossing  cVo^pto,,',,  Loom  (Shea- 
the  shed,  deposited  in  a  chau-  ding  Motion). 
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shuttle  aud  carries  it  across  in  tlie  opfiosite  direc- 
tion. 

The  number  of  patented  inventions  relatinf;  to 
looms  and  their  a]ipliances,  both  in  this  eountry  and 
England,  many  of  them  of  slight  importance,  is  too 
great  to  give  even  a  brief  idea  of  here.  Some  of  the 
more  important  will  be  found  under  their  specific 
heads.     See  Weavin'G.  . 

2.  (yaatical.)  The  part  of  the  length  of  an  oar 
inside  the  gunwale  in  rowing.  In  contradistinction 
to  the  bladf. 

Loom-card.  (IVeaviii^.)  A  pierced  pattern- 
card  for  Jan|u.u'd  weaving. 

Loom-har'ness.  (ireni-in;/.)  Tliat  portion  of 
the  loom  liy  whieli  the  warp-tlireads  are  moved  to 
make  the  decnssiition,  forming  the  shed  in  whicli 
the  shuttle  travels  and  leaves  the  weft-thread.  The 
harness  has  heddles  with  loops  tor  the  warps,  and  a 
part  are  I'aised  above  the  others,  either  in  regular 
alternation  for  plain  weaving,  or  in  other  order,  ac- 
cording to  the  ]iattern.     See  Loom  ;  Twill. 

Loom  -  shut'tle.  One  for  carrying  the  weft- 
thread  through  the  shed  formed  by  the  decussation 
of  the  warp.     An  orifice  is  made  through  the  shuttle 
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in  line  with  the  yarn-eye,  and  another  through  the 
bottom  at  the  same  distance  from  the  end.  There 
are  many  varieties. 

Loon'ghie.  (Fabric.)  A  silk  and  cotton  cloth 
of  rich  color,  made  in  Sinde,  in  pieces  about  4  yards 
long  and  2  feet  wide. 


Loop. 


1.   (ilaehinenj.) 
Fig.  300". 


Loojis  and  Loop-Holder: 


slotted  bar  which 
fonnsaguideand 
limit  to  the  mo- 
tion of  an  object. 

2.  A  sleeve  or 
collar  ft,  as  that 
ufion  the  middle 
of  a  neck-yoke. 

3.  {Xautlcal.) 
e,  a  bastard  loop  ; 
a  rope  stopped 
with  yarns. 

/  is  a  loop  for 
slipping  other 
lines,  acting  as  a 
fair-leader. 

g,  a  bend  stop- 
ped with  seizings. 


4.  A  hinge  of  a  door  or  gate. 

5.  A  panel  of  bars  joined  together  like  a  gate,  to 
be  removed  in  and  out  at  pleasure. 

6.  {TelcgrnpJiy.)  A  wire  going  out  and  returning 
to  the  same  point,  as  to  a  branch  office,  and  forming 
a  part  of  a  main  circuit. 

7.  {Mctallureiii.)  A  mass  of  iron  gathered  into 
a  ball  on  the  Hoor  of  a  reverberatory  furnace,  and 
in  a  pasty  condition  ready  for  the  tilt-hanmier  or 
rolls. 

It  is  conveyed  by  dragging  on  the  iron  plates 
which  form  a  track  on  the  floor,  or  in  a  little  truck 
called  a  ball-trnllij.     A  loup. 

Loop'er.  A  perforated  blade  or  bodkin  for  in- 
serting the  end  of  a  carpet-rag  through  the  end  of 
another  piece,  looping  them  together  to  avoid  the 
trouble  of  sewing. 


Loop-hold'er.  A  carriage-iron  (6  c  d.  Fig.  3007) 
by  whieli  the  looj)  of  a  strap  is  attached  to  running- 
gear  or  tile  lied. 

Loop-hole.  (ForiifiaUion.)  An  aperture  or  slit 
in  a  ^tiirkade  or  other  defense,  from  whence  mus- 
ketry may  be  fired  at  assailants.  Jlaehiolation,  em- 
battiemeiit,  embrasure,  crenelle. 

Loop-line.  1.  {liailway  £}igincering.)  A  con- 
necting line  of  railway  ;  one  running  into  the  trunk. 

2.  (Telcgraplnj.)  A  wire  going  out  anil  returning 
to  the  main  circuit.      A  loop. 

Loos'en-ing-bar.  (Foundhuj.)  A  stiff  liar  with 
a  point  or  screw  which  stands  in  a  hole  in  the  pat- 
tern, and  extends  upward  through  the  toj)  box. 
After  ramming  up.  and  before  lifting  the  top  part, 
this  liiir  is  struck  alternately  from  opposite  sides 
with  a  short,  heavy  ]iiece  of  iron,  so  as  to  loosen  the 
pattern  slightly  in  the  sand,  after  which  it  is  re- 
moved. This  operation  facilitates  the  separation 
of  the  sand  from  the  pattern,  and  lessens  the 
amount  of  mending  required.     See  Molding. 

Loose-puI'ley.  (Mne/iinrri/.)  A  jmlley  run- 
ning loosely  on  tlie  slial't,  and  receiving  the  belt  from 
the  fasl-puUey  when  the  shaft  is  to  be  disconnected 
from  the  motor. 

Lo'per.  (Rope-making.)  The  swivel  at  the  end 
of  a  ropewalk  remote  from  the  n-Jiirl,  and  to  which 
the  ends  of  the  yarns  are  attached  when  laying  up 
several  yarns  into  a  rope.  As  the  twisting  proceeds, 
beginning  at  the  remote  end,  the  top  wliieh  holds 
the  strands  apart  is  gradually  advanced  towards  the 
«7i  iri. 

Lop'ping-axe.  A  light  axe  used  for  trimming 
trees.  The  term  may  be  considered  as  in  contradis- 
tinction to  feUing-nxe  or  logging-axe. 

Lop'ping-shears.  A  pair  of  heavy  shears  for 
trimming  bushes,  hedges,  etc. 

Lor'cha.  {Xautical.)  A  light  Chinese  coaster 
having  a  hull  of  Eurojiean  model  and  Chinese  mast- 
ing and  rigging. 

Lor-gnette'.     An  opera  or  spy  glass. 

Lor'ry.  A  handcart  used  on  tramways,  in  mines, 
or  at  railway  stations. 

Losh-hide.    An  oiled,  undressed  hide. 

Lost-mo'tion.  The  difference  in  the  motion  of 
a  driver  and  a  driven  part,  owing  to  looseness  of  fit 
of  boxes,  the  connecting  portion,  or  slip  of  belt. 

Lounge.     A  sofa  with  a  back  and  one  end. 

Lou'vre.  (Architeeture.)  a.  A  turret  on  a  roof 
for  the  escape  of  smoke  or  steam.     A  lantern. 

h.  Sloping  boards  overla]i|iing  each  other,  with  a 
space  between  for  ventilation.  Also  called  luffcr- 
hoarding  :  loiivrc  or  lii^fer  window  or  work. 

LoTV-bell.  1.  A  bell  used  to  slightly  alarm 
birds  and  cause  them  to  lie  qniet,  until  they  are 
flushed  by  a  sudden  noise. 

2.    A  sheep-hell. 

Lovsr-blast  Fur'nace.  A  metallnrgie  furnace 
in  which  the  air  of  the  blast  is  delieered  at  moder- 
ate pressure. 

LoTv'er  An'chor.  {Xautical.)  One  down  stream 
for  aiieliniing  lioats. 

Low'er  Case.  (Printing.)  a.  The  case  stand- 
ing below  the  upper  case  which  contains  the  capi- 
tals, etc.  The  lower  case  has  the  small  letters,  the 
points,  and  .some  other  sorts. 

b.  Tlie  letters  belonging  to  said  case. 

LoTW'er  Deck.     See  I)i;rK. 

Low'er-ing.  (Printing.)  A  depression  of  the 
face  of  a  type  or  woodcut  to  cause  it  to  print  light- 
er. The  removal  of  the  thickness  of  the  tympan  in 
the  apiiro]iriate  spots  assists  in  producing  the  re- 
quired effect. 

Low-press'ure  En'gine.     (Steam-engine.)    In 
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England,  one  in  which  a  condenser  is  tised,  and 
whose  safety-valve  is  loaded  at  from  four  to  six 
pounds  to  the  sijuare  Inch.  —  Lahdnku. 

The  terms  hiijh  and  loic  pressarr  steam  were  for- 
merly held  to  mean  saturated  steam  at  a  pressure 
above  or  below  that  which  will  sustain  a  column  of 
thirty  inches  of  merourj- ;  the  boiling  heat  of  water, 
212"  of  Fahrenheit. 

The  term  low  pressure  signifies  in  this  country  a 
pressure  of  not  over  fifty  pounds  to  the  square  inch. 

Low-re-lief .  The  slight  prominence  of  a  sculp- 
tured obj-ot  from  the  plane  surface  to  which  it  is 
attacliej.     Also  known  as  basso-rilicvo. 

Low^'ry.  {Hallway  Engineering.)  An  open  box- 
Mr. 

Low-wa'ter  A-lann'.  The  devices  for  this 
purpose  m.iy  lie  el.is>el  under  lo-.ir  heads. 

1.  Those  in  which  a  Hoat  iu  the  boUcr  subsides 
with  the  water,  and  is  the  means  of  oi«>ning  a  feed- 
valve,  turning  a  steam-cock  to  the  whistle,  and  in- 
dicating on  a  dial  the.  condition  of  the  boiler. 

2.  Those  iu  which  the  subsidence  of  the  water 
uncovei-s  the  end  of  a  pil>e,  and  admits  steam  to  a 
rod  or  tube  whose  increment  of  h-iat  and  <'onsei|uent 
expansion  operate  mechanically  u])on  a  valve,  and 
allow  steam  to  pass  to  a  whistle. 

3.  Those  in  which  steam  admitted  to  a  pipe,  as 
just  stated,  melts  a  fusible  plug,  and  so  allows  steam 
to  pass  to  a  whistle. 

4.  Those  in  which  the  subsidence  of  the  water  un- 
covers the  end  ot  a  pipe  and  allows  water  to  flow 
from  a  reservoir  on  the  end  of  a  lever,  the  steam  from 
the  boiler  occupying  the  place  thus  vacated.  The 
change  of  weight  incident  to  the  substitution  causes 
the  motion  of  a  lever,  which  is  made  to  open  a 
valve  or  turn  a  stop-cock  and  emit  steam  to  the 
alarm-whistle. 

1.  Tbe  float  morcmctU. 

A.  The  float  is  attached  to  an  arm,  and  is  im- 
mersed in  water  in  the  chamber  which  communicates 
by  pipes  with  the  boiler.  Should  the  end  of  the  lower 
pipe  be  uncovered  by  the  subsidence  of  the  water  to 
that  level,  the  water  leaves  the  chaml)er  and  the 
float  falls,  depressing  the  valve  and  admitting  steam 
to  the  whistle.  When  the  Avater  rises  again,  the 
upper  valve  is  moved  to  allow  steam  to  depart,  and 
the  normal  condition  is  re-established. 

B.  The  hollow  steam-tight  case  has  a  central  hub 
and  a  sector  sp.ace,  occupied  by  the  arm  of  a  float, 
which  rises  and  falls  with  the  changes  of  level  of  the 
water  in  the  Iwiler.  An  indicator  on  the  .same  axis 
moves  with  the  float. 

C  A  float  is  placed  on  the  crank -arm  of  the  valve- 
stem,  and  rises  and  falls  with  the  changes  of  the  i 
water-level,  bringing  a  .stud  on  the  stem  against  an 
inclined  socket,  and  raising  the  valve  from  its  seat. 
This  allows  steam  to  pass  to  the  whi.'^tle. 

2.  The  thermostat  movement. 

D.  "When  the  water  subsides  below  the  end  of  the 
vertical  pijie,  which  extends  downward  into  the 
boiler,  the  water  contained  therein  is  discharged  and 
steam  substituted.  The  increased  heat,  due  to  the 
presence  of  steam,  elongates  the  thermostatic  rod  in 
the  tube  and  acts  upou  the  lever  to  lift  the  valve 
from  its  seat ;  the  steam  rushes  out  and  sounds  the 
whistle. 

E.  This  acts  similarly  to  the  foregoing,  except 
that  the  effect  is  due  to  the  expansion  of  the  steam- 
pipes  when  the  water  is  emptied  and  steam  admit- 
ted. The  lever  has  its  fulcrum  on  a  post  between 
the  pijies  ;  the  expansion  of  one  of  the  latter  de- 
presses the  valve-stem  and  withdraws  the  valve  from 
its  seat ;  the  expansion  of  the  other  pipe  withdraws 
the  seat  from  the  valve.     The  action  of  the  two  is 


cumulative.  The  passage  of  steam  sounds  the  whis- 
tle, as  in  other  devices  for  the  same  purpose, 

3.  lite  jusilile-pliui  action. 

F.  After  the  boiler  has  been  filled  to  the  water- 
line  and  put  in  operation,  the  pressure  of  the  steam 


Fig.  3008 


forces  the  water  into  tbe  pijie  and  air-chamber  e. 
As  there  can  be  no  circulation  of  water  in  the  pipe 
as  long  as  tbe  lower  end  of  it  is  under  the  water-line, 
the  dislc  d  will  continue  solid  ;  but  when  the  water 
in  the  boiler  evaporates  below  the  end  of  the  pipe  to 
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the  alarm  water-line,  then  the  water  in  it  falls  of  its 
own  weight  into  the  boiler,  and  .steam  at  once  takes 
its  jjlaei',  nielt.s  the  [ihig,  and  iiotiee  of  low  water  is 
given  by  the  sounding  of  the  wliistle. 

There  are  many  variations  of  the  fusible-plug  device, 
some  depending  upon  tlie  direet  heat  of  the  steam, 
and  otliers,  as  aliove,  upon  the  admission  of  steam 
to  a  pipe  which  is  normally  charged  with  water. 
i.  The  gravily  inovemeHt. 

G.  A  vertical  pipe  passes  into  the  boiler,  and  its 
open  end  is  at  the  level  at  which  it  is  desired  notice 
shall  be  given.  This  pipe  forms  a  communication 
between  tlie  boiler  and  a  reservoir  on  the  end  of  a 
hollow  arm  and  axis.  In  tlie  normal  condition  this 
reservoir  is  filled  with  water  ;  but  when  the  enil  of 
the  pipe  is  uncovered  by  the  subsidence  of  the  water- 
level  in  the  boiler,  the  water  runs  out  of  the  reser- 
voir and  steam  takes  its  place.  Tlie  cliange  of  weight 
ill  the  reservoir,  due  to  the  subs4tution  of  steam  for 
water,  causes  the  arm  to  be  lilteil  liy  the  *'eiglited 
lever  and  raise  the  valve  which  admits  steam  to  tlie 
whistle. 
Lo'W-wa'ter  Iii'di-ca-tor.     An  attachment  to 

a  boiler  to  show 
Fig.  3009.  pf==n?|thedepthofwa- 

terintlielioiler. 
ltniay,asinthe 
example,  bean 
arrangement 
of    Huat    and 
needle  mount- 
eil  u[)on  oppo- 
site ends  of  a 
single  bent  rod  wliich  passes  through 
a   stuffing-box.     As  the   Hoat  rises 
and  I'alls  with  the  lluctuations  of  the 
bight   of  water   in   the   boiler,    the 
pointer  in  bo.x  B  indicates  the  water- 
level  upon   a  graduated  arc.      The 
ordinary  water-level   indicator   is  a 
vertical  glass  tube  at  the  end  of  the 
,  boiler,  and  is  known  as  a  watcr-ij'igc, 
(See  also  Low-w.vTKii  .Alarm. 

LOTW  'Wine.  The  product  of  the 
first  distillation  of  wish.  Its  specific 
gravity  at  60°  is  about  0.078,  con- 
taining 20  per  cent  of  alcohol. 

Loz'enge.    1.  .-Vn  oblirpie-angled 
])arallelograni.  \rhomb.  Adiamond. 
2.    A  confi';tiitu. 

Loz'enge-grav'er.     {Engramng.)      A  graving- 
tool  whose  cross-sectiun  is  of  a  rhomb  or  diamond 


Low-irnvr  Iiidi 
cu:or. 


shape.  The  two  faces  which  meet  to  form  the  belly 
of  the  graver  have  an  angle  less  than  HO'. 

Loz'euge-ma-chiue'.  A  inachiiu!  for  rolling  out 
aiul  ('utting  lozengi's,  crackers,  etc. 

In  the-  machine  shown  in  Fig.  3010,  dough  is  rolled 
out  to  the  rcipiired  thickness  by  passing  between 
rollers  £,  follows  the  endless  band  V",  and  pas.ses 
over  the  perforated  cutters  JS-.  Here  the  leed  is 
stopped,  and  the  platen  JI  falls  on  the  dough,  forcing 
the  lozenges  down  upon  an  endless  belt  /^.  When 
the  platen  rises,  the  unused  dough  is  carried  to  the 
end  of  the  machini'.  by  tlie  forward  motion  of  the 
cutters,  and  returned  to  the  rolling-cylinders  by  an 
attendant. 

Loz'enge-mold'ing.  {Archilcdurc.)  An  orna- 
ment inrlnsing  diamoiid-.shaped  panels. 

Lub'ber's-hole.  (Nautical.)  Ah  opening  in 
the  lioor  of  the  lop  for  those  to  crawl  through  wdio 
are  afraid  to  climb  np  by  the  fultoc/c-shivuds. 

Lu'bri-cant.  A  substance  used  to  diminish  fric- 
tion of  the;  w  orking  parts  of  macliineiy. 

According  to  M.  Jlorin,  the  friction  of  a  cast-iron 
.shaft  u]ion  a  dry  boll-metal  bearing  amounts  to 
nearly  oni'  liftli  of  the  power  transmitted,  while  with 
a  wrought-iron  shaft  friction  aljsorbs  more  tlian  one 
fourth.  When  well  lubricated,  the  loss  is  reduced 
to  .005  and  .09  respectively. 

The  requisites  of  a  good  lubricant  aie  that  it 
must  endure  the  heat  even  of  melted  li'ad,  with- 
out change,  in  order  to  stand  friction  and  lubricate 
the  cylinders  of  .steam-engines.  (The  heat  under  a 
pressure  of  150  pounds  of  steam  is  enough  to  de- 
compose or  distill  and  dry  up  most  of  the  natural 
oils  in  market.)  They  must  be  fixed  and  not  vola- 
tile oils,  as  produced  by  destructive  distillation, 
otherwise  they  are  decomposed  by  friction,  and 
burnt  or  dried  up.  They  must  not  show  or  possess 
any  acid  reaction,  either  naturally  or  artilicially, 
otherwise  the  bolts  are  cut  in  the  steam-chest,  and 
the  iron,  particularly  wrought-iron,  is  made  porous. 
They  must  possess  a  sufficient  power  of  tenacity 
without  oxidation,  otherwise  tliey  will  gum. 

The  same  laws  are  applicable  to  signal  and  burn- 
ing oil,  for  it  makes  no  ditiereiice  whether  the  oil  is 


Fig.  30ia 


Lozenge-Marhhif!. 

subject  to  immediate  heat,  as  in  a  lamp  or  steam- 
cylinder,  or  whether  it  is  slow  and  long  continued, 
as  in  slides  and  other  liearings,  the  cITect  and  result 
are  the  same  in  the  end  upon  the  oil. 


eci- 
pes  for  the  purpose 
we  find:  1.  PJaek- 
lead,  1  ;  tallow  4.  Mix 
and  grind  perfectly 
smooth.     Aild  beeswax  for  railroad  carriages. 

2.  (Booth's.)  Scotch  soda,  1  pound  ;  boiling  wa- 
ter, 2  gallons  ;  palm-oil  or  tallow,  10  pouixls.  Agi- 
tate till  the  mixture  is  cooled  to  65°  Fall. 
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3.  (Maukettrick's.)  Caoutchouc  dissolved  in  oil 
of  turpentine,  4  pounds  ;  Scotch  soda,  10  pounds  ; 
glue,  1  pound  ;  dissolve  in  water,  10  gallons  ;  oil, 
10  gallons.     Stir,  ad<ling  caoutcliouc  last. 

4.  Rape-oil,  1  gallon  ;  caoutchouc  (cut  small),  3 
ounces.      Dissolve  with  heat. 

The  following  compounds  have  been  used  in  Amer- 
ica :  — 

Resin,  flowers  of  sulphur,  antimony,  oil  rosemaiy, 
lampblack,  -water,  carbonate  of  iron,  sheep's  tallow. 

Animal  oil,  palm-oil,  paraffiue. 

Asbestus,  grapliite. 

Palm-oil,  tallow,  borax,  salt,  water. 

Soapstone,  petroleum,  sulphur,  antimony,  oil. 

Lampblack,  petroleum. 

Coal-oil,  isingla.ss,  Irish  moss,  glue. 

Caustic  soda,  tallow,  petroleum,  animal  hair. 

Paraffine,  resin,  cotton  waste. 

Tallow,  sulphur,  soapstone. 

Petroleum,  plumbago,  beeswax,  mutton-tallow, 
soda. 

Lime,  chalk,  carbonate  of  potash. 

Leather  boiled  in  carbonate  of  soda,  oil,  sulphu- 
ric acid. 

Water,  salts  of  niter,  sulphur,  soft  soap,  salt  pork. 

Bora.x  and  oil. 

Petroleum  residuum,  alkali,  ammouia,  saltpeter. 

Graphite,  oil,  caoutchouc. 

Asbestus  and  grease. 

Lignum-vitfE,  spermaceti. 

Ivory  dust,  spermaceti. 

Tin  and  petroleum. 

Zinc  and  caoutchouc 

Plastic  bronze  and  caoutchouc. 

Boiling  water,  tallow,  palm-oil,  salts  of  tartar. 

Oil,  lime,  giaphite,  castor-oil. 

Sliorts,  soapstone,  graphite. 

Coal-oil  residnnm,  chloride  of  sodium,  hydrated 
pota.s.sa,  muriate  of  ammonia,  spirits  turpentine,  lin- 
seed-oil, flowers  of  sulphur. 

Petroleum  residuum  and  flour. 

Petroleum  residuum,  soapstone,  sulphur,  and  lard. 

Mixed  heavy  and  light  petroleum. 

Oil,  wax,  resin,  india-rubber,  potash. 

Petroleum  residuum,  sal -soda,  brimstone,  kero- 
sene. 

Glycerine,  graphite,  asbestus,  kaolin,  manganese, 
ste.atite,  sulphide  of  lead,  carbonate  of  lead,  cork. 

Saponified  resin,  wheat  flour,  middlings,  petroleum, 
animal  fat,  soda. 

Type-metal  and  caoutchouc. 

Anthracite  coal  and  tallow. 

Oxide  tin,  beeswax. 

Soap-stone,  magnesia,  lime,  oil. 

Sulphur,  petroleum. 

Vulcanized  rabber,  petroleum,  tallow. 

Paraffine,  oil,  milk  of  lime. 

Asbestus,  tallow. 

Spermaceti,  india-rubber. 

Tallow,  petroleum,  soda,  hair. 

Mercury,  bismuth,  tin,  antimony. 

Crude  petroleum,  sal-soda,  lime,  tallow,  lard,  salt, 
pine-tar,  spirits  turpentine,  camphor,  alcohol. 

Sulphur,  plumbago,  mica,  tallow,  oil. 

Palm-oil,  paraffine,  tallow,  alkali,  asbestus. 

Tallow,  oil,  paraffine,  lime-water. 

Flaxseed-oil,  cotton-seed  oil,  lime-water,  tallow. 

Petroleum,  tallow,  beeswax,  soda,  glauber's  salts. 

Aniraal-oil,  croton-oil,  spermaceti,  tallow,  soda, 
potash,  glycerine,  ammonia. 

Mica. 

Sheets  of  paper  or  of  fabric,  impregnated  with 
graphite,  steatite,  paraffine,  tallow,  size,  or  soluble 
gums,  are  used  for  lubricating. 


The  best  lubricant  for  bullets  was  found  by  the 
Sp)ringfield  Board  to  consist  of  eight  parts  bayberry- 
wax  and  one  part  graphite.  Japan  wax  is  often 
used  with  graphite,  but  with  inferior  results. 

Graphite  cannot  be  made  line  enough  for  lubricat- 
ing purposes  if  separated  by  bolting,  but  must  be 
separated  by  floating  either  in  water  or  air.  The 
simplest  method  is  the  water  separation,  and  during 
the  process  it  should  be  treated  to  a  bath  of  dilute 
sulphuric  acid,  which  will  take  up  the  particles  of 
spar  and  iron,  leaving  the  sulphates  of  lime,  magne- 
sia, and  iron  easily  washed  out.  The  njode  of  float- 
ing and  settling  to  obtain  the  powder  of  ultimate 
fineness  is  described  under  Pencil.  For  the  finest 
pencils,  for  lubricating  and  for  electrotyping,  the 
mineral  should  be  in  impalpable  condition. 

Lu'bri-ca-tor.  \.  {Steum-cnginc.)  An  oil-cup  or 
other  contrivance  for  supplying  oil  or  grease  to  rub- 
bing surfaces,  in  order  to  diminish  friction.  The 
number  of  patented  devices  of  this  kind  is  large.  A 
few  are  shown  in  Fig.  3011. 

In  A  the  two  valves  a  b  are  connected  by  a  rod. 
By  turning  the  handle  e  in  oue  direction  the  valve  a 
is  depressed  by  means  of  a  ])in  working  on  an  in- 
clined plane,  and  admits  oil  to  the  resen'oir.  A 
reverse  motion  opens  the  valve  6,  furnished  with  a 
similar  contrivance,  permitting  the  oil  to  flow  from 
tlie  reservoir.  The  valve  a  is  kept  to  its  seat  by  a 
spiral  spring  on  the  rod. 

B.  Steam  is  admitted  through  the  pipe  a  to  the 
oil-chamber  b,  forcing  out  the  lubricating  material 
through  an  opening  to  the  desired  iioint.  The  sup- 
ply of  oil  from  the  cup  c  is  regulated  liy  a  cock,  and 
a  cock  d  at  the  side  of  the  oil-chamber  permits  accu- 
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mulating  water  of  condensation  to  be 
drawn  off.  The  oil-chamber  is  of 
glass,  protected  by  a  metallic  casing. 
C.  The  central  tube  c  is  open, 
and  when  the  oil  sinks  below  its 
lower  end  air  is  ailmitted  through 
it  and  the  annular  passage  to  the 
reservoir  above,  and  allows  an  equiva- 
lent amount  of  oil  to  descend.  The 
vertical  adjustment  of  the  tube 
regulates    the  flow   by  determining 
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the   hight  of  the  column  of  oil  resting  upon   the 
jounml. 

D.  The  oil  is  conducted  from  the  annular  reser- 
voir by  a  wick  of  libious  material  into  the  tubular 
valve-steiu.  This  stem  has  radial  holes  at  its  lower 
enil  for  the  discharge  ni'  oil,  and  \\ire-<;auze  to  arrest 
ini|iiirities.  IJctwecii  the  U|)|ierand  lowi'r  valves  is  a 
spiral  s|pring.  When  the  engine  is  running,  the 
valves  are  (dosed  by  steam  anil  spring  jiressure  ; 
when  stopiieil,  the  U])]ier  valve  is  closed  by  tile 
spring,  and  when  running  without  steam  both  valves 
are  sucked  open  and  tlie  oil  Hows. 

E.  2.  (ShafiiiKj.)  A  pivoted  disk  in  a  cup  below 
the  lower  journal-box  is  n'volved  by  contact  with  the 
under  side  of  the  shaft  c,  and  carries  up  oil  to  hibri- 
cate   the   latter.     See  also   Shafting  ;    Jouknai,- 

BEAKING. 

i^lias  a  transparent  reservoir  with  metallic  socket 
a  screwing  into  the  seat  6,  litted  to  the  cap  of  tlie 
journal-box.  Between  this  ami  tlie  .journal  is  a. slight 
vacuity,  from  which  air  is  admitted  through  the  tube 
c,  allowing  a  greater  or  less  rjuantity  of  oil  to  ilow  in 
inoportion  as  thi^  .journal  turns  more  or  less  rajndly. 
When  at  rest  the  How  ceases. 

G.  The  How  of  oil  from  the  cup  A  is  regulated 
by  an  adjustable  .sorew-phig.  The  hearing  has  ducts 
for  conveying  surplus  oil  from  the  upper  jiart  of  tic 
shalt  toward  the  center,  and  at  its  lower  ])art  is  a 
closed  chamber  fonning  a  dnp-cnp. 

3.  (Vehicle.)  The  ordinary  mode  of  lubricating 
carriage  or  wagon  a.\lcs  is  liy  ]ilacing  grease  on  the 
spindle  and  then  putting  on  the  wlu'cl,  giving  it  a 
few  revoluti(Uis  before  loweringit  again  to  the  ground. 
The  grooves  in  the  box  of  tbe  hub  form  pockets  in 
which  tlie  grease  collects,  and  from  which  it  passes 
to  the  spindle  as  it  gradually  wastes  away.  Jlany 
patents  havi^  been  gianteil  for  devices  in  the  boxes 
for  retaining  the  lubricant,  and  are  cited  under 
Axle-box. 

In  Diller's  (y<.  Fig.  3012),  a  spiral  groove  is  formed 
around  the  inner  surface  of  the  box,  and  leads  the 
grease  to  all  parts  of  the  spindle,  while  flic  integrity 
of  the  beariug-suiface  of  the  box  is  not  materially 
interfered  with. 

Fig.  3012. 
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The  lubricating  devices  are  attached  to  the  spin- 
dle or  axle,  or  to  the  hub  of  the  wlu'el.  Of  the  for- 
mer, two  will  be  cited  as  representatives  of  tludr 
section  of  this  class. 


Those  attached  to  the  hub  are  the  more  numerous. 

B.  The  reservoir  a  is  closed  by  a  sci-ew-plug,  which 
is  turned  to  force  the  oil  through  a  duct  leading  to 
a  groove  in  the  upper  |iart  of  the  .spindle.  The  groove 
tapers  toward  the  outer  end,  so  as  to  distribute  the 
oil  equally. 

C.  A  hmterii  is  attached  to  the  axle  of  the  car- 
riage just  iusiile  of  the  buttiiig-riug.  The  oil-reser- 
voir, besides  furuishing  sujiply  to  the  wick  of  the 
lantern,  also  supplies  oil  through  a  duct  to  the 
bearing  surfaces. 

1).  A  tube  ]iasses  radially  through  the  hub,  its 
lower  end  opening  into  the  interior  space  of  the  box. 
The  oil-resi-rvoir  is  covered  by  a  screw-cap.  The 
inner  cud  of  the  tube  is  closed  by  a  valve  whose 
stem  is  attaidied  to  the  cap.  By  turning  the  screw- 
cap  the  valve  is  opened  or  closed,  and  the  oil  al- 
lowed to  Ilow,  or  is  cut  off. 

/i'.  An  oil-chamber  is  made  in  the  box  and  com- 
municates with  the  bearing  suifaces.  The  reservoir 
is  closed  by  a  screw-)ilug,  and  the  oil  jiasses  gradu- 
ally to  the  spindle  without  special  attention. 

F.  Ouv  or  more  c(uiical  ojienings  in  the  hub,  each 
(dosed  by  a  spring-li'l  to  which  a  rod  and  sponge  are 
attaidied,  extend  to  the  axle.  The  sjionge  is  (diarged 
with  oil  on  opening  the  lid.  This  is  kept  shut  by 
the  spring  when  the  w  heel  is  in  motion. 

G.  An  oil-cylinder,  having  a  piston  on  a  .screw- 
rod  wliiidi  works  through  the  cylinder-caii,  is  insert- 
ed in  the  hub.  Turniug  the  head  of  tbe  rod  ]nislies 
the  piston  down,  forcing  the  lubricant  upon  the 
axle-spindle.  The  piston  is  ke]itfioin  rotating  with 
the  screw-cap  by  a  groove  in  its  edge,  into  which  a 
feather  on  tlie  inside  of  the  chamber  tits. 

//.  The  depression  of  the  spring-valve  allows  oil 
to  How  from  the  chamber  to  the  sjiindlc  of  tlu' 
axle. 

The  patents  on  lubricators  are  very  numerous. 
Those  referring  to  rai/rotid-n.r/es  and  jouninl-bcar- 
iiirjs  of  machiiicr!/  are  treated  separately.  Oil  cups 
and  cans,  which  are  jortable  lubricators,  arc  treated 
of  under  their  proper  title.  Oil  Cups  and  Cans. 

The  /n/drostnfic  lubricntor  for  heavy  bearings  con- 
sists of  a  (diamberrt,  into  which  oil  is  forced  by  a 
hydrostatic  pum|)  b.  By  this  means,  at  every  revo- 
lution, the  shaft  is  rai.scd  from  its  seat  by  the  press- 
ure of  the  oil.  On  the  leturn  .stroke  of  the  pump, 
the  shaft  seats  itself  on  the  oil  that  has  been  forced 
under  it  ;  the  oil  returns  ^ack  to  the  pniu|i  as  it 
Hows  through  the  bearing.  Unlike  other  systems 
of  hydro.static  lubrication,  this  does  not  seek  to  keep 
the  shaft  in  eiiuilibriuni  ;  but,  on  the  contrary,  it 
keeps  it  in  constant  motion  up  and  down,  by  the 


Fig.  3013. 


Hiltlnislalic-  Lubricator. 

injection  of  the  oil,  aiming  thus  to  secure  a  more 
perfect  lubrication. 
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It  is  stated  that  a  step  in  Starr's  Flour-JIill,  at 
Vallejo,  CHliforiiia,  supporting  a  four-ton  shaft 
making  ninety-three  revolutions  per  minute,  has 
been  run  constantly,  ilay  and  night,  for  seven 
months,  with  this  luliricator,  without  changing  the 
oil ;  and  the  oil,  when  taken  fioni  the  reservoir  at 
the  end  of  that  time,  had  not  hei  onie  thickened  or 
discolored  in  any  appreciable  degree.  See  Palier 
Glissaxt. 

4.  (Ordnance.)  An  arrangement  for  lubricating 
and  cleaning  the  grooves  of  riHed  guns. 

In  tlie  English  service  it  consists  of  a  copper  wad 
conbiining  cnual  parts  of  tallow  and  oil,  then  a  felt 
wad,  and  then  a  disk  of  millboard,  all  joined  to- 
gether. The  copper  is  placeil  against  the  projectile, 
and  when  the  charge  is  exjiloded  the  oil  is  ejected 
and  lubricates  the  bore,  while  the  felt  wipes  out  the 
piece. 

Lu-cer'nal  Mi'cro-scope.  A  microscope  in 
which  the  object  to  be  examined  is  illuminated  bv 
the  light  of  a  lamp. 

The  object  is  placed  in  a  sliding  tube  between  the 
lens  and  the  lamp,  which  is  contained  in  a  box. 
The  image  is  received  on  a  screen  or  plate  of  ground 
glas-s. 

Lu'ci-fer.  Originally,  a  match  tipped  with  a 
mixture  of  c-lilorate  of  potash  and  sulphuret  of  anti- 
mony, which  were  intlamed  by  friction  upon  a  piece 
of  emery-paper. 

These  were  superseded  by  mixtures  containing 
phosphorus.     See  LiGHTiXG-DEViCES. 

Lu-cim'e-ter.  An  instrument  for  measuring  the 
intensity  of  light.     A  photometer. 

Various  jihotometers  have  been  invented  by  Hny- 
ghens,  Riimford,  Celsius,  Bmiguer,  Priestley,  Ritchie, 
Arago,  and  othei-s,  which  are  described  under  that 
head.     See  PuoroMF.TEn. 

Celsius  called  his  device  a  luciyncter,  and  the  name 
has  since  been  adopted  by  Deslaurier  in  his  modifi- 
cation of  Bouguer's  apparatus. 

Deslaurier's  appai-atus  is  designed  for  measuring 
the  (|uality  of  burning  oils  by  their  illuminating 
power.  It  consists  of  two  constant-pressure  lamjis, 
and  its  shape  is  triangular  ;  sheet-iron  scn-en,  paint- 
ed black,  and  dirideil  into  two  ei|ual  compartments. 
The  latter  are  turned  toward  the  lamps,  while  the 
observer  stands  on  the  opposite  siile,  which  presents 
nothing  but  a  flat  vertical  surface,  piei-ced  with  a 
hole  bisected  by  the  partition.  Each  of  the  two 
lamps  is  so  placed  as  to  transmit  its  light  to  only 
one  compartment,  and  exactly  to  the  part  where  the 
hole  is.  The  hole  is  covered  with  a  piece  of  trans- 
parent paper,  on  wliich  the  light  from  th(^  two  lamps 
is  contiguously  depicted.  If  their  intensity  is  the 
same,  the  observer  will  perceive  no  ditference.  If 
not  the  same,  one  lamp  must  be  moveil  back  until 
its  light  is  equal  to  the  other  in  intensity,  and  the 
difference  in  the  distance  of  the  two  lamps  will  make 
the  relative  quality  of  the  two  oils,  wliii'h,  combined 
with  the  quantity  consumed  in  a  given  time,  will 
determine  their  marketable  value.  The  ratio  of 
value  is  directly  as  the  s(|uares  of  the  distances. 

Luff.  (.Xiiulical.)  The  foremost  or  weather  edge 
or  leech  of  a  sail. 

To  luf  is  to  bring  the  ship's  head  nearer  to  the 
wind. 

A  Uiff-luckh  has  a  double  and  single  block  and  a 
fall,  and  is  used  for  many  purposes. 

Iiuffer-board'ing.  Slanting  slats  placed  one 
above  another,  with  intervals,  so  as  to  shed  the  rain, 
but  permit  ventilation  ;  or  the  exit  of  sound  from  a 
belfiy.  or  .smoke  and  .steam  from  a  boiling-house. 

Luff-tackle.  (Knulical.)  A  purchase  composed 
of  a  double  and  a  single  block.    The  standing  end  of 


the  rope  is  fast  to  the  single  block  and  the  fall  comes 
from  the  double. 

Luff  upon  Luff.  (XaiUkal.)  One  luff-tackle 
applied  to  the/a//  of  another. 

Lug.  A  projecting  stud  or  ear  by  which  an  object 
is  gnisped  or  supported,  or  which  affords  a  bearing 
or  point  of  attachment ;  as,  — 

The  lugs  on  the  jmrts  of  a  flask  by  which  they  are 
united.  The  lugs  by  wliich  a  kettle  is  sujiported  in 
a  furnace,  etc. 

Lug'gage-sad'dle.  (Menage.)  A  pad  on  a  led 
horse  Ioi-  carrying  baggage.    ' 

Lug'gage-van.  \.  (Railwaxj.)  The  English  term 
for  a  lia;.'gige-car. 

2.  (Vehicle.)  A  fourgmi,  or  van  containing  per- 
sonal baggage,  attending  on  a  traveling-caniage. 

Lug'ger.  (Vesxel.)  A  small  vessel  carrj'iiig  two 
or  three  masts  and  a  lug-sail  on  each. 

Lug-sail.  (Xautical.)  A  four-coniered  saU  bent 
to  a  yard,  which  is  slung  at  a  point  J  of  its  length 
from  the  peak.  ' 

A  vessel  thus  rigged  is  a  lugger. 

LumTjer.  Timber  sawed  into  merchantable 
forms. 

Lum'ber-dry'er.  A  shed  or  closed  chamber  in 
which  s;iwed  lumber  is  subjected  to  an  artificially 
heated  and  dried  atmosiihere.  In  the  example,  a 
series  of  girts  having  a  ribbed  edge  on  the  inside, 
for  the  purpose  of  supporting  strips,  aie  an-anged 

Fig.  SOU. 


■^ 


Lumber- Dryer. 

within  a  suitable  building,  the  strips  serving  to  hold 
boards  or  lumber  on  end.  The  drying-sheds  have 
grated  or  open  floors  for  sticking  lumber  standing  on 
end,  and  are  built  double  with  a  space  between  for 
an  eli'vated  railway  track  and  car,  the  latter  having 
a  swivel  platform. 

In  Fig.  3015,  a  continuous  supply  of  water  is  in- 
troduced by  gravity  into  the  generator.     The  dry 
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steam  is  introduced  within  the  kiln,  and,  after  ab- 
sorbing tlie  moisture  of  the  lumber,  is  conducted  to 
the  escape. 

In  another  apparatus  for  this  purpose,  the  prueess 

consists  in  sul)ject. 
Fig.  3015.  in-,'  tlni  lumber  to 

theaction  of  agrad- 
ually  increasing 
temperature,  inan 
air-tight  chamber, 
until  all  or  nearly 
all  the  moisture 
has  been  extract- 
ed from  it  ;  in  re- 
taining all  the 
heat  and  watery 
vap(n-  about  the 
lumber  until  a 
temperature  o  f 
about  170°  Fah. 
has  been  attained 
in  said  air-tight 
chamber;  and, 
finally,  in  com- 
pelling the  hi-ated 
moistened  air  to 
escape  slowly  from 
said  chamber 
while  the  tempera- 
ture is  reduced  therein. 

Davis  and  Symington's  lumber-dryer,  English  pat- 
ent, 1843,  acts  by  means  of  a  heated  blast  upon 
lumber  or  wooden  articles  placed  in  a  ehanilier 
through  which  the  blast  is  driven.  By  their  pro- 
cess, — 

Mahogany  is  reduced  in  weight  24.4  per  cent. 
Pine  is  rc^iiuced  in  weight  .  34. 5  per  cent. 
Fir  is  ri'dui/i'd  in  weight  .  .      12.5  per  cent. 

Lum'ber-kiln.  A  heated  chamber  for  artificially 
drying  huiib.'r.      .See  Lu.MDER-DRYEU. 

Plank  shinild  never  be  allowed  to  remain  undis- 
turbed until  it  seasons  ;  but  should  all  be  handledover 
and  rejiiled  fronr  time  to  time,  removing  the  sticks 
from  their  former  positions.  The  planks  should  be 
turned  over,  especially  if  they  have  become  bilged. 
Two  to  si.K  years  are  reipiired  to  season  timber, 
according  to  its  size.  It  can  be  seasoned  more 
quickly  if  it  be  steamed,  but  excess  in  steaming  kills 
the  elasticity  of  the  timber.  Too  rajiid  kiln-drying 
evaporates  the  surface  moisture  too  rapidly,  and 
causes  the  timber  to  check. 

Lum'ber-meas'ure.  One  by  which  the  number 
of  superficial  feet  contained  in  boards  of  diti'erent 
lengths  can  be  estimated.  Within  the  case  is  a  disk 
in  a  vertical  position,  which,  by  being  made  to  pass 
over  the  surface  of  the  boards,  indicates  on  a  dial 
their  superticial  contents.     Connected  to  the  shaft 

Pig.  3016. 
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of  the  disk  is  a  sliding  shaft,  carrying  on  its  end  an 
endless  screw,  through  which  the  motion  of  the  shaft 
of  the  measuring-disk  is  transmitted  to  the  arbor, 
carrying  the  index-heads  in  such  a  manner  that  by 


simply  adju.sting  the  sliding  shaft  the  in.strument 
can  be  set  for  lioards  of  dilieiiMit  lengths.  A  sleeve 
projecting  from  the  bottom  uf  this  case  and  terminat- 
ing uiuler  the  center  of  tlie  disk  enables  the  operator 
to  eommeuce  measuiing  with  the  edge  of  the  board 
directly  undi-r  the  center  of  the  disk. 

Lum'ber-wag'on.  A  heavy  wagon,  long  coup- 
led, and  having  standards  to  the  bolsters,  ibr  haul- 
ing sawed  timber. 

Lump.     1 .   A  bloom  or  loop  of  malleable  iron. 

2.   The  iiipple-seat  on  a  gun-banel. 

Lu-nette'.  A  term  ap[]lied  to  objects  of  a  half- 
moon  shape. 

1.  (Forlificalio)i,.)  A  detached  work  presenting  a 
salient  angle  towards  the  enemy,  and  having  Hanks 
ojien  at  the  (jorgc, 

U'Uh  the  Hanks  it  has  the  character  of  a  detached, 
bast  inn  ;  without  iha  Jtanks,  it  woukl  be  a  redmi; 
witli  the  gorge  closed,  it  would  become  a  redoubt. 

2.  (Ordnance.)  A  forked  iron  plat(!  into  which 
the  stock  of  a  field-gun  carriage  is  inserted. 

3.  (Archilectarn.)  a.  An  arched  ajierture  in  the 
side  of  a  long  vault,  and  having  a  less  hight  than 
the  pitch. 

b.  A  semicircular  aperture  in  a  concave  ceiling. 

c.  An  opening  in  the  roof  of  a  house. 

4.  {Farriery.)  A  hor.seshoe  having  only  the  front, 
curved  portion  ;  lacking  the  branches. 

.5.  The  flue  connecting  the  fire-chamber  with  the 
pot-chamber  of  a  gla.ss- furnace. 

6.  {Hiinuxs.)  A  blinder  for  the  eyes  of  an  in- 
tractable horse. 

7.  (Optics.)  a.  A  peiifocal  spectaide-glass  ;  con- 
cavo-convex, its  curve  apiu-oximaling  the  shape  of 
the  eye  and  atfoiiling  more  distinct  oblique  vision. 

h.  A  Hatteneil  watcli-ci-y.stal  or  glass,  to  avoid 
adding  to  the  thickness  of  the  watch. 

The  edge  of  the  watch-glass  fits  within  the  bezel. 

Lurch-line.  The  line  which  draws  the  liird-net 
over  the  prey. 

Lure.  A  velvet  brush  or  smoothing-pad  used  by 
hat-makers.  From  Veture  (Sliaks.),  velvet.  Fr. 
Velours ;  Old  Fr.  Villuse :  from  Lat.  /  'iilusus, 
hairy.     Also  called  velour ;  lewer. 

Lus'ter.  1.  (Fabric.)  A  lady's  dre.ss-goods  with 
a  cotton  chain,  woolen  filling,  plain  or  self  color,  and 
highly  liuishcd  surface. 

2.   A  sconce  or  chandelier. 

Lus'ter-ing.  1.  A  polish;  as  black-luster  for 
stoves,  etc. 

2.  (Mctallargy .)  The  brightening  of  metal  in  the 
crucible  at  the  moneiit  of  reaching  its  point  of  pu- 
rity. As  in  the  cnpellation  of  silver,  when  the  last 
traces  of  lead  ])ass  off.      Brightening  ;  lic/htening. 

Lus'ter-wrare.  A  stune-waj-e  on  whose  surface 
are  burnt  metallic  oxides  of  brilliant  colors.  It  is 
made  of  a  mixture  of  clay.  Hint,  China-stone,  and 
felspar,  coateil  with  a  peculiar  glaze  on  which  is  ap- 
plied, by  means  of  camel-hair  brushes,  a  pigment 
prepared  from  metallic  oxides,  sinuilating  the  luster 
of  various  metals,  etc.  Platinum  jn'oduces  a  luster 
like  that  of  polished  steel  ;  gold  anti  silver,  those  of 
the  precious  metals.  Iron  ami  co])])er  lusters  may 
also  be  produced.  A  beautifully  iriilesceht  ajipearance 
is  derived  from  chloride  of  silver  in  combination  with 
other  substances. 

The  luster  is  brought  out  by  the  heat  of  the  oven 
in  the  yirocess  of  baking. 

Lus'tring.  (Fabric.)  A  shining  silk  ;  lute-string 
is  a  corruption. 

Lute.  1.  To  stop  with  clay  ;  as  the  cover  of  a 
furnace,  or  a  muttle  to  resist  the  passage  of  fumes, 
01-  of  a  charged  retort  to  prevent  the  escape  of  gas 
around  the  cover. 
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2.  A  composition  to  secure  the  joints  of  chemical 
vessels  and  tubes,  or  as  a  coveiiug  to  protect  them 
from  the  tire. 

Their  compositions  are  various ;  e.  g.  — 

1.  Linseed-meal  and  wliiting. 

2.  Lime  and  bullock's  blood. 

3.  Phister  of  paiis. 

4.  Powdered  clay  and  boiled  oil. 

5.  Powdered  clay,  ground  biick,  and  borax  water. 

6.  Pipe-clay  and  horse-dung. 

7.  Vulcanized  rabber  thimbles. 

A  lute  for  the  bungs  of  powder-cases  is  formed  of 
tallow,  14;  beeswax,  6.  Melted  together  and  soft- 
ened by  beating  before  using. 

Lutes  not  exposed  to  liigh  temperature  may  be  made 
of  mtjistcncd  bladder,  Ihuctd-mcal,  ami  gum->cn/cr, 
while  of  eijg  and  qukklinu,  r/lazicr's puUij  (chalk  and 
linseed-oil),  pipr-elay  and  drijing-oil. 

Lutes  for  high  temperatures  are  made  of  clay  and 
sand,  beaten  into  a  paste  and  thinned  with  water. 
If  intended  to  vitrify,  borax  or  red-lead  may  be 
added. 

Fat  lute  is  made  of  finely  pulverized  pipe-clay  and 
drying  linseed-oil.  It  is  used  to  join  parts  of  appa- 
ratus exposed  to  considerable  temperature,  and  in- 
tended to  contain  corrosive  vapoi-s.  It  is  tied  on 
by  strips  of  bladder. 

Iron  cement  is  formed  of  sulphur,  1  :  sal-ammo- 
nia, 2  ;  iron  turnings,  SO.     Calked  into  the  joints. 

3.  A  packing-ring  of  india-rubber  placed  between 
the  lid  and  the  lip  of  a  jar,  to  prevent  the  access  of 
air  to  the  contents.     See  Fp.riT-j.iR. 

4.  (Miixic.)  A  musical  stringed  instrument, 
played  like  a  guitar,  but  having  a  pear-shaped  form 
and  a  ribbed  back.     It  is  derived  from  the  lyre. 

The  old  Egyptian  lute  is  represented  in  many  places 
in  Eg)'pt ;  one  at  Thebes  has  a  long  neck  without 
frets,  three  strings,  and  a  fiddle-shaped  body. 

A  lute  shown  on  the  signet-ring  of  Shoofoo,  the 
Suphisof  the  Greeks  (2325  B.  c), 
fig.  3017.  has  a  fretted  neck.     See  the  late 

Dr.  Abbott's  collection,  New 
Yoik.  In  Egypt  we  find  the 
originals  of  most  of  the  types  of 
musical  instruments.  See  Harp  ; 
C.A.ST.INET  ;   Dp.im,  etc. 

The  lute  consi-sts  of  four  parts : 
the  teible ;  the  body,  which  has 
nine  or  ten  sides ;  the  neck,  which 
has  ;is  many  stops  or  divisions  ; 
and  the  head  or  cro.ss,  in  which 
the  screws  for  tuning  it  are 
,  inserted.  The  performer  strikes 
the  string  with  the  fingei-s  of  the 
right  hand,  and  regulates  the 
I  sounds  with  those  of  the  left. 

Simply  constructed,  it  is  called 

the  Freneh  lute. 

Venim-a's  Lute.  With  two  necks,  —  one  for  the 

base  notes, — it  is  called  a  llie- 

orbo.     If  the  strings  of  the  theorbo  are  doubled,  it 

is  called  an  areh-lute. 

Ventui~a's  lute  is  intended  to  combine  the  princi- 
ples of  the  harp,  lute,  and  guitar.  The  jierformer 
is  enabled  to  stop  the  treble  strings  on  a  finger-board, 
which  materially  increases  its  compass,  and  yet  re- 
tains the  fullness  of  tone  of  the  other  strings. 

5.  A  straight-edge  employed  to  .strike  off  the  sur- 
plus clay  from  a  bnck-mold. 

Lute'string.  (Fabric.)  A  plain,  stout  silk  or 
sUk  ribbon  :  from  lustring. 

Lu'thern.  An  upright  window  in  the  roof.  A 
Anvncr-window. 


Lych'no-scope.  (Masonry.)  A  narrow  win- 
dow near  the  ground. 

Lye.  A  solution  of  an  alkali.  Used  in  soap- 
making  ;  in  neutralizing  an  acid  ;  in  cleansing  grease 
from  objects,  such  as  thin  iron  plates  in  the  opera- 
tion of  tinning,  etc. 

Lyre.  A  stringed  instrument  of  the  harp  kind. 
Its  origin  is  lost  in  antiquity.  It  is  claimed 
of  course  by  the  Hellenic  Greeks,  who  learned  so 
much  from  the  nations  of  Egj-pt,  Pluenicia,  and 
Asia  Minor,  and  then  slurred  the  debt  in  a  muddle 
of  mythology.  This  latter  indeed  was  similarly  de- 
rived and  fearfully  garbled.  It  cannot  even  be  ad- 
mitted that  the  I^yptian  lyre  was  but  of  3  strings, 
the  other  4  being  added  by  the  Greeks  to  fonn  the 
heptachord.  The  origin  of  the  lyre  is  attributed  bj' 
the  Greeks  to  Hermes.  (See  H-\Kr.)  It  was  spe- 
cially the  musical  instrument  of  Apollo. 

The  ancient  Egyptian  lyre  was  made  in  various 
forms,  some  of  them  very  ornate.     It  was  sometimes 

Fig.  3018. 
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struck  Avith  the  plectrum,  and  sometimes  the  strings 
were  jdayed  by  hand.  The  strings  were  of  catgut, 
and  numbered  from  four  to  eleven  in  the  difi'erent 
figures. 

The  lyre  is  represented  in  the  sculptures  of  Nim- 
roud. 

Some  of  the  early  Grecian  lyres  hail  an  aiTange- 
ment  for  changing  the  length  of  the  string.  This 
was  done  by  a  .sliding  bar,  which  might  be  moved 
by  the  musician  during  his  performance. 

The  same  idea  has  been  introduced  in  modem 
lyres  or  harp-lutes,  in  which  eight  strings  have,  by 
tliis  means,  been  made  to  yield  twenty-four  distinct 
tones. 

The  l}Te  was,  in  fact,  a  small  harp,  and  the  hol- 
low resonant  portion  became,  in  time,  expan<led  into 
a  chamber  over  which  the  strings  were  stretched  in 
parallelism,  forming  a  dulcimer,  the  immediate  parent 
of  the  Immmer  group,  — cilnlc,  clavichord,  claricy- 
thcrium,  virginal,  spinet,  hnrpsiclwrd,  piano  (see 
Piano).  Another,  and  perhaps  earlier,  divergence 
of  the  instrument  with  strings  in  parallelism  above 
a  sounding-board  is  found  in  a  portallo  class,  —  the 
monoch-nrd,  cit/uira,  guitar,  and  a  host  of  other  in- 
struments with  names  less  widely  known,  such  as 
theorbo,  pandore,  manelolin,  etc.  Tliese  instruments 
were  played  by  the  fingers  or  by  a  plectrum,  and 
from  them  came  out  the  class  of  instruments  played 
by  the  bow,  of  wliich  the  viol  is  the  head,  and  the 
others  take  their  names  as  relatives,  —  violin,  viola 
d'a-mour,  violoncello,  bass-viol.  See  '*  Description 
des  Instrumens  Harmoniques,"  by  Father  Bonanni, 
Rome,  1776. 
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Mac-ad'am-iz-iug.  A  mode  of  paving  roads, 
introduciHl  hy  iMaiad;im,  tlie  metal  or  surliice  stone 
consisting  ol  pieces  ol'  granite,  whinstone,  limestone, 
or  hard  freestone,  according  to  the  kind  of  rock 
wlueh  is  aeeessible. 

Telford's  rule,  when  two  courses  were  used,  was 
to  make  tlie  lower  one  of  blocks  7  inches  in  depth, 
laid  by  band,  broad  end  downward,  and  chinked 
with  snitdler  stone. 

Over  this,  7  inches  of  smaller  stones  were  laid,  no 
stone  to  weigh  over  6  ounces,  and  all  to  pass  through 
a  metallic  ring  2.V  inches  in  diameter.  The  stone  is 
broken  to  unilbrm  sizes,  and  several  machines  have 
been  devised  fortius  purpose.     See  Stune-cilu.sher. 

Ellis  and  Everard's  stone-crushing  mill  has  a  .strong 
feed-apron,  composed  of  iron  links  and  bars,  which, 
jjassing  aronml  two  wheels,  delivers  fragments  of 
granite  to  a  hopper  wbiidi  feeds  them  between  two 
chilled-iron  crushing-rollers ;  they  then  pass  be- 
tween a  second  pair  of  rollers  which  still  farther 
reduce  them  in  size.  The  rollers  are  Huted,  and 
may  b(-  adjusted  to  break  the  stone  to  any  required 
size.  From  the  rollers  thc^y  pa.ss  to  a  revolving 
griddle,  which  separates  tlLo.se  of  the  proper  size. 
Those  which  are  too  large  are  raised  by  an  elevator 
to  be  again  passed  through  the  machine.  Rolls 
weighing  10  cvvt.  e.ach  will,  it  is  sahl,  crush  1,800 
tons  of  granite  before  being  worn  out ;  and  it  is 
claimed  that  the  woik  is  performed  in  England  at 
one  tilth  the  cost  of  doing  the  .same  by  hand. 

The  stone-grinding  mill  of  Ncal  is  designed  for 
pnlm-iziiuj  stoni'.     See  also  Oke-mill. 

Mace.  1.  (Ifeapon.)  A  mallet,  hammer,  or 
slung-shot  used  in  the  Middle  Ages  to  oppose  warriors 
in  armor.  It  had  many  forms  :  a  simple  iron  club  ; 
a  spiked  club;  a  pointed  hammer;  an  iron-spiked 
ball  chained  to  a  handle  about  2  feet  long.  The 
latter  were  called  vwniiiuj  stars  by  the  traiu-bauds 
of  London  ;  a  grim  pleasantry. 

The  Assyrian  soldiers  used  "wooden  dubs  knot- 
ted with  iron."  —  H KRODorus,  VII.  63. 

The  bent  maces  (lissan)  are  found  in  the  old  Egyp- 
tian pictures,  and  are  yet  common  in  Africa  and 
elsewhere. 

In  the  times  of  the  I'lantagenets  the  mace  was 
used  in  battles  and  tournaments,  and  was  superseded 
by  the  pistol  in  the  time  of  Elizabeth.  The  mace  is 
still  retained  among  the  Turkish  cavalry. 

2.  (Leather.)  A  currier's  mallet  with  a  knobbed 
facte,  made  by  the  insertion  of  pins  with  egg-shaped 
heads.  It  is  used  in  leather-dressing  to  soften  and 
snjiple  the  tanned  bides,  and  enable  them  to  absorb 
the  oil,  etc.      It  is  analogous  to. the  fulling-bamnier. 

Mac'er-ate.     To  wear  away  by  steeping. 

To  saturate  a  substance,  —  tibei-  for  paper,  for  in- 
stance, —  so  as  to  distend  the  fibers. 

Mac'er-a'tion.  The  process  of  softening  and  sep- 
arating the  parts  by  stee]iing. 

A  solution  is  the  dill'usion  of  the  particles  of  a 
solid  in  a  liiiuid  without  change  of  its  nature. 

An  infusion  is  a  solution  obtained  by  steeping  at 
a  moderate  temiierature. 

A  dccudion  is  a  solution  obtained  by  boiling. 

A  sleep  is  a  solution  obtained  by  maceration  or 
soaking,  as  the  ooze  of  bark  ;  or  by  sim|ily  dissolv- 
ing, as  a  mineral  salt  forming  a  mordant  or  a  fertil- 
izing liipiid. 

Ma-che'te.  The  Spanish  implement  for  cutting 
cane,   corn,   vines,   etc.     It  is  now  made  in  large 


quantities  for  the  Southern  market,  and  many  of 
the  iuiplcmeuts  are  diverti'd  to  home  use,  as  corn  and 
cane  knives.      See  CliU.S-KNIFK. 

Mach'i-co-la'tion.  (^Irchilectnre  and  Engineer- 
ing.) Apertures  lietween  the  corliels  supporting  a 
projecting  parapet.  They  w-ere  much  enqiloyed  in 
castellated  architectui'e,  and  were  intendeil  for  the 
purpose  of  allowing  mi.ssiles  to  be  hurled  down  on 
assail;ints  appro;ii'liing  near  the  walls. 

Ma'chi-cou-lis'-gal'ler-y.  {Farlifcritiun.)  A 
projecting  gallery  with  loopholes  arranged  to  olitain 
a  ilownwanl  lire  on  an  L'ueuiy. 

Ma-chine'.  An  in.strument  of  a  lower  grade  than 
an  eiiijinr,  its  motor  being  distinct  from  the  operating 
part,  whereas  the  engine  is  automatic  as  to  both. 

It  is  also  distinct  from  a  tool,  as  it  contains  within 
itseltits  own  guide  tor  operation. 

Ma-chine'-tool.  A  machine  in  which  the  tool 
is  directed  by  guides  and  autonjatic  ap]ilianee.s. 
Aptly  called  by  Dr.  Barnard  "a  mechanical  arti- 
san" with  "iron  arms."  It  is  a  workshop  appli- 
ance for  o)ierating  upon  materials  in  the  way  of 
.shaping  and  dressing,  having  devices  for  dogging 
the  stutf  and  feeding  the  tool. 

Among  tools  of  this  class  for  working  in  metal 
may  be  enumerated  the  lathe  and  machines  for  plan- 
ing, .slotting,  .shaping,  drilling,  jiunching,  and  sliear- 
ing.     See  Mf.tal-wouking  Tools  ami  Macihxes. 

Machine-tools  for  wood  ai'e  lathes,  saws  of  various 
kinds,  machines  for  planing,  niohiing,  boring,  mor- 
tising, dovetailing,  rabbeting,  tenoning,  shaping, 
etc.  For  these  we  are  originally  inilebted  to  Sir 
Samuel  Iientham  and  Brunei.  See  WooD-woKKING 
Tools. 

Ma-chin'ist's  Ham'mer.  A  hammer  which  has 
a  Hat,  round  face  and  an  edge-peen  transversely  of 
the  helve.  In  some  branches  of  the  business  it  has 
two  faces  ;  in  others,  again,  it  has  one  face  and  a 
pointeil  ]ieen  for  riveting. 

Mack'le.  (Printing.)  A  blurred  impression, 
causing  ]>art  of  a  ]iage  to  ii|ipear  double. 

Ma-oroin'e-ter.  An  instrument  lor  measuring 
inaccessible  objects  by  means  of  two  rcHectors  on  a 
common  sextant.  —  'Weuster. 

Ma'cron.  An  accent  (-)  placed  over  vowels  to 
give  tile  btng  st)uud. 

Mad-a-pol'lam.  (Fabric.)  A  kind  of  fine,  long 
(dotli  (i-ottcm)  sliipjicd  to  the  East  India  market. 

Mad'der-style.  (Calico-printing.)  A  method 
of  calico-printing  in  which  the  mordants  are  a)iplied 
to  the  white  cloth,  and  the  colors  are  brouglit  u|i  in 
the  dye-bath.      See  CAI.Icu-Pr.lNTING. 

Made-mast.  (Nantical.)  One  composed  of 
several   |.iices.      A  lull  It -nia^t. 

Mad-is-te'ri-um.  {Singical.)  A  tweezers.  An 
instrument  lor  extracting  hairs. 

Ma-drier',  a.  A  thU-k,  iron-plated  (dank,  having 
a  cavity  to  receive  the  mouth  of  a  petard,  which  is 
ajiplicci  to  a  gate  or  other  obstacle  to  be  blown  ilown. 

b.  A  beam  laid  in  a  ditch  to  support  a  wall  ;  or 
in  n  ndue  or  bouib-)uoof  to  snp|iort  a  side  or  loof 

Mag'a-zine'.  1.  (Fm-tifieation.)  A  building, 
vault,  or  iqiartmeut  designed  for  the  storage  of  am- 
munition, gunjiowder,  and  other  explosive  substan- 
ces. 

Magazines  in  field  fortifications  are  con.structed  in 
the  most  sheltered  parts  of  the  work,  partly  under- 
giound  where  practicable,  and  are  lined  with  timber 
or  with  gabions,  the  ceiling  being  of  timber.     The 
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whole  is  coTered  with  a  sufficient  thickness  of  earth 
to  render  the  structure  bombproof. 

Permanent  magazines  ai"e  usually  con.stnicteil  of 
brick,  and  should  be  surrounded  by  an  earthen 
mound,  so  that  in  case  of  explosion  the  tendency  of 
the  explosive  fore;  may  be  upwai-d. 

As  little  iron  as  possible  should  be  employed  in  the 
construction,  and  all  iron  nails,  etc.  should  lie  simk 
below  the  surface  of  the  wood  and  their  heads  put- 
tied over.  The  windows  have  exterior  metallic  shut- 
tei's  and  interior  .shutters  of  wire-gauze  ;  ventilators, 
close!  by  sliding  mat lUic  shutters,  are  also  geuerally 
arrange!  arouni  the  lo.ver  p.irt  of  the  sides  of  the 
building.  Powder  is  stor.-d  in  barrels,  three  or  four 
tiers  high,  with  skids  between  each  tier,  or  some- 
times racks  are  arranged  to  receive  tlie  barrels.  Al- 
leys of  siilfijient  width  are  left  between  the  several 
piles  to  obtiiin  ready  access  to  each  barrel.  Fixed 
am'.n  luition  and  small-arm  cartriilges  are  piled  in 
a  similar  way,  bat  these,  when  practicable,  shoul  1 
not  be  pliced  iu  the  same  magazine  with  gunpowder. 

2.  (yatUical.)  On  shipboard  the  magazine  is  an 
apartment  placed  sufficiently  below  the  water-linj 
to  be  safe,  under  ordinary  contingeucie.s,  from  the 
enemy's  shot.  It  is  lined  with  sheet-copper,  and 
has  tiers  of  shelves  on  three  sides  and  in  the  middle 
for  the  reception  of  the  copper  canisters,  in  which 
the  cartridges  for  the  heavy  guns  are  contained.  1 1 
is  illuminated  by  a  peculiarly  constructed  lamp  and 
reflector  placed  at  one  end  of  and  just  outside  the 
migiizine,  and  carefully  isolated  therefrom.  In  ac- 
tion, the  cartridges,  when  taken  from  the  ammuni- 
tion-bo.xes,  are  passed  throag'.i  a  scuttle  by  a  man 
in  the.  magazine  to  another  o:i  the  deck  above,  who 
in  turn  delivers  them  througli  a  canvas  screen  hav- 
ing an  opening  covered  by  a  flap,  to  another  on  the 
other  site,  who  hands  tliera  to  the  runner-boys,  wlio 
pass  th>m  through  scuttles  to  others  on  the  deck  or 
decks  abjve,  until  t'.iey  reach  the  piwder-boys,  who 
deliver  them  to  the  loaders  stationed  at  the  guns. 

Large  vessels  have  two  magazines,  one  forward 
and  the  other  aft. 

3.  {Stove.)  A  chambsr  in  a  stove  or  furnace  con- 
taining a  s.ipply  of  fael  which  falls  or  is  fed  into  the 
combastion-cha:nbar  as  the  fire  burns  away  that 
previously  introduced. 

The  first  magazine-chamber  for  fuel  known  to  the 
writer  is  the  Athanor  of  the  alchemists  of  the  Mid- 
dle Ages.  This  was  the  original  bu.S'r-burnuig  fur- 
nace, and  was  ado|ited  to  keep  up  a  continuous  sup- 
ply to  the  fire,  which  it  was  hoped  wo  aid  eventually 
transni  ite  the  baser  metals  into  gold.    See  Athan'OU. 

Uehisnie's  f.irna^e,  1685,  is  not  exactly  a  magazine, 
but  is  a  downward-draft  furnace.     See  Smoke-con- 

SU.MISG  FL'r.N".4CE. 

Watt's  base  Ivirner  fumae/>  had  a  magazine  (Eng- 
•lish  patent  of  17S  J).  The  tire  is  feil  from  a  reservoir 
above,  and  the  resulting  volatile  products  pass 
through  the  fire  to  the  chimney. 

Cutler's  magazine-grate  Wiis  patented  in  England 
in  1815.  The  bottom  plate  of  the  chamber  was 
movable,  and  by  means  of  a  wheel  and  axle  the  fuel 
contained  in  the  chamber  was  raised  so  as  to  bring 
a  new  portion  of  fuel  into  the  fire.  The  object  is  a 
full  supply  for  a  day,  and  a  means  of  introducing 
below  so  as  tj  bam  the  smoke. 

Arnott's  improvement,  which  he  termed  a  smoke- 
less fireplace,  is  somewhat  .similar. 

Deakin's  patent,  1S16,  had  the  magazine  at  the 
back  of  the  fire,  and  the  fuel  was  dniwn  fonvard 
horizontally  by  means  of  a  screw. 

Alkin's  English  patent,  1825,  resemWed  Deakin's. 

Rawe's  magazine,  1854,  is  a  fuel-pijie  connecting 
the  bottom  of  the  grate  with  a  side  reservoir  of  fuel. 


The  poker  is  the  lever  for  introducing  a  fi'esh  sup- 
ply. 

Leighton,  in  1850,  surrounded  the  sides  and  back 
of  the  chamber  with  a  fuel-reservoir,  from  which  the 
fuel  was  withdrann  by  the  poker.  See  M.\GAZ1SE- 
STOVK. 

4.  {Fire-a7-ni.)  A  chamber  in  a  gun  containing 
a  succession  of  cartridges,  which  are  fed  one  by  one 
automatically,  and  loaded  at  the  breech  of  the  gun. 
See  Mag.^zink  Firk-.mim. 

Maga-zine'  Car'tridge-box.  A  cartridge  re- 
ceiver attaehed  to  a  giui,  ur  to  the  pei'son  near  the 
gun,  to  facilitate  loading. 

"  Elliot's  cartridge-box  consists  of  two  metallic 
plates  mounted  side  b;-  side  on  a  common  pivot,  by 
which  they  are  .secured  to  a  skeleton  metallic  frame 
covered  with  leather.  They  are  lluted  radially  lor 
the  reception  of  24  cartridges.  These  llutings  are 
so  arranged  that  the  heads  of  the  cartridges  may  lie 
in  an  almost  continuous  row,  while  the  points  over- 
lap each  other  in  such  a  manner  that  the  cai  tiidges 
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are  mutually  supported  by  the  ends  of  their  cases, 
the  weight  being  thus  taken  off'  the  point  of  the  ball, 
and  removing  its  liability  to  lie  ilriveii  into  the  car- 
tridge by  the  .shaking  of  transportation. 

"The  box  when  used  is  to  be  worn  on  the  left 
brea-st.      When    charged  it  is  rotated  for   firing  by 
bringing  each  caitridge  in  succession  to  an  open  ' 
notch  in  the  peripheiy  of  the  frame."  —  U.  S.  Ord- 
nance Memoranda,  No.  15,  p.  339. 

ilerriU's  box  is  a  slot  in  the  top,  back  of  the  small 
of  the  stock,  from  which  the  caitiidges  are  taken  by 
hand  and  fed  to  the  chamber. 

Hagnei's  magazine  is  a  box  large  enough  for  three 
cartridges,  open  at  one  end,  and  .situated  under  the 
barrel,  forward  of  the  trigger-guard. 

Benton's,  Hare's,  and  Metcalfe's  magazine-boxes 
are  detachable  blocks  containing  each  a  number  of 
cartridges.  The  blocks  fit  in  the  cartridge-box,  and 
when  in  use  are  attached  to  the  .«ide  of  a  rifle,  near 
the  hreecli-block.  by  dovetail  or  pin  fastening. 

Maga-zine'  Fire— arm.  One  containing  a  sup- 
ply of  cartridges,  wliicli  are  automatically  fed  to  the 
chamber  at  the  rear  end  of  the  barrel.  There  are 
several  tj'pes. 

1.  Those  in  which  the  magazine  is  a  tube  below  the 
baiTel,  as  iu  the  Winchester,  the  Waid-Hurton,  etc. 

2.  Those  in  which  the  magazine  is  in  the  stock, 
as  in  the  Spencer,  Meigs,  and  others. 

3.  Those  in  which  the  magazine  is  a  separate  piece 
attachable  to  the  gun  when  required,  as  in  the  El- 
liot carbine,  the  Catling  battery-gun,  etc.  See 
BATrEKY-aUX. 

The  Marquis  of  Worcester  (d.  1667),  in  his  "  Cen- 
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tury  of  Inventions,"  refers  to  an  "often-discharging 
pistol,"  but  (lues  not  describe  it.  In  1575,  .several  of 
sucharm.s  were  stored  in  the  Tower  of  London.  Porta, 
in  his  "Natural  Magick,"  ]658,  speaks  of  a  great 
brass  gun,  or  hand-gun,  which  may  discharge  ten  or 
more  bullets  without  intermission.  The  idea  is  to 
load  with  powder  and  shot  alternately,  until  the 
barrel  is  full  ;  an  intervening  "dark  powder"  gives 
an  interval  between  the  firing  of  the  se|iarate  charges, 
so  as  to  avoid  the  simultaneous  e.xplosion  and  the 
results  which  would  very  certainly  follow. 

Most  of  the  ancient  re|ieating-guns  were  many- 
chambered  revolvers,  and  not  what  we  term  maga- 
zine-guns.    See  Revolveu. 

The  Henry  or  "Winchester"  rifle  will  fire  sixteen 
shots  without  reloading,  and  the  gun  is  co<;kcd  by 
the   same  movement  of  the  guard   that  oi>ens  and 


Winchestfr  Magazine  Fire-Arm 

closes  the  breech  ;  the  exploded  cartridge  being  with- 
drawn and  a  fresh  one  supplied  at  the  same  time  and 
by  the  same  movements.  The  copper  cartridges, 
fifteen  in  number,  are  placed  in  a  tube  extending 
the  entire  length  of  the  barrel  on  its  under  side, 


from  which  they  are  fed  into  the  gun  by  the  opera- 
tion of  the  lever-guard,  a  spiral  spring  forcing  back 
the  cartridges  as  fast  as  they  are  used  up.  The  piece 
has  bei'U  fired  lifteeu  times  in  less  than  ten  seconds. 
187  shots  were  tired  in  3  minutes  and  36  seconds, 
not  including  the  time  reiiuired  to  replenish  the 
ni.agazine  ;  and,  including  the  time  thus  employed, 
120  loads  were  loaded  and  tireil  in  5j  minutes,  — 
1,040  shots  being  fired  without  cleaning  or  repairing 
the  gun.     See  Y  Y',  Plate  XVII 1.,  FiiiE-AUM. 

Fig.  3020  shows  a  longitudinal  section  of  the 
breech  ami  working  parts  of  the  magazine,  with  a 
cartridge  on  the  carrier  ready  to  be  fed  to  the  firing- 
chamber. 

The  Ward-Burton  arm  is  on  the  bolt  sy.stem.  A 
supply  of  cartridges  is  carried  in  a  tube  a  beneath 
the  barrel.  These  are  fed  backwaril  by  a  spiral 
spring.  The  gun  is 
opened  by  raising  the 
handle  b  of  the  bolt  and 
withdrawing  it.  As  the 
bolt  is  fully  drawn  back, 
it  strikes  the  u)uight 
arm  of  the  carrier,  shown 
by  dotted  lines  (at  m), 
on  the  tray  c  formed 
by  the  lower  arm  of 
which  a  cartridge  has 
been  fed  by  the  action 
of  the  spiral  spring  in 
the  magazine-tube.  The 
motion  of  the  bolt  brings 
up  this  tray,  so  that,  when  pushing  forward  the  bolt 
again  to  close  the  jiicce,  the  cartridge  may  be  driven 
into  the  cliambei-  d,  whei'e  it  is  fired  by  the  action 
on  a  heavy  needle  or  (lin  of  a  spiral  sjiring  contained 
in  the  bolt  and  compressed  in  the  act  of  closing,  dur- 
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ing  which,  also,  the  carrier  is  forced  down  to  receive 
a  fi'esh  cartridge  from  the  magazine. 

Projecting  from  the  face  of  the  bolt  is  .seen  the 
point  of  a  spring  hook,  serving  to  withdraw  the 
empty  shells  from  the  chamber,  and  also  the  end  of 
the  ejector-pin,  which  strikes  them  from  below  when 
withdrawn,  and  throws  them  clear  of  the  gun.  Near 
the  head  of  the  bolt  is  seen  ]iart  of  the  sectional 
screw,  which  engages  with  a  corresponding  section 
within  the  gun  when  the  piece  is  closed,  and  the 
handle  turned  down  into  ))lace,  and  so  snjiports  the 
bolt  against  the  force  of  the  discharge.  The  maga- 
zine holds  eight  .shots,  which  may  be  fired  in  about 
nine  seconds  ;  their  issue  may  be  cut  off  by  a  sliding 
piece  ;  the  arm  may  then  be  used  as  a  single  loader. 


(as  shown  in  Plate  XVII.,  opposite  page  852),  hold- 
ing the  magazine  in  reserve. 

The  Swiss  magazine-rifle  (shown  on  Plate  XVIII., 
opposite  page  853)  has  the  bolt  feature  of  the  Ward- 
Burton,  and  the  cartridge-loader  of  the  Henry,  so 
well  known  as  the  "Winchester." 

The  Spencer  has  a  tube  containing  seven  copper 
cartridges  placed  lengthwise  in  the  stock,  from 
whence  they  are  forced,  one  at  a  time,  into  the  bar- 
rel, by  merely  moving  the  lever-guard  forward  and 
back,  —  the  shell  of  the  explodeil  cartridge  being 
removed  by  the  same  operation.  Tlie  gun  is  then 
cocked  and  fired  in  the  usual  manner.  This  gun 
was  more  extensively  inti'oduced  into  the  army,  dur- 
ing the  late  civil  war,  than  any  other  of  its  class,. 
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and  is,  therefore,  verj'  generally  known.    It  is  shown 
MF,  Plate  XVI. 

The  Culleu  niag-.uiue-gun  (Fig.  3022)  has  a  revolv- 
ing cartriclge-eanier  in  the  stock,  which  contains 
four  sets  of  cartridges,  ten  in  each  set  or  column. 
As  one  column  is  exhausted  anotlier  comes  in  place, 
so  that  forty  shots  may  be  tired  without  reloading. 


Fig.  3022. 


Masazine-Rijfe. 

The  operating  mechanism  is  connected  to  the  trigger- 
guard,  which  works  as  in  the  Spencer. 

The  Jleigs  magazine-gun,  made  at  Lowell,  Mass., 
contains  five  columns  of  ten  each,  or  fifty  cartridges, 
which  were  tired  before  the  Austrian  Military  Com- 
mittee in  16  seironds,  and  replaced  by  another  maga- 
zine "in  a  few  seconds.  The  breech-block  rises  and 
falls  by  a  backward  and  tbrward  sliding  reciiuocation 
of  the  trigger-guard.  When  one  line  of  cartridges 
is  expended,  the  magazine  is  rotated  on  its  axis  by 
a  s|iriug  bringing  another  line  of  cartridges  in  line 
with  the  feeding  arrangement. 

A  numlier  of  magazine-gnns  cany  cartridges  in  the 
stock,  linked  together  like  sausages,  which  are  cut 
apart  as  they  are  used.  See  classification  list  under 
Fii;e-ai:m,  ).|).  b',i  -862. 

Maga-zine'-stove.  One  in  which  is  a  fuel- 
chamber  which  supplies  coal  to  the  fire  as  that  in 
the  grate  burns  away. 

The  example  is  a  base-burning  stove,  having  a 
Fig.  3023. 


it,  an  illuminated  casing  surrounding  it.      See  R.4.SE- 
BL'RNINC  Stovk. 

Mag'de-burg  Hem'i-spheres.  Hemispheres  of 
brass  whose  edges  are  carelully  gi'ound  together  to 
make  an  air-tight  joint,  and  designed  to  illustrate 
the  pressure  of  the  atmosphere.  The  expeiiment  origi- 
nated with  the  worthy  Otto  Giiericke,  Inugoniaster 
of  Magdeburg,  about 
1654. 

Tile  edges  of  the 
hemispheres,  being 
greased  with  oil  or  tal- 
low, are  brought  to- 
gether, the  foot  re- 
moved, and  the  stop- 
cock screwed  into  the  center  of  the  air-pump 
plate.  The  cock  being  opened  and  a  few- 
strokes  of  the  pump  made,  the  sphere  is  thus  ex- 
hausted of  contained  air,  and  on  being  removed  from 
the  plate  and  affixed  to  a  duplicate  handle  is  ready 
tor  the  illustration.  Nearly  fifteen  pounds  of  force 
to  the  square  inch  will  be  required  to  draw  them 
asunder.  To  separate  them  readily,  it  is  only  ne- 
cessary to  open  the  .stop-cock  and  re-admit  air. 

Mag'ic  Lan'tern.  A  diojitric  in.strumeiit  by 
which  the  images  of  small  figui-es  painted  in  trans- 
parent varnish  are  exhibited,  considerably  magnified, 
upon  a  wall  or  screen. 

Its  invention  has  been  attributed  to  Koger  Bacon 
about  the  year  1261,  but  it  was  fii-st  geneially  made 
known  Iiy  Baptista  Porta  in  his  "  Natural  Jlagick," 
and  by  Kircher,  1669-70,  who  described  it  in  his 
"Ai-s  magna  Lucis  et  Umbne." 

"  Comes  Mr.  Reeves  bringing  me  a  lanthoi  u  with 

Fig.  3025. 


Ma^ic  Lanterns. 

pictures  in  glass  to  make  strange  things  appear  on  a 
wall,  very  pretty." —  Pepys's  Diary,  1666. 

As  at  present  constructed,  the  instrument  A  con- 
sists of  a  case  having  a  projecting  tube  in  front,  in 
which  are  two  lenses,  the  inner  for  illumination  and 
the  outer  for  magnifying.  A  strong  light  is  placed 
in  the  center  of  the  box,  and  behind  it  a  concave 
mirror.  A  widened  space  between  the  two  lenses 
in  the  tube  permits  the  insertion  of  the  slips  of 
glass  on  which  the  objects  are  painted.  These  are 
highly  illuminated  by  the  miiTor  and  lens  ;  and  the 
mngnifying-lens,  which  is  adjustable  to  a  proper 
focus  by  sliding  it  back  and  forth  in  the  tube,  throws 
!!».    &_       KT        ■     o,  r,'  "    ;    '  a  magnified  image  of  the  object  on  the  screen  placed 

'  to  receive  it.      Ihe  magnitude  ot  the  image  depends 

fuel-magazine  suspended   free   from  the   grate,   and  i  on  the  distame  of  the  image  from  the  scieen,  being 
having  an  unobstructed  free  space  around  and  below  1  greater  the  farther  apart  they  are  separated  ;  this  dis- 
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tanne  mnst  not,  liowever,  be  too  great,  ortlie  image 
will  hf  indistinct. 

When  tlie  .screen  is  transparent  the  exhibitor  may 
be  beliinil  it,  the  ]iieture  being  e.xhibited  by  trans- 
mitted light.  Willi  a  white  oiiaqne  scri'en,  or  a 
whitewashed  wall,  the  camera  is  placed  in  a  suita- 
ble jiosition  aiming  the  audience,  and  the  picture, 
being  thrown  n[ion  the  screen,  is  viewed  by  reliected 
light. 

The  oxy-caleium  liglit,  in  which  a  jet  of  oxygen 
giis  jiassing  through  a  spirit-Hame  is  thrown  on  a 
cylinder  ot'  lime,  or  the  electric  light,  are  used  in  the 
magic-lantern,  allbrdingan  illuminating  power  vast- 
ly greater  than  that  of  the  ordinary  oil  lani[j. 

Fig.  A  rejiresents  a  single  lantern,  and  B  a  double 
lantern,  the  latter  arranged  for  exhibiting  dissolving- 
views.  The  lanterns  are  placed  side  by  side,  so  that 
the  sliders  may  be  readily  slid  from  one  to  the  other. 
Their  foci  and  the  screen  lieing  properly  adjusted,  a 
picture  is  placed  in  each ;  in  front  of  both  tubes  is  a 
slider,  by  which  the  image  of  either  is  gra.ilnally 
shnt  otr  from  the  screen,  so  that  one  image  will  ap- 
pear to  dissulve  into  the  other. 

Mag'is-ter  y.      A    tine   substance   deposited   by 

preripil;ltiuli. 

Mag^is-tral.  1.  (iVe/.al/itrg;/.)  Made  from  cop- 
per ]iyrites  (or  raw  luagistral),  which  is  found  in 
many  parts  of  Mexico.  The.se  ores,  aecoriling  to 
Napier,  contain  from  7.47  to  13.75  per  cent  of  cop- 
per. It  is  reduied  to  powder  by  dry  stamping  and 
grinding.  It  is  used  especially  in  the  }ri/io  process 
of  amalgamation.  Some  authorities  state  that  the 
eojiper  pyrites  are  roasted  and  ground,  but  this 
wcuild  seem  to  detract  from  their  activity,  which  is 
due  to  the  action  of  their  .sulphuiic  acid  upon  the 
salt,  lib.uating  muriatic  acid.  So  say  Sonueschmid 
and  Phillip-;.     See  A.m.\L(;.\matoi!,  p.  76. 

"2.  {Furtijiraliun.)  The  line  where  the  scarp,  if 
prolongi-d,  would  intersect  the  top  of  the  coping  or 
cordon.  —  M.vil-iX. 

The  gliding  line  which  defines  the  first  figure  of 
the  works  of  a  fntihi'ation. 

Mag-ne'si-an  Lime'stone.  A  mineral  which 
cry^tallizi's  in  tlie  rhoDiliuhedral  .system. 

Mag-ue'si-iini.  E  piivalent,  i2  ;  symbol,  Mg.  ; 
specilic  gravity,  1.743.  A  malleable  metal  the  color 
of  silver. 

As  a  silicate  or  carbonate,  it  enters  into  the  com- 
position of  many  rocks  and  .soils  ;  steatite,  .serpen- 
tine, tale,  meerschaum,  etc. 

The  oxidi',  sulphate  (epsom -salts),  and  carbonate 
are  used  in  medicine. 

It  is  also  us.-d  in  lamps.     See  M.\r,NKSIUM-I.AMP. 

Mag-ne'si-um-lamp.  One  in  which  burning 
magnesium  is  employed  for  [lurposes  of  illumina- 
tion. 

This  nu;tal,  in  a  state  of  combustion,  emits  a 
light  whicli  is  unendurabk^  to  the  naked  I'ye,  but 
at  the  same  time  gives  forth  a  cloml  of  its  oxide 
which  eventually  fills  the  apartment  in  which  it  is 
burned. 

Various  attempts  have  been  made  to  obviate  this 
difficulty,  and  it  is  found  that  by  alloying  with  zinc 
the  quantity  of  light  is  undiminished  while  the 
fumes  are  more  readily  removed.  An  alloy  with 
thallium  has  also  been  successfully  tried. 

As  the  llanie  |iosse.sses,  though  in  a  much  inferior 
degree,  the  actinic  power  of  the  sun's  rays,  it  may 
be  employed  in  )ihotography. 

Broad  thin  strips,  jiresenting  a  proportionately 
greater  surface  to  the  oxygen  of  the  atmosphere  than 
those  of  erpial  weight  which  are  narrower  and  thick- 
er, burn  more  steadily  and  surely,  and  are  jirefera- 
ble  tor  giving  light. 


A  long  strip  of  this  kind  is  coiled  about  a  drum 
and  fed  by  clock-work  into  the  flame  of  a  small  alco- 
hol lani]).  There  may,  of  course,  be  various  modifi- 
cations of  the  mechanism  employed. 

In  one  form  of  inagnesinm-lamp  the  metal  is  eni- 
|)loycd  in  a  pulVerizeil  state,  and  may  be  used  either 
alone,  mixed  with  sand,  or  with  a  material  as  nitrate 
of  strontia,  to  give  color  to  the  tlame.  It  is  placed 
in  a  lliuiiel-shaped  reservoir,  from  the  lower  part  of 
which  (iroceeds  a  long,  narrow  tulie,  at  the  lower 
extremity  of  which  is  a  small  spirit-lamp.  This 
serves  to  ignite  and  maintain  the  llame  of  the  pow- 
dered magnesium,  the  flow  of  which  is  regulated  by 
means  of  a  small  finger-tap,  .so  as  to  increase  or  di- 
minish the  light  as  required.  The  spirit-lamp  also 
prevents  the  end  of  the  tube  from  being  fouled  or 
stopped  uji  by  the  oxide,  which  would  otherwise 
form  within  and  around  it. 

Such  lamps  may  be  made  of  convenient  size  for 
portability. 

The  light  emitted  by  a  magnesium  wire  one  thou- 
sandth of  an  inch  in  diameter  is  eipial  to  that  of 
seventy-four  stearine  candles  of  live  to  the  pound  ; 
three  feet  of  it  are  burned  per  minnte,  or  a  quarter 
of  an  ounce  per  hour,  the  cost  of  which,  at  the  pres- 
ent ]irice,  would  be  about  60  cents.  Seventy-four 
stearine  candles  would,  however,  in  the  same  time 
consume  2  pounds  of  stearine,  which  would  cost  50 
cents  ;  40.4  cubic  feet  of  coal-gas  of  twelve  candles 
power  would  be  rei|nircd  to  produce  the  .same  effect, 
and  w'ould  cost  about  5  cents.  The  dearness  of 
magnesium  arises  from  the  high  price  of  sodium  re- 
cjuired  in  obtaining  it.  Magnesium  gives  oft'^i^  of 
t\\v.  heat  obtained  by  combustion  of  gas  of  equivalent 
lucid  efi'ect.  Gas  and  candles  vitiate  the  air  by  the 
production  of  watery  vapor  and  carbonic  acid:  mag- 
nesium is  free  from  this  objection,  but  it  has  an  in- 
convenience of  its  own  ;  a  large  quantity  of  calcined 
magnesia  is  thrown  off  as  a  fine  powder,  as  stated 
above. 

Mag'net.  The  attractive  power  of  the  loadstone 
or  magnet  was  early  known,  and  is  referred  to  by 
Homer,  Aristotle,  and  I'liny. 

Says  Pliny  :  "The  magnet-stone  is  found  in  Can- 
tabria."  We  read  that  the  architect  Dinoehares  was 
em]iloyed  by  Ptolemy  to  roof  a  temple  at  Alexandria 
with  "  magnet-stone,"  b}^  means  of  which  an  ii'on 
image  of  his  sister  Ar.sinoi^  might  remain  perpetually 
suspended.  Both  the  architect  and  the  king  died 
before  the  completion  of  the  work. 

This  was  probably  the  original  of  the  jiopular  fable 
of  the  susiiension  of  the  coffin  of  Mahomet  at  Medina 
betwe<Mi  two  magnets. 

The  name  is  derived  by  the  imaginative  Greeks 
from  one  Magnes,  a  shepherd  on  Mt.  Ida,  whose  iron 
crook  being  casually  laid  against  a  block  of  magnetic 
iron  became  attached  thereto,  and  directed  attention 
to  the  mysterious  attraction. 

Tliales,  B.  c.  640,  discoursed  on  amber  and  the 
magnet,  and  supposed  them  to  be  living  because 
they  had  a  moving  force. 

"Prom  Eastern  Asia  has  been  handed  down  the 
kiunvledge  of  the  directive  force  and  declination  of 
a  freely  suspended  magnetic  bar  ;  from  Phcenicia  and 
Egypt  the  knowledge  of  chemical  preparations  (as 
glass,  animal  and  vegetable  coloring  substances,  and 
metallic  oxides) ;  and  from  India  the  general  use  of 
posilioii  in  determining  the  greater  or  less  value  of  a 
few  numerical  signs."  —  Hii.mroldt. 

iEtius,  A.  n.  .500,  refers  to  the  use  of  the  magnet 
for  the  cure  of  disease.  He  says  :  "  We  are  assured 
that  those  who  are  troubled  with  gout  in  their  hands 
or  their  feet,  or  with  convulsions,  find  a  relief  when 
they  hold  a  magnet  in  their  hand." 


MAGNET. 


1371 


MAGNETO-ELECTRIC  MACHINE. 


SevcT.il  cniineiit  iihysicians  of  the  tifteentli  centurv 
affiinicd  it.s  virtues  a.s  a  ('ure  for  toothauhe,  and  a 
little  later  \vk  lead  of  magnetic  tootlijiicks  for  the 
same  pHr[)0se. 

The  deviation  of  the  compass  was  known  before 
Columbus,  but  it  was  assumed  to  be  uniform.  The 
first  voyage  of  the  great  iliseoverer  was  nearly 
bi'ojglit  to  an  abrupt  conclusion  Ijy  the  discovery  of 
this  error.      See  MArLrXER'.s  Cu.MP.is.s. 

The  (lip  of  tile  magnet  was  discovered  by  Robert 
Norman,  1576.     See  Magxetometei;. 

The  magnet  worn  by  Sir  Isaac  Newton  in  liis  ring 
weigheil  only  3  grains,  yet  was  able  to  take  up  746 
grains,  or  nearly  250  times  its  own  weight. 

Artificial  magnets  were  made  by  Dr.  G.  Knight  in 
174fl. 

A  natural  magnet  is  the  loadstone,  wliich  pos.se.ss- 
es  polarity  like  a  magnetic  needle. 

A  magnetized  needle  is  a  piece  of  steel  or  iron  to 
which  polarity  lia<  been  imparted  by  contact  with  a 
loadstone,  or  by  other  means.  A  manuscript  of  a.  d. 
1206,  in  the  Royal  Library  of  Paris,  states  that  a 
black  stone,  called  marinierc,  was  rubbed  by  sailors 
upon  a  needle,  which  was  then  placed  on  a  straw  set 
afloat  in  a  basin  of  water,  when  the  ]ioint  would  in- 
dicate the  north.      See  MAliIXEIi's  Co.MPAss. 

A  nicely  balanced  piece  of  steel,  susiieiidej  by  its 
middle  by  a  jiiece  of  untwisted  silk,  will,  wlien  mag- 
netized, turn  in  one  direction  and  rest  there. 

Its  deviation  from  the  true  meridian  is  its  varia- 
tion or  dccHnatio)i ;  its  tleviation  from  a  horizontal 
position  is  its  dij)  or  incliiKitimi. 

Polarity  may  be  conferred  upon  a  bar  of  steel  by 
dilferent  jneans  :  — 

1.  A  steel  bar  held  in  the  natural  direction  of  a 
needle,  and  struck  several  blows  with  a  hammer, 
will  become  magnetized. 

This  occurs  on  a  large  scale  in  building  iron  ships. 
It  is  found  that  the  const.ant  hammering,  in  clo.siiig 
the  seams  and  swaging  the  rivets,  confers  polarity 
upon  the  vessel,  and  the  effect  is  much  di'pendent 
upon  tlie  magnetic  bi'aring  of  the  shij)  while  on  the 
stocks.     See  .MauI-S'Eu's  Co.MP.iss. 

2.  If  the  end  of  a  steel  bar  be  placed  in  contact 
with  one  of  the  poles  of  a  magnet,  it  will  become 
perman.-iitly  magnetic  by  induction.  A  better  plan 
is  to  jilace  the  bar  in  a  line  between  the  two  opposite 
poles  of  two  magnets  of  gre.at  intensity.  —  BliAXDE. 

3.  Take  a  smooth  bar  of  iron,  [ilace  the  middle  of 
it  on  the  north  iiole  of  a  magnet,  and  draw  it  to  the 
end,  repeating  the  stroke  always  from  the  midille  to 
the  end,  that  is,  rubbing  the  same  way  every  time. 
Then  place  the  middle  of  the  bar  on  the  south  pole 
of  the  magnet  and  rub  it  to  the  opposite  end  of  the 
bar,  rejieating  as  before. 

Or  take  two  magnets  and  lay  them  Iiorizontally 
upon  the  bar,  having  their  north  and  south  ]ioles  in 
contact  over  its  midlcngth.  Then  slide  each  toward 
the  enil  of  the  bar.      Repeat. 

4.  Place  a  horseshoe-magnet  in  the  middle  of  a 
neeiUe  to  be  magnetized,  with  the  poles  turned  in 
a  direction  the  reverse  of  the  poles  intended  to  be 
given  to  the  needle  ;  then  move  the  magnet  back- 
ward and  forward  over  and  along  the  surface  of  the 
needle,  taking  care  to  pass  over  each  half  of  it  an 
equal  number  of  times,  ami  repeating  the  same  ojier- 
ation  on  the  other  side  :  the  needle  is  speedily  and 
permanently  rendered  ni.agnetic.  —  Bp.AxnE. 

We  are  indebted  to  Faraday  for  the  comprehensive 
classification  of  all  substances  into  m'if/nelirs  and 
diavuiiinclics.  A  comp;vss-needle  made  out  of  a  ilia- 
niagnetic  would  point  east  and  west,  where  an  ordi- 
nary compass-needle  would  point  north  and  south. 

In  telegraphy  the  magnets  are  known  by  their 


duty  or  their  places  in  the  circuit,  as  the  sounding, 
relay,  receiving  magnets,  etc.     See  Electp.icwl  Ap- 

P.VKATU.S.  . 

Mag-uet'io  Bat'ter-y.  A  combination  of  bar 
inasfiiets  aetinu'  together. 

Mag-uet'ic  Com  pen-sa'tor.  An  apparatus 
of  iron  plates,  invented  by  liarlow,  and  jilaeed  near 
the  binnacle  for  neutralizing  the  elfeet  of  shiii's  guns 
and  other  iron  in  deranging  the  bearings  of  the  com- 
pa.ss.  It  is  superseded  by  the  apparatus  of  Professor 
Airy,  which  consists  of  two  magnets  placed  at  right 
angles  to  each  other  below  the  compa,ss,  and  a  box 
of  small  iron  chain.  These  are  placed  by  e.xperi- 
I  ment.     Sei-  JI.iUiNEIt's  Co.MP.\ss. 

Mag-net'ic  Guard.  A  resjiirator  with  a  gauze 
of  magnetic  iron  to  arrest  particles  of  steel  dust 
when  ilrv-grinilintc  eutlerv.  Invented  by  Abraham 
ofSliettield.  England. 

Mag-net'ic  Nee'dle.  A  slender,  poised  bar  or 
plate  of  magnetized  steel. 

The  forms  of  magnetic  needles  are  varied,  accord- 
ing to  fancy.  Some  have  their  greatest  breadth  in 
a  vertical,  other.s  in  a  horizontal,  direction.  In  sur- 
veying-instruments, 5'„-  of  an  inch  broad  and  -/j 
thick  is  a  fair  proportion  ;  length  from  4  to  7  inches, 
usually  from  5i  to  6.  The  needle  is  suspended  by  a 
metallic  or  jeweled  center  upon  a  hardened  steel 
pivot.  The  test  of  delicacy  is  the  number  of  hori- 
zontal vibrations  which  it  will  make  before  coming 
to  rest.    See  Mamner's  Compass  :  MAO.SEro.MEiT.n. 

Mag-net'ic  Tel'e-graph.  Sec  Mau.xeto-elec- 
Tuir  Tei.ecuapii. 

Mag'net-o-e-lec'tric  Ma-cMue'.  One  in 
whicli  an  electric  current  is  generated  liy  the  revolu- 
tion of  one  or  more  soft  iron  cores  surrounded  by 
coils  of  wire,  about  the  poles  of  a  magnet  or  mag- 
nets ;  or  an  armature  (keeper)  may  rotate  before  the 
poles  of  stationary  coiis. 

The  first  notice  we  find  of  exciting  electric  action 
by  the  revolution  of  a  magnet  is  in  a  manuscript 
work,  written  in  the  year  1242,  by  an  Araljian  named 
Bailnk,  a  native  of  Kibdjak.  The  work  is  called 
"  The  Merchants'  Guide  in  the  Purchase  of  Stones." 
He  states  :  — 

"  Among  the  properties  of  the  magnet,  it  is  to  be 
noticed  that  the  captains  who  sail  in  the  Syrian 
waters,  when  the  night  is  dark,  take  a  vessel  of 
water,  upon  which  they  ])lacc  a  needle  burieil  in  the 
pith  of  a  red,  and  which  thus  Hoats  upon  the 
water.  Then  they  take  a  loadstone  as  big  as  the 
palm  of  the  hand,  or  even  smaller.  They  hold  it 
near  the  surface  of  the  water,  giving  it  a  votary  mo- 
tion, until  the  needle  turns  upon  tlie  water  ;  they 
then  withdraw  the  stone  sudileiily,  when  the  needle, 
with  its  two  end.s,  jioints  south  and  ncuth. " 

Faraday's  discovery  of  magneto-ekvtricity  was 
announced  in  1831.  In  1833,  Sa.xton  constructed 
a  machine  of  this  kind,  employing  a  commutator  to 
cause  the  current  to  flow  continuously  in  the  same 
direction.  The  coil  of  wire  of  the  armature  was 
wound  transversely  to  its  soft  iron  core. 

In  1857,  Siemens  constructed  a  m.agneto-electric 
machine,  in  which  an  elongated  cylindrical  armature, 
wound  with  insulated  wire  in  the  direction  of  its 
length,  was  made  to  revolve  between  the  poles  of  a 
number  of  parallel  hoi-seshoi^  magnets.  By  this 
means  much  more  powerful  currents  were  obtaiui'd. 

In  1866,  Mr.  Wilde  of  Manchester,  England,  con- 
ceiv,cd  the  idea  of  passing  tin-  current  developed  by 
an  apparatus  of  this  kind  through  the  insulated  wire 
of  an  electro-magnet  of  larger  size.  He  found  that 
the  force  of  the  niiignetism  thus  excited  was  far 
gi'eater  than  that  of  the  series  of  steel  magnets  em- 
ployed to  generate  the  magneto-electric  current.     In 
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one  ea.se  where  these  would  support  a  weight  of  but 
40  pouixls,  the  electro-inagnet  which  they  e.vciteJ 
sustained  1,0SS  pounds. 

He  next  eonstructed  a  machine  of  much  greater 
power,  consisting  of  a  series  of  permanent  steel  mag- 
nets, fifteen  inelies  long,  each  weighing  three  pounds, 
and  capable  of  sustaining  a  weiglit  of  20  pounds. 
Their  common  armature  is  16  or  17  inches  long  and 
2;\  im-hes  in  diameter.  It  is  wound  witli  50  leet  of 
cojiper  wire  of  -^^  inch  diameter.  I5y  means  of  a 
pulley  it  is  driven  at  the  rate  of  2,500  revolutions  per 
minute,  causing  5,000  changes  of  polarity  in  that 
time.  The  currents  thus  generated  are  turned  in  a 
common  direction  by  means  of  a  conunutatoi",  and 
sent  through  the  wires  of  a  large  electro-magnet, 
wliich  forms  the  base  of  the  apparatus. 

This  electro-magnet  is  formed  of  two  soft  iron 
plates,  3  feet  long,  over  2  feet  wide,  and  1  inch  thick, 
placed  parallel  to  each  other  and  sejiaratej  at  one  end 
by  a  bundle  of  iron  plates  more  than  a  foot  thick, 
the  whole  secureil  together  by  bolts.  At  the  other 
enil  is  the  armature,  a  cylinder  of  7  inches  diameter, 
deeply  grooved  in  tlie  direction  of  its  length,  and 
wound  witli  copper  wire  nearly  J  inch  in  diameter. 
More  recently,  .\Ir.  Wilde  has  substituted  insulated 
copper  ribbon  for  the  wire. 

The  armature  turns  in  a  hollow  iron  cylinder  lined 
with  brass,  and  is  driven  at  the  rate  of  1,700  revo- 
lutions per  minute.  Tins  machine  maintains  in  full 
incandescence  carbon  points  nearly  an  inch  in  diam- 
eter. It  weighs  H  tons,  and  requires  a  three-horse- 
power engine  to  drive  it.  The  currents  induced  by 
this  apparatus  have  been  passed  through  a  second 
electro-magnet  of  still  larger  size,  producing  still 
more  powerful  effects. 

Subsequently,  Siemens  and  Wheatstone  discovered 
means  of  gi-eatly  intensifying  by  means  of  its  own 
action  a  very  small  amount  of  magnetism,  by  the 
rotation  of  a  secondary  coil  witli  cores  of  soft  iron 
around  the  poles  of  a  magnet  of  very  feeble  power. 

Fig  3026. 


LaJd's  Magneto-Eteclric  Machine. 


The  induced  current  will  also  be  feeble,  but  by  be- 
ing sent  around  the  electro-magnet  which  produced 
it,  its  magnetism  will  be  intensified,  so  that  it, will 
generate  a  stronger  current.  This  again  is  passed 
through  the  secondary  electro-magnet,  and  so  on, 
the  current  alternately  passing  from  the  coil  of  the 
primary  to  those  of  the  secondary  magnet  until  it  is 
intensified  to  a  very  high  degree. 


Ladd's  machine,  of  which  a  ]ilan  A  and  an  elevation 
B  are  shown  in  Fig.  302t),  comprises  two  magnetic 
iron  plates  a  a,  surrounded  by  coils  of  wire,  and  hav- 
ing an  armature  h  b  at  each  end.  The  wires  of  one 
ar  nature  are  connected  with  a  commutator,  and  the 
extremities  of  the  wir<^  which  invelops  the  plates  are 
connected  with  tangents  resting  u)ion  the  conmmta- 
tor. 

The  currents  generated  by  the  revolution  of  the 
armature  pass  by  the  commutator  into  the  wire  en- 


Fig.  3027, 


l\Ias:nfto-Ehctric  Machine. 

veloping  the  jilates,  thus  tending  to  reinforce  their 
magnetism  ;  and  the  current,  feeble  at  first,  quickly 
acquires  strength  with  the  rapid  rotation  of  the  ar- 
mature. 

If  the  other  armature  be  now  set  in  rapid  motion, 
and  the  extremities  of  its  helix  connected  with  the 
conductors  of  an  electric  lanqi,  a  light  of  intense 
brilliancy  is  produced  ;  or  platinum  wire,  >„-  inch  in 
diameter,  may  be  instantly  igiuted. 

Fig.  3027  is  a  machine  for  medical  purposes.  The 
amiature  of  the  two  magnets  is  rotated  by  a  cord  or 

Fig.  3028. 


FrorjienVs  Etectro-Ma^ftic  Machine. 

belt  on  a  small  pulley,  driven  by  a  larger  one  which 
is  set  in  motion  bv  a  hand-crank  and  gearing.  Two 
conducting-wires  with  insulators  convey  the  current 
to  the  ]iarts  under  treatment. 
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Fig.  3028  represents  an  electro-magnetic  engine,  1 
invented  hy  M.  Froment  and  employed  by  him  for 
actuating  his  diridiug-engine.  j 

Four  hollow  cylinders  a  a,  b  b,  encircled  by  coils 
of  insulated  wiie,  surround  an  ecjual  number  of  re- 
ciprocating cores  connected  to  the  beam  of  the  en- 
gine. Each  pair  of  cores  is  connected  by  a  trans-  : 
verse  bar.  The  cylindei-s  b  b  have  tlieir  lower  lialves 
occupied  by  two  other  iron  cylinders  also  connected 
together.  The  opposite  i)oles  of  the  upper  and  lower 
cylinders,  which  form  two  distinct  magnets,  are  in 
reverse  directions,  so  as  to  mutually  attract  each 
other.  Under  the  inthience  of  a  voltaic  l>attery,  by 
suitable  connecting  wires,  the  core  of  the  upper 
magnet  is  brought  in  contact  with  that  of  the  lower, 
depressing  that  end  of  the  beam,  ami  at  the  same 
time,  through  the  medium  of  an  eccentric  on  the  fly- 
wheel and  rod  c,  actuating  an  ivory  slider  with  a 
metallic  slip  on  one  of  its  surfaces,  breaking  the  cir- 
cuit tlras  formed,  and  bringing  the  slip  in  contact 
with  a  wire  communicating  with  the  electro-mag- 
nets a  a,  closing  the  circuit  on  that  side  and  de- 
pressing the  other  end  of  the  beam,  which  move- 
ment again  opens  the  circuit  on  that  side,  and 
brings  the  metallic  slip  in  contact  with  the  circuit- 
wire  attached  to  b  b,  whicli  is  again  brought 
into  action,  depressing  its  end  of  the  lieam.  A  con- 
tinuous reciprocatiTig  motion  is  thus  kept  up,  rotat- 
ing the  Hv-wlieel  through  an  ordinary  crank  and 
connecting-rod. 

Mag'net-o-e-lec^tric  Tel'e-graph.     An  appa- 
ratus lor  transmitting  messages  by  means  of  an  elec- 
tric I'urrent  excited  by  the  rotation  of  one  magnet  ! 
about  the  poles  of  another,  instead  of  a  current  ex- 
cited by  the  volt.iic  action  of  a  battery. 

Professor  Wheatstone's  apparatus  for  private  use 
in  oftlces  and  manufactories  is  of  this  character,  re- 
quiring no  battery  or  chemicals. 

By  one  of  his  instruments  tlie  message  is  printed 
on  tin-toil  in  Roman  characters,  and  dropped  into  a 
locked  box  till  the  arrival  of  the  owner. 

By  another  instrument  the  needle  points  to  the 
letter  itself  on  a  dial. 

Mag-net'o-graph.  An  instrument  which  regis- 
ters automatically  the  condition  and  changes  of  ter- 
restrial magnetism. 

That  in  use  in  the  Greenwich  Observatory  is  the 
invention  of  Mr.  Brooke.  Two  of  the  magnets  are 
suspended  by  untwisted  silk  for  observation  in  vari- 
cUkm,  and  one  upon  knife-edges  on  agiite  plates  for 
observation  of  the  dip  ;  and  the  duty  of  visiting  the 
magnets  and  observing  their  variations  is  attended 
to  every  two  hours. 

Mr.  Brooke  introduced  an  automatic  plan,  which 
is  as  follows  :  — 

Around  the  magnets  are  cases  of  zinc  which  ex- 
clude the  light.  In.side  each  case  is  a  lamp  which 
casts  a  beam  of  light  upon  a  mirror  soldered  to  the 
magnet.  This  ray  directed  to  a  sheet  of  sensitive 
photograpluc  paper  records  the  motion  of  the  mag- 
net, the  sheet  being  moved  by  clock-work. 

Once  in  twenty-four  hours  an  a.ssistant  darkens 
the  room,  and  then,  with  a  lantern  giving  only  a 
yellow  ray,  he  removes  the  photographic  paper,  fixes 
the  picture,  and  places  another  sheet  in  the  case. 

Fig.  3029  is  a  view  inside  of  the  magnetic  observ- 
atory of  Stonyhurst  College,  England,  and  will  give 
an  idea  of  the  disposition  of  the  instruments. 

The  instruments  record  the  oscillations  of  three 
magnets  suspended  under  the  glass  shades,  and  thus 
show  completely  all  the  changes,  both  as  to  direction 
and  intensity,  in  the  earth's  niagrietisni.  The  mag- 
net which  is  to  the  right  in  the  sketch  is  suspended 
by  a  silk  thread  in  the  magnetic  meridian,  and,  by 


the  aid  of  a  mirror  attached  to  it,  describes  on  a 
cylinder,  which  is  put  in  motion  by  the  clock  on 
the  center  pier,  all  the  variations  in  the  magtietic 
declination.  The  other  two  magnets  give  the  two 
components  of  the  total  magnetic  force  of  the  earth. 
The  one  n  which  records  the  variations  of  the  verti- 
cal component  rests  on  two  agate  edges,  while  the 
horizontal  component  nuignet  b  is  suspen<led  by  a 
double  steel  thieail,  and  is  held  nearly  at  right  an- 
ghts  to  the  magnetic  meritlian  by  the  torsion  of  the 
thread. 

Under  the  clock-box  are  the  three  cylinders  cov- 
ered W'ith  sensitive  ])aper.  To  each  magnet  is  at- 
tached a  semicircular  mirror,  which  sends  the  rays 
from  a  jet  of  gas  to  one  of  the  cylinders  in  the  clock- 
box,  and  thus  describes,  by  a  curved  line,  all  the 
oscillations  of  the  magnet.  A  second  semiiircular 
mirror  is  fastened  to  the  pier  on  which  the  iustru- 

fig.  3029. 


Magneto^aphs  (Stonyhurst  CoUfge,  England). 

ment  stands,  and,  describing  always  a  straight  line 
on  the  cylinder  which  is  opposite  to  it,  gives  the 
zero  line  for  the  cur\'e. 

Magnet-om'e-ter.  An  instrument  for  mea.sur- 
ing  any  of  the  magnetic  elements,  as  the  dip,  incli- 
nation, and  intcnsiti/.  —  Webster. 

A  magnetized  needle,  isolated  from  all  disturbing 
influences  and  suspended  by  untwi.sted  silk,  is  used 
to  detect  the  ileclination,  an<l  the  delicate  mode  of 
adjustment  permits  any  variation  in  this  element  to 
be  observed. 

For  observing  the  dip  or  inclinalion  the  magne- 
tized needle  is  balanced  by  knife-edges  upon  agate 
planes,  so  as  to  vibrate  like  the  beam  of  a  pair  of 
scales. 

The  buildings  appropriated  to  this  jiurpose  at  the 
Greenwich  Observatory,  England,  are  built  in  the 
form  of  a  cross,  of  materials  from  which  iron  is 
rigidly  excluded.  In  two  arms  of  the  cross  are  mag- 
netized needles  suspended  by  silk,  for  observations 
in  declination  or  rariation  ;  and  in  another  arm  of 
the  cross  is  a  balanced  needle,  for  observations  in 
inclination  or  dip.  The  arrangements  were  under 
the  control  of  Mr.  Glaisher,  and  the  observations 
were  originally  made  by  himself  and  two  assistants, 
until  Mr.  Brooke  introduced  his  adaptation  of  pho- 
tography to  the  purpose  of  recording  observations. 
By  means  of  mirrors  attached  to  the  arms  of  the 
magnets,  reflected  light  is  ca.st  upon  highly  sensi- 
tized photographic  paper  wound  round  cylinders 
moved  by  clock-work,  and  the  slightest  variation  of 
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the  niaj;ri(>ts  is  registered  with  the  greatest  accuracy. 
See  MAaNinoGHAPH. 

We  sliall  Iiave  occasion  to  show  that  the  mariner's 
cotnpa.ss  originated  in  China,  and  came  thence 
tliroiigh  India  and  Aral)ia  to  Europe.  The  Chinese 
annals  show  that  it  was  useil  liy  them  nearly  3,(100 
years  ago,  —  tirst  on  land,  then  on  water.  Hum- 
boldt remarks  the  singular  fact.  It  was  used  at  sea 
by  the  Chinese  as  early  as  the  era  of  Alexander  the 
Great.  No  mention  is  made  by  his  historians  of  tlie 
wonderful  instrument,  although  they  have  not  for- 
gotten to  note  that  lie  was  met  by  a  jieople  with 
storms  of  lightning  ami  thumlerbolts  ;  another  Chi- 
nese invention,  — gun])o\vder. 

The  original  mode  of  suspending  the  needle  was 
by  notation,  several  devices  being  used  for  this  pur- 
pose, sui'h  as  burying  it  in  ]iith,  laying  it  on  a 
couple  of  lloatiug  sticks,  etc.  Tlie.se  plans  gave  tile 
needle  freedom  of  niotion  in  a  horizontal  ]ilaue  and 
sulKced  appan-ntly  for  many  ages.  The  .same  jilan  was 
adopted  in  Eurojic  for  several  centuries.    >See  ]i.  1371. 

About  the  tuelfth  century  of  our  era,  or  earlier, 
the  Chinese  iritrodueetl  the  mode  of  susjuuiding  the 
needle  by  a  silken  .string.  This  ilelicate  adju.stnient 
allowed  other  eleinents  of  terrestrial  magnetism  to  be 
observed  ;  ami  during  the  thirteenth  century  the  Chi- 
nese philo.sopher,  Keon-tsoung-chi,  observed  the  va- 
riation of  the  needle  from  the  carilinal  points  to  the 
extent  of  2"  to  2°  3(1'.  Tlie  French  .savans  iu  Pekin, 
a  few  years  since,  determined  it  to  be  about  the  same. 
In  common  with  all  European  nations  the  variation 
was  spoken  of  liy  tlie  Fienchnien  as  a  variation  from 
the  north  towards  the  west ;  but  the  Chinese,  who 
respected  the  south  more  than  the  north,  considered 
that  the  needle  jioiiited  .south,  and  counted  from 
that  ]ioIe  of  the  magnet,  calling  the  declination  a 
variation  to  the  east  of  south.  This  is  the  same 
thing  in  eH'ect.  The  order  of  the  Arabic  words 
zormi  a::d  tip/iron,  souik  and  iiorfh,  show  whence  the 
Arabs  derived  the  invention.  See  JI.\ui.\Eii's  Cu.\i- 
PASS. 

The  variation  was  again  noticed  by  Columbus  in 
1492,  ami  .Sebastian  Caliot  in  1540. 

It  does  not  appear  that  the  other  element  of  ter- 
restrial magnetism,  the  inclination  or  dip,  was  known 
to  till'  Chinese,  though  they  must  surely  have  no- 
ticed that  a  needle  which  hung  in  peifi'ct  eciuipoise 
before  magnetizing  was  thrown  out  of  balance  when 
touched  by  the  loadstone. 

Robert  Norman  of  London,  a  maker  of  com]iasses, 
was  the  lirst,  so  far  as  we  know,  to  detect  the  dip 
and  pulilish  the  fact  ;  1576.  He  contrived  the  rff'y- 
piiiff-iifi-dlv,  sus|iended  on  a  hoiizontal  axis,  and 
found  the  dip  at  London  to  be  71''  50'. 

Robert  Halley,  in  1700,  )iublished  a  chart,  having 
lines  passing  through  jioiuts  of  equal  magnetic  vari- 
ation.    His  remark  was  that  of  a  ])hiloso]iher  :  — 

"The  nice  determination  of  the  vari;ition,  and 
several  other  particulars  in  the  magnetic  system,  is 
reserved  for  a  remote  posterity  All  that  we  can 
liojie  to  do  is  to  leave  behind  us  observations  that 
may  lie  confiiled  in,  and  to  iiroposc  hypotheses  which 
alter-.ages  may  examine,  amend,  or  refute." 

Magnetic  changes  made  Halley's  chart  obsolete  in 
forty  years,  and  it  was  reconstructed  by  the  joint 
ell'orts  of  the  English  navy,  East  India  Company, 
and  Hudson's  Bay  Company.  This  chart  was  not 
satisfactory,  and  its  discrepancies  became  positive 
inaccuracies  as  time  wore  on. 

Aliout  175B,  .John  Canton,  in  England,  m.ide  about 
4,000  exiieiiments  for  discovering  and  exiihiining  the 
cause  of  the  iliurnal  variation  of  the  needle. 

La  I'erou.se  .sailed  from  France  with  instructions 
and  instruments,  intending  to  make  special  observa- 


tions at  remote  .stations  in  regard  to  the  varialion 
and  dip  of  the  needle.  The  lamented  death  of  the 
Admiral  and  destruction  of  his  vessels  in  17S8  pre- 
vented the  results  from  being  communicated  to  the 
scientific  worliL 

M.  Hansteen  of  nenmark  undertook  the  subject 
in  1811,  and  in  1S19  ]iublisbed  bis  celebrated  work 
"  Ujion  the  llagnetism  of  the  Earlh."  He  treated 
the  matter  historically  and  scientifically,  making  a 
variation  chart  tor  1787. 

The  injunic  Vine,  or  line  of  no  variation,  where  the 
magnetiit  and  geographical  lines  coincide,  was  discov- 
ered by  Columbus  in  1492,  about  100  miles  west  of 
the  Azores.  Like  other  magnetic  lines,  it  ajtpears  to 
have  shifted.  Han.steen's  observations  conliinied  in 
great  detail  the  jdsition  of  Halley,  that  "the  whole 
magnetical  system  is  in  niotion  ;  that  the  moving  force 
is  very  great,  extending  its  effects  from  pole  to  pole  ; 
and  that  its  motion  is  not  .sudden,  but  gradual  and 
regular." 

The  vestern  line  of  no  variation  in  Hansteen's 
chart,  calculated  for  1787,  begins  in  latitude  60°  to 
thewest  of  Hudson's  Bay,  ]iroceeds  southeast  tliiough 
the  North  American  lakes,  passes  the  Antilles  and 
Cape  St.  Roque  till  it  reaches  the  South  Atlantic 
Ocean,  where  it  cuts  the  nieiidian  of  Gieenwich  in 
about  05°  south  latitude. 

The  eastern  line  of  no  variation  (1787)  is  extremely 
irregular,  having  euiious  curves  and  coiitortion.s,  in- 
dicating the  action  of  local  magnelic  forces.  It  be- 
f'ins  in  latitude  60'  south,  below  Australia  ;  crosses 
that  i.slaid,  extends  thi(Ugli  the  Ea.steiii  Alehipel- 
ago  with  a  double  .'■iiirosity  so  as  to  eioss  the  equa- 
tor three  times  ;  fiist  ]  a^.■■illg  noith  of  it  to  the  ca.st 
of  Borneo,  returns,  passing  south  between  Sumatra 
and  Borneo,  and  cicssiiig  the  eipiafor  again  south 
of  Ceylon,  licm  whence  it  ]  asses  to  the  ea.st  thioiigh 
the  Yellow  Sta.  It  then  .stretches  along  the  coast 
of  China,  making  a  .semicircular  sweip  to  the  west 
till  it  rcachis  the  latitude  of  71°  noith,  when  it  de- 
scends again  to  the  .'outli,  and  returns  uorth  with  a 
f'leat  scTiiicircular  bend  which  teiniinates  in  the 
"White  Sea. 

Captain  Sir.Iiinies  Ross  reached  the  magnetic  pole, 
latitude  70°  .5'  17"  north,  and  longitude  96°  46'  45" 
west,  on  the  1st  of  .lune,  ISol.  The  amount  o^  dip 
■was  89°  .59'.  Hoii/ontal  needles  lefu.sed  to  work, 
showing  no  sensitiveness.  He  erected  a  cairn  of 
limestone  locks,  inclosing  a  tin  case  with  the  rec- 
ord. Tlie  cairn  may  remain,  unle'.ss  the  Esqui- 
maux have  11  moved  it  in  .search  of  plunder,  but 
the  mapiietic  pole  has  moved  away. 

The  illustrious  Huml  olilt  gave  the  fir.st  start  to  a 
regular,  .sy.steniatic  nioele  of  recording  magnetic  ob- 
servations, taking  a  large  number  in  the  course  of 
his  exten.^ive  tiavels  and  explorations,  and  calling 
the  attention  of  the  scientific  world  to  the  mode  and 
importance  of  so  doing. 

Observatories,  pioviileel  with  magnetometers  and 
meteorological  instrume'iits,  anil  with  apparatus  for 
ascertaining  the  time  ami  true  mi-ridiaii,  are  now 
working  in  conceit  in  many  distant  stations  :  Berlin, 
Paris,  Freiburg,  Oieenwieb,  Gottiiigen,  Montiral, 
Melbourne,  Cape  Town,  St.  Hi'leiia,  Simla,  Madras, 
Bombay,  Singajiorc,  and  probably  many  other  jilaces. 

It  is  uneli'istoeHl  that  the  observations  are  made  at 
the  same'  instant  of  absolute  time.  Each  day  is  di- 
vieled  intei  12  eepial  perioels  of  2  hours  each,  termed 
the  magnetic  hours.  The'  mean  time  at  Gottinge'n 
is  aelopte'd  ;  a  tribute  to  the  energy  and  skill  of  M. 
Gauss  of  the  observatory  in  that  eity, 

Mr.  Brooke's  system  of  iihotogra]ihic  registry  is 
adoiiteil  tlirimgheiiit. 

Mag'net-o-mo'tor.     A   voltaic  series  of  two  or 
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more  large  plates  which  produce  a  great  quantity  of 
electricity  of  low  intensity,  adapted  to  tlie  exhibi- 
tion of  electro-n]aj;uetic  plienoinena.  —  BliANDE. 

Mag'iii-fy-ing-glass.  A  pojuilar  term  for  a 
convex  piece  of  glass  or  a  lens  wlurh  has  the  property 
of  magnifying.     See  Oi'TICAL  Instiutmunts. 

Mag'nus-hitch.  (Nautical.)  A  kind  of  knot 
used  on  board  ship. 

Ma-goo'tee.  An  instrunieut  used  by  the  Pam- 
batees  or  snake-charmers  of  the  East  Indies. 

It  is  oomjiosed  of  a  hollow  calabash,  to  one  end  of 
which  is  fitted  a  mouthpiece  similar  to  that  of  the 
clarinet.  To  the  other  extremity  is  adapted  a  tulie 
perforated  with  several  holes,  which  are  successively 
stopped  by  the  lingers,  like  tho.se  of  the  Hute,  while 
the  ]ilayer  blows  into  the  mouthpiece.  In  the  mid- 
dle of  the  instrument  is  a  small  mirror,  on  which  the 
ser|ients  Kx  their  eyes  while  dancing. 

Ma-ho'vo.  An  adaptation  of  the  fly-wheel  to 
the  conservation  of  power  duiing  the  times  of  light 
strain,  to  be  used  during  iierioils  when  a  greater 
power  is  needed.  The  invention  of  Captain  C.  Von 
Schuliersky  of  Russia.     .See  Fly-whekl. 

Maid'en.     A  machine  for  beheading. 

Tlie  Scotch  guillotine,  in  use  from  1550  to  16S0, 
was  co]ueil  from  one  at  Halifax,  England.  It  was 
sometimes  called  the  widow.  Both  terms  of  grim 
and  gross  pleasantry. 

The  Halifax  machine  was  an  importation  (as  to 
design)  from  Italy,  where  it  was  used  in  the  thii'- 
teeuth  century.  Conradin  of  Swabia  was  decapitated 
by  the  mnnnaia  at  Naples,  ISiiS. 

The  machine  is  supposed  to  have  originated  in 
Persia. 

It  was  used  in  (he  execution  of  the  Due  de  Mont- 
morenci  at  Toulouse,  1632.  By  the  Germans  dur- 
ing the  Middle  Ages,  and  by  the  Dutch  in  their 
colonies. 

The  Scotch  mnidcn  was  imported  into  Scotland  by 
the  Regent  Morton,  who  died  by  its  a.'ce,  1581.  The 
murderers  of  Rizzio  were  executed  by  it  in  lodG  ; 
anil  the  Man|uis  of  Argyle,  1631. 

The  viaidai  was  not  as  complete  an  instrument 
as  the  gail/otiiie,  which  has  a  turning  plank  and 
track,  with  other  devices  for  an  artistic  perlbrmance 
of  trageily.     See  Guilliitinr. 

Mail.  1.  {IVcaviny.)  One  of  the  small  brass 
eyes  through  which  the  end  or  worsted  yarn  pas.ses 
in  a  Brussels  carpel-loom,  ami  by  which  it  is  lifted 
in  order  to  form  the  loop  which  distinguishes  the 
surface  of  that  variety  of  carpet.     See    BiiussELs- 

C.^UPET. 

2.  {Nauliciil.)  A  device  consisting  of  interwoven 
rings,  like  mail-armor,  used  for  rubbing  oH' the  loose 
tibei-s  on  cordage. 

3.  {Armor.)  A  flexible  armor  of  rings  or  .scales, 
covering  the  body  or  body  and  limbs,  according  to 
its  extent. 

Mail-bag.  A  letter-liag,  usually  of  leather,  but 
made  of  canva.s,  for  containing  newspapers  anil  other 
printed  matter  for  conveyance  through  the  post- 
office.  Wlien  of  leather,  the  joints  are  closed  with 
rivets  ;  when  of  canvas,  the  seams  are  felled.  The 
fa,stening  of  the  mouth  is  by  staples  on  one  portion, 
which  project  through  slits  in  the  other,  a  strap  be- 
ing rove  throui.di  the  staph-s  and  locked. 

Mail-bag  Re-ceiv'er  and  Dis-charg'er.  A 
device  for  rei^eiving  mail-bags  from  or  delivering 
them  to  raihvay-cars  in  motion  at  stations  along  the 
road.  Fig.  30.30  shows  one  form  of  tlie  device,  in 
which  the  rod  //  attached  to  the  car  .strikes  the  .sus- 
pended mail-bag  and  draws  it  from  the  hook  G\  when 
it  falls  upon  the  hinged  incline  i^  and  is  delivered 
into  the  car.     In  this  way  the  mail  is  received  by  a 


car  while  under  full  headway,  and  simultaneously 
mail  is  delivered  from  the  car  by  means  of  the  trap- 
door C.  The  door  C  is  disengaged  by  an  arm  D, 
which  comes  in  contact  with  a  post  E,  and  the  bags 
fall  into  the  box  K.     When  the  receiving  and  deliv- 

Fig.  30"10. 


Mail-Bag  Receiver  and  Discharger. 

ering  arc  done,  the  .section  B  is  slid  back  into  the 
car. 

Worsdell's  apparatus  for  receiving  and  delivering 
mail-bags  and  express  matter  to  and  from  railway- 
cars,  English  patent,  January  4,  1S3S.  The  bags  to 
be  delivered  are  sn.spendeil  by  their  loops  from  two 
pins  in  a  bar  projecting  from  the  carriage,  from 
which  bar  al.so  projects  a  prong  or  hook,  and  the 
Iiags  to  be  received  at  the  station  are  suspended  from 
similar  apparatus  attached  to  a  lamp-post.  By  the 
jiassage  of  the  caniage  past  the  himp-|iost,  the  hook 
on  the  lattei'  passes  through  the  loops  of  the  c'arbags 
and  bears  them  olf  the  pins,  while  the  hook  on  the 
car  in  like  nianuer  carries  off  the  bags  from  the  sta- 
tion. 

Other  plans  have  scoops  or  cylinders  on  the  car 
whii'h  pocket  the  mail-bag  suspended  from  a  crane 
or  lying  upon  a  support  from  which  it  may  be  .shov- 
eled, jiicked,  or  shot  by  the  device  on  the  car.  A 
somewhat  similar  converse  arrangement  deposits  at 
the  station  the  bag  cai'ried  by  the  car. 

Mail-coach.  A  carriage  chartered  by  the  post- 
ollice  department  or  hired  to  carry  postal  matter. 

Mail-coaches  were  introduced  by  Robert  Palmer 
of  Bristol,  England,  in  17S4. 

Mail'iiig-ma-chine'.  A  machine  for  attaching 
addresses  to  news]iaper.s,  etc.,  for  transmission  by 
mail.  See  Adduessing-machink  ;  also,  Ringwalt's 
"Enryclopiedia  of  Printing,"  ])ii.  226,  227. 

Mail-net.  {Fabric.)  A  form  of  looin-niade  net, 
which  is  a  combination  of  common  gauze  and  whip- 
net  in  the  same  fabric.  The  whole  fabric  is  a  con- 
tinueil  succession  of  right-angled  triangles,  of  which 
the  woo/'  forms  the  basis,  the  i/rtwrc  part  the  perpen- 
clicular.s,  and  the  v:hip  part  the  hypotenii.se.  The 
ganse  and  whip  iiartsaie  stretched  mi  separate  beams. 

Main.     A  principal  part  or  portion. 

1.  {Hydraulics.)  a.  A  large  or  jirinciiial  water 
or  gas  jiipe.  The  smaller  are  termed  supply  or  ser- 
vice pipes  or  branches. 

b.   A  large  channel  or  ditch. 

2.  A  banker's  .shovel  for  coin. 

3.  {Nautical.)  The  middle  or  principal  mast, 
hatchway,  etc.,  in  a  three-masted  vessel. 

In   all  two-masted  vesscds,   except  the  yaiol  and 
ketch,  the  main  is  the  aftermost  mast.     A  brirj  or 
I  selinnnr.r  has  a  fore  and  a  main  mast. 
I      'With   a  yawl  or  ketch,  the  forward  mast  is  the 


MAIN-BREADTH  LINE. 


1376 


MALLEABLE  CAST-IRON. 


larger,  and  is  called  the  ■maiu-ma.st,  the  otiier  being 
the  niizzen.  ! 

In  all  rigs  the  main-mast  is  the  principal  and  tall- 
est mast. 

Tlie  term  mriin  characterizes  the  sails,  yards, 
booms,  staniling  and  running  rigging,  and  otlier 
furnishing  of  the  main-mast ;  such  as  main  sai/  ami 
yard,  ■muiii-topsail  and  yurd,  main-topijallant,  main- 
royal,  nvtiii-booin,  main-stay,  vviin-top,  ■)uain-s/ifet, 
etc. 

Tlie  term  is  also  applied  to  objects  in  the  vicinity 
of  the  mast ;  as,  the  main-hatchway,  iiiain  brace, 
stay,  kcr.l,  etc. 

Also  to  principal  parts  which  are  of  central  position, 
greater  size,  prominence,  or  importance  ;  as,  main- 
deck,  main-kccl,  main-breadth. 

In  other  than  nautical  matter  the  word  is  similarly 
characteristic. 

Main-breadth  Line.  {Shipbuilding.)  A  line 
on  the  surface  of  the  vessel  cutting  each  of  the  cross 
sections  at  the  point  where  its  breadth  is  greatest. 

In  vessels  having  a  "straight  of  breadth  "  verti- 
cally, there  are  two  main-breadth  lines,  at  the  upper 
and  lower  boundaiy  of  the  straight  of  breadth  re- 
spectively. 

Main-cen'ter.  (Steam-engine.)  In  side-lever 
engines,  the  strong  shaft  upon  which  the  side-leveis 
vibrate. 

Main  Check-valve.  (Steam-engine.)  A  valve 
belonging  to  tlie  Gilfard  injector,  to  prevent  water 
running  out  of  tlie  bijiler  should  anything  go  wrong 
witli  the  injector. 

Maiu-coup'le.  {Carpentry.)  The  principal 
truss  in  a  root'. 

Main-deck.  {Shiphuilding.)  The  deck  next 
below  till'  ap'ir-drck  in  frigates  and  V-l's. 

Main-ham'per.     .\  laige  hand-basket. 

Maiu-iu-clos'ure.     {Fortification.)      The    body 

of   the    phi.--. 

Main-links.  {Steam-engine.)  The  links  in  the 
parallel  motion  which  connect  the  piston-rod  to  the 
beam  of  a  steam-engine. 

Main-piece.  (Shiphnifding.)  a.  The  principal 
piece  of  the  head.  It  is  stepiied  into  the  stem-piece, 
and  is  notched  for  the  reception  of  the  heel  of  the 
bobstay-ijiece.  See  Stem. 
It  is  also  called  the  laee-picce. 
b.  The  longest  piece  of  the  rudder,  to  which  the 
helm  is  attached. 

Main-pin.     (Vehicle.)    A.  bolster-pin  ;  king-boll. 
Main-plate.     The  jirincipal  plate  of  a  lock. 
Main'spring.     1.   (tloroloijy .)    The  going  spring 
of  a  watch,  spring- 
Fi^'  3J3I.  clock,   musical-box, 

alarm,  or  other 
spring  -  driven  in- 
strument. 

In  the  watch,  it  is 
termed  main, because 
of  its  major  impor- 
tance, and  to  distin- 
guisli  it  from  the 
Mainspring.  pendulum     or    bal- 

ance -  spring,  which 
gives  the  recoil  movement  to  the  balance. 

2.  (Fire-arm.)  The  spring  in  a  gnu-lock  which 
diivcs  the  hammer. 

Main-vsrork.  (Fiyrtifieation.)  The  enciente  or 
princi|iul  works  inclosing  the  body  of  the  ]ilace. 

Mait'laud  Cord.  {IVeaviiig.)  A  cord  extend- 
ing along  the  wooden  shafts  of  leaves,  to  which  the 
heddles  are  fastened  with  knots. 

Ma-jol'i-ca-'ware.  A  species  of  fine  pottery, 
composed  of  clay  thickly  and  opaquely  enameled, 


suitable  for  i-eceiving  brilliantly  colored  figures  ; 
fabricated  at  B'enara  (1436)  and  at  Passaro  (1450). 
It  is  sometimes  called  " Itaffiielle  ware"  ;  this  may 
be  from  the  fact  that  Rartaelle  Saiizio  d'Urbino  fur- 
nished designs  for  the  ornamentation  of  some  speci- 
mens, or  I'rom  one  Ralfaelino  del  CoUe,  a  skillful 
workman  at  Urliino.  The  name  is  a  corruption  of 
Majiirca,  into  which  island  (in  the  twelfth  century) 
the  Moors  introduced  the  manufacture  of  a  species 
of  ware  decorated  with  brilliant  colors. 

Majolica,  until  the  time  of  Lucca  della  Robbia, 
was  glazed  with  a  jilumbit'erous  glaze  (nxczza  majo- 
lica), but  Robbia  invented  a  beautifully  white,  dura- 
ble, enameled,  .stannil'erous  glazing.  Giorgio,  by  the 
combination  of  mineral  colois,  succeeded  in  (iroducing 
beautifully  iridescent  ruby  and  golden  tints.  Ex- 
isting spei:imeiis  of  his  manufacture  are  very  costly. 
After  the  time  of  Fontana  (about  three  hundred  years 
ago),  who  cairied  the  manufacture  to  peihaps  its 
highest  perfection,  the  art  began  to  decline,  the  jiro- 
duction  finally  ceasing  altogether. 

Of  late  yeiirs,  the  Statlbrdshire  potters  have  suc- 
ceeded in  reproducing  this  ware,  and  slabs,  friezes, 
talilets,  vases,  flower-pots,  and  other  articles  are  now 
niaile  of  it. 

Make-up.  (Printing.)  To  break  matter  in 
colunin.s  or  galleys  into  .suitable  length  for  pages. 

"  Mak'ing  "-felt.  (Pujur. )  That  felt  of  a  cyl- 
inder ]iaper-macliine  on  which  tlie  web  of  pulp  is 
taken  from  the  i«»i7'w(/-cylinder,  at  the  jioint  where 
the  couching  roller  bears  upon  the  latter.  In  con- 
tradistinction to  a  mere  carrying-Mt. 

Mak'ing-i'ron.  (Shipbuilding.)  A  large  calk- 
ing-irou  with  grooves  lengthway.s  of  its  face,  used 
for  the  final  driving  of  oakum  into  the  seams.  The 
iron  is  held  by  one  man,  and  driven  by  another  by 
means  of  a  beetle  ;  the  juocess  is  called  horsing-ap. 
A  horse-iron.  After  the  making-iron,  the  seams  are 
payed  with  melted  pitch. 

Mal'a-chite.  ilountain  green.  A  native  car- 
bonate of  cupper. 

Ma-lax'a-tor.  A  mixing-mill.  A  cylinder  hav- 
ing a  rotating  shaft  and  stirring-arms  to  incorporate 
materials. 

Coignct's  malaiator  for  incorporating  the  ingredi- 
ents of  his  concrete  (see  BSton)  is  su)'.plied  with 
the  materials  in  graduated  proportions,  tlie  energetic 
working  permitting  the  use  of  a  much  smaller  quan- 
tity of  water  than  usual. 

Morlur-mills,  pvg-rnills,  and  many  other  machines 
come  under  this  description,  e.  g.  machines  for  mix- 
ing the  ingredients  of  pills. 

Hyile's  soap-making  machine,  1870,  is  an  instance 
in  which  the  grease,  resin,  and  lye  are  incorporated 
by  a  revolving  stirrer  in  a  cylinder,  the  operation 
being  continuous. 

Mal'kin.  A  sponge  with  jointed  staff  forordnance. 

Mall.    A  heavy  beetle.    See  M.\ul,  and  Fig.  3031. 

Malle-a-bil'i-ty.  The  quality  of  .ad.aptedness 
to  be  drawn  into  thin  plates  by  hammering  ;  as  due- 
tility  is  the  wire-drawing  capacity.  See  Ductility 
for  c(nnyiarative  statement. 

Mal'ie-a-ble  Cast-i'ron.  Iron  cast  from  the  pig 
into  any  desired  shape,  and  afterwards  rendered  mal- 
leable, or  partially  so,  by  annealing. 

A  great  variety  of  articles  are  thus  produced  in  a 
more  economical  and  correct  manner  than  they  could 
be  by  forging.  Such  are  bridle-bits,  snuffers,  parts 
of  locks,  various  forms  of  builders'  and  domestic 
hardware,  some  kinds  of  culinary  and  other  vessels, 
pokers,  tongs,  and  numerous  other  things.  Many 
of  these  are  subsequently  case-hardened  and  pol- 
ished. 

The  art  of  softening  cast-iron  and  working  it,  and 
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afterwards  liarcleiiiiig  it  again,  appears  to  have  been 
found  out  by  Reaumur,  tliougli  we  have  no  record 
of  the  process  by  which  it  was  effected. 

MaUeable-iron  castings  are  rendered  externally 
soft  by  the  alistraction  of  carlion,  by  which  they  arc 
reduced  nearly  to  tlie  condition  of  pure  malleable 
iron,  but  do  not  possess  the  tibious  structure  which 
is  acijuireil  hy  hammering  and  rolling. 

In  England  they  are  made  from  the  rich  Cumber- 
land iron,  and  are  at  tirst  extremely  brittle.  To 
render  them  malleable,  they  are  inclosed  in  iron 
boxes  and  surrounded  with  pounded  iron-stone,  or 
some  of  the  metallic  oxides,  as  scales  from  the  forge, 
common  lime,  or  some  absorbent  of  carbon,  used 
eitlier  together  or  separately.  The  boxes  aie  placed 
in  the  furnace,  subjected  to  a  strong  heat  for  about 
live  days,  and  allowed  to  cool  gradually  within  the 
furnace. 

The  time  and  other  circumstances  determine  the 
deiith  of  the  effect  ;  thin  pieces  become  malleable 
entirely  througli,  admit  of  being  readily  bent,  and 
may  be  slightly  forged  ;  thicker  pieces  retain  a  cen- 
tral portion  of  cast-iron,  but  in  a  softened  state,  and 
not  so  brittle  as  at  tii-st.  On  sawing  them  through, 
the  e.xterior  coat  of  soft  metal  is  perfectly  distin- 
guishable from  the  remainder. 

The  inventor  of  the  process  of  rendering  articles 
of  cast-iron  njalleable  was  Samuel  Lucas  of  Sheffield, 
by  whom  it  was  patented  in  1S(J4. 

As  described  in  his  specitication,  liis  process  was 
nearly  identical  with  that  above  described,  except 
that  the  castings  were  placed  directly  in  the  furnace, 
instead  of  being  inclosed  in  boxes. 

The  Siemens  regenerative  gas  furnace  is  largely 
used  in  England  now  for  heating  the  annealing-oven 
in  which  the  cracibles  containing  the  cast-iron  arti- 
cles are  placed. 

As  arranged  for  this  purpose,  the  furnace  has  four 
longitudinal  main  Hues  divided  liy  partitions  into  a 
numlier  of  smaller  flues.  The  two  exteiior  Hues  re- 
ceive the  heated  gas  and  the  two  interior  ones  hot 
air.  Over  these  is  a  closed  arched  mufile,  in  which 
the  annealing-pots  are  jilaced.  The  hot  gas  and  hot 
air,  being  kindled,  pass  beneath  at  the  sides  and  ovei' 
the  top  of  tlie  arch  of  the  muffle. 

The  furnace  is  never  perTnitted  to  cool  entirely. 
The  pots  are  allowed  to  cool  on  the  Hoor. 

Tlie  German  makers  of  malleable-iron  ca.stings  are 
said  to  use  a  pig-iron  measurably  free  from  sulphur 
and  phosphorus,  which  they  melt  in  plundiago  cru- 
cibles with  porcelain  covers,  containing  about  30 
kilogrammes  (66  pounds).  No  blast  is  used  ;  the 
natural  draft  of  the  furnace-chimney  being  consid- 
ered sufficient.  A  high  heat  at  the  moment  of  jiour- 
ing  is  essential  to  a  successful  cast,  and  the  precise 
moment  for  this  operation  is  ascertained  by  plun- 
ging a  bar  of  red-hot  iron  into  the  crucible.  The  cru- 
cibles are  raised  by  tongs,  and  the  ])ouring  performeil 
as  quickly  as  possible.  When  sufficiently  cool,  the 
castings  are  placed  in  boxes  alternately  with  layers 
of  red  hematite,  and  subjected  to  the  heat  of  the 
furnace  for  from  3  to  5  days,  according  to  size,  and 
removed  after  the  furnace  has  been  allowed  to  gi-adu- 
ally  become  cool. 

An  approved  mode  in  the  United  States  of  render- 
ing castings  malleable  is  as  follows  :  — 

When  taken  from  the  mold  they  are  washed  with 
dilute  sulphui-ic  acid  to  remove  the  rough  coating 
of  vitrified  sand  from  their  surfaces,  and  the  ragged 
burrs  sometimes  left  at  the  junction  of  the  two  parts 
of  the  mold  are  chipped  off,  after  which  they  are 
packed  with  the  "scale,"  derived  from  iron  bars  in 
the  process  of  rolling,  in  square  iron  boxes  (techni- 
cally called  pols)  of  the  dimensions  of  about  15  x  18 
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inches,  of  which  one  is  placed  on  top  of  another,  the 
joints  carefully  luted.  They  are  inserted  into  the 
furnace  in  jiairs,  and  subjected  to  a  cherry-red  heat 
for  about  eight  days  ;  the  heat  is  somewhat  slack- 
ened toward  the  latter  part,  after  which  the  doors 
are  thrown  open  to  allow  them  to  cool.  When  i-e- 
nioved  from  the  pots  the  castings  are  coated  with  a 
rough  crust,  which  is  removed  by  abrasion  in  tum- 
bling-boxes. 

Mal'le-a-ble  I'ron.  Iron  sufficiently  pure  to  he 
drawn  out  into  Ijars  and  welded. 

Iron,  in  the  ore  or  roasted,  is  in  the  state  of  oxide, 
and  (omitting  from  the  consideration  the  presence  of 
foreign  matters)  to  obtain  it  pure  merely  requires 
the  separation  of  the  oxygen.  This  may  be  done  as 
a  chemical  process  by  heating  the  oxide  to  a  heat 
below  redness  in  a  glass  tube  through  wdiich  hydro- 
gen is  then  passed  :  the  hydrogen  and  oxygen  unite 
to  form  aqueous  vapor,  and  pure  iron  remains.  This 
is  measurably  true  of  certain  qualities  of  ores,  but 
pig-iron  is  sometimes  found  to  contain  10  to  18  per 
cent  of  foreign  matters,  —  princijially  manganese, 
carbon,  and  silicon,  — also  phosphorus  and  sul])hur, 
both  of  which  latter  it  is  almost  impossible  to  en- 
tirely remove  by  puddling. 

All  these  liave  to  be  got  rid  of  to  produce  pure 
malleable  iron,  unless  the  ore  is  of  e.xtraordinary 
purity. 

At  a  moderate  red  heat,  a  mixture  of  Hnely  pounded 
charcoal  and  oxide  of  iron  will  have  the  effect  of 
eliminating  the  oxygen,  and  this  jirocess  is  believed 
to  have  been  in  use  in  ancient  times  in  the  island 
of  Elba.  The  ore  is  remarkable  for  its  freedom  from 
earthy  impurities,  and  after  breaking  into  small 
pieces  was  imbedded  in  charcoal  on  the  floor  of  a 
reverberatory  furnace.  After  the  oxygen  was  sepa- 
rated by  the  action  of  the  charcoal,  the  temperature 
was  raised  to  a  welding  heat,  and  the  pieces  of  ore, 
now'  in  the  state  of  porous  iron,  were  caused  to  ad- 
here by  hammering,  and  were  drawn  into  bars.  This 
is  a  process  of  obtaining  malleable  iron  direct  from 
the  ore,  and  has  been  repeated  by  Mushet. 

There  is  considerable  analogy  between  this  and 
the  native  East- Indian  practice,  where  the  liroken 
ore  or  magnetic-iron  sand  is  placed  in  alternation 
with  bamboo  charcoal,  and  a  pasty  mass  of  crude 
iron  obtained,  whose  mallealiility  is  sometimes 
sufficiently  great  to  enable  it  to  be  hammered  into 
small  bars  without  a  second  operation.  The  bellows 
used  are  made  of  skin,  are  worked  alternately,  and 
discharge  by  separate  holes  through  the  clay  tuyere 
which  is  introdiu'ed  at  an  angle  near  the  bottom  of 
the  upright  furnace. 

These  Indian  furnaces  are  miniatures  of  those  in 
Styria,  described  in  the  work  of  Jars,  a  French  me- 
tallurgist, 1750.  The  ores  there  worked  have  a  nota- 
ble percentage  of  manganese,  which  affects  the  re- 
sult, being  seemingly  favorable  to  the  retention  of  a 
certain  amount  of  carbon,  but  resisting  the  combina- 
tion of  the  larger  amount  necessary  to  make  cast- 
iron. 

Styria  was  not  the  only  European  country  in  which 
the  simple  furnace  just  described  was  used  for  smelt- 
ing iron  ore,  for  those  of  Sweden  and  Norway,  300 
years  ago,  were  of  substantially  the  same  character. 
The  iron  obtained  from  them  was  a  sjiongy  mass, 
which  was  drawn  out  at  intervals  by  tongs,  ham- 
mered gently  and  cautiously,  and  then  more  ener- 
getically, to  press  the  particles  of  iron  into  contact 
and  squec'ze  out  the  intermixed  slag.  The  mass  thus 
obtained  was  cut  up  into  smaller  pieces,  which  were 
repeatedly  heated  aiul  hammered  till  a  sound  bar  of 
nearly  pure  iron  was  obtained. 

The  size  of  the  furnace,  and  especially  its  hight, 
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was  increased  in  order  to  save  fuel,  as  the  ore  and 
llu.'i  (liled  in  aliove  were  lieated  by  tlie  outgoing 
calorie  current,  preparatory  to  being  subjected  to 
the  direct  action  of  tlie  blast.  Tlie  bellows  were 
also  proportionately  increased  in  power.  This  change, 
probably  adopted  from  motives  of  economy,  changed 
the  result,  and  rendered  necessary  new  processes  to 
bring  the  iron  to  a  malleable  state.  As  the  iron  de- 
scends through  the  furnace  I'or  30  feet  it  is  .subjected 
to  the  action  of  the  fuel,  and  has  time  to  ])art  with 
its  oxygen,  ami  also  alisorli  from  3  to  5  per  cent  of 
carbon  and  2  to  4  per  cent  of  silicon.  This  addition 
renders  it  more  fusible,  and  it  sinks  to  the  bottom 
of  the  cruciljle  in  a  carbonized  state,  dilfering  in  re- 
spect of  its  greater  proportion  of  carbon  irom  the 
spongy  and  less  J'usible  mass  of  iron,  such  as  was  pro- 
duced by  the  }irocesses  above  referred  to  as  carried  on 
in  ancient  times  in  Elba,  lioth  anciently  and  more 
lately  in  India  and  Styria,  and  elsewhere. 

This  clears  up  nnieh  of  the  difficulty  in  the  read- 
ing of  the  ancient  records,  where  iron  always  appears 
in  a  malleable  form,  tln^  tools  used  liy  the  workers  in 
iron  consisting  invariably  of  tlie  bellows,  hanuner, 
and  anvil.  It  appears  that  fusible  cast-iron  was 
first  considered  immediately  useful  after  the  size  of 
the  furnaces  had  been  so  increased  as  to  prevent  the 
]n'oduction  of  the  more  or  less  mallealile  and  purer 
article  incident  to  the  furnaces  on  a  small  scale, 
which  we  have  just  above  cited. 

The  new  production,  instead  of  remaining  a 
spongy  mass  in  the  midst  of  the  coal  and  slag,  to  be 
hauled  thence  by  tongs  and  lie;  subjected  to  the  ham- 
mer to  clear  it  of  foreign  matter  and  condense  it,  ran 
down  like  a  lluiil  to  tlie  bottom  hearth,  and  found  its 
way  out  of  a  hole,  running  into  a  form  according  to 
the  shape  of  the  hollow  in  the  ground  wliich  re- 
ceived it.  By  tills  means  the  smelter  found  he  could 
withdraw  the  iron,  without  tearing  out  the  front  of 
his  furnace  for  each  bloom. 

This  new  form,  cast-iron,  being  brittle  under  the 
hammer  anil  uiisuitalile  for  almost  all  the  known 
uses  of  iron  at  the  day  when  the  discovery  was  made, 
it  became  necessary  to  subject  it  to.a  farther  process, 
in  order  to  burn  out  the  greater  portion  of  the  car- 
bon and  silicon  and  render  it  malleable.  The  refining 
process  observed  by  M.  Jars  in  Swe<len,  in  1750,  is 
identical  with  that  described  by  Aiken  in  1836  as 
having  been  nsed  in  India  for  a  length  of  time 
not  now  readily  ascertaineil. 

The  block  of  crude  iron  is  laid,  covered  with  char- 
coal, on  the  floor  of  the  furnace,  with  one  end  pro- 
jecting over  the  crucible,  a  little  above  the  mouth 
of  the  tuyere.  In  this  situation  the  block  softens 
and  soon  falls  down  in  a  state  of  half-fusion  ;  a  man 
with  an  iron  bar  then  draws  the  remainder  of  the 
iron  block  forward,  advancing  it  from  time  to  time, 
till  the  whole  has  fallen  into  the  crucible. 

It  is  then  dragged  out,  glowing  hot,  and  ham- 
mered on  an  anvil  to  separate  the  scorise  ;  being 
divided,  it  is  again  heated  and  hammered  until  it 
is  rendered  quite  malleable. 

A  modification  of  this  process  was  adopted  in  Swe- 
den, being  ilerived  from  the  puddling  process  of 
Cort,  and  consisted  in  covering  the  mettil  in  the 
crucible  with  scoria;  and  stirring  it  continuously 
with  an  iron  bar.  Jets  of  ilame  arose,  and  the  metal 
solidified.  Berzelins  explained  the  action  in  this 
way  ;  The  scorife  contained  o.xide  of  iron  vitrified 
witli  silica  and  other  earthy  substances  containing 
oxygen,  which,  reacting  on  the  carbon  of  the  iron, 
separated  it  in  the  form  of  carbonic  oxide. 

More  modern  forms  of  refining  have  superseded 
the  Indian  and  Swedish  iilans  above  cited,  the  broken 
pig-metal  being  placed  on  the  hearth  of  a  furnace, 


covered  with  coke  and  slag,  and  a  blast  turned  on 
till  the  metal  is  melted.  It  is  run  into  slabs,  and  the 
metal  obtained  is  white,  hard,  compact,  and  brittle. 
The  ]iudilling-funiace  was  invented  by  H.  Cort  of 
Sheftiidd,  England,  his  patent  being  dated  in  1784. 
See  I'UIlDLlNG-FUIlNAOE. 

One  proix'ss  of  converting  ]iig  into  malleable  iron, 
as  jiracticed  in  England,  is  as  follows  :  — 

The  pigs  are  melted  in  the  fining-furnace,  by 
which  tile  iron  is  dejirived  of  part  of  its  carbon  and 
a  larger  portion  of  its  silicdum.  The  molten  metal 
collects  in  a  cavity  at  the  bottom  of  the  hearth,  and 
is  drawn  off  into  a  cast-iron  trough  in  which  it 
speedily  cools.  By  this  jirocess  it  is  converted  into 
a  white  cast-iron  termed  JSnc  iiiclal.  This  is  broken 
lip  and  transferred  to  the  ]iuddling-furnace,  in  which 
the  decarbonization  is  completed. 

The  puddling-funiacc  is  of  the  reverberatory  class, 
and  is  provided  with  o]ieiiings  for  working  the  metal 
ttdiile  in  a  fluid  or  semi-fluid  state,  and  for  charging 
and  clearing  the  furnace. 

The  charge  of  fine  metal  is  piled  up  on  the  sides 
of  the  hearth,  the  center  of  the  sole  lieiiig  left  clear 
for  working  and  allowing  a  circulation  of  air  around 
the  charge.  A  portion  of  rich  slag  ami  iron  scales 
is  added.  As  the  mct.al  nielt.s,  it  is  stirred  with  an 
iron  rod,  so  as  to  exjiose  fresh  portions  to  the  air 
until  the  whole  mass  is  lirought  into  a  uniform  pasty 
condition,  when  the  tire  is  lowered.  The  metal  is 
constantly  stirred  with  an  iron  paddle,  gradually 
losing  its  consistency,  until  it  becomes  .sandy  or  drij, 
as  it  is  termed  by  the  (luddler,  who  continues  to 
work  it  until  it  bei:omes  uniformly  granular. 

The  heat  is  then  ini.-reased,  causing  the  particles 
to  agglutinate.  A  part  of  the  slag  is  drawn  off, 
when  the  workman  proceeds  to  ball  uji,  that  is,  to 
form  the  iron  into  balls.  This  is  ell'ccted  by  taking 
uj)  a  small  portion  on  the  end  of  the  paddle,  wdiich 
is  manipulated  so  as  to  cause  other  jiortions  to  ad- 
here to  it  until  a  ball  has  been  formed  weighing  60 
or  70  pounds.  This  is  detached  from  the  jiaddle, 
and  other  balls  formed  in  a  similar  luanuer  until  the 
whole  charge  has  been  balled.  When  this  has  been 
done,  each  hall  is  moved  into  the  hottest  part  of  the 
furnace  by  means  of  a  kind  of  rake  called  a  (lolly,  and 
the  fire  is  urged  in  order  to  weld  the  particles  togeth- 
er. The  balls  are  then  removed  from  the  furnace  by 
means  of  tongs  and  conveyed  to  the  slmgling-ham- 
mrr  or  the  squeezer,  by  which  the  slag  is  pressed  out 
and  the  metal  consolidated.  In  this  state  the  ball 
is  called  a  bloom ;  and  while  it  is  still  at  a  red  heat 
it  is  passed  between  two  sets  of  rolls,  the  first  called 
the  roiiijliiiuj-roWs  and  the  second  the/HMra(/-rolls, 
which  latter  are  grooveil  corresponding  to  the  .sec- 
tion to  be  given  to  the  bar. 

The  iron  in  this  state  is  ailapted  for  railway 
rail.s,  which  are  made  by  successively  drawing  the 
bar  throngh  rolls  of  section  similar  to  that  of  the 
rail,  but  gradually  decreasing  in  size.  To  produce 
good  bar-iron,  the  bars  from  the  roughing-rolls  are 
cut  into  short  lengths  by  shears,  and  piled  or  fagoted 
together  in  a  reverberating  furnace  until  they  are  at 
a  welding-heat,  wdien  they  are  drawn  through  a 
series  of  finishing  rolls  of  section  adapted  to  the  re- 
(piircd  shape  of  the  bar.  See  Pitddling-kuunace  ; 
Koi,i,iNo-MU.i. ;   Ii'.oN,  Ant.ij-,,  etc. 

Mal'le-a-ble-i'ron  Cast'ings.  Small  cast-iron 
articles  are  made  malleaVile,  tlieir  brittleness  being 
thus  removed,  by  packing  tliein  in  ]iowdered  hema- 
tite (peroxide  of  iron)  in  tight  jirc-biick  cases,  and 
subjecting  them  to  a  continned  red  heat  for  about  a 
week.     They  are  then  allowed  to  coid  slowly. 

The  oxygen  of  the  hematite  couibines  with  and 
removes  a  part  of  the  carbon  of  the  iron. 
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It  is  the  converse  of  the  process  in  wliich  \vrour;ht- 
iron  is  closely  jtackeil  with  charcoal  iii  a  converting 
furnace,  in  order  that  its  deficiency  in  carbon  may 
be  supplied,  converting  the  bar-iron  into  steel.  See 
Malleable  Cast-ikon  ;  CEMENTiNG-FtniNACE. 

Mal'let.     1.   A  hammer  of  wood,  smaller  than  a 


U4i-iJ      Chir^ 


Mallets,  Mniil.i,  ami  allieil  Tunh 

maul.     Formerly,  in  the  absence  of  metal,  celts  or 
hammers  of  stone  were  used.     Mallets  and  wedges 


of  stone  were  used  in  ancient  Egypt,  and  were  found 
in  the  pyramids  of  Cheops  and  Ghizeh. 

Among  other  remnants  of  other  centnries,  gathered 
by  Jlr.  Kniton  in  Egypt,  he  found  an  old  mallet  in 
Thebes  ;  it  was  in  a' basket  along  with  drills,  bow, 
chisels,  an  oil-horn,  a  saw,  and  a  nail-bag,  and  had 
been  locked  up  in  a  dry  and  dusty  tomb  at  a  time 
when  Greece  had  not.  felt  the  light  of  science,  and 
centuries  before  Romulus  and  Kennis.  Peihaps  the. 
workman  hail  been  putting  the  finishing  touch  to 
some  of  the  littings  of  the  tomb,  and  accidentally  left 
it  inside  when  the  door  was  closed,  as  they  supposed, 
forever,  or  until  tlie  shell  of  the  body  was  revived  to 
receive  its  old  tenant.  The  successors  of  the  carpen- 
ter in  the  twentieth  generation  may  have  suffered 
from  the  wrath  of  Cambyses. 

abed  are  chisels  and  drills. 

e  a  drill-bow,  the  leather  string  lost. 

/,  w-horl  of  the  drill,     g,  saw  ;  h,  lione. 

i,  oil-horn  ;  j,  mallet,  much  worn. 

k,  skin  nail-pouch.  I,  the  basket  in  which  the 
tools  were  contained. 

The  collection  belonged  to  Mr.  Burton,  and  is  now 
in  the  British  Mus(nin]. 

The  modern  mallet  is  preferably  of  boxwood,  but 
apple-tree,  ])ear-tree,  dogwood,  gum,  beech,  or  locust 
makes  good  mallets,  v  is  a  mallet  made  of  thickness- 
es of  raw-hide  firmly  pressed  together  by  the  center 
bolt,    w  has  a  rubber  body  upon  a  metallic  skeleton. 

2.  (Xau/iea/.)  -a.  A  calkiHcj-mallet  is  one  used 
with  a  rnlkiiirj-chiscl  or  making-iron  to  di'ive  oakum 
into  the  seams  of  a  vessel. 

h.  A  scrvinq-mallct  is  a  cylindrical  block  of  wood, 
by  which  spun-yarn  is  tightly  coiled  around  a  haw- 
ser or  ro]ie. 

3.  (Dentistry.)  A  plugger  for  compacting  filling 
in  carious  teeth.  See  Dental-flugoer,  Figs.  1610, 
1611. 

i.  A  striker  for  balls  in  games.     A  croquet  mallet. 

The  eJectrie  malht,  in  which  the  impulse  is  given 
by  means  of  a  galvanic  circuit  acting  upon  a  nnignet 
to  oscillate  an  armature,  or  to  move  the  magnet  itself 
to  and  from  an  armature  which  forms  the  punch, 
is  described  under  Pluoc;er. 

5.  {Sarqieal.)  A  hammer  used  with  a  gouge  in 
cutting  bones. 

Malm-bricks.  The  name  given  to  those  bricks, 
made  in  tlie  m-ighborhood  of  l>ondon,  in  which  the 
clay  is  pulped,  mixed  with  cre.am  of  lime,  and  incor- 
porated with  breeze  before  molding.  Breeze  is  a 
casual  mi.xture  of  cinders,  ashes,  and  fine  coal,  such 
as  is  gathered  by  the  dustmen  of  London,  and  forms 
a  part  of  the  combustible  material  by  which  the 
bricks  are  burnt  in  the  clamp.     See  Bi;iCK. 

Malt-dry'er.  A  device  to  hasten  the  drying  of 
malt  by  artificial  heat.  Fig.  3033  shows  a  n'ia('hine 
in  which  the  malt  is  agitated  and  overturned  in  an 

Fig.  3033. 
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air-tight  vessel  from  whicliall  moisture  is  withdriiwii 
by  ail  air-pump,  while  its  eoiiteiits  are  exposed  to 
heat.  Tile  wire-gauze  eyliiider /' is  wit liiu  the  air- 
tight vessel,  and  is  caused  to  revolve,  and  so  stir  and 
mix  its  contents.  K  is  tlie  air-pump  and  J  a  con- 
denser. The  air-tiglit  vessel  has  man-holes  above 
and  below,  seemed  \>y  man-hole  covers  and  liridges, 
through  one  of  which  the  malt  is  received,  and  dis- 
charged into  the  liopiier  below  by  the  other. 


Fig.  3034. 


Malt-  Vat. 


Fig.  3035. 


The  floor  of  an  oasl  or  malt-drying 
A   vessel 


Malt-floor. 

room. 

Malt'ing-ap'pa-ra'tus.  (Brewing. ) 
in  which  ground  inalt  is  steeped  to 
make  the  infusion  known  as  lourt ; 
this,  with  the  aildition  of  decoction 
of  hops  and  fermentation,  becomes 
beer.  The  malting-vat  shown  in 
Fig.  3031  is  provided  with  a  false  bot- 
tom, forming  a  stfam.-chest.  Witliin 
the  vessel  i-evolves  a  shaft  armed 
with  blades.  A  portion  of  the  blades 
aresoset  as  to  move  tlie  grain  towards 
the  circumference,  and  the  other 
blades  are  so  arranged  as  to  move 
the  grain  towards  the  center. 

Malt-kiln.  A  heated  chamber  in  which  malt  is 
dried,  in  order  to  check  the  germination  of  the  grain 
after  having  undergone  the  preliminary  processes  of 
slcephici,  coudiiiiri,  awA  thi>riiii.i.     An  oivit. 

In  the  Hrst  of  these  processes,  the  barley  is  placet! 
in  a  cistern,  and  sulfieient  water  let  in  to  cover  it. 
This  water  is  clianged  after  having  remained  a  cer- 
tain time,  to  avoid  lermentation.  When  the  grain 
has  steeped  until  it  lias  imbibed  the  proper  c|uautity 
of  moisture, — in  England  the  law  requires  that  it 
shall  rem  lin  in  steep  forty  hours,  —  during  which 
time  it  greatly  increases  in  bulk  and  weight,  on  an 
average  nearly  fifty  per  cent,  it  is  removed  from  the 
cistern  and  arranged  in  a  rectangular  heap  called 
the  coach.  Heri^  it  remains  about  "26  liours,  gradu- 
ally increasing  in  temperature  and  jiarting  with  its 
hioistnre.  During  this  pro-ess  small  roots  begin  to 
make  their  appearance.  Thc!  growth  of  these  is 
checkeil  and  the  temperature  of  the  heap  lowereil  by 
.flooi-inr/,  or  turning  and  spreading  it  out  into  a  tliiii- 
ner  layer,  gradually  reducing  its  depth  from  16  to  3 
or  4  inches.  The  do  u-iiig  occupies  about  14  days. 
About  a  day  after  tlie  sprouting  of  the  roots,  the 
stem  begins  to  make  its  ajipearance,  and  is  allowed 
to  grow  until  it  reaches  the  end  cjf  the  seed,  when 
its  farther  jirogress  is  stopped  by  drying  in  the 
kiln. 

The  ordinary  kiln  is  a  chamber  floored  with  a  per- 


Malt-Kiln  Floor. 

forated  ii'on  plate,  and  having  a  vent  in  the  roof  fov 
the  escape  of  fumes.  This  is  heated  by  a  furiuu-e  in 
an  apartment  below,  the  hot  air  rising  througli  the 
holes  in  the  iron  plate  and  passing  througli  the 
malt.  The  tein]ierature  is  at  hrst  about  90°,  wdiieh 
is  afterwards  increased  to  140°  or  more.  For  the 
completion  of  this  process  about  two  days  should  be 
allowed,  during  which  the  roots  fall  olf  and  are  sep- 
arated from  the  grain  by  allowing  the  latter  to  run 
down  a  shoot,  at  the  end  of  which  is  a  screen  which 
does  not  permit  the  grain  to  jiass.  The  malt  is  then 
spread  out  to  mellow  or  become  sol't  and  mealy  by  a 
slight  absorption  of  moi.sture. 

Fig.  3035  shows  part  of  a  floor  composed  of  plates 
made  of  malleable  cast-iron,  strengthened  on  their 
under  side  by  ribs  crossing  each  other  at  right  angles 
and  uniting  with  a  marginal  ledge  surrounding 
them,  so  as  to  be  bolted  together  to  form  the  floor. 

In  the  kiln.  Fig.  3036,  air  for  supply  of  the  fur- 
nace is  drawn  through  the  malting-chamber  C  in 


such  quantities  as 
to  assist  in  regu- 
lating the  temper- 
ature, bv  means  of 


Matt- House. 


draft  pipes  or  tubes  Cf  connecting  the  chamber  with 
the  heating-chamber  i^'of  the  kiln.  * 

In  the  apparatus.  Fig.  3037,  the  grain  is  stirred 
and  turned  by  mechanical  means,  while  exposed  to 
the  heat  of  the  kiln.  A  furnace  below'  and  layers  of 
steam-pipe  within  heat  the  kiln,  and  the  vapor  gen- 
erated is  condensed  in  a  separate  chamber,  which 
connects  liy  a  pipe  with  the  dome. 

Man'a-cles.  Handcuffs  or  m'pfcrs  for  crimi- 
nals. Tlie  two  pieces  of  metal  are  hinged  togetlier, 
the  upper  ])ortion  of  which  is  curved  so  as  to  tit  the 
wrist,  and  the  lower  portion  is  straight  excejit  at  a 
point  near  its  outer  end,  where  it  is  slightly  bent. 
Fig.  3037. 

Man'da-rin'ing.  Giving  an  orange  color  to  silk 
or  woid  by  tile  action  of  nitric  acid,  which  partially 
decomposes  the  surface  of  the  fiber. 

Man'do-lin.  {Musk.)  A  stringed  instrunieut 
jdayed  liy  the  hands.  It  has  4  double  strings,  that 
is  to  say,  four  times  two  strings  in  unison  and  tuned 
in  fifths  like  the  violin.  It  is  written  on  the  G  clef. 
The  K  strings  are  of  catgut  ;  the  A  strings  of  steel ; 
the  D  strings  of  copper  ;  and  the  (!  strings  of  catgut 
covered  with  silver-wire.     The  compass  is  about  3 
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Fig.  3037. 


2.  (Boring.)  The  arbor  a  of  Critchley's  e.vpanil- 
ing  mandrel  for  reainiiit;  lias  five  grooves  titteil  witli 
key.s,  cutters,  or  e.xiiamling  tools  b,  according  to  tlie 
nature  of  the  work  or  the  office  of  the  tool. 

A  screw-thread  is  cut  on  the  body  of  the  mandrel, 
and  a  portion  of  it  is  left  in  the  center,  as  at  c,  to 

Fig.  3040. 


Mailing-Apparatus. 

octaves.  The  strings  are  put  in  vibration  by  a  pbv- 
trura  field  in  tfie  left  fiand.  See  ^[alldola,  fijonanni, 
fifromciUi  Armoiiki,  Konia,  1776;  plate  LV. 

Fig.  3038. 


Manades. 

Maii'dore.     {Mmic. )     A  four-stringed  lute. 

Man'drel.  1.  {Latlic.)  Often  iucorrectiy  spelt 
mandiif,  wfiicfi  unfortunately  is  a  .sfiort-tailed  baboon 
with  a  red  and  lilue  face.  The  cynoccpha/ us.  a.  An 
arbor  or  axis  on  wiiich  work  is  temporarily  placed  to 

Fig.  3039. 


Adjustable  Mandrel. 


be  turned.  Tfie  arlmr  which  revolves  in  tlie  head- 
stock  of  a  latlic  and  carries  tlie  upper  pulley,  ami 
also  tlie  chuck  or  face-plate,  if  one  be  u.sed.'  The 
example  is  an  adjustalile  mandrel,  ha\-ing  kcvs  which 
fit  in  incliueil  longitudinal  scats  in  the  iiianilrel,  and 
which  are  adjustable  therein  Ijy  a  screw-sleeve  on  the 
shank. 

Traversing  mandrels  e  are  usi>d  in  connection  with 
a  lathe,  and  are  driven  by  gearing  from  a  counter- 
.shaft  overficad.  The  one  illustrated  mav  be  screwed 
into  tlie  tool-post  of  tlie  slide-rest,  and  the  belt  from 
the  countershaft  carried  on  the  small  pulley,  which 
runs  at  1,500  revolutions  per  minute. 

Tlie  use  of  tfie  tool  is  to  make  ornamental  designs 
or  circular  carving  on  all  kinds  of  turned  work. 


Expanding  Reamer  and  Traversing  Mandrel 

strengtfien  and  prevent  springing.  The  cutters  are 
bevefed  at  each  end  and  confineif  in  their  ]ilaces  by 
nuts  (/,  so  that  it  is  only  necessary  to  slacken  tfiem 
off  and  sf  ide  the  cutters  down  in  tfie  tajiered  grooves 
to  exjiand  or  counteract  their  outside  diamcti-rs,  and 
thus  adapt  tliem  to  various  dimensions  cpf  work. 

.3.  The  revolving  sjiindle  of  a  ciicular  saw  or  a 
circular  cutter. 

As  tfie  annufar  iHisfi  sfips  upon  Fig.  3041. 

the  mamfref,  its  conicaf  face  pen- 
etrates tfie  central  orifice  in  the 
saw,  and  maintains  tlie  concen- 
tricity thereof ;  an  elastic  pack- 
ing intervenes  between  tlie  bush 
and  the  end  collar. 

4.  (Forginq.)  A  round  rod  of 
any  desired  diameter,  used  in  giv- 
ing an  interior  cylindrical  form 
to  a  forging,  as  a  nut  or  fiolfow 

■"^I'i'iJli'-  Sau'.Mandrel. 

a.  (Cnsling.)  A  plug  around 
wfiiiti  a  liodv  of  nietaf  or  gfass  is  cast. 

Mau'drel-lathe.  A  fathe  adapted  for  turning 
hollow  work,  wfiicfi  is  cfasped  by  a  chuck  on  the 
end  of  the  mandrel  in  tfie  fiead-stock  :  or  for  turn- 
ing fong  work  wfiicfi  is  suiiported  by  the  fiead  and 
taif  centers.  It  is  tlie  usual  I'orni  of  well-made  lathes 
for  metnl  and  wood  turning.      See  L.\THE. 

Man-en'gine.  A  mechanical  lift  for  raising 
and  fowei  ing  men  in  the  sliafts  of  mines.  Tfie  same 
(fevice  is  used  in  factories,  and  in  some  hotefs. 

Tfie  modes  of  construction  vary  ;  the  most  secure 
is  an  ajipfication  of  tfie  screw  or  the  piston  ;  tiie  most 
rapid,  a  iifatform  raised  by  rope  and  drum.  (See 
I'.vgk;  W.\TEr.-Exr.ixE ;  Elev.4tor.)  One  of  the 
simpfest  is  the  reciprocating  vertical  rod  with  pfat- 
forms  at  intervals. 

The  fatter  form  is.speciticaffy  known  as  the  man- 
engine,  and  was  invented  in  tfie  earfy  part  of  the  pres- 
ent century  by  Bergmaster  Di.irrelf  of  C'fausthaf,  in  the 
Upjier  Hartz,  wfio  used  two  pump-rods,  which,  side 
liy  side,  went  up  ami  down  a  shaft,  and  fixed  to  them 
small  ]ifatfoims  and  handfes  at  afl  tfiose  points  of  the 
rods  wfiicfi  came  opposite  after  eveiy  stroke.     So,  by 
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simply  chunking  liis  st:uul  after  each  stioke,  from 
one  rod  to  tile  other,  ii  man  would  be  lifted  U|i  to 
the  surfaee.  Tlie  iilau  was  ailopted  in  (ienuany,  liel- 
giuiii,  France,  Enj;land,  but  the  "engine"  was  driven 
by  special  machinery,  that  at  the  deep  silverdead 
mines  of  Przibram  in  Bohemia  iiaving,  since  1854,  a 
steam-engine  with  two  cylinders  and  cataract  gear. 
The  man-engine  reaches  a  depth  of  2,40(1  feet,  and 
3,000  men  go  up  and  (U)wn  it  daily,  in  three  shifts 
of  8  hours  each.  It  has  a  stroke  of  10  feet.  A 
similar  engine  at  another  shaft  in  the  same  mine  has 
a  sti'oke  ui"  12  feet. 

At  tlie  Trevesan  nuue  in  Cornwall,  which  is  309 
fathoms  deep,  a  man-engine  has  been  constrncted 
ior  lifting  the  miners  and  lowering  them  to  their 


Man-Engine. 


•work,  a  de|ith  of  240  fathoms.  It  has  two  parallel 
vertical  rods,  which  are  provided  with  stages  or 
platfoi'ms  and  ai'c  reciprocated  ]iast  each  other.  The 
stages  are  2  fathoms  a|)art,  and  each  rod  receives  a 
motion  througli  the  same  di.stance. 

A  man  stepping  on  to  the  lower  platform,  say  No.  1 
of  the  left-hand  rod,  is  raised  by  the  lifting  of  the 
rod  which  brings  him  to  the  level  of  platform  Xo.  2 
on  the  other  rod,  wliicli  is  at  its  lowest  po.sition  ;  on 
to  this  he  steps.  When  platform  No.  2  rises  he 
reaches  the  level  of  platform  No.  3  on  the  opjio-site 
rod,  and  so  he  keeps  stepjiing  from  one  side  to  the 
other,  rising  12  feet  between  each  step.     The  plat- 


forms are  o]iposite  to  each  other  at  the  dead  points 
of  tlie  engine-crank,  and  thus  pause  for  a  slight 
space  of  time  while  the  miners  step  off  one  and  on 
to  the  other.  A  string  of  men  thus  ascend  with 
merely  the  labor  of  .stepping  from  one  platform  to 
another.  The  descent  is  the  converse  ojieration,  in 
such  case  the  man  stepjiing  on  to  the  platform  which 
is  about  to  descend. 

In  a  modilied  form,  one  set  of  steps  is  on  the  ver- 
tically reciprocating  rod    and  the  other  set  fixed  on 
the  side  of  the  shaft.      This  jilan  is  only  half  as  fast 
as  the  other,  the  miner  pausing  half  his  time  and 
j  ascending  at  intervals. 

In  the  "Devon  Great  Consols"  mine,  England, 
the  .shaft  of  1,020  feet  depth  has  landings  at  inter- 
vals ol"  12  feet,  and  openings  through  which  the 
timber  rod  of  S  inches  siiuare  de.seenils,  having 
on  it  .ste]is  18  x  l.")  inches,  the  o)  enings  in  the 
landings  being  27  x  24  inches.  See  Icit  portion  of 
Fig.  3042. 

The  men  in  ascending  occn|iy  one  .side  of  the  land- 
ings, whilst  those  tlescending  use  the  opjiosite  side, 
which  obviates  any  confusion  in  stepping  on  and  ott". 
It  is  evident  that  as  the  stroke  of  the  engine  is  12 
feet,  and  as  it  makes  five  strokes  per  minute,  a  man 
ileseends  at  the  rate  of  (50  feet  per  minute,  and  there- 
fore takes  1,020  seconds  to  descend  170  fathoms  ; 
and  if  100  men  recpiire  to  descend  to  that  depth,  the 
hundredth  man  will  necessarily  be  1,188  seconds 
behind  the  lirst,  and  the  time  requisite  lor  the  whole 
will  be  1,188-1-1,020  =  2,208  seconds,  or  36.8  min- 
utes. Thus,  when  the  engine  is  working  full,  each 
step  in  ri.sing  carries  a  man  and  in  descending  canies 
a  man,  a  man  landing  on  one  side  of  the  jilatfoim  and 
giving  place  to  a  man  on  the  other  .side  who  steps  on 
to  descend,  as  the  shilts  of  nun  pass  each  other  in 
the  shaft. 

Man'ga-nese'.  Ecpiivalent,  27.6;  symbol,  J/»i. ; 
specitic  gravity,  8  ;  fuses  at  the  same  heat  as  wrouglit- 
iron.  It  is  a  grayish-white,  brittle,  hard  metal,  re- 
sembling cast-iron.  It  is  used  in  arts  and  manu- 
factures in  several  ways. 

It  is  the  glass-maker's  soap,  nsed  to  correct  the 
green  color  of  glass,  wliich  is  owing  to  the  presence 
of  proto.vide  of  iron,  converting  it  into  the  compara- 
tively colorless  jieroxide. 

It  is  also  nsed  in  the  Bes.semer  and  similar  pro- 
cesses, to  decompose  the  oxide  of  iron.  Spicgehisen, 
which  contains  a  notable  (piantity  of  manganese,  is 
used  for  this  purpose  wheie  conveniently  attainable. 
See  BlissKMlUi  PnOCKSS,  p.  277. 

Man'ger.  1.  (Uliipwriglilmg.)  A  space  abaft  the 
Iinirsc-Ziu/r.'!  on  the  working-d(ck,  bounded  by  planks 
lying  athwartships,  and  serving  to  prevent  the  wa- 
ter that  comes  in  at  the  lause-hoks  from  flooding 
the  rest  of  the  deck. 

2.  (Husbandry,  c!c.)  A  fceding-trorgh  for  grain  ; 
usually  accompanied  by  a  lack  for  hay. 

Man'gle.  A  machine  in  wliich  damp  clothes  are 
smoothed  by  roller  pressure,  n  lejiresents  the  old- 
fashioned  mangle,  which  had  a  box  weighted  with 
stones  and  reciprocating  n]ion  rollers  which  ran 
back  and  forth  upon  the  clothes,  spread  upon  a  pol- 
ished table  beneath. 

6  is  an  im|iroved  form  of  mangle  on  the  jirinciide 
of  the  wringer.  The  clothes  are  passed  between 
pressure-rollers  driven  by  gearing. 

In  Fig.  3044,  a  series  of  rollers  is  disposed  around 
a  (Central  drum,  so  that  the  garments  are  not  sub- 
jected to  (indue  pressure  at  but  one  or  two  points, 
as  in  the  case  of  mangles  having  only  two  rollers. 

On  the  frame  axis  of  the  large  roller  is  an  open 
wheel  geaiiiig  into  pinions  on  the  axes  of  the  smaller 
rollers  ;  each  of  the  latter  has  a  rubber  spring  which 
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Fig.  3043. 


Mangtes, 

presses  it  towards  the  large  roller,  and  the  pressure 
of  the  spring  is  regulated  by  a  thumb-screw  /.  The 
large  revoking  roller  has  a  clam|)  S  for  the  eilge  of 
the  clothes  as  they  are  fed  between  that  roller  and 
the  series  of  rollers  that  abut  upon  it.  This  is  to 
prevent  the  necessity  of  feeding  the  clothes  at  the 


Fig.  30«. 


Mangle. 


throat  between   the  roller   B   and   the   first   small 
roller. 

The  improved  nian<;le  for  smoothing  and  .stretch- 
ing woven  goods  previous  to  starching  and  calender- 
ing, has  a  number  of  rollers  fixed  in  a  strong  frame, 
and  capable  of  being  forced  together  by  levers  or 


screws.  In  some  mangles,  the  bottom  rollers  have 
grooves  diverging  Ironi  the  center,  so  as  to  spread 
the  cloth  outwaidly  towards  each  edge  as  it  passes 
through,  removing  the  creases.  The  clotli  is  fed  to 
the  uuingle  floating  on  the  surface  of  water  in  a  cis- 
tern. 

Starch  is  applied  in  a  somewhat  similar  machine, 
the  cloth  jiassing  over  a  roller  which  dijis  into  a  starch 
tiongli,  and  the  rollers  arresting  the  superHuous  por- 
tion a.-,  the  cloth  passes  between  them. 

Fig.  30-45  is  a  mangle  in  which  the  clothes  spread 
upon  an  endless  apron  are  passed  between  a  pair  of 


Fig.  3045. 


Folding-Mangle. 

rollers,  the  upper  one  of  which  is  driven  and  the 
lower  one  suiijiorted  by  springs  to  peiniit  a  yiehling 
pressure.  When  not  in  use,  the  side  pieces  C  C  fold 
u\'  again^t  tlit-  standard  for  compact  stowage. 

Man'gle-rack.  (Machiveri/.)  A  rack  having 
teeth  on  o]>]iosite  sides,  engaged  by  a  pinion  which 
meshes  with  the  opposite  .sides  alternately.  Thus  the 
continuous  rotaiy  motion  of  the  j>inion  is  converted 
into  a  reciprocating  motion,  as  in  some  forms  of  the 
mangle.     See  M.\nolk-whekl. 

Mang'ler.  A  machine  for  grinding  meat,  to  ren- 
der it  njore  easy  to  masticate  or  to  stew.  A  iiieat- 
nt(ni(f/ri;  a  innsticator. 

Man'gle-Twheel.    This  is  used  in  mangles  for 
pressing  clothes,  the  object  being  to 
obtain    a     reciprocating,    rectilinear        Fig.  3046. 
motion  of  the  weighted  box,  by  means 
of  a  continuous  jotary  motion  of  the 
driving-pinion,    to   whose   shaft   the 
hand-crank  is  attached.     As  the  pin- 
ion is  rotated,  it  passes  from  the  in- 
si<le  to  the  outside  teeth  of  the  wheel 
alternately,    giving    a    reciprocating 
rotary  motion    to   the  wheel,   which 
communicates   a   reciprocating  recti-    Mani;h-%yhett. 
linear  motion  to  the  box.     The  shaft 
of  the  pinion  traverses  a  groove  in  the  wheel  as  the 
)iinion  passes  from  one  side  of  the  rack  to  the  other. 
The    pinion-shaft    has   a    vertical    movement   in   a 
straight    slot  in    the   outside  bar  as  it  makes  the 

change  from  its  upper  to  its  lower  })osition,  and  vice 

verfiii . 
Man'heim-gold.     A  bra-ss  used  by  jewelers,  as 

an  imitation  of  gold.     Cojiper,    3  ;  zinc,  1  ;  tin,  a 

small  ipiantity.     See  also  SicMlLOR  ;  Alloys,  Jew- 

ELF.Il.s',  p.  03. 

Man-hole.     A  hole   in    a   cesspool,    drain,  iron 

boiler,    tank,   or  a  chamber  or  compartment  on  an 

iron  ship,  designed  to  allow  the  entrance  of  a  man 

for  examination,  cleansing,  and  repairs. 

In  boilers  and  tanks  it  is  usually  secured  by  a 

bridge  and  bolt,  so  as  to  render  it  water,  steam,  or 
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rig.  3047. 


Man- Hole. 


air  tight,  as  the  fia.se  may  be. 
In  drain.s,  tho  cover  is  a  lid 
with  a  stink-trap  jniiit. 

Man-hole  Door.  The  cov- 
er 111'  liil  of  a  niaii-liole  in  a 
lioiler  or  tank.  A  iiutn-hilc 
phi,'. 

Mau'i-chord.  (.Ifiisic.)  An 
in^tr.iiiieut  re.ienil)ling  the 
.S;mnk['  and  Hakp.sICHORD 
(which  see). 

i  t  was  originally  a  monochord 
(ttiii'jlc  striiuj),  and  is  referred 
to  by  Giraud  de  Calanson,  a 
jioet  of  Provence  (inanicorda, 
(lb  una  cord(i). 

It  was  played  by  quills,  op- 
erated by  jiicks  and  keys  on  a 
keij-boitnL 

It  was  one  of  the  predecessors  of  the  piano-forte. 
Sen  PiANo-KoiiTE. 

Man'i-fold  Writ'er.  A  device  by  which  a  num- 
ber of  copies  may  lii'  written  at  once,  the  pressure  of 
the  .stylus  being  cominunieateil  tlirongh  a  number  of 
leaves  of  thin  pai)er,  betweim  each  of  which  is  a 
greasy  sheet  of  colored  jiaper  that  imparts  its  color 
to  tlie  page  with  which  it  is  in  contact. 

It  was  patented  by  Wedgwood  in  England  iu 
1S06.  It  has  been  much  nseil  by  correspondents  of 
the  ]iress,  who  thus  write  a  number  of  letters  to  the 
various  papers  for  which  they  cater. 

Man'i-kin.  An  artificial  figure  representing  the 
human  body,  and  capable  of  being  dissected  to  show 
the  relative  position  and  ]iroportions  of  the  parts  of 
the  body  it  is  designed  to  illustrate.  It  is  freciuent- 
ly  of  papicr-maclu,  the  deta(diable  pieces  being 
painted  in  imitation  of  the  viscera  and  other  organs. 
A  manikin  in  illustration  of  obstetric  sulijects  has 
an  elastic  perineum,  uterus,  and  fetal  head,  so  that 
the  artificial  parts  may  simulate  the  natural  action  of 
jiarturition. 

Ma-nil'la-pa'per.  Made  from  tlie  fiber  of  a 
species  of  banana  which  grows  in  some  of  the  East 
Iiulia  islands.  It  is  whiter  than  hemp,  and  tlie 
product  is  a  stout,'  serviceable  article.  The  fibiir 
also  forms  cordage,  sometimes  known  as  white  rope. 
Ma-nil'Ia-rope.  Rope  made  principally  in  the 
Pluliji[iine  Islands,  of  the  fibers  of  a  .species  of  ba- 
nana. 

Ma-nip'u-la-tor.     The  transmitting  instrument 
attached  to  the  dial 
Fig.  3048.  telegraph. 

Fig.    3048,     Bre- 
guet's,  has  adi.al  cor- 
responding   to   that 
of  the  receiving  in- 
strument,   and    an 
:irni  which  is  turned 
y  a   handle.     The 
eriphery  of  the  dial 
lias  a  notch  at  each 
letter,  into  which  a 
pin  attached  to  the 
liaiuUe  falls  to  close 
the  circuit.     Tliis  is 
effected  by  an  undu- 
iliiiiiiulator.  late     wheel    within 

the  case,  wdiich 
turns  with  the  handle,  alternately  causing  a  pivoted 
lever  to  make  connection  with  the  battery  and  with 
the  earth. 

Man-of-war.  (Nautical.)  An  armed  national 
vessel.  A  line-of-battle  ship  is  one  of  the  larger 
classe.s,  so  as  to  take  its  place  in  line  of  battle. 


Fig.  304a. 


BoyWs  Statical  Manome- 


Ma-nom'e-ter.  An  instrument  for  measuring 
the  elastic  force  of  g.xsi'S  or  steam.  It  consi-sts  of  a 
graduated  tube  in  which  a  body  of  confined  air  is 
compressed  liy  the  gas  or  steam'  under  experimental 
test,  a  body  of  mercury  intervening  between  tile  air 
in  the  tube  and  the  gas  or  steam  who.se  elastic  force 
is  to  be  ascertained.  The  tube  containing  the  con- 
fined air,  of  a  certain  volume  at  a  given  temperature, 
is  maintaineil  at  the  said  tiauiierature  by  a  bath,  and 
is  tested  for  the  graduation  of  the  tube  I>y  means  of 
a  column  of  mercury.  It  is  then  ready  for  the  con- 
nection by  a  tube  with  the  reservoir  or  boiler  wliiidi 
contains  the  gas  or  steam  whose  elastic  force  is  to  be 
ascertained.    A  steam-gage.     See  also  list  under  C.\L- 

GULATING  AND  MeASUIU-XG  I.NSTUUM  1CNT.S. 

Boyle's  statical  manometer  consists  of  a  bubble 
of  thin  glass,  about  the  size 
of  an  orange,  which,  being 
counterpoised  in  an  accurate 
jiair  of  scales,  rises  and  sinks 
with  the  alternations  of  the 
atmosphere.  This  instrument 
only  i>ioved  a  change  of  den- 
sity, but  did  not  detect  the 
cause,  A\hetlier  arising  from  a 
change  in  its  own  weight  or 
its  temperature,  or  liotli. 

Ilamsden's  manometer,  used 
in  the  Arctic  researches,  had  a  tube  of  small  bore  with 
a  ball  at  the  end  ;  th(^  barometer  being  sp.  grav. 
2.97,  a  .small  quantity  of  mercury  was  placed  in  the 
tube  to  prevent  communication  between  the  external 
air  and  that  contained  in  the  ball,  and  that  part  of 
the  tube  below  the  mercury.  A  scale  is  placed  on 
the  side  of  the  tube,  which  marks  the  degrees  of  ilil- 
atation  arising  from  the  increase  of  heat  in  this 
state  of  the  weight  of  the  air,  and  has  the  same 
graduation  as  that  of  Fahrenheit's  thermometer,  the 
[mint  of  freezing  being  marked  32°.  In  this  state  it 
performs  the  duty  of  a  thermometer  ;  but  if  the  air 
iiecome  lighter,  the  bubbli'  inclo.se<l  in  the  ball,  be- 
ing less  compressed,  will  become  dilated  and  take 
lip  a  space  as  much  larger  as  the  comjiressing  force 
is  less  ;  therefore  the  changes  arising  from  the  in- 
crease of  heat  will  be  proportionally  larger,  and  the 
instrnment  will  show -the  difTerences  in  the  density 
of  the  air  arising  from  the  changes  in  its  weight  and 
heat. 

Eamsden  found  that  a  heat  equal  to  that  of  boil- 
ing water  increased  the  bulk  of  the  air  from  what 
it  was  at  the  freezing-point  by  ■t'cAi^  of  the  whole. 
The  tube  being  graduated  for  heat,  under  a  given 
barometric  condition,  the  actual  indications  are  com- 
pared with  those  of  a  tlierinometer,  and  the  difference 
is  wliat  is  due  to  barometric  variation  from  the  con- 
dition at  wdiich  the  instrument  is  adjnsteil.  Thus, 
the  manometer  and  thermometer  leadings  being 
given,  that  of  the  barometer  may  be  calcul.ated. 

Man'o-scope.  An  instrnment  for  exhibiting 
the  elastic  force  of  gases  or  steam.     See  Mano.me- 

TEK. 

Maii-pow'er.  A  man  travels,  without  a  load,  on 
level  ground,  during  8  J  hours  a  day,  at  the  rate  of  3.7 
miles  an  hour,  or  31|  miles  in  a  day.  He  can  carry 
111  jKiunds  11  miles  in  a  day.  A  porter  going  short 
distances  and  returning  unloaded  carries  X35  pounds 
7  miles  a  day.  He  can  transport  in  a  wheelbarrow 
150  pounds  10  miles  a  day. 

The  maximum  power  of  a  strong  man,  exerted  for 
2^  minutes,  may  be  stated  at  18,000  pounds  raised 
Ifoot  in  a  minute. —  Mr.  Field's  Krpcriments, 
1S3S. 

A  man  of  ordinary  strength  exerts  a  force  of  30 
pounds  for  10  hours  a  day,  with  a  velocity  of  24  feet 
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MANURE-DRAG. 


ill  a  second  =  4,500  pounds  raised  1  foot  iu  a  min- 
ute =  one  fiflli  of  tlie.  work  of  a  horse. 

Man-rope.     (Xnutical.)     A  rope  which  foi-ms  a 
substitute  for  luind-railing  at 
gangways,  hatchways,  etc.     A 
ladder-rope. 

Man-ropes  are  also  used  at 
tlie  bowsprit,  known  as  bow- 
sprif-h-^est'S. 

Man'sard-roof.  Sonic- 
tinii'S  called  the  Freneh  or  curb 
roof.  First  ilesigned  liy  a  cele- 
brated Trcndi  arcliitect,  Fran- 
cois Mansard,  who  was  born  in 
Paris  in  l.iStS.  He  designed 
many  of  the  public  buildings 
ill  the  reign  of  Louis  Quatorze. 

It  was  invented  to  make  the 
attics  available  for  rooms,  in 
consei^uence  of  a  municipal  law 
limiting  the  hight  of  front 
walls  in  Paris.  It  is  also  known 
as  a  hip-rool.    See  Cur.B-KOOF. 

Man'tel.  The  ornamental 
facing  and  shelf  around  a  fire- 
place ;  hence  the  terms  mantel- 
shelf, mantel-piece,  inantel-lree. 
See  FlKF.PL.vcK. 

Man-te-let'.  1.  A  movable 
blind  constructed  of  planks,  and  sometimes  plated, 
to  cover  a  body  of  pioneers  and  protect  them  from 
small  shot.     A  sap-ro'ler  is  now  used. 

2.  A  protection  of  woven  rope,  etc.,  to  protect  gun- 
ners at  embrasures. 

Man'tel-piece.  A  beam  across  the  opening  of 
a  fireplace,  serving  as  a  lintel  to  support  the  chim- 
ney-breast, or  a  nvxntcl-picce. 

Man'tel-shelf.  A  shelf  above  the  facing  of  a 
fireplace.     .See  FlIiEPL-iCB. 

Man'tel-tree.    The  lintel  of  a  fireplace. 

Man'tle.  1.  (Fointdhuf.)  A  covering  of  clay 
designeil  to  form  a  matrix  or  mold  for  casting  ;  as, 

A  porous  clay  covering  of  a  basso-rilievo  design  in 
wax.  The  mantle  and  pattern  are  baked,  the  wax 
runs  otf,  and  the  porous  clay  is  a  mold  from  which 
a  casting  is  obtained  in  relief. 

2.  (Bnildinrj.)  a.  The  outer  cov- 
ering of  a  wall,  of  ditt'erent  material 
from  its  inner  portion. 

b.  The  enveloping  masonry  of  a 
BL.isr-Fi'RXACE  (which  .see). 

3.  {Il'idranlie  Eiigineering.)  An 
inclosed  chute  which  leads  the  water 
from  a  fore-bay  to  a  water-wheel. 

4.  A  cloak  or  wrapper. 

Man'tlet.  {Fortifiaition.)  A  bul- 
let-proof shield  which  is  sus])ended 
in  an  embra.sure  to  ])rotect  the  gun- 
ners, or  used  as  a  movable  shield  to 
protect  sappers  in  the  trenches.  See 
Mantelet. 

Man-trap.  A  trap  for  catching 
tresp^xssers.  It  usually  has  two  jaws, 
like  a  spring  rat-trap,  and  those  with 
smooth  or  toothless  jaws  are  known 
as  humane  man-tra])s.  It  is  not  an  American  insti- 
tution, either  indigenous  or  imported. 

Man'u-al.  (.Uiisic.)  The  key-board  of  an  organ, 
adapted  to  be  operated  by  the  hand,  in  contradis- 
tinction to  the  pedals,  which  are  operated  by  the 
feet  of  the  organist. 

Man'u-al-key.  An  organ-key  in  the  manual, 
played  liy  the  /lands ;  the  pedal  keys  are  played  by 
the  feet. 


Mau'u-mo-tor.     A  wheeled  carriage  adapted  to 
be  driven   by  the  hands  of  the  _^^^ 

rider. 


Manure-Desiccator. 


Ma-nure'-des'ic-ca'tor.  A  furnace  set  within 
a  brick  chamber  over  which  is  an  air-tight  vessel 
forming  a  desiccating  and  mixing  pan.  Surmount-- 
iiig  the  mixing-pan  is  a  hopper  fitted  with  sloping 
bottoms  ]irovided  with  valves.  Connected  with  the 
mixing-pan  by  a  tube  is  a  bo.x  provided  with  a  false 
bottom,  charged  with  some  suitable  absorbent,  and 
into  which  the  unabsorbcd  gases  are  conducted.  Air 
is  caused  to  circulate  in  the  ]ian  bj'  means  of  an  air- 
pump.  The  materials  are  stirred  by  oscillating  pad- 
dles operated  by  a  reciprocating  rod  passing  through 
a  stutfing-bdx. 

Ma-nure'-dis-trib'u-tor.  A  machine  (Fig.  3051) 
having  a  cylinder  a,  consisting  of  a  series  of  rings 
with  proji-ctiiig  surfaces,  to  which  the  manure  is  de- 
livered i'rom  the  bo.v  6.     A  series  of  scrapers  below 


Fig  30.51. 


-^ 


Broadcast  Manure- Distributor. 

the  box  is  arranged  with  springs  which  admit  of 
adjustment  to  exert  a  graduated  pressure  on  the 
rings,  according  to  the  quality  of  the  manure  used. 
The  containing  box  b  is  provided  with  a  stirrer,  and 
rows  of  ]>ins  in  the  delivery-barrel  e  cause  an  equal 
distrilnitiou  of  the  manure  as  it  falls  to  the  ground. 
Ma-nure'-drag.  (Jgrirnlfure.)  An  implement 
drawn  by  a  horse,  and  having  teeth  which  catch  into 
a  bunch  of  manure,  and  drag  it  to  a  place  where  it 


MANURE-DRILL. 


MAP. 


Manure-Drag. 


i'ig.  3052.  .      may  be  loaded 

^  r  piled ;  on 
leaehing  the 
])lace  the  teetli 
are  disengaged 
and  the  load 
diiiii[jed.  Also 
used  to  scatter 
over  the  .surl'aee 
of  a  tiekl  nia- 
niire  which  has 
been  diunped 
in  heaps. 

Ma-nure'- 
drill.  1.  An 
attachment  to 
a  grain  -  drill 
which  deposits  powdejed  fertilizer  in  the  seed-row 
or  broadcast,  as  it  may  be  arranged. 

2.  A  form  of  watering-cart  to  distribute  in  streams 
over  the  surface  of  a  Held  the  liquid  carried  in  tlie 
box  of  the  veliicle. 

Ma-nure'-fork.  A  fonr-pronged  fork  for  pitch- 
ing mmuue,  clearing  stables,  etc.  The  tliree-pronged 
dung-fork  is  mentioned  by  tlie  Greek  authors. 

Ma-nure'-hook.  A  haml  implement  having 
tliree  or  four  teeth  bent  at  an  angle  witli  the  handle, 
and  used  in  dragging  manure  out  of  a  stable,  out  of 
a  waijon,  or  scattering  manure-heaps  in  the  Held. 

Ma-nure'-load'er.  A  form  of  horse-fork  for 
loading  into  a  wagon  large  liunches  of  stable  manure. 
■  Map.  A  representation  of  a  portion  of  the  earth's 
surface  on  a  plane.  Tliis  portion,  except  whiMi  Mer- 
uator's  projection  is  used,  cannot  be  greater  than  a 
hemisphere.  There  are  several  methods,  known  ag 
"projections,"  employed  in  mapnr.iking  for  laying 
off  the  parallels  and  meridians,  and  locating  the  va- 
rious positions  of  geographical  pjints  so  as  to,  as  far 
as  possible,  avoid  relative  distortion  and  exhibit  a 
true  likeness  of  the  territory  which  the  map  is  in- 
tended to  embrace. 

Anaxhnander  of  Miletus,  570  B.  c,  is  credited 
with  the  invention  of  charts  and  maps.  This  is 
improbalde,  as  the  necessities  of  the  Egyptians  in 
measuring  and  dividing  their  Nile-iri'igatcd  and  arti- 
ficially ii'rigated  lands  nmst  have  made  land-survey- 
ing and  plotting  a  principal  mo  le  of  determining  the 
allotment  of  taxes.  The  revenue  was  derived  from 
the  use  of  water  during  the  overHow  of  the  Nile, 
and  afterwaril  of  that  which  was  stored  in  reservoirs 
during  high  water,  —  the  simph'st  form  of  taxation 
upon  property  ;  the  eminent  domain  of  water  being 
vested  in  the  sovereign.  The  Egyptians,  says 
Eustathiu.s,  "recorded  their  inarches  in  maps." 

Plate  XXIX.  has  a  representation  of  the  popular 
idea  of  the  earth  in  the  time  of  Homer,  900  n.  c.  It 
consisted  of  a  strip  of  land  around  the  Pontus  Pela- 
gus,  and  even  the  boundaries  were  not  known  to- 
ward the  northwest.  Cimme.-ian  darkness  brooded 
upon  the  deep  whiidi  surrounded  the  land. 

Next  is  the  world  as  known  to  Hecateus  about  500 
B.  c,  say  about  the  time  of  Daniel.  The  borders  of 
the  Mediterranean  are  ilefined  ;  the  Iberi  and  CeltiB 
are  known  ;  the  pillars  of  Hercules  on  the  west  and 
the  Caspian  on  the  east  mark  the  longitudinal  extent ; 
back  of  Asia  Minor  is  a  greater  Asia,  which  extends 
westward  to  the  Nile. 

1  n  the  world  of  Herodotus,  the  Caspian  was  changed 
from  an  indentation  in  the  land  to  a  lake.  Asia 
extends  to  the  Atlantic  ;  Libya  is  a  sulidivision. 

"  Aristogoras,  the  tyrant  of  Miletn.s,  showed  to 
King  Cleoinenes  of  Sparta  a  bronze  tablet,  on  which 
the  whole  circiut  of  the  earth  was  engraved,  with  its 
seas  and  rivers."  —  Hkkodotus,  V.  49. 


In  the  geography  of  Democritus,  300  B.  c,  Eu- 
ropa,  Asia,  and  Libya  are  acknowledged  divisions. 

In  the  maps  cited  by  Herodotus  and  other  geogi'a- 
phers  of  his  time,  the  grand  division  now  known  as 
Africa  was  called  Libya.  The  term  Europe  is  from 
a  Semitic  word  Jircb,  the  wed,  setting,  darkness,  etc. 
Asia  signifies  the  opposite,  —  the  cast,  risinrj,  etc. 
The  origin  of  the  term  Libya  is  lost  in  obscurity. 
The  same,  e.xoept  as  to  period,  may  lie  said  of  the 
Latin  word  Africa.  Its  derivation  was  a  mystery 
2,300  years  ago. 

"  For  inj'  part  I  cannot  conceive  why  three  names, 
and  women's  names  especially,  should  ever  have 
been  given  to  a  tract  which  is  in  reality  one,  .... 
nor  can  I  even  say  who  gave  the  three  tracts  their 
names,  or  whence  they  took  the  epithets.  Accord- 
ing to  the  Greeks  in  general,  Libya  was  so  called 
after  a  certain  Libya,  a  native  woman,  and  Asia  after 
the  wife  of  Prometheus.  The  Lydians,  however, 
put  in  a  claim  to  the  latter  name,  '  as  being  from 
A.sius,  the  son  of  Cotys. '  .  .  As  for  Europa,  no  one 
can  say  whether  it  is  surrounded  by  the  sea  or  not, 
neither  is  it  known  whence  the  name  of  Europa  is 
derived,  nor  who  gave  it  name,  unless  we  say  that  Eu- 
ropa was  so  called  after  the  Tyrian  Europa,  and  before 
her  time  was  nameless.  .  .  However  let  us  quit  these 
matters.  We  shall  ourselves  continue  to  use  the 
names  which  custom  sanctions."  —  Herod.,  IV.  45. 

In  former  times  the  geograjihers  were  undecided 
where  to  draw  the  ili\idii}g  line  hetween  Asia  and 
Liliya,  as  seen  in  the  tirst  four  tigure.s,  Plate  XXIX. 
The  Egyptians  were  of  known  Asiatic  origin,  and  it 
was  considered  more  logical  to  include  them  in  Asia. 
The  eastern  border  of  the  land,  ahuttfngupon  Libya, 
was  for  a  time  adopted.  Afterwards  the  Tanais  and 
the  Nile  were  the  limits  of  Asia,  one  half  of  Egypt 
being  ascribed  to  xVfrica.  Herodotus  considered  it 
absurd  to  divide  the  country  of  one  peojile  between 
ttt'o  continents.  Ptolemy,  the  geographer,  defined 
the  Red  Sea  and  the  I.sthmus  of  Suez  as  the  boun- 
dary between  the  eontiuents. 

Next  is  the  map  of  the  world  according  to  Eratos- 
thenes and  Stvabo.  Eratosthenes  (276-196  B.  c.) 
of  .Alexandria  was  the  discoverer  of  the  obliijuity  of 
the  ecliptic,  and  was  the  founder  of  geodesy.  He 
determined  the  circumference  of  the  earth  by  meas- 
uring a  degree  of  tlie  meridian.  Measurements  of  an 
arc  of  the  meridian  have  been  made  by  the  Chal- 
deans, by  Eratosthenes,  by  Al  Maiinon,  by  Pire,  and 
more  lately  by  the  French,  English,  Germans,  and 
others  ;  in  Pern,  Lapland,  British  India,  and  else- 
where. (See  AiiMii. ;  Aiiwill.wiy-si'MEKe;  Asteo- 
No.\nc.\L  Instuuments;  OiinMEi'Ei;.)  We  regard 
Eratosthenes  with  profound  respect  as  the  author  of 
the  science  of  geogia]iliy,  and  the  name  thereof.  The 
extent  of  each  zone  he  determined  by  the  length  of 
the  solstitial  day,  and  called  them  climates. 

The  "map  of  the  woild  "  by  Hipparchiis  (150 
B.  c. )  is  founded  on  the  discoveries  of  Eratosthenes, 
and  is  the  first  recorded  attempt  to  assign  geographical 
]iositioiis  by  longitudes  and  latitudes,  obtained,  the 
former  from  lunar  eclipses,  and  the  latter  from 
lengths  of  the  shadow  measured  by  tlie  gnomon. 

in  Straho's  time,  about  the  Christian  era,  it  was 
customary  to  draw  a  meridian  and  parallel  for  each 
important  phu^e  whose  position  was  considered  as 
determined.  Ptolemy,  about  A.  D.  150,  simplified 
the  method,  and  jirobably  introduced  the  regular 
plan  of  dividing  the  area  by  lines  !>'  or  10"  apart,  as 
the  case  might  be.  See  cut,  also  "  Ptoloimei  Geo- 
graphic," Roma,  1508.     Congressional  Library, 

The  maps  of  Eratosthenes  and  Ptolemy  show  a 
marked  advance  in  geographical  knowledge,  especial- 
ly in  the  bounds  of  Asia  and  Libya,  the  latter  re- 
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ceiving  in  the  maj)  of  Ptolemy  its  new  name  of 
"Africa."  The  old  belief  in  ,i  eircumseribing  sea 
is  evident  in  the  upjier  map,  where  Libya  is  appar- 
ently extended  merely  to  balanee  tlie  newly  di.seov- 
ered  e.xtent  of  Asia,  the  insular  eharaeter  t<nvards  the 
south  being  assumed,  as  in  the  earlier  maps.  In  the 
map  of  Democritus,  the  Mesopotamian  rivers  flow 
into  the  ocean  and  mark  the  e.\tent  of  geographic 
knowledge,  in  an  eastern  direction,  of  the  Mediter- 
ranean nations.  In  tlie  next  map  these  rivers  de- 
lionch  into  the  Persian  Gulf;  and  India  with  its  mar- 
ginal rivers,  the  Imlus  and  the  Ganges,  forms  an 
e;i,stern  extension.  Taprobane  (Ceylon)  is  also  shown. 
Britannia  and  lerne  come  upon  the  scene  with  the 
Cassiterides  or  Tin  Islands,  which  had  been  known 
to  the  Phwnicians  for  l.iiOO  years.  There  is  also  an 
indic-ition  of  a  land  acro.ss  the  Baltic.  It  should 
also  be  mentioned  here  that  this  map  of  Eratosthenes 
was  merely  a  plane  exemplilication,  and  tliat  he  was 
fully  awar(i  of  the  spherical  Ibrm  of  the  earth.  Aris- 
totle had  said,  liX)  years  before,  that  it  was  possible 
that  Spain  and  India  were  only  separated  liythesea. 
Erato.sthenes  .said  that  only  the  extent  of  the  Atlantic 
Ocean  prevented  sailing  from  Spain  to  India  along 
the  same  ]iarallel.  In  the  map  of  Ptolemy,  the  lancl 
grows  toward  sunrise,  Burmah  with  the  peninsula 
of  Malacca  comes  into  view,  with  .some  traces  of  an 
eastern  archipelago,  and  a  country  beyond  India  of 
unknown  and  nndelineil  extent;  .so  mui:h.land  in 
this  direction,  indeed,  that  the  sea  is  suppressed. 
Taprobane  is  still  there,  but  the  old  geographer  who 
put  upon  his  map  the  interior  lakes  of  Africa  where 
Livingstone  found  them  to  be,  would  not  take  the 
sea,  for  granted  on  the  southern  confines  of  Africa 
more  than  he  would  on  the  eastern  regions  of  Asia. 
Africa  assumes  large  proportions,  and  the  name  Libya 
becomes  local  ;  indeed,  a  dotteil  line  uniting  a  hy- 
pothetical eastern  land  with  a  |)ossible  extension  of 
Africa  is  suggested  as  the  termination  of  salt  water 
southwanlly. 

Dr.  Livingstone's  last  letter,  dated  from  Lake  Ban- 
gweolo,  December,  lS7"i,  and  published  April  28, 
1874,  lini-shes  by  saying  :  "If  the  gooil  Lord  gives 
me  strength  and  influence  to  complete  my  ta.sk  I 
shall  not  grudge  my  hunger  and  toil.  Above  all,  if 
He  permits  me  to  put  a  stop  to  the  enormous  evils 
of  this  inland  slave-trade  1  shall  bless  His  n.ame  with 
all  my  heart.  The  Nile  sources  are  valuable  to  me 
only  as  a  means  of  enabling  me  to  open  my  mouth 
among  men.  It  is  this  power  I  hope  to  apply  to 
remedy  the  enormous  evil,  and  join  my  little,  help- 
ing hands  in  the  great  revolution  tliat  in  His  all- 
embracing  providence  He  has  been  carrying  on  for 
ages,  and  is  now  actually  helping  forward." 

Next  we  recognize  the  map  of  Cosmas  of  Alex- 
andria, known  as  Imlico-ph'ustes.  His  map  was  made 
about  .\.  n.  5i7,  and  was  regarded  as  conclusive  by 
the  Fathers  of  the  Church.  So  said  the  doctors  of 
Salamanca,  in  ItSC,  to  Columbus,  who  proposed  to 
reach  the  east  by  sailing  to  the  west.  The  geogra- 
pher of  the  Church  represented  the  earth  as  a  plane 
twice  as  long  as  it  was  broad,  embracing  the  Medi- 
terranean and  indented  by  the  Red  Sea,  the  Persian 
Gulf,  and  the  Casjjian  ;  around  it  was  the  oceati. 
It  most  resembled  the  map  of  Homer's  time,  1,400 
ye.irs  before,  and  was  a  ridiculous  burlesfpie  in  a  city 
where  Ptolemy  had  lived  but  foin'  (centuries  )jrevi- 
ously.  But  Cyril  and  the  monks  intervening  had 
undone  in  a  few  years  the  progress  of  ten  centuries. 
The  square  shape  of  the  land  was  probably  in  defer- 
ence to  the  Scriptiu'e  ex]ire.ssion,  "  the  four  corners 
of  the  earth."  In  another  view  of  the  earth  as  un- 
derstood by  Cosmas,  a  vast  mountain  rises  beyond 
the  "  Great  Sea  "  (the  Mediten-anean),  and  when  the 


sun  emerges  from  behind  the  mountain,  it  is  day  ; 
when  he  retires  behind  it,  it  is  night.  The  circles 
represent  tlu^  Creator  looking  down,  the  sun  orient, 
the  sun  Occident.  The  pear-shai)eil  place  half-way 
up  the  mountain  is  the  Garden  of  Eden. 

To  come  down  farther  in  order  of  time,  we  notice 
the  representations  of  the  eastern  and  western 
hemispheres,  as  depicted  on  the  terresti'ial  globe  of 
Martin  Behaim,  1492.  This  may  be  taken  as  rep- 
resenting the  state  of  geographic  knowli'dge  out 
of  Salanunica  and  the  cloisters.  Africa  had  been 
circunmavigated  by  Vasco  da  Gaina  ;  A.sia  is  driven 
over  to  the  eastward  as  far  as  Marco  Polo  is  deemed 
to  have  gone  in  his  months  of  weary  travel.  So  large 
a  proportion  of  tlie  circumfeience  of  the  earth  was 
held  to  he  embraced  by  the  circuit  of  Europe  and 
Asia,  that  the  latter  about  Alls  the  western  hemi- 
sphere, the  goodliest  island  of  "  Cipango  "  (.lapan) 
lying  ofl'  the  coast  of  the  "far  Cathay."  In  the 
mid-Atlantic  is  the  island  of  Antilia,  a  spot  partly 
conjectural,  and  also  the  island  of  St.  Brandan, 
which  was  jnirely  imaginary.  Thus  was  the  globe 
depicted  belbre  the  sailing  of  Columbus,  and  his 
projected  voyage  was  not  exitected  to  be  much  greater 
than  the  length  of  the  Mediterranean.  He  sailed 
and  discovered  what  he  considered  to  be  the  "Island 
of  Antilia"  (Cuba).  An  island  under  that  name 
had  appeared  on  tlie  charts  since  1425.  Columbus 
was  for  discovering  a  western  route  to  India  in  the 
interest  of  the  Siianiards,  that  they  might  share  in 
the  rich  Oriental  trade  then  almost  monopolized  by 
the  Venetians.  He  supposed  himself  to  have 
reached  the  outlying  islands  of  the  Asiatic  coast, 
and  tried  to  worm  his  way  among  them  to  reach 
China  and  India.  The  voyage  was  repeated  with 
the  same  intention.  His  third  voyage  carries  him 
to  the  Orinoco,  and  the  volume  of  water  encourages 
a  hope  that  the  gap  is  found.  During  the  next 
year,  1499,  Vaseo  da  Gania  anchors  in  the  Tagus 
with  trophies  from  Calcutta  ;  the  Portuguese  have 
turned  the  Venetian  ])osition,  and  the  trade  is  their 
own.  The  western  essays  have  yet  been  fruitless, 
for  no  India  has  been  reached,  and  the  fonrtli  voyage 
of  Columbus,  in  1502,  in  which  he  reaches  Central 
America,  is  yet  barren  to  him,  for  no  strait  is  found. 
Columbus  died  in  1506,  supposing  that  he  had  dis- 
covered India,  though  surprised  at  not  being  able  to 
make  connection  with  the  eastern  voyagers  and  the 
land  of  Marco  Polo's  adventures.  In  1500  he  as- 
serted that,  "  if  any  one  does  not  give  him  credit  for 
having  discovered  the  remaining  jiarts  of  India,"  it 
must  be  from  personal  hostility.  In  ].i02  he  writes 
to  Piijie  Alexander,  "I  discovered  1,400  islands  and 
333  leagues  of  the  coast  of  Asia." 

Above  is  a  representation  of  the  western  hemisphere 
of  John  Schiiner's  globe  of  1520,  fourteen  years  after 
the  death  of  Columbus,  and,  no  doubt,  published  in 
good  faith.  In  it  the  terra-borealis  forms  the  only 
trace  of  the  North  Ameiican  continent,  and  might 
answer  for  Newfoundland.  Cuba  and  parts  of  the 
South  American  continent  are  plotted  as  islands  of 
the  eastern  coast  of  Asia,  adjacent  to  Java  major, 
Java  minor,  and  Zipango,  which  more  immediately 
fringed  the  A.siatic  coast.  Cuba,  the  Antilia  of  Co- 
lumbus, and  yet  the  "Queen  of  the  Antilles,"  lies 
north  and  south,  parallel  with  the  coveted  island  of 
Zipango  (Ja]ian),  which  so  persistently  eluded  the 
search  of  the  man  of  Genoa,  who  tried  to  push  his 
caravel  through  a  continent. 

Sea-charts  were  brought  to  England,  1489,  by 
Bartholomew  Columbus,  to  illustrate  his  brother's 
views  respecting  a  western  continent.  The  first 
tolerably  accurate  map  of  England  was  made  by 
George  Lilly,  who  died  1559. 
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Gerard  Mercator  puhlislu'il  liis  Atla.s  in  1556.  In 
this,  as  in  tlie  nioJeiii  maps  on  the  "  Mcrcator  Pro- 
jection,"  the  meridians  and  parallels  are  sti'aight 
lines'and  cut  each  other  at  right  angles. 

The  distance  between  the  parallels  is  increased 
with  the  latitude,  so  as  to  be  pro]>orticinate  to  the 
actual  distance  of  the  meridians  apart. 

Tlie  principles  on  whicli  this  jirojection  is  founded 
were  tirst  explained  by  Ed  ward  Wright,  an  Englishman. 

It  is  universallj'  em])loyed  in  nautical  charts. 

"My  Lord  liarkeley  wanting  some  maps,  and  Sir 
W.  Coventry  reconnnending  the  si.K  ma2)s  of  Eng- 
land that  are  bound  up  for  the  pocket,  I  did  oll'ei' 
them."  —  Pkpys's  Dianj,  1667. 

The  great  geographical  achievements  which  dis- 
tinguished the  ck)se  of  tlie  tifteentli  and  the  early 
portion  of  the  si.x'teenth  centuries,  or  the  tliirty  years 
from  149'2  to  1522,  consi.st  in  the  di.scovery  of  tropi- 
cal America,  the  rapid  determination  of  its  form,  the 
passage  round  the  southern  point  of  AIVii''a  to  India, 
and  the  first  circumnavigation  of  the  globe. 

Tlie  triangular  form  of  Africa  is  distinctly  laid 
down  in  the  planisphere  of  Saiiuto  as  early  as  1306  ; 
in  the  Genoese  Portulano  della  Medice  Laurenziana 
of  1351,  discovered  by  Count  Baldelli  ;  and  in  the 
map  of  the  world  by  Fra  Mauro.  1,700  years  before 
this,  Herodotus  had  characterized  as  imredibie  the 
statement  "  that  those  who  sailed  around  Libya,  in 
.sailing  from  east  to  west,  had  the  sun  on  their  right 
hand,"  as  in  .sailing  eastwardly  in  the  Jlediti'rranean 
the  sun  at  noon  is  always  to  the  left.  He  farther 
states  tliat  Nccho  commanded  the  Phneuicians  to 
make  their  return  to  Egypt  by  tli(!  pillars  of  Hercu- 
les. Strabo,  while  discreiliting  the  accounts  of  cir- 
cumnavigations previously  said  to  have  been  accom- 
plished, does  not  deny  the  possiliility  of  the  circum- 
navigation, but  alfirms  that  fniai  the  east  to  the 
west  there  was  but  little  wanting  to  its  completion. 

Bartholomew  Diaz  reached  and  actually  doubled 
the  Cape  of  Gooil  Hope  in  May,  11S7,  l)ut,  deterred 
by  the  storms,  put  back  and  reached  Portugal  in 
Dix'.eraber  of  the  same  year,  so  that  it  Avas  reserved 
for  Vasco  da  Gaina  to  lirst  pass  lieyond  the  region  of 
storms  whi(di  suri-oumls  the  Cajie  and  enter  upon  the 
waters,  usually  more  ]ilacid,  of  tile  great  Indian  Ocean. 

Hunibolilt  siiys  :  *'  1  have  shown  elsewhere  how 
a  knowledge  of  the  period  at  which  Vespucci  was 
named  '  Piloto  Mayor'  wouhl  .alone  be  sufficient  to 
refute  the  accusation  first  brought  agiiiLst  him  in 
1533  by  tlie  astronomer  Schbner  of  Xuremlierg,  of 
having  astutely  inserted  the  words  '  Terra  di  Ame- 
rigo '  in  idiarts  whicli  he  altered.  The  high  esteem 
and  respect  which  the  Spanish  court  paid  to  the 
hydrographical  and  astronomical  knowledge  of 
Amerigo  Vespucci  are  clearly  manifested  in  the 
instructions  which  were  given  to  him  when,  on 
the  22d  of  March,  1508,  he  was  appointed  'Piloto 
Mayor.'  But  the  name  of  'Americi  Terra'  had 
b'cn  proposed  for  the  new  continent  as  early  as 
1507,  by  a  person  whose  existence  even  was  assur- 
edly unknown  to  Vespucci,  the  geographer  Wald- 
seiuniiller  ( Martinus  Hylacomylus)  of  Freiljurg 
in  the  Brisgau,  the  director  of  a  printing  establish- 
ment at  St  Die  in  Lorraine,  in  a  small  work  entitled 
' Cosmographiae  Intioductio  insuper  quatuor  .Ameri- 
ci Vespucii  Navigationes."  The  map  of  the  new 
continent  drawn  by  Hylacomylus,  and  contained  in 
this  edition,  presents  the  lirst  instance  of  the  name 
of  '  America '  in  the  editions  of  Ptolemy's  Geogra- 
phy. It  is'a  great  error  to  regard  tlie  map  of  1527, 
now  in  Weimar,  obtained  from  the  Ebner  library  at 
Nuremberg,  and  the  map  of  1529  of  Diego  Kibero, 
engraved  by  Giissfeld,  as  the  oldest  niajis  of  the  new 
continent.     Vesimcci  had  visited  the  coasts  of  South 


America  in  1499  (a  year  after  Columbus's  third  voy- 
age), in  the  expedition  of  Alonso  de  Hojeda.  He 
could  not  have  liad  any  motive  in  feigning  a  voyage 
in  1497,  for  he,  as  well  as  Columbus,  was  Hrnily 
persuaded  until  bis  death  that  his  discoveries  were  a 
part  of  Eastern  Asia.  For  more  than  20  years  after 
his  death,  wdiich  took  place  in  1512,  and  indeed  un- 
til tlie  calumnious  statements  of  Schiiner  in  the 
'  Opusculum  Geographicum,'  1533,  ami  of  Servet 
in  the  Lyons  edition  of  Ptolemy's  Geography,  in 
1 535,  we  find  no  trace  of  any  accusation  against  the 
Florentine  navigator.  Columbus  himself,  a  year 
Ijcfoie  his  death,  speaks  of  Vespucci  in  terms  of  un- 
ipialillcd  esteem  ;  he  calls  him  'a  very  good  man,' 
'worthy  of  all  confidence,'  and  'always  iin-lined 
to  render  me  service.'  The  same  good-will  toward 
Vesjiucci  is  displayed  liy  Fernando  Colon,  who  wrote 
the  Life  of  his  father  in  1535  in  Seville,  tour  years 
before  his  death,  and  who,  with  Juan  Vespucci,  a 
nephew  of  Amerigo's,  was  present  at  the  astronomical 
junta  of  Badajoz,  and  at  the  proceedings  respecting 
the  possession  of  the  Moluccas. 

"The  confusion  of  dates  in  the  numerous  versions 
of  Amerigo's  voyages  is  not  to  be  attributed  to  him, 
as  be  did  not  himself  publi.sli  any  of  these  accounts  ; 
such  mistakes  and  confusion  of  tigures  are,  mori;over, 
of  very  frequent  occurrence  in  writings  jnililished  in 
the  .sixte(mtb  century." 

The  entire  guiltlessness  of  tlie  Fhirentine  naviga- 
tor, who  never  attempted  to  attach  liis  name  to  the 
new  continent,  but  the  magniloipience  of  whose  ac- 
counts unfortunately  drew  upon  himself  more  of  the 
attention  of  posterity  than  he  deserved,  is  decisively 
shown  by  the  fact  that  he  was  not  even  idted  as  a 
witness  in  the  suit  instituted  by  the  fiscal  authoii- 
ties  of  Spain  against  the  heirs  ol  Cohimbus,  from  1508 
to  1527,  with  the  oliject  of  withdrawing  from  them 
the  rights  and  juivileges  which  bad  been  granted  by 
the  Crown  to  their  father  in  1492,  in  whi(di  it  was 
to  be  decided  what  parts  of  the  new  continent  were 
lirst  seen  by  Columbus.  In  the  course  of  this  suit 
it  was  never  pretended  that  he  had  preceded  Colum- 
bus in  the  discovery  of  the  continent.  Amerigo 
died  at  Seville,  February  22,  1512.  In  1520  maps 
were  extant,  having  in  them  the  name  of  America, 
proposed  by  Hylacomylus  in  1507. 

Las  Casas,  in  treating  on  the  subject  in  an  unpub- 
lished work,  the  "  Historia  General  <le  las  Indias," 
says  that  the  statement  that  Amerigo  sailed  in  the 
year  1497  ajipi'ars  to  have  been  an  error  of  the  jien 
and  not  an  intentional  false  statement,  and  adds  that 
"the  foreign  vrilcrs  call  the  country  America.  It 
ought  to  be  Columba. "  Farther  on  he  attributes 
intentional  deceit  to  Amerigo,  but  considers  it 
strange  that  H(?rnando  Colon,  who  had  bad  in  his 
hands  Amerigo's  account  of  his  travels,  "remarked 
in  tlicuu  no  deceit  or  injustice  toward  the  Admiral." 

Even  Copernicus  contributed  to  the  erroneously 
obtained  celebrity  of  Vespucci. 

To  Humboldt  we  are  indebted  for  the  graphic  rep- 
resentations of  complex  natural  phenomena  by  means 
of  lines  on  maps,  such  as  the  isotherni.als,  which 
unite  places  of  eipial  mean  temperature,  hypsometric 
lines,  which  unite  places  of  equal'  hight,  etc.  ;  or 
depicting,  by  circumscribing  lines  or  by  color,  regions 
of  equal  average  temperature  or  rainl'all,  population, 
moitality,  illiteracy,  wealth,  race,  etc.  The  follow- 
ing names  are  iiserl  for  lines  drawn  upon  maps  to 
connect  places  of  eipial  conditions,  as  follows  :  — 

For  an  illustration,  see  Blodget's  "  Climatology  of 
the  United  States,"  Philadelpfiia,  1857. 

Isobarometric,  having  eipial  barometric  pressure. 

Isocheinial,  having  same  winter  temperature. 

Isoclinal,  indicating  erjual  magnetic  dip. 
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Isocrijmal^  having  same  extreme  of  cold. 

Isodij/utinic^  having  same  magnetic  intensity. 

Isogeut/icri/iii/,  jiassing  through  points  beneath  the 
surface  wliich  have  the  same  average  heat. 

Isogouic,  indicating  ecjual  variation  of  compass. 

fsolu/etoxr,  liaving  same  mean  annual  rainfall. 

Isot/icral,  of  eipial  summer  temperature. 

Isothermal^  having  same  mean  annual  temiierature . 

Isothriiinbnisc,  where  tlie  quantity  of  summer  rain 
bears  the  same  proportion  to  tlie  annual  rain. 

The  surveys  from  which  the  data  for  the  construc- 
tion of  geographical  maps  on  an  aceuiute  and  coni- 
prehensive  scale  are  derived  embrace  botli  geodetical 
and  astronomical  observations  ;  the  former  to  deter- 
mine the  relative  jiositions  of  geographical  points  and 
their  distances  from  eacli  other,  anil  the  latter  to  ti.\ 
their  absolute  position  on  the  earth's  surface  and  es- 
tablish the  true  meridian. 

The  geodetical  part  of  the  work  is  accomplished  by 
first  measuring  with  e.vtreme  accuracy  on  the  most 
level  surface  tliat  can  be  selected  a  base  line  of  con- 
venient length.  In  extensive  surveys,  emlu'acing,  for 
instance,  a  whole  country,  this  is  from  Hve  to  ten  or 
more  miles  in  lengtli.  This  serves  as  the  basis  of  a 
system  of  triangulation,  the  length  of  tlie  sides  of  the 
triangles  being  gradually  increased  as  they  recede  from  | 
the  base,  until  they  are  made  a.s  long  as  the  nature  of 
the  country  or  the  possibility  of  seeing  the  signals 
erected  at  the  various  stations  will  admit  of;  this  may 
be  as  much  as  100  miles,  oreven  more  in  mountainous 
countries.  The  area  covered  by  these  primary  tri- 
angles is  subdivided  by  smaller  triangles  termed  sec- 
ondary, and  these  again  by  a  still  smaller  system  of 
tertiary  triangles.  This  work  is  performed  with  the 
theodolite,  the  size  of  the  instruments  employed  be- 
ing proportioned  to  the  character  of  tlie  work,  from 
those  having  a  circle  of  24  to  3  feet  diameter  for  the 
main  triangulation  to  tliose  of  6  inelies  for  the  ter- 
tiary. The  filling  in  or  determination  of  subordi- 
nate points,  tlie  outliues  of  the  shores  of  bays  and 
other  bodies  of  water,  may  be  efl'ected  with  instru- 
ments of  an  inferior  class.  The  plane  table  is  used 
for  this  purpose  by  the  United  States  Coast  Survey. 
The  data  are  now  transferred  to  paper.  A  .scale  for 
the  map  having  been  determined  on,  tlie  yirojection 
of  the  lines  of  hititude  and  longitude  is  made,  and 
the  positions  of  tlie  diti'erent  points  laid  down  on  the 
paper  with  a  scale  and  circular  protractor.  The  to- 
pographical features  of  the  ground,  the  relative  levels 
as  ascertained  by  leveling  during  the  progress  of  the 
survey,  and  such  other  iletails  as  are  considered  ad- 
visable, are  represented  by  a  peculiar  .sy.stem  of  shad- 
ing and  by  symbols.  Tlie  map  is  then  ready  to  be 
transferred  to  copper,  from  wliich  any  number  of 
copies  may  be  printed.  But  a  very  small  portion 
of  the  globe  comparatively  has  been  surveyed  witli 
an  accuracy  even  ajiproaching  tliat  above  describeil. 
Africa,  Asia,  with  the  exception  of  Britisli  India, 
South  America,  a  large  part  of  North  America,  and 
even  a  considerable  portion  of  Europe,  atl'ord  no  bet- 
ter data  for  the  constnurtioii  of  maps  tliau  detached 
astronomical  observations  at  diHerent  points  and 
rudely  measured  or  even  estimated  tables  of  distances. 
Points  along  the  sea-coast  have,  owing  to  the  rerpiire- 
ments  of  commerce,  been  generally  tolerably  well 
determined,  but  our  knowledge  of  the  interior  geog- 
raphy of  several  of  the  vast  continents  referred  to  is 
based  largely  upon  mere  report. 

Maps  in  relief  were  first  produced  in  Germany 
some  time  in  the  last  century.  From  them  Haiiy 
conceived  the  idea  of  relief-printing  for  the  blind. 

Map-hold'er.  A  frame  for  the  display  of  maps 
or  cliarts.  In  one  fomi  tlie  maps  are  on  an  endless 
web  of  cloth,  which  is  rolled  oil'  from  one  roller  and 


Oil   to  another,  the  display  being  iu  the  space  be- 
tween the  two.     ,V  ribbuti  ituip. 

In  another  form  the  maps  are  hung  from  separate 
rollers  in  tiie  ninnner  of  window-shades  ;  either  is 
pulled  down  as  may  be  desired  and  is  re-wound  by  a 
sjtriiig. 

Map-meas'ur-er.     An  instrument  with  a  little 
wheel  of  known  circumference,  which  is  made  to  roll 
along  a  line  and  indicate  its  length,  the 
number  of  revolutions  lieing  counted,  and    Fig.  3053. 
the  fraction,  if  any,  observed  liy  reference 
to  the  pointer  and  graduated  perimeter. 

Mar'a-bout.  A  peculiar  kind  of  silk, 
generally  cinitaining  3  thread.s,  and  made 
from  the  white  Xovi  raw  silk.  It  is  dyed 
witliout  discharging  the  gum. 

Ma-ram'ba.  A  musical  instrument  of 
Central  America,  consisting  of  a  series  of 
calabashes  of  difierent  sizes  set  in  a  frame 
and  having  the  tops  cut  off.  Pieces  of 
parchment  or  membrane  are  stretched  over 
the  openings,  and  are  tuneil  so  as  to  pro- 
duce, when  beaten  with  an  implement  re- 
sembling a  drum-stick,  the  notes  of  tlie 
diatonic  or  other  musical  .scale. 

Mar'ble.  1.  A  granular  and  crystal- 
line carbonate  of  lime.  In  sculptuie  the 
term  is  applied  to  .several  varieties  of 
stone  callable  of  receiving  a  high  polish. 

Staturmf  mnrbic  is  known  as  saccharine  | 
limestone,    having   a   texture    resembling 
loaf-sugar.     It  belongs  to  tin*  metamor- 
pliic  rocks  ;  and  is  non-fossiliferous,  hav- 
ing been  changed  by  heat. 

Among  the  ancients  the  Pentelican  and 
Parian  marbles,  tlie   former  a  pure  white  and  the 
latter   having   a   creamy  or  waxy  tint,  were   most 
valued  for  statuary  purposes. 

In  modern  times  the  best  is  derived  from  the 
quarries  of  Carrara. 

The  Potomac  marble,  so  called,  of  which  the  jiillars 
of  the  old  House  of  Representatives,  Washington, 
are  formed,  is  a  pudding-stone  or  comflomeratc.  It 
may  be  described  as  a  gravel  bound  together  by 
cement. 

Alabaster  is  no  marble,  but  is  a  species  of  gypsum. 
It  is  a  sulphate  and  not  a  carbonate  of  lime. 

There  are  many  fancy  varieties  of  marlile  used  by 
marble-workers  ;  these  have  names  derived  from  the 
geographical  position  of  the  quarries,  the  color, 
markings,  geological  position,  etc. 

White  marble  ha-s  a  specific  gravity,  2.706  ;  weight 
of  a  cubic  foot,  16!)  jiounds  ;  weight  of  a  bar  1  foot 
long  and  1  inch  scpiaiv,  1.17  pounds;  cohesive  force 
of  a  square  inch,  1,811  pounds;  extensibility,  -piVr 
of  its  length  ;  is  crushed  by  a  force  of  6,060  pounds 
upon  a  square  inch  <Eennie). 

Marble  for  tombstones,  mantels,  and  generallj- 
where  thin  pieces  are  required,  is  divided  by  tlie  saw. 
This  is  a  plain,  narrow  plate  of  steel,  and  effects  the 
division  of  the  stone  by  attrition,  being  constantly 
supplied  with  sand  and  water. 

After  being  sawn  into  slabs,  its  surface  is  ground 
down  by  a  flat,  coarse  sandstone  with  water,  or  with 
an  iron  plate  fed  with  fine  sand  and  water,  until  all 
the  marks  of  the  saw  are  removed. 

It  is  then  rubbed  with  a  fine  sandstone  and  water, 
removing  the  marks  left  by  the  first  operation.  A 
still  finer  sand.stone,  pumice-stone  with  water  and 
smikestone  are  then  successively  employed. 

The  final  polish  is  given  by  means  of  rollers  of 
woolen  cloth  or  list,  about  three  inches  in  diameter, 
charged  with  moistened  flour  of  emery,  wliich  is 
worked  uniformly  over  every  part  of  the  surface,  and 
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subseiiiiPUtly  liy  a  similar  roller  with  putty-powder 
and  water.  Soinetiiiie.-i  an  old  cotton  stocking  is 
used  instead  of  the  roller,  and  in  some  delicate  works 
crocus  is  employed  intermediately  between  the  em- 
ery and  ])ntty-powder.  The  marble  must  be  w.ished 
after  eai'h  operation,  to  remove  every  particle  of  the 
polisliinn;  material,  which  would  otherwise  scratch 
the  woik.  Turned  works  are  similarly  polished,  using 
t«o  or  three  thicknesses  of  cloth,  held  in  the  hand, 
iirstead  of  tlu^  roll.  Other  kinds  of  work,  as  statu- 
ary and  hard  varieties  of  marble,  reciuire  a  somewhat 
ditferent  treatment. 

Hough  marble  is  in  the  shape  of  blocks  from  the 
quarries. 

Roiujh-hcwn  marble  is  cut  with  the  saw  or  squared 
with  the  stone  axe. 

Outlined  marble  is  blocked  out  in  the  rough  for  an 
architectural  ornament  or  sculpture  by  the  double- 
point  or  the  chisel. 

Pierced  marble  is  worked  to  bring  out  the  orna- 
ments in  relief. 

Polislicd  mfirble  is  that  which  has  been  worked  by 
a  succession  of  materials  of  gradually  increasing 
fineness.     See  jr.viiBLE-poLisHixt;. 

Finished  marble  is  that  which  is  ready  for  its  place. 

2.  A  plate  of  stone  used  by  painters.  A  slab  on 
which  substances  are  levigated  by  a  muller. 

3.  A  stone  or  iron  plate  on  which  glass  is  rolled 
to  sha]ie  it.     A  marivr. 

4.  A  printer's  imposing-stone. 

a.  A  style  of  coloring,  for  paper  and  book  edges. 
See  M.\i;iiLE-p.\i>ER. 

6.  I'laying-marbles  are  made  of  clay,  calcareous 
stone,  marble,  agate,  etc.  Some  of  stone  were  dis- 
covered at  Pompeii. 

Playing-marbli's  were  first  introduced  into  Eng- 
land from  Holland,  aliout  1650.  They  are  made  in 
great  quantities  in  Germany,  and  constitute  a  not  un- 
important article  of  trade.  The  stone  is  broken  into 
fragments,  which  are  sorted  into  sizes  proportioned  to 
that  of  the  marbles  to  be  made.  These  are  then  grouiul 
between  a  lower  aiul  stationary  and  an  upper  revolv- 
ing millstone  to  remove  asperities.  They  are  next 
roughly  rounded  by  friction  against  each  other  and 
against  two  cylinders  of  hard  stone,  one  of  which  is 
caused  to  rotateat  the  rate  of  40  to  45  turns  per  minute. 

The  complete  rounding  of  the  marbles  is  etfected  in 
an  oblong  wooden  cylinder  or  cask,  having  a  double 
bottom,  in  which  are  one  or  more  cylinders  of  bard 
stone.  This  is  caused  to  revolve  at  the  rate  of  40  or 
45  turns  per  minute.  The  dust  formed  during  this 
operation  is  then  removed  and  mixed  with  emery  in 
pieces  the  size  of  a  bean  ;  by  this  the  final  rounding 
and  polishareell'ected,  in  the  apparatus  justdescribed. 

A  shining  polish  is  obtained  by  revolving  the 
marbles  in  wooden  cylinders  with  fine  emery. 

If  they  are  to  be  coloi-ed,  this"  is  done  previous  to 
their  receiving  the  final  polish,  by  pouring  the  col- 
oring material  upon  them  in  a  liquid  state.  They 
are  tluui  polishecl  by  rotation  in  contact  with  a  small 
(piantity  of  calcined  tin-dust. 

By  another  process  thi^  jtieces  of  stone  are  rounded 
between  a  lower  turning  millstone  and  an  upper 
stationary  wooden  tray,  each  grooved  to  correspond 
to  one  half  the  marble.  A  stream  of  water  is  con- 
stantly poured  through  an  aperture  in  the  tray, 
which  is  arranged  to  descend  as  the  volume  of  the 
mass  diminishes  by  attrition,  so  as  to  exert  a  con- 
stant gentle  pressure.  The  marbles  are  polished 
between  two  wooden  trays  similarly  arranged. 

Clay  marbles  arc  nu)lded  and  baked. 

Mar'ble,  Ar-ti-fi'cial.  An  indurated  composi- 
tion of  gypsum,  alum,  isinglass,  and  coloring  mate- 
rials incorporated  into  a  paste  and  molded  into  form. 


In  Mcllen's  patent,  1872,  any  of  the  hyilraulic  or 
marble  cements  may  be  used.  The  cement  is  mixed 
with  the  colors,  each  color  se|iarately  to  a  consist- 
ence which  will  admit  of  its  being  poured  from  a 
vessel  having  a  spout. 

The  mixture  is  poured  from  the  vessels  in  small 
strcains  upon  a  smooth  .surface  of  glass,  wood,  metal, 
or  ]>laster  of  paris,  so  as  to  inutate  the  veins  in  any 
particular  kind  of  marble,  the  interspaces  being  filled 
in  with  a  mixture  of  cement  and  color  corresponding 
to  the  color  of  the  body  of  the  stone.  A  wind-blast, 
produced  by  bellows  or  otherwise,  is  enqiloyed  to 
make  the  colors  fiow,  so  as  to  produce  the  mottled 
appearance  of  marble. 

For  producing  delicate  veins,  threads  of  silk  or 
other  material  are  dipped  in  the  desired  color  and 
laid  upon  the  .smooth  surface  ;  these  are  drawn  out 
after  the  cement  has  lieen  poured  on.  The  cement 
absorbs  the  color  from  the  thread,  exhibiting  a  fine 
streak  of  the  desired  apjiearaiu'e.  After  the  various 
colors  have  been  laid  on  the  smooth  surface,  the 
back  is  smoothed  over  and  strengthened  by  a  back- 
ing of  cement,  pieces  of  metal  being  employed  to 
bind  the  two  together  and  impart  firmness  to  the 
slab. 

The  process  of  Pichler  of  Vienna  is  recommended 
for  jilastic  decorations  of  all  kinds  ;  Take  one  pound 
of  good  glue  and  boil  it  down  so  that  it  will  be  quite 
thii'k  ;  .add  then  half  a  jiound  of  resin,  or,  better 
still,  Venice  turiicntine,  and  mix  well.  Prepare  a 
mixture  of  fine  chalk  and  such  mineral  colors,  finely 
]iulverized,  as  are  required  for  certain  imitations. 
The  less  the  ingredients  are  mixed,  the  better  will 
be  the  imitation.  The  paste  formed  by  blending  the 
two  ndxtures  is  then  kneaded  until  of  the  jiroper 
consistence.  A  few  drops  of  oil  may  be  added  to  it. 
Tins  mass  can  be  immediately  used,  and  becomes 
hard  like  stone.  If  ilesircd  to  be  kejit  for  a  while,  it 
is  only  necessary  to  wrap  it  in  a  moist  cloth. 

Mar'ble-cem'ent.  A  composition  of  gum-lac, 
colored  to  suit  the  occasion. 

The  rust  cement  is  also  used,  composed  of  hj'dro- 
chlorate  of  ammonia,  2  ;  flour  of  sulphur,  1  ;  iron 
filing.s,  Iti. 

For  coating  insides  of  cisterns,  pulverized  baked 
bricks,  2  ;  quicklime,  2  ;  wood-ashes,  2  ;  olive-oil 
to  make  a  paste. 

For  stone  seams  and  joints  :  pulverized  tiles  or 
hard  brick,  6  ;  white-lca<i,  1  ;  litharge,  )  ;  oil  to 
compound. 

Hydraulic  cement,  12  ;  triturated  chalk,  6;  fine 
sanil,  6  ;  infusorial  earth,  1  ;  all  mixed  with  soluble 
soda  glass. 

Mar'ble-cut'ting  Ma-chine'.  A  machine  for 
cutting  njarble  in  the  quarry.  A  channeling  ma- 
chine, which  cuts  deep  grooves  in  parallel  lines. 
This  is  sometimes  done  by  the  impact  of  a  gang  of 
stamping-chisels,  but  in  the  example  is  efl'ected  by 
a  chain-saw'  \vhose  links  are  armed  with  diamonds. 
The  diamonds  are  held  in  the  ends  of  .split  screw- 
bdts  or  clamps,  which  are  tapered  and  forced  into 
tapering  cavities,  causing  them  to  contract  upon  the 
diamonds.  The  diamonds  are  applied  on  the  edge 
of  a  rotating  disk,  or  the  links  of  an  endless  chain, 
and  the  supporting  standard  of  the  disk  or  chain  is 
so  connected  to  the  driving  mechanism  that  it  may 
have  feed  in  any  direction. 

Tlic  chain-saws  are  carried  by  wheels  w  »'',  which 
are  driven  by  shafting  from  the  steam-engine  on  the 
truck,  whose  ])roper  motion  feeds  the  saws  to  their 
work.  Devices  are  aflbrded  for  changing  of  the  saws 
to  vary  the  direction  of  cut.  The  lower  right-hand 
figure  shows  the  mode  of  ]iresentation  of  the  dia- 
mond-chain for  making  a  horizontal  under-cut. 
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Fig.  3054. 


Marble- Qimmjin^  Machine. 


MarTjle-edge.  {Bookbinding.)  A  mode  of  or- 
namiTiting  the  eilges  of  bound  books.  The  process 
is  described  under  Marblk-p.vfep.  (which  see). 

Mar'ble-fin'ish-ing  Ma-chiue'.  One  for  tru- 
ing and  molding  the  edges  of  marble  slabs  for  man- 
tels, tables,  etc.  The  molding-tools,  having  a  con- 
tour the  converse  of  the  molding  reciuired,  are  keyed 
on  the  top  of  vertical,  revolving  mandrels  1 1,  which 
are  adjusted  vertically  by  the  hand-wheel.s  o'  o', 
which  traverse  on  the  screws  q  q. 

The  feeding-tables  at  eacli  side  of  the  machine 
pi'esent  the  marble  in  the  rci|uired  line  of  motion 
to  the  revolving-tool.  The  cutting-tools  are  changed 
as  the  work  progresses,  some  having  jierforations 
to  supply  abrading  material. 

The  feeding-table  is  susceptible  of  two  motions, 
one  tangential  to  the  circle  described  by  thei'evolving- 
tool,  and  the  other  at  right  angles  to  that  of  the  first. 

Fig.  3055. 


Machine  for  Cutlittg  and  Finishing  Marble. 


The  right-hand  ta- 
ble has  a  block  clamped 
in  position. 

Mar'ble  -  grind'- 
iug  Ma-chine'.  A 
machine  in  which  the 
rubber  .stone  is  recip- 
rocated or  rotated  over 
the  marble  slab  by 
mechanical  means.  In 
the  e.\amjde,  tlie  rub- 
ber is  attached  to  the 
free  end  of  the  pitman 
by  means  of  conuect- 
ing-1'orks  i  i  (Fig. 
3056).  Other  machines 
operate  upon  a  seriesof 
slabs  laidin  an  annular 
trough,  the  rulibers 
having  a  combined  ro- 
tary and  revolving,  or 
planetary  motion.  See 
Stone  Grinding  and 
polishino. 

Mar'ble      Hand- 
sa'wr.     A  Vilade  with- 
out teeth,  and  having  a  block  handle  at  the  back. 
It  is  used  with  sand  for  cutting  slabs  into  pieces  or 
slips, 

Mar'ble-iz-ing  Slate.  Coloring  its  surface  in 
imitation  of  varicgateil  marble. 

The  slab  is  rubbed  with  pumice,  and  then  polished 
with  pulverized  pumice  and  afterward  with  felt.  It 
is  then  painted  with  the  groundwork  color,  and  its 
surface  dipped  in  a  vat  containing  water,  on  which 
oil-colors  have  been  sprinkled,  manipulated  with  a 
brush  and  subjected  to  a  fanning  process,  in  order  to 
cause  a  variegated  appearance. 

Imitations  of  various  kinds  of  marble  are  produced 
by  all  appropriate  application  of  the  diH'erent  colors. 
Successive  bakings  and  ]iolisliings  complete  the  pro- 
cess. 

Mar'ble-pa'per.  Paper  ornamented  with  a  col- 
ored pattern  resembling  marble  ;  or  ornamented  by 
the  same  process  with 
patterns  bearing  no 
analogy  to  those  of 
marble,  but  assum- 
ing certain  conven- 
tional forms,  in  which 
the  colors  are  singu- 
larly blended  and 
contrasted. 

The  process  was  in- 
vented   in    Germany 
about  1620,  but  was 
g  long    maintained     a 
secret. 

The  pulverized  col- 
ors in  a  dry  state  are 
mi.xed  with  water  and 
ground  in  a  paint- 
mill,  after  which  the 
chemicals  used  for 
giving  them  consis- 
tency are  added,  and 
the  whole  again 
pa.ssed  through  the 
mill. 

Mineral  colors  only 
should  be  u.sed,  those 
of  vegeUible  origin 
being  apt  to  fade 
when  exposed  to  the 
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Fig.  3056. 


Marble-  Grinding  Machine. 

light.  For  usi>,  they  are  thinned  with  water  and 
jilaced  in  wide-uioutheil  jars.  The  brnshcs  ordina- 
rily used  for  .sprinkling  the  colors  are  small  sasli 
tools,  the  hairs  of  wliieh  are  spread  out  into  a  cir- 
cular form  l)y  driving  a  small  nail  with  a  leathern 
washer  into  the  center  of  tlie  handle. 

A  mucilage  of  gum,  usually  tragaeanth  or 
gum-ogg,U  prepared,  about  tlie  thickness  of  sweet-oil. 
Tliis  is  placed  in  a  trougli,  and  the  colors  which  arc 
to  form  the  pattern  are  sprinkled  one  at  a  time  over 
its  surface,  those  forming  tlie  veins  first  and  that  for 
the  gro\indwork  last.  Tlie  paper,  on  a  table  to  the 
left  of  the  workman,  is  taken  nji,  sheet  by  sheet,  by 
the  extreme  corners,  bent  in  the  form  of  a  bow,  and 
gradually  let  fall  on  the  composition  iu  the  trough. 
The  colors,  which  float  on  the  surface,  and  a  portion 
of  the  mucilage,  adhere  to  the  paper,  which  is  tlien 
taken  up  and  hung  on  racks  to  ilrip,  the  color  re- 
miining  and  the  mucilage  falling  into  a  trougli  be- 
low the  rack. 

Tlie  paper  when  dry  is  glazed  by  means  of  a  piece  of 
polisheil  flint,  semicircular  in  .section,  set  in  a  block 
of  wood,  into  the  opposite  side  of  which  is  inserted  a 
pole  5  or  6  fc^et  long,  the  upper  end  of  which  tits 
loosely  in  a  groove  in  a  si)ring-board  above.  The 
paper  is  laid  on  a  grooved  lilock,  having  a  very 
smooth  surface,  .secured  to  a  strong  wooden  table  ; 
and  the  operator,  using  his  right  hand  to  propel  the 
jiole  and  his  left  to  guide  the  pap  'r,  moves  the  flint- 
polisher  Ijai'k  anil  forth  over  its  surface,  wdiicli  op- 
eration, aided  by  the  pressure  of  the  spring-board  on 
the  end  of  the  pole,  eflectu[illy  glazes  the  paper. 

This  primitive  moile  of  glazing  is  now  generally 
superseded  by  the  process  of  calendering  between 
two  rollers  of  polished  steel,  which  elTects  the  result 
in  a  more  perfect,  durable,  and  rajiid  manner. 

The  edges  of  books  may  be  marbled  in  a  similar 
way.  For  this  purpose  a  mucilage  of  linseed,  al- 
lowed to  simmer  at  a  gentle  heat  for  five  or  si.x  hours, 
may  be  useil  instead  of  the  more  expensive  gums. 

The  varieties  are  thus  cited  by  Cooley  (Practical 
Eecipes,  page  753):  soip,  thread,  rice,  tree,  vrue 
marbling,  according  to  the  style  of  associating  the 
colors,  placing  them  on  the  mucilage,  the  use  of 
combs,  threads,  etc.,  to  di.spose  the  colors,  and  the 
choice  of  materials. 

Mar'ble-pol'ish-er.  Marble  is  first  rubbed  with 
sanilstone,  and  the  beater,  afterwards  with  pumii^e- 
stoue.  It  is  polished  by  hand  with  a  linen  cushion 
and  emery-dust  for  colored  marbles,  ami  with  thi' 

Iiowder  of  cahuned  tin  for  white  marbles,  the  emery 
leiiig  apt  to  redden  them. 


In  Italy  a  piece  of  lead  is  used  instead  of  linen. 

A  riMbui-block  is  used  for  carrying  the  grit  or  pow- 
der for  grinding,  surfacing,  or  polisliing  the  fac'cs  of 
marble  slabs.  In  the  example,  the  polishing  mate- 
rial of  pulverized  flint  and  gum-shellac  is  carried  in 
a  cisteru  in  tlie  rubber-block,  anil  is  allowed  to  es- 


Marble- Rubber. 

cape  at  a  hole  in  front  of  the  block  when  the  gate  is 
raised  by  touching  the  trigger. 

In  Maloy's  ]iatent,  the  marble  slab  is  placed  on 
the  slide  and  its  edge  polished  by  an  endless  belt, 
which  is  tightened  by  an  adjustable  idler. 

In  this  machine,  Fig.  3058,  thegrinding-cylinder 


Marble-Polishing  Machine. 

B  is  made  up  of  a  number  of  collars  .slipped  on  to 
a  mandrel.  It  is  rotated  and  at  the  same  timi'  re- 
ceives an  endwise  motion  or  a  longitudinally  reci|iro- 
cating  and  intermittingly  rotating  motion  above  the 
table  on  which  tlie  slab  of  marble  is  jilaced. 

Mar'ble-re-lief  Work.  One  mode  of  making 
relief-work  in  marble  is  by  painting  the  reipiired 
ornanieut  with  varnish  upon  tlie  surface  of  the  mar- 
ble, and  then  subjecting  the  exposed  surface  to  acid. 
A  mixture  of  liydroi'hloric  and  acetic  acids  has  been 
used. 

The  varnish  may  be  a  solution  of  guni-lac  in  alco- 
hol or  the  ground  of  the  engraver,  a  resinous  com- 
pound dissolved  in  tni-pentine. 

This  recipe  is  from  i\\e  Dictionnaire Encyclopidiquc, 
17S.5. 

Mar'ble-rub'ber.  A  block  or  tray  with  a  flat 
sole,  moved  above  the  marble  slab 
with  a  combined  rotary  and  recip- 
rocating motion.  In  the  exam|ile, 
the  tray  has  vertical  .slots  to  allow 
the  passage  of  water  and  sand,  and 
a  socket  to  receive  a  spindle  to  which 
the  handle  is 
attached,   and  Fig.  3059. 

which    supports 
the  water-vessel. 

Mar'ble- 
saw'ing  Ma- 
chine'. A  nia- 
chiue  in  which 
the  saws  are  reciprocated  by  mechanical  means.     In 


Marble-Rubber. 
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Fig.  3oeo. 


MarbU-Satc. 


the  e.\ample  (Fig.  3060)  the  saw  is  operated  by  pit- 
mans  and  eccentrics. 

Fig.  3061  is  a  plan  view  of  a  machine  in  wliich 
the  saws  maj'  be  adjusted  to  saw  a  block  into  pyra- 
midal fovTns.  Guide-blocks,  provided  with  roll- 
ers over  which  the  belts  pass,  are   secured  within 


^,.^\^^ 


Marb!e-Sawing  Machine. 

.slots  on  each  side  of  the  saw-frame,  by  which  the 
saws  are  adjusted  to  operate  at  various  angles  and 
at  different  distances  from  each  other. 

Fig.  3062  is  a  machine  in  which  the  block  is  ad- 
justed on  centers  and  rotated  against  the  saw,  so 
as  to  cut  the  block  into  a  cylinder  or  a.  conical  frus- 

Fig.  3062. 


supplied  to  the  working-face  thrrfugh   a 
faiK-ft  and  rose  nozzle. 

Mar'ble-'work'er's  Files.  The  files 
and  ra.sps  {in  n  o  ji,  Fig.  3032)  of  the  mar- 
ble-worker and  sculptor  are  of  various 
shapes  and  grades  of  tinenes.s.  Hiram 
Vowers's  pcrfwcitcd  Jile  has  holes  to  allow 
the  escape  of  the  diist.  See  Stoxe-CUT- 
tf.k's  Tdhls. 

Mar'bling.  In  the  ordinary  method 
of  marbling  book-edges,  a  trough  about 
two  inches  deep  is  tilled  with  a  solution 
of  gum-senegal  water.  Various  coloring 
matters,  ground  in  spirits  of  wine  and  nii.xed  with  a 
small  (juautity  of  o.\-gall,  are  thrown  upon  the  sur- 
face of  the  water  and  disposed  in  the  pattern  de.sired 
by  means  of  a  quill  and  comb.  The  bcjok  is  now 
tied  between  two  lioards.  and  the  edges  being  dipped 
into  tlie  trough  the  colors  become  attached  ;  the 
workman  blows  away  the  excess  of  gum  and  allows 
the  colors  to  dry.  They  are  afterward  burnished. 
See  M.\r.BLE-p.\PF.n. 

March.     {IVearing.)     One  of  the  short  laths  laid 
across  the  treadles  under  the  shafts. 

Mar'cus.  A  large  iron-headed  hammer. 
Mar'gin.  1.  (Eoofinfj.)  The  exposed  portion  of 
a  slate,  tile,  shingle,  or  clapboard,  when  secured  on 
the  roof.  Tlie  width  of  the  margin  is  the  gcujc.  The 
hidden  portion  is  the  cover.  The  amount  which  the 
slate  or  shingle  of  the  second  course  above  overlaps 
a  given  course  is  the  bond  or 
lap.     Thus,—  Fig.  3064. 

A  shingle  18  inches  long     ?=si^ 
and  6  inches  exposed  to  the  n^ 
weather  lias  a  gage  of  6  inches, 
a  cover  of  12  inches,  a  bond 
of  6  inches. 

A  slate  27  inches  in  length 
and  a  gogc  of  1  foot  will 
have  a  bond  of  3  inches. 


^larble- Saw  for  Curved  Forms. 

turn.     Tlie  rod  or  wire  saw  has  a  triangular  cross- 
section. 

Mar'ble-scotir'er.  A  rubber  for  surfacing  mar- 
ble slabs.  The  metallic  block  has  a  handle  by  which 
it  is  moved  backward  and  forward  over  the  marlde 


Fig.  3063. 


mdrbU-  Scottrer. 


floor  to  he  scoured.  Sand  is  carried  in  the  recessed 
top,  which  has  holes  communicating  with  the  lower 
face.     A  box  on  the  handle  contains  water,  which  is 


j      2.   (Carpattry.)     The    flat 
[  part  of  the  .stile  and  rail  of 
I  framed  work  ;  such  as  panel- 
doors.      A  lock-raiJ. 

Mar'gin-draft  {Mason- 
ry.) A  plain  surface  adjacent 
to  the  joints  of  ashlar,  sur- 
rounding the  pick  or  hain- 
I  nier  dressed  middle  portion 
of  the  face. 

Mar'i-gold  -  -win'dow. 
{Architei-titre.)     A  Catherine-         Marine  Barometer. 
wlieel  window. 

Mar'i-graph.     An  apparatus  for  registering  the 
hitrlit  of  the  tides.     A  tide-gage. 

Ma-rine'  A-larm'.    See  Bilge-w.\ter  Al.^u.m  ; 
Fiii:-.\r.AP..M.      .Si-e  also  list  under  Al-.^RM. 
Ma-rine'  Ba-rom'e-ter.    A  barometer  suspend- 
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Fig.  3065, 


ed  in  gimbals,  and  attached  by  an  arm  to  some  up- 
right fixture  of  the  ship,  enabling  it  to  maintain 
a  vertical  position  during  the  rolling  and  pitching 
motions  of  the  vessel. 

Ma-rine'  Boil'er.  One  adapted  for  the  use  of 
steam-engines  on  sea-going  vessels.  See  Mauine 
Stra.\i-boiler. 

Ma-rine'  Car.  A  floating  vessel  with  a  platform 
supported  upon  llotative  revolving  drums  and  pro- 
pelle<l  by  a  paddle. 

Ma-rine'  En'gine.  A  steam-engine  to  propel  a 
sea-going  ship.     There  are  various  kinds  of  them  : 

Fig.  3066 


Siiver^s  Marine  Governor. 


the  beam,  direct- 
acting,  oscillat- 
ing, trunk,  high- 
pressure,  etc.  See 
II.  1399. 

Ma-rine' 
Glue.  A  compo- 
sition  of  caout- 
chouc,    shellac, 
and  mineral  oil. 
Ma-rine'  Gov'ern-or.  A  governor  for  marine  en- 
gines, intended  to  overcome  the  eifects  of  the  motion 
of  a  vessel  on  a  governor  of  ordinary  construction. 

Silver's  marine  governor  (American),  in  use  in  the 
Briti.sh  navy,  is  shown  in  Fig.  3066.  It  was  patented 
in  the  United  States,  October  2,  1866.  A  somewhat 
similar  governor  was  patented  in  England  by  Mr. 
Silver,  May  23,  1857,  and  in  the  United  States 
April  26,  1859,  and  reissued  to  him  July  25,  1865. 

In  the  form  shown,  the  governor  consists  of  a  mo- 
mentum or  fly  wheel  C,  revolving  loosely  on  the 
shaft  A.  The  fly-wheel  carries  vanes  or  fans  D  D, 
which  may  be  ailjusted  to  present  a  greater  or  less 
surface  of  resistance  to  the  air,  by  means  of  the 
screw  K  and  levers  J  r  r.  The  sleeve  E  and  its 
collar  E'  also  rotate  loosely  upon  the  axis  A,  and 
parallel  with  the  fly-wheel.  This  sleeve  is  (irawn 
backward  against  the  motion  of  the  fly-wheel  by  a 
spring,  which  has  a  tendency  at  all  times  to  open 
the  throttle-valve.  The  tension  of  the  spring  is 
regulated  by  an  eccentric  segment  bolted  to  the  col- 
lar jE^  of  the  sleeve  E. 

The  collar  E'  bears  two  gear-wlieels  on  pins  in  its 
face  extending  toward  the  fly-wheel,  which  gear 
with  a  fixed  wheel  on  the  shaft  A,  and  again,  at  a 
different  speed,  with  a  gear  on  the  fly-wheel. 

The  vanes  are  set  and  gearing  adjusted  .so  that  the  fly- 
wheel will  maintain  a  nearly  uniform  velocity.  When 
the  driving-shaft  exceeds  its  normal  rate  of  speed, 
the  collar  E'  is  carried  forward  relatively.to  the  fly- 
wheel, and  instant- 


ly closes  the  throt- 
tle-valve. A  slack- 
ening of  speed  of 
the  <lriving  -  shaft 
permits  the  spring 
to  turn  the  sleeve 
in  a  contrary  direc- 
tion and  open  the 
valve,  —  the  fly- 
wheel remaining 
all  the  time  the 
unit  of  motion, 
and  maintaining 
a  nearly  uniform 
speed,  due  to  its 
momentum,  theva- 
riable  pressure  of 
its  fans,  and  its  free 
attachment  to  the 
driving-shaft. 

Osborne's  marine 
governor  operates 
by  the  force  of  a 
volume  of  mercury 
or  other  heavy,  vis- 
cid fluid  in  a  revolv- 
ing vessel,  acting 
upon  a  number  of 
vanes  held  in  posi- 
tion against  a  cur- 
rent of  a  given  force 
by  a  spring.  Any 
increase  in  the  speed 


Fig   3067 


Cathcart's  Marine  Governor. 
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of  the  revolving  vessel  beyond  its  uornial  rate  over- 
comes the  force  of  the  spring,  turns  the  vanes,  and 
closes  the  throttle-valve  by  a  mechanical  connec- 
tion. Fcr  contra^  if  the  revolving  vessel  moves 
slower,  due  to  a  slackening  of  speed  of  the  engine, 
the  spring  overcomes  tlie  vorte.x  in  the  vessel  and 
opens  the  valve. 

Cathcart's  marine  governor  is  designed  for  screw- 
propellers,  to  prevent  racing  of  the  screw  when  the 
ship  pitches.  It  is  constructed  with  jiendulous 
weighted  arms  a  a  depending  from  a  rock-shaft  b, 
on  which  is  keyed  a  beam  c,  carrying  at  one  end  an 
adjustable  counterbalance  rf,  and  connected  at  the 
otlierend  by  a  rod  i:  with  a  sliding- valve/,  or  a  throt- 
tle of  any  form.  As  the  armsd  swing  forward  by  the 
pitching  of  the  vessel,  the  throttle- valve  is  partially 
closed,  and  by  this  means  jiassage  of  steam  is  regulated 
in  proportion  to  the  immersion  of  the  screw. 

Duff's  marine  governor  (Fig.  306S)  operates  by  the 


Difff'^s  Marine  Governor. 

force  of  a  centrifugal  pump  in  a  vessel  of  oil.  a  is 
tlie  exterior  case,  inclosing  chambers  i  h,  from  which 
passages  c  lead  to  an  inner  chamber.  In  tliis  cliam- 
ber  there  is  a  centrifugal  wheel  rf.  The  chamber  in 
wliich  this  wheel  revolves  conmiunicates  with  a  pis- 
ton-cylinder by  means  of  an  ann\dar  passage  c.  f  is 
a  piston  which  raises  a  stem  r/.  Tlncugh  this  stem 
downward  pressure  is  transmitted  to  the  piston  from 
the  lever  h,  which  is  pressed  downward  by  a  sjiring- 
balance  i.  Through  the  rod  j  power  is  taken  ofi'  to 
control  the  throttle- valve  or  cut-off  valve-gear.    Pipes 


k  form  the  communication  between  the  space,  above 
the  piston  and  the  chamber  *.  Through  the  pipe  I 
oil  is  put  into  the  outer  chamber  b.  The  lever  h  trans- 
mits its  pressure  to  the  stem  g  by  means  of  a  pivoted 
conical  cap  m. 

Tlie  centrifugal  wheel  d  being  put  in  motion  by  a 
belt  from  tlie  engine,  the  oil  in  tlie  outer  chamber 
passes  in  through  passages  c  to  the  inner  chamber, 
whence  it  is  forced  through  the  annular  pas.sage  into 
the  cylinder  under  the  piston.  The  jpiessure  on  tlie 
piston  de]ieiids  upon  tlie  speed  of  the  centrifugal 
wheel,  wliich  is  much  higher  tlian  tliat  of  the  en- 
gine, and  theiefore  much  more  sensitive  to  cliange 
in  velocity. 

In  another  goveinor  for  marine  engines  steam  in 
regulated  quantity  is  admitted  to  an  auxiliaiy  regu- 
lator-engine, whose  late  is  therefore  ccmstant.  This 
engine  is  connected  by  mechanism  with  tlie  main 
engine,  so  tliat  discrepancies  in  rate  will  alfect  the 
admission  of  steam  to  the  main  engine.  —  Lmidoii 
Engineer,  Vol.  VIII.  p.  3i7. 

The  chronometric  governor  is  one  which  has  also 
been  adapted  to  this  purpose.  In  it  a  time-measurer, 
such  as  a  clock,  is  set  to  work  at  a  prescribed  rate, 
and  is  so  connected  to  some  moving  portion  that 
any  discrepancy  in  the  respective  rates  shall  act  upon 
a  third  portion  whose  motion  is  communicated  to 
the  throttle.  Mosman's  is  of  this  character  :  one  of 
two  shafts  is  regulated  by  a  balance-wheel,  and  the 
other  has  motion  directly  from  the  engine.  A  vari- 
ation in  rate  of  motion  causes  a  longitudinal  motion 
of  the  sliaft  which  is  connected  to  the  governor- 
valve. 

The  electromagnetic  marine-governor  of  Captain 
Wolcott,  U.  S.  A.,  is  intended  to  prevent  the  raciii" 
of  the  screw  when  the  propeller  rides  out  of  water 
when  the  vessel  pitches.  The  throttle-valve  is  under 
the  command  of  a  weight  when  a  detent  is  removed 
by  an  armature  on  the  breaking  of  an  electric  cir- 
cuit. Tlie  poles  of  a  pair  of  wires  are  conducted  aft 
to  a  point,  say  a  little  above  the  level  of  the  screw, 
and,  when  they  are  submerged,  the  electric  cii-cuit 
is  complete  through  the  water.  When  the  vessel 
pitches  and  the  poles  ride  out  of  the  water  the  cir- 
cuit is  broken,  the  armature  drops  away  from  the 
magnets,  the  detent  of  the  weight-pulley  is  released, 
and  the  throttle-valve  is  closed.  When  the  poles  of 
the  wires  again  di|i  into  the  water,  the  armature  closes 
and  the  valve  is  again  opened. 

Ma-rine'  Rail'way.  One  on  which  a  vessel  is 
hauled  up  for  repairs. 

Mar'i-ner's  Com'pass.  The  mariner's  compass 
has  a  magnetized  bar  of  steel,  called  the  needle,  hav- 
ing at  its  center  a  cap  wliich  is  supported  upon  the 
.sharp  point  of  a  ]iivot-post.  To  the  needle  is  at- 
tached a  ciicular  card  with  the  cardinal  points  and 
minor  divisions  marked  upon  it ;  the  number  of 
points  or  rhumbs lieing  32,  and  these  being  subdivided 
into  lialf  and  quarter  points.  A  point  is  11°  15', 
and  outside  the  circle  of  points  is  a  circle  of  degi-ees. 
The  pivot  rises  from  the  center  of  a  box  called  the 
annpass-box,  and  this  is  hnng  by  yiinhals  in  the  hin- 
noc!e,  so  that  the  box  may  always  retain  a  liorizoii- 
tal  position,  notwithstaiuling  the  pitching  and  roll- 
ing of  the  vessel.  The  needle,  the  eitrd,  rhumb-ceird, 
eompass-eeird,  or  fly,  is  free  to  float  around  according 
to  its  magnetic  impulse,  and  a  mark  on  the  front 
side  of  the  circumscribing  i-ing  shows  the  direction 
of  the  ship's  head.  The  dnb  is  the  .socket  of  the 
needle  on  the  pivotal  pin. 

^  is  a  vertical  central  section  of  the  compass,  as 
hung  in  gimbals. 

/?  is  a  view  looking  down  upon  the  same. 

0  is  a  chait  showing  the  compass  notation.     The 
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murks  aie  known  as  cardinals,  N.  S.  E.  W.,  and  in- 
tervening are  the  other  28  points. 

1)  is  tlie  Chine.se  compass-card. 

The  needUi  of  the  Chinese  compass  is  very  .short 
and  light,  not  exceeding  an  inch  in  length,  and  so 
much  of  its  weight  is  below  the  point  of  suspension, 
tliat  it  is  but  little  atferted  by  the  diji  or  inclination. 
The  means  of  suspension  is  a  steel  point  rising  from 
tlie  bottom  of  the  wooden  compass-bo.x  and  entering 
a  hemispherical  copper  cup  attached  by  copper  strips 
to  the  needle. 

Fig.  3069. 


Mariner's  Compass. 

Sir  George  Staunton,  who  accompanied  Lord  Ma- 
cartney in  his  embassy  to  China,  describes  it  in  his 
account  of  the  embassy  ;  "Upon  the  upper  surface 
of  the  bo.\  are  drawn  several  concentric  circles,  dis- 
tinguished  by   different  Chinese   characters.     The 


eight  marks  on  the  inner  circle  mark  the  cardinal 
points,  south,  north,  east,  west,  and  the  bisecting 
intermediate  points.  The  same  eight  characters  also 
signify  equal  divisions  of  the  natural  day,  so  that 
the  instrument  answers  to  some  extent  the  purpose 
of  a  dial,  each  division  marking  three  hours.  The 
Chinese  character  for  sunrisr  is  the  .same  as  that  for 
cast,  and  in  this  form  was  the  first  comjja.'-s  which 
found  its  way  to  Europe  in  the  beginuiug  of  the 
fourteenth  century.  Other  circles  have  12  anil  24 
divisions,  with  characters  which  mark  corresponding 
portions  of  the  heavens  and  of  thi'  natural  day. 
Each  of  the  latter  portions  embraces  15°  of  the  360° 
into  which  the  circle  has  been  arbitrarily  divided  in 
correspondence  with  the  supposed  nundier  of  days 
in  which  the  sun  performs  his  a])|iareut  course. 
The  remaining  circles  around  the  compass  contain 
the  characters  of  the  cycle  of  60  yeais,  by  which 
this  nation  regulates  its  chronology,  and  other  char- 
acters expressive  of  their  philo.sopliical  and  mytho- 
logical doctrines.  The  ornamented  end  of  the  needle 
is  the  south  pole,  to  which  this  nation  gives  the  pre- 
eminence. South  and  itor/Ji."  The  compass  is  known 
as  the  Tiiifi-nan-cJnng,  or  "needle  jminting  to  the 
south."  The  Chinese  were  acquainted  with  the  decli- 
nation of  the  needle,  and  were  aware  that  it  is  not 
the  same  in  all  countries  nor  invariable  in  the  same 
place. 

The  Chinese  compass  is  probably  the  first  portable 
time-indicator  ;  not  ab.solutely  accurate,  es]iecially 
in  the  diflferent  latitudes  of  that  countiy,  but  still 
po.ssessing  value  as  an  approximation  to  correctness. 

The  mariner's  compass  originated  in  China. 

The  Chinese  word  Tchi-vim  {the  southern  pointer), 
indicates  the  Chinese  practice  of  considering  the 
south  the  principal  cardinal  point.  The  Emperor's 
throne  and  all  government  edifices  in  China  are 
made  to  face  the  south,  and  the  needle  is  said  to 
point  south  and  north,  the  former  having  the  pre- 
eminence in  expression. 

Among  the  ("hinese,  Thibetans,  and  Mongolians 
the  south,  is  mentioned  before  the  north,  and  in 
Chinese  and  Mongolian  the  west  before  the  eoM.  In 
Mongolian  the  word  south  means  frmit,  north  is  hc- 
hind,  west  "  to  the  right,"  east  "  to  the  Icfi."  The 
Chinese  character  for  north  is  two  men  turned  back 
to  back,  and  originally  meant  "to  turn  the  back 
upon."  The  Hebrew  practice  was  difl'erent ;  with 
them  the  words  before,  hchind,  right,  left,  are  used, 
but  the  erist,  the  rising  sun,  is  in  front  ;  a  distinct 
trace  of  the  Baal  (sun)  worship  to  which  they  so  con- 
stantly recurred,  in  sympathy  with  the  Phctnicians 
and  Canaanites.  "The  sea"  was  sometimes  use<l  as 
a  term  for  the  west,  meaning  the  Me{literranean, 
which  was  behind  when  the  sun  was  faced.  With 
us,  tlie  north  is  supposed  to  be  faced  in  giving  the 
points  of  the  compass  in  their  order  ;  boxing  the 
comptiss.  The  Hawaiians  front  the  west,  and  call 
north  right,  south  left. 

The  Chinese  chronicles  of  Szuki  of  Szitmathsin, 
written  in  the  second  century  before  our  era,  state 
that  900  years  before,  Tsching-wang,  th<'  Emjieror  of 
China,  gave  ' '  mnynetic  ears  "  to  the  ambassadors 
of  Tonquin  and  Cochin  China,  in  order  that  they 
might  "  not  miss  their  way  on  theii"  retui-n  home." 

In  the  forward  part  of  the  magnetic  car  was  a 
floating  needle,  the  motions  of  which  were  commu- 
nicated to  a  small  figure  whose  outstretc-hed  arm  and 
hand  pointed  toward  the  south.  It  was  used  as  late 
as  the  fifteenth  century  K.  D.,  and  the  cars,  carefully 
preserved  in  the  imperial  palace  of  China,  were  used 
in  determining  the  point  toward  which  the  main 
sides  of  the  public  buildings  .should  be  directed. 

It  thus  appears  that  the  compass  was  first  used  hy 
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laud  tiuvelei-s,  whicli,  as  Huiuboklt  remarks,  is  a 
singular  fact.  It  was,  however,  used  on  board  ves- 
sels in  the  Chinese  seas  in  the  fourtli  century  A.  D. 
and  probably  uiueh  earlier.  The  eiiect  of  the  load- 
stone on  iron  is  uotieed  iu  a  Chinese  dictionary,  A.  D. 
121  ;  and  another  work  states  that  "  tbitune-tellers 
rub  the  point  of  a  needle  with  a  loadstone  to  give  it 
the  power  of  indicating  the  south."  Tlie  Japanese 
say  that  at  a  time  corresponding  to  A.  D.  543,  the 
"  wlieel  wbicli  shows  the  south  "  was  sent  to  tlie 
Mikado  from  the  court  of  Petsi  in  Corea. 

From  Cliina  to  India  was  iu  the  natural  order  of 
tmde,  a  route  which  has  been  followed  by  many  arts, 
such  as  the  glazing  of  tiles  and  pottery,  the  manu- 
facture of  sonorous  bronze,  gunpowder,  etc.  When 
Mahmoud  of  Ghazni  invaded  India,  several  arts  wei'e 
scattered  abroad  and  found  their  way  still  farther  to 
the  westward  ;  the  immediate  introducers  into  the 
countries  bordering  on  the  Mediterranean  being  tlie 
Aralis,  whom  inuiy  have  credited  with  the  invention 
of  arts  which  tliey  derived  from  tile  farther  East. 
The  Arabic  designations  of  Zoroii  and  Aphrmi  (south 
and  iiortli),  whicli  Vincent  of  Beauvais  gives  to  the 
two  ends  of  the  magnetic  needle,  indicate  the  source 
wlience  the  compass  was  directly  obtained  :  and  the 
influence  of  this  people  in  the  science  of  astronomy 
is  also  indicated  iu  the  Arabic  name.s  of  many  stars 
which  are  still  retained. 

"The  dwellers  in  the  West  received,  through  the 
Macedonian  settlements,  accurate  accounts  of  Indian 
productions  of  nature  and  of  art,  of  which  little  more 
than  the  names  were  previously  known  by  reports 
derived  either  through  more  ancient  commercial  con- 
nections, or  through  Ctesias  of  Cnidos,  who  had 
lived  for  seventeen  years  at  the  Persian  court  as  the 
representative  of  Artaxerxes  Mnemou.  Such  were  j 
the  watered  rice-fields,  of  the  cultivation  of  which  j 
Aristobolus  gave  a  particular  account  ;  the  cotton- 
shrub,  and  the  fine  tissues  and  paper  for  which  it 
furnished  the  materials  ;  spices  and  opium  ;  wine 
made  from  rice,  and  from  the  juice  of  palms,  the 
Sanscrit  name  of  which,  kila,  has  been  preserved  by 
An'ian  ;  sugar  from  the  sugar-cane,  which,  indeed,  I 
is  often  confounded  by  the  Greek  and  Roman  writers  ! 
\vith  the  labasrjiir  of  bamboo  stems  ;  wool  from  the 
great  Bombax  trees  ;  shawls  from  the  wool  of  the 
Thibetian  goat ;  silken  (Scric)  tissues  ;  oil  of  white 
Sesamum  (Sanscrit,  tila) ;  oil  of  roses  and  other  per- 
fumes ;  lac  (Sanscrit,  lakschi,  and  in  the  vulgar 
tongue,  lakkha) ;  and,  lastly,  the  hardened  Indian 
iooofe  steel."  —  Hu.mboldt. 

During  or  before  the  twelfth  century  A.  D.,  the 
mode  of  suspending  the  needle  had  been  improved  in 
China,  by  hanging  it  upon  a  silken  thread  instead 
of  floating  it  on  water.  At  this  period  the  (Jliiuese 
philoso[iher,  Keon-tsoung-elii,  observed  the  varia- 
tion of  the  needle,  which  was  again  noticed  by  Co- 
lumbus in  li9'2,  and  by  Sebastian  Cabot  in  1540. 
The  Chinaman  says  :  — 

"A  point  of  iron  touched  by  the  loadstone  re- 
ceives the  posver  of  indicating  the  south  ;  still  it 
declines  towanls  the  east,  and  does  not  point  exactly 
towards  the  south." 

French  observations  at  Pekin  confirm  this,  only 
stating  it  to  be  a  variation  from  the  north  of  2°  to  2° 
30'  to  the  west ;  while  the  Chinese,  insisting  on  their 
mode  of  stating  it,  set  it  down  as  being  fiom  2°  to 
2°  30'  to  the  east. 

Columbus  first  noted  a  line  of  no  variation  about 
100  miles  west  of  the  Azores. 

It  is  a  remarkable  fact  tliat  the  earliest  European 
writer  on  terrestrial  magnetism,  William  Gilbert, 
whom  we  cannot  sujipose  to  have  had  any  knowl- 
edge  of   Chinese   literature,  regards   the   mariner's 


compass  as  a  Chinese  invention  which  had  been 
brought  to  Europe  by  Marco  Polo. 

The  compass  of  the  Phcenicians  is  believed  to  have 
been  a  needle  buoyed  by  a  slip  of  jiith  and  floating 
in  a  cup.  That  of  the  Arabs  was  described  in  1242 
by  the  Arabian  Boulak  Kibdjaki. 

"  Among  the  [U-operties  of  the  magnet,  it  is  to  be 
noticed  that  the  captains  who  sail  in  the  Syrian  wa- 
ters, when  the  night  is  dark,  take  a  vessel  of  wat^-'r, 
which  they  shelter  from  the  wind,  upon  which  they 
jjlace  a  needle  buried  in  the  pith  of  a  reed,  and  which 
thus  floats  upon  the  water.  They  then  take  a  {matj- 
nes)  loadstone  as  big  as  the  palm  of  the  band,  or  even 
smaller  ;  they  hold  it  near  the  surface  of  the  water, 
giving  it  a  rotary  motion  until  the  needle  turns 
upon  the  water  ;  they  then  w-itbdraw  the  stone 
suddenly,  when  the  needle  with  its  two  ends  points 
north  and  south.  I  saw  this  with  my  own  eyes 
on  my  voyage  from  Tri]ioli  in  Syria  to  Alexandria 
ill  the  year  640  [640  of  the  He.gira,  1240  A.  D.]. 
I  heard  it  said  that  the  captains  in  the  Indian  seas 
substitute  for  the  needle  and  reed  a  hollow  iron  fish, 
so  magnetized  that  when  placeil  ill  the  water  it  points 
to  the  north  with  its  head  and  to  the  south  with  its 
tail.  The  reason  that  the  fish  swims,  not  sinks,  is 
that  metallic  bodies,  even  the  heaviest,  float  when 
hollow  and  when  they  displace  a  cjuantity  of  water 
greater  than  their  own  weight." 

Worthy  Arabian  ;  we  have  here  a  description  of 
a  magneto-electric  needle  used  in  the  Levant ;  a 
magnetized  floating  needle  used  in  the  Indian 
Ocean  ;  and  a  correct  statement  of  the  Archime- 
dean discovery  of  specific  gravities.  This  was  writ- 
ten about  the  time  of  Roger  Bacon,  250  years  before 
Da  Vinci,  350  years  before  Porta,  and  more  than  400 
years  before  Galileo  and  Newton. 

Tlie  Phcenicians  circumnavigated  Africa  in  the 
seventh  century  B.  c,  as  we  learn  from  Herodotus.  . 

Strabo  (writing  about  A.  li.  IS)  says  :  — 

"  If  the  extent  of  the  Atlantic  Ocean  were  not  an 
obstacle,  we  might  easily  pass  by  sea  from  Iberia 
[Spain]  to  India,  still  keeping  in  the  same  parallel." 

So  Christopher  Colon  reasoned.     See  JIap. 

It  thus  ai'jiears  tliat  the  .\rab  needle  had  only 
temporary  polarity,  and  this  was  probably  the  case 
Avith  the  Pbreiiician.  It  was  consulted  by  the  cap- 
tain, and  not  kept  in  a  binnacle  like  the  Chinese 
and  the  modern  needle. 

Hercnles,  the  symbol  of  Pluenician  enterprise,  in 
his  colossal  statue  at  Tarentum,  referred  to  by  Pliuy, 
is  represente<l  with  a  key  in  one  hand  and  a  bowl  in 
the  other.  The  cup  he  is  fabled  to  have  received 
from  Apollo,  and  in  it  he  floated  his  jiolarized  needle. 

The  name  of  Hercules  is  given  to  the  stone  iiuigius. 
The  needle  is  probably  the  "arrow  of  Abaris."  This 
supposition  adds  interest  to  this  ancient  classical 
symbol. 

In  1190,  Guyot  of  Provence  wrote  a  satirical  poem, 
called  "  La  Bible,"  in  which  he  refers  to  the  use  of 
the  magnetic  needle. 

Between  1204  and  1215,  Jacobus  of  Viti-y,  Bisliop 
of  Ptolemais,  referred  to  it  in  his  description  of  Pal- 
estine, as  follows  :  — 

"The  loadstone  is  found  in  India,  to  which,  from 
some  unknown  cause,  iron  sjpontaiieously  attaches  it- 
self. When  an  iron  needle  is  touched  by  the  stone, 
it  at  once  points  towards  the  North  Star;  from  whence 
it  has  become  useful  to  those  who  navigate  the  seas." 

Latini  of  Florence,  the  preceptor  of  Dante,  in  a 
work  published  in  Paiis  in  1260,  entitled  the 
"Treasure,"  wrote  thus  :  — 

"  When  I  was  in  England,  Friar  Bacon  showed 
me  a  magnet,  —  an  ugly  black  stone  to  which  iron 
doth  willingly  cling.     You  rub  a  needle  upon  it ; 
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the  which  iieedlf,  being  placed  upon  a  point,  remains 
suspl'IhKhI  ami  tunis  agaiii.-st  the  star,  even  thougli 
the  night  lie  stonny  and  neither  star  nor  moon  be 
seen  ;  and  thus  the  mariner  is  guided  on  his  way." 

The  Italian  Kiecioli,  in  liis  work  upon  tJeographj* 
and  Hydrography,  .states  that  before  1270  the  French 
mariners  used  "a  nnignetized  needle,  which  they 
kept  floating  in  a  small  vessel  of  water  supported  on 
two  tubes  so  as  not  to  sink." 

The  magnetic  needle  is  mentioned  by  Peter  Adsi- 
ger  in  a  Latin  essay  in  1269,  in  which  the  south  ]iole 
is  said  to  vary  a  little  to  the  west  ;  and  by  Raymond 
LuUy  of  Majorca,  in  his  "  Fenix  de  las  Maravillas 
del  Orbe,"  published  in  1286. 

A  passage  in  the  Spanish  "  Leycs  de  las  Partidas  " 
of  the  middle  of  the  thirteenth  century  runs  as  fol- 
lows :  "  The  needle  which  guides  the  mariner  in  the 
dark  night,  and  shows  him  how  to  direct  his  course 
both  in  good  and  bad  weather,  is  the  intermediary 
between  the  loadstone  and  the  Xorth  Star." 

Dante,  about  1300,  refers  to  the  needle  "  which 
points  to  the  star." 

Marco  Polo,  the  great  traveler,  was  in  the  service 
of  Kublai  Khan,  the  compieror  of  China,  from  1274 
to  1291,  and  was  concerned  in  the  introduction  of 
the  compass  from  China  to  Europe  direct.  It  had 
previously  arrived  by  the  good  old  eliannel,  India 
and  Arabia  ;  but  Marco  Polo  did  not  know  that, 
and  his  services  can  hardly  be  exaggerated. 

The  Arabs  sailed  by  the  compass  during  the  Khal- 
ifate  of  Cordova,  which  lasted  till  A.  n.  12-37,  when 
it  was  subdued  Ijy  the  Moors.  An  authority  states 
that  it  was  known  in  Norway  previous  to  1266. 

Dr.  Gilbert,  physician  to  Queen  Elizabeth,  states 
that  P.  Venutus  brought  a  compass  direct  from  China 
in  1260. 

See  Klaproth's  work  on  this  subject,  Paris,  1834  ; 
Sir  Snow  Harris's  "  Kudimeutary  Magnetism"  ;  the 
researches  of  Biot,  Stanislaus  Julien,  etc. 

About  1320,  Flavio  Gioja,  a  ])ilot  of  Positano,  not 
far  from  Amalli  in  the  Kingdom  of  Naples,  was  in- 
strumental in  the  iin|)rovement  of  the  compass,  and 
for  a  time  passed  as  the  inventor  thereof.  Such  a 
claim  is  fully  disposed  of  by  the  facts  above  cited. 

It  is  probable  that  (lioja  was  a  skillful  mechanic, 
and  improved  U]>on  the  popular  modes  of  sui)porting 
the  needle  (whicli  were  by  tloating  it,  or  suspending 
it  by  a  cord),  ami  placed  it  upon  a  pivot-post  in  the 
center  of  a  marginal  strip,  which  was  marked  with 
the  cardinal  points  and  minor  division.s.  This  ren- 
dered it  more  convenient  for  reading,  and  gave  a 
certain  steadiness  to  the  needle. 

Vasco  da  Gama,  who  circumnavigated  Africa, 
doubling  the  Cape  of  Good  Hope,  November  20, 
1497,  testifies  his  surprise  at  meeting  in  the  Indian 
Ocean  seven  small  Arab  ves.sels  jirovided  with  the 
compass,  quadrants,  sea-charts,  and  otlier  instru- 
ment.s,  equal  to  the  Portuguese.  We  do  not  won- 
der, for  the  China  seas  had  been  navigated  by  their 
aiii  over  1,000  years  when  the  brave  navigator  re- 
peated the  feat  of  the  mariners  of  Pharaoh  Necho, 
about  610  B.  e. 

The  gimbal-joint  and  compass-box  were  invented 
by  the  Rev.  William  l5arlowe  in  1608. 

The  dip  of  the  needle  was  discovered  by  Robert 
Norman  of  London,  1576  ;  the  diurnal  variation,  by 
Graham,  a  London  watchmaker,  in  1722. 

An  azimuth  compass  is  one  used  at  sea  for  finding 
the  horizonal  distance  of  the  sun  or  a  star  from  the 
magnetic  meridian. 

Lord  Caithness  hius  substituted  for  the  gimbals  a 
pendulum  and  a  ball  ;  the  latter  working  in  a  socket 
in  the  center  of  the  bottom  of  the  eompass-bowl. 

Albini's  self-registering  compass  is  an  instrument 


I  by  which  a  continuous  record  is  kept  of  the  course 
;  steered  by  the  vessel  on  board  which  the  cfimpa.ss  is 
placed.  The  comjia-ss-card  carries  on  its  under  side, 
and  near  its  periphery,  a  number  of  types  or  letters, 
which  correspoiul  with  those  denoting  tin;  (joints  of 
the  compass  on  the  upper  surface  of  the  card.  A 
continuous  strip  of  pa|)er,  moved  by  clock-work, 
passes  untler  the  card  at  that  side  wliich  is  next  the 
I  1)0W  of  the  vessel,  and  between  this  paper  strip  and 
I  the  (^ard  itself  is  an  inked  tajie,  whicli  also  travels 
slowly.  At  frequent  regular  intervals  the  compass- 
car<l  is  tilted,  so  as  to  bring  the  type  which  happen 
to  be  immediately  above  the  paper  strip  at  the  time 
down  upon  the  inked  tape,  bringing  tlte  latter  in 
contact  with  the  paper,  and  marking  upon  the  latter 
the  letters  denoting  the  course  which  the  vessel  is 
steering  at  that  moment. 

When  iron  ships  were  first  introduced,  great  ditti- 
culty  was  experienced  in  regard  to  the  disturbance 
of  the  compass,  owing  to  the  vicinity  of  large  bodies 
of  iron.  It  was  also  shown  by  Grantham  in  1842, 
and  Scoresby  in  1851,  that  the  direction  of  the  ship's 
head  on  the  .stocks,  the  efl'ect  of  riveting  in  that  po- 
.sition,  the  magnetic  directioji  while  fitting,  each  had 
an  intluenee  in  determining  the  magnetic  condition 
of  the  vessel. 

Compasses  are  sometimes  carried  on  the  masts  of 
iron  vessels  as  a  means  of  removing  them  from  the 
disturbing  influence  of  the  iron  of  the  hull.  In  this 
position  they  serve  as  standards  of  comparison  for 
the  binnacle  compass. 

The  amount  of  dellection  of  the  needle  from  its 
proper  direction  freciuently  varies  on  each  point  of 
the  compass  ;  while  on  one  course  it  may  indicate 
correctly,  on  another  it  may  err  from  one  to  two 
points.  The  amount  of  this  deviation  is  ascertained 
by  anchoring  the  ship  in  a  smooth  and  sheltered 
place  with  a  very  short  siope  of  cable,  and  carrying 
out  kedges  so  that  she  may  be  swung  round  and  held 
in  any  required  position. 

The  magnetic  bearings  of  one  or  more  consi>icuous 
objects,  at  a  sufficient  distance  to  obviate  any  sensi- 
ble parallax,  are  taken  from  the  map  or  chart ;  the 
ship  is  swung,  by  the  means  before  indicated,  so 
that  her  head  shall  point  successively  to  every  point 
of  the  compass,  and  as  the  ship's  head,  during  the 
operation  of  swinging,  is  brouglit  in  line  with  the 
object  above  qientioned,  the  compass  bearing  is 
noted,  and  at  the  same  time  angles  are  taken  with 
the  sextant  to  other  distant  objects  on  shore,  whose 
jiosition  is  known.  A  comparison  of  these  angles 
with  the  bearings  indicated  by  the  compass  shows  at 
once  the  error  of  the  latter. 

Local  deviation  is  not  exclusively  confined  to  iron 
ships  ;  it  is  frequently  quite  ]ierce])tible  in  wooden 
men-of-war,  occasi(med  by  the  attraction  of  the 
guns,  and  in  vessels  laden  with  iron  the  amount  is 
often  very  great. 

Profes.sor  Airey's  method  of  adjusting  compasses 
in  iron  ships  is  essentially  as  follows.  Directly 
under  the  spot  where  the  conqiass  is  to  be  placed 
two  lines  are  drawn  on  the  deck,  one  parallel 
with  and  the  other  perpendicular  to  the  line  of  the 
keel.  Two  or  three  powerful  magnets  and  one  or 
two  small  boxes  for  holding  chain  are  jirovided. 
The  vessid's  hi'ad  is  brought  in  the  direction  of  one 
of  the  cardinal  points,  as  a.scertaiiied  by  a  compa.ss 
on  shore  free  from  disturbing  influences,  and  she  is 
held  in  this  position  by  hawsers.  If  the  ship's  com- 
|iass  indicates  any  deviation  from  the  true  bearing, 
one  or  more  of  the  magnets  is  ])laced  upon  the  deck 
at  right  angles  to  the  magnetic  meridian  and  moved 
backward  or  forward  until  the  comjiass-needle  indi- 
cates correctly.     The  ship's  head  is  then  turned  90°, 
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and  the  operation  repeated  until  the  conipas.s-needle 
again  points  correctly.  A  similar  pi-oeess  is  em- 
ployed to  bring  the  needle  into  coinci^lenee  with  the 
meridian  at  each  of  the  other  cardinal  points  indi- 
cated by  the  cross  lines  on  the  deck,  and  its  coriect- 
ncss  at  each  of  the  four  rhumb  points,  N.  E.,  N.  W., 
S.  W.,  S.  £.,  is  assured  in  like,  manner,  using  the 
boxes  of  chain  before  mentioned  to  i^orrect  the  devia- 
tion of  the  needle.  Wiien  these  adjustments  are 
made  the  compa.ss  shouhl  be  sufficiently  correct  for 
all  practical  purposes.  The  deviations,  if  any,  may 
be  ascertained  by  swinging  the  .ship. 

Gray's  apparatus  for  adjusting  compasses  is  based 
on  the  foregoing  method  of  Professor  Airey.  The 
regulating  magnets  are  caused  to  approach  or  recede 
from  the  compass  by  screws,  so  as  to  admit  of  very 
accurate  adjustment. 

Great  care  must  be  taken  that  the  magnets  are 
brought,  by  turning  the  ship  at  right  angles,  to  the 
magnetic  meridian  before  moving  them,  in  order  to 
regulate  the  compass. 

Ma-rine'  Steam-boil'er.  JIariue  steam-boilers 
are  composed  of  an   external  shell  or  c:v.siug,  with 

rectangular 
Fig.  3070.  siiles,     stayed 

together  by 
tie-bars.  With- 
in it  are  con- 
tained the  fur- 
naces,  the 
Hues  and  ash- 
pit, the  whole 
being  s  u  r  - 
rounded  by 
water  except 
at  the  furnace 
front. 

In  some 
ca.ses,  the  front 
is  also  w'ater- 
jacketed,  and 
the  doors 
themselves  are 
tilled  with  wa- 
ter, circulation 
being  main- 
tained through 
the  tubular 
hinges. 

The  flues  for 
the  passage  of 
flame  and 
smoke  are  deep 
rectangular 
channels, 
which,  after 
making  many 
turnings,  unite  in  one  common  chimney  or  funnel. 

The  marine"  boiler  shown  in  tlie  illustration  is 
composed' of  three  parts,  tlie  sides  of  the  middle 
boiler  serving  as  a  side  to  each  of  the  outside  boilers. 
At  some  distance  above  the  water-line,  large  aper- 
tures are  cut  in  the  sides  of  the  middle  boiler,  to 
form  a  steam  communication  between  the  three  com- 
partments, and  a  water  communication  is  estab- 
lished below  by  a  pipe  from  each  boiler,  opening  into 
the  blow-otf  main.  The  upper  figure  is  an  elevation, 
one  half  in  section  ;  a  a  are  the  fire-doors  and  b  b 
the  fire-chambers,  c  is  the  steam-dome. 

Each  boiler  has  two  fireplaces,  and  the  flues  a  a 
(lower  figure)  of  the  side  boilers  branch  into  the 
flues  6  i  of  the  contiguous  fireplaces  of  the  middle 
boiler,  immediately  at  the  back  of  the  bridge  ;  and, 
after  taking  the  circuitous  course  shown  in  the  plan 
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'  by  the  arrows,  they  unite  at  the  back  of  the  boiler 
I  an<l  form  one  large  flue  c,  from  which  the  chimney  d 
rises  at  about  the  middle  of  the  length  of  the  boiler. 
'  The  flues  are  not  divided  horizontally,  but  extend 
,  the  whole  depth  fi'om  b  to  b,  as  shown  in  the  verti- 
I  cal  section. 

Towards  the  forei>art  of  the  middle  boiler  is  a 
steam-chest,  from  whence  proceeds  the  main  steam- 
pipe,  which  conveys  the  steam  to  the  cylinders.  The 
feed-pipe  and  feed-valves  are  shown  in  the  sectional 
view. 

The  separation  between  the  boilera  extends  a  con- 
siderable distance  above  the  water-line,  in  order  that 
their  contents  may  not  all  be  collected  on  one  side 
of  the  vessel  when  she  careens  or  rolls,  uncovering 
some  of  the  weathermost  flues. 

At  the  bottom  of  the  boiler  are  pipes  passing 
through  the  vessel's  sides,  and  furnished  with  stop- 
cocks or  valves,  by  which  sediment  or  brine  may  be 
blown  out  of  the  boiler. 

Mud-holes  are  used  for  cleaning  out  scale  or  sedi- 
ment, and  at  other  times  are  closed  by  doors. 

In  the  marine  steam-boiler  the  fire  and  flues  are 
all  contained  within  the  boiler  itself,  and  are  sur- 
rounded by  water  in  every  direction  as  a  precaution 
against  fire.  There  are  many  varieties,  known  as 
/f«(-boilers,  tubular  boilers,  shect-fluc  boilers,  etc. 

Ma-rine'  Steam-en 'gine.  A  form,  or  one  of 
the  forms,  of  steam-engines  adapted  to  use  on  ship- 
board. 

The  objects  to  be  gained  in  the  modification  of 
the  land  engines  to  suit  the  change  of  circum.stances 
are,  — 

Compactness,  to  save  room  on  board  and  secuie 
protection  below  decks. 

A  low  center  of  gravity,  to  increase  the  stability  of 
ihe  ve.ssel. 

Najiier's  side-beam  engine  "is  the  form  which  has 
been  extensively  adopted  in  paddle-wheel  vessels, 
and  is  the  one  selected  for  illustration. 

A  modification  of  this  is  found  in  the  hrcr-cnijinc. 

An  endeavor  to  dispense  with  the  beam  has  origi- 
nated a  variety  of  direct-action  engines  and  oscillat- 
iiuj-cijlinder  engines. 

The  figure  represents  in  section  a  side-beam  engine 
with  a  flue  boiler  as  jilaced  in  a  steam-vessel. 

The  sleepers  supporting  the  engine  are  represented 
at  X,  and  the  base  of  the  engine  is  secured  to  these 
by  holdi7ig-doum  bolts  passing  through  them.  <S'  is 
the  steam-pipe  leading  from  the  steam-chest  in  the 
boiler  to  the  slides  c,  by  which  it  is  admitted  to 
the  top  and  bottom  of  the  cylinder.  The  condenser 
is  represented  at  B,  and  the  air-pump  at  £.  The 
hot-well  is  seen  at  F,  from  which  the  feed  is  taken 
to  the  boiler,  i  is  the  piston-rod  connected  with 
the  beam  If,  working  on  a  center  K  near  the  base 
of  the  engine.  The  other  end  of  the  beam  H  drives 
a  connecting-rod  M,  which  extends  upward  to  the 
crank  on  the  paddle-shaft  0.  a  a  are  the  rods  of 
the  parallel  motion.  The  framing  by  which  the 
engine  is  supported  is  represented  at  Q  M. 

The  beam  exhibited  in  the  figure  is  shown  in  dot- 
ted lines,  as  being  on  the  farther  side  of  the  engine. 
A  similar  beam,  similarly  placed  and  moving  on  the 
same  center,  must  he  understood  to  be  on  the  near 
side  also,  connected  with  the  cross-head  of  the  pis- 
ton in  like  manner  by  a  parallel  motion,  and  with 
a  cross-tail  attached  to  the  lower  end  of  the  conneet- 
ing-rod  and  to  the  opposite  beam.  The  eccentric 
which  works  the  slides  is  placed  upon  the  paddle- 
shaft  0,  and  the  connecting  arm  which  drives  the 
slides  may  be  easily  detached  when  the  engine  re- 
quires to  be  stopped.  The  .section  of  the  boiler, 
grate,  and  flues  is  represented  at  W  /'.     The  safety- 
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valve  y  is  inclosed  beneath  a  pipe  earrioil  up  beside 
tlie  chimney,  and  is  inaccessible  to  the  engineer. 
Tlie  cocks  for  blowing  ott'  the  salt-water  fioni  the 
boiler  are  represented  at  h,  and  the  feed-pipe  at  /. 

Fig.  3072  is  a  view  of  a  similar  engine,  looking  down 
the  alley  between  the  boilers  and  the  working  parts. 

The  side-beam  engine  is  very  compact  compared 
with  the  elevated  working-beam  engine,  such  as  the 
Cornish,  for  inst;uiee,  but  the  tendency  of  late  years 
has  been  to  direct  action,  dispensing  with  the  beam. 

The  geneial  adoption  of  tlie  screw  pro[ieller  has 
also  much  changed  the  general  conditions  required, 

Fig.  3072. 
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and  oscillating  engines  of  large  dianieti'r  and  com- 
paratively short  stroke  are  now  the  order  of  the  day. 
The  following  list  includes  most  of  the  varieties 
of  engines  specially  adapted  to  marine  purposes.  See 
under  the  respective  heads  :  — 


.\nnular -cylinder    steam -en- 
gine. 

Direct-action  steam-engine. 

Dnuble-cvliniler  ste-am-engine. 

"  Gorgon '"  .^team-engine. 

Inclined-cylinder  steam-engine. 

Inverted-cylinder  steam-engine. 

Inverted  double-cylinder  steam- 
engine. 


Lever  steam-engine. 
Oscillating-cylinder    steam-en- 
gine 
Propeller  sfe-'mi-enginc. 
Screw  propeller  steam-engine. 
Side-beam  stcatn-engine 
Sliding-cover  steam-engine. 
Steeple  steam-engine 
Trunk  steam-engine. 


Mar'i-no-ra'ma.     A  picture  of  a  sea-view. 

Mark.  1.  Marks  of  manufacturers,  sometimes 
termed  trade-marks,  or  marks  of  merchamlise.  These 
marks  are  protected  by  all  modern  civilized  nations, 
and,  in  fact,  by  the  whole  commercial  world.  The 
mark  of  the  artisan  is  found  U|>on  the  most  ancient 
fabrics  that  have  come  to  light.  The  Cliinese,  the 
Persians,   the  Egyptians,   all  had  their  distinctive 


manufacturers'  signs,  symbols  which  were  intrinsic 
evidence  of  genuineness  of  origin  of  the  articles  of 
merchandise  to  which  they  were  affixed.  In  the 
rains  of  Herculaneum  and  Pompeii  they  are  found. 
The  Romans  brought  them  to  Britain,  where  the 
practice  of  using  them  has  continued,  probably  with- 
out any  intermi.ssion,  from  their  tinu^  to  our  own. 
Antique  pieces  of  pottery  found  in  England  furnish 
cxamjile.  All  nations  )irotect  the  manufacfuier  in 
the  exclusive  use  of  his  private  einbleni,  and,  liy 
treaties,  statutes,  and  judicial  decisions,  the  mast 
stringent  penalties  are  inflicted  upon  one  who  pirates 
such  a  mark  lor  his  own  .fraudulent  gtiin.  The 
mark  is,  in  fact,  the  commercial  signature  of  the 
maker.  All  the  early  printers  had  their  trade-marks, 
generally  monogrammatic. 

2.  (Nautical.)  One  of  the  notifications  of  depth, 
on  a  sounding-line.     See  Makks  and  Dekps. 

Mark'er.  An  attachment  to  a  sewing-machine 
for  forming  creases  in  or  marks  on  fabric,  so  that  it 
may  he  folded  in  line  with  such  creasi^  or  mark  for  a 
tuck,  and  in  a  line  parallel  with,  and  at  any  desired 
distance  from,  another  tuck. 

Fig.  3073  shows  a  good  form  of  the  appliance. 
The  plate  A  has  an  arm  surrounding  the  feed-opeu- 

Fig.  3073. 
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ing  and  presser  ;  on  the  end  of  the  arm  is  the  spur 
/.  An  arm  B,  notched  at  its  forward  end,  is  bent 
to  form  a  spring,  and  is  bent  down  by  the  needle- 
bar  to  form  a  crease  in  the  cloth  lying  on  the  jioint 
/.  For  varieties  of  iuck-creasers  ami  markers,  see 
".Scwing-Machine  Attachments,"  G.  W.  Gregory, 
Washington,  D.  C. 
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Mark'ing-gage.     (Carpentry.)     The    marking- 
gat^e    has    a    stem    wliieh   carries   a 
Fig.  3074.      scribing  i)oint  ami  a  liead  or  feuce, 
which  is  adjustable  on  the  stem  and 
secured  in  adjustment  by  a  set  screw 

or  wedge.      As  the   scribe   is   drawn 

Marliing-  Gage,  along  on  a  board,  the  fciu-c  slides  on 
the  edge  of  the  latter,  and  causes  the 
mark  to  be  jiarallel  with  the  edge  and  at  the  regu- 
lated distanc-e. 

Mark'ing-iuk.     An  indelible  ink  for  marking 
rlotlies.      See  Ink. 


Mark'ing-ma-chine'. 


Markht^-Mac/iine. 


{Coiniivj.)  A  machine 
used  in  the  mint,  to 
swage  the  eilges  of 
planchets  for  coin, 
raising  the  edge  of  tlie 
blank  preparatory  to 
milling,  a  is  an  iron 
frame  in  which  is  a 
horizontal  shaft  carry- 
ing a  driving  and  a 
loose  pulley  and  a  fly- 
wheel ;  i  is  a  flat,  cir- 
cular plate  with  a 
grooved  edge  ;  c  is  a 
]ilate  with  correspond- 
ing grooved  edge,  ad- 
justalile  to  the  plate 
b  by  screws,  and  c  a 
hopper  in  which  the 
blanks  are  placed  ;  /'is  a  cam  which,  as  it  revolves, 
pushes  back  the  feeder  rj,  allowing  the  blanks  to  fall 
from  the  hopper.  The  spring  h  brings  down  the 
feeder  (/,  which  pushes  a  blank  from  the  bottom  of  the 
hopper.  The  blanks  slide  down  an  inclined  plane 
until  their  edges  come  between  the  plates  b  and  c, 
and  as  the  jilate  b  revolves,  tlie  pressure  of  its  edge 
cariies  them  forward,  and  at  the  same  time  raises 
their  edges  all  around,  increasing  the  thickness  by 
about  one  third. 

Mark'ing-plow^.  {Agriculture.)  One  for  run- 
ning sligiit  turrows  in  plowed  land  as  a  mark  lor 
planting  corn,  or,  at  greater  distances,  for  sowing 
broadcast.  Al.so  used  in  crossing  out  land  for  plant- 
ing an  orcliard. 

Marks  and  Deeps.  (Nautical.)  The  mode  of 
indicating  lengths  on  the  hand  lead-line.  The  marks 
have  certain  indications.  The  deeps  are  the  esti- 
mated fiithoms  in  the  intervals  of  the  marks. 

Mark  2,  leather.  Deep  12 

Mark  3,  blue  buntiDg.  Mark  13,  blue  bunting. 

Deep  4.  Deep  14. 

Mark  5,  whit«  bunting  Mark  15,  white  bunting. 

Deep  6.  Deep  16. 

Mark  7,  red  bunting.  Mark  17,  red  bunting. 

Deep  8.  Deep  18. 

Deep  9.  Deep  19. 

Mark  10,  leather.  Mark  20,  two  knots. 

Deep  U. 

Marie-Stock.  An  English  name  for  a  kind  of 
brick.      A  cidkr. 

Marline.  {Xautical.)  A  small  cord  composed 
of  two  strands  slightly  twisted  and  used  for  lasliing, 
sewing,  and  tricing.      Used  either  white  or  tarred. 

Marl'ing.  (Xautical.)  \Vrap|iing  a  rope  with 
spun-yarn  or  twine,  having  a  knot  at  each  turn  to 
secure  it  if  it  become  cut  at  one  or  more  places,  it 
difl'ers  from  Skkvino  (which  see). 

Mar'Un-spike.  (Xautical.)  A  pointed  iron 
)iiM  suspeiidcil  by  a  lanyard,  and  used  to  make  an 
opening  between  the  strands  of  rope  in  splicing. 

Marmo-ra'tion.  (Architecture.)  A  casing  of 
marble  to  a  huililing. 

Mar'mo-ra'tum  ;  Mar'nio-retum.     A  cement 


made  of  pounded  marble  and  lime  for  architectural 
purposes. 

A  cement  of  tin-foil  and  mercury,  formerly  used 
for  filling  decayed  teeth. 

White  of  egg  and  (puckiime  incorporated  in  a 
mortar. 

Mar-o-quin' -  leath'er.  A  leather,  generally 
dyed  red  or  yellow,  and  prepared  at  Astracan  and 
vicinity,  it  is  made  from  the  skins  of  bucks  and 
goats.  "  See  Saffi.\x. 

Mar-quee'.  A  field  tent  or  covering  made  of 
strong  canvas  to  keep  off  the  rain.  Generally  with 
a  second  canvas  or  Jli/  a  little  above  the  tent  proper. 
Mar'quet-ry.  Inlaid  work,  it  includes  par- 
quefri/,  rcisiicr  work,  buhl,  mosaic. 
I  The  first  of  these  is  emjiloyed  in  the  ornamenta- 
tion of  cabinet  and  furniture  woi'k.  In  buhl,  the 
patterns  are  usually  more  elaborate,  consisting  of 
scrolls  and  .similar  curvilinear  figures,  and  the  works 
comparatividy  small,  while  marquetry  proper  is  used 
for  floorings,  etc.  The  general  manner  of  execuiing 
these  varieties  of  work  is,  however,  entirely  similar, 
consisting  in  cutting  the  designs  out  of  pieces  of 
wood  or  plates  of  metal  and  inserting  pieces  of  a 
diH'erent  color. 

The  woods  employed  in  marquetry  may  be  of  their 
natural  color  or  stained  to  any  desired  tint.  The 
pattern  may  include  figures  or  devices  of  any  kind. 
Even  pictures  or  portraits  may  be  produced  by  the 
contrast  in  color  or  arrangement  of  the  grain  of  the 
woods.  When  the  inlays  are  insei'ted,  the  woik  is 
reduced  to  a  level  surface  with  the  toothing-plane, 
and  then  scraped  with  the  joiner's  scraper  apjilied 
obliquely  to  the  joints  of  the  wood.  This  is  some- 
times so  skillfully  done  that  the  work  may  be  jiol- 
ished  with  its  own  shavings,  but  ordinarily  the  use 
of  glass-pa])er  is  required  to  produce  the  requisite 
polish.  Works  in  wood  ami  metal  or  in  jieaii,  ivory, 
or  tortoise-shell  and  metals  require  the  use  of  the 
Jile,  followed  by  sand  or  emery-paper.  (See  BuHL  ; 
P.VKQrETKY. )  This  species  of  ornamentation  was 
nuicli  in  vogue  during  the  past  century,  but  is  now 
comparatively  rare. 

The  art  of  inlaying  dirt'erent  pieces  of  wood  to  re- 
semble mosaic  is  of  great  antiquity.  It  was  prac- 
ticed in  Egypt  at  a  remote  period,  and  is  shown  in 
very  successful  condition  about  1355  B.  c.  Seethe 
chairs,  bo.\es,  mummy-cases,  and  furniture  of  ita- 
me.ses  lil.  in  the  "Description  of  Egypt,"  by  the 
French  savans,  about  1812.  The  book  is  in  the 
Congressional  Library. 

The  art  was  very  popular  in  India  in  times  of 

whose  dates  we  can  only  guess.     The  Chinese,  also, 

were  early  in  the  field,  and  excelled  in  this  as  they 

did  and  do  in  whatever  requires  patient  toil  and  per- 

j  sistent,  careful  manijiulation. 

The  Egyptian  antiquities  referred  to  embrace  many 
diflferent  colored  woods  ami  metals.  Among  the  Ital- 
ian artists,  black  and  white  woods  were  first  used, 
and  were  called  morcscocs.  John,  Abbot  of  Verona, 
introduced  stained  woods,  and  thereby  added  to  the 
I  variety.  He  also  introduced  buildings  and  attempts 
[  at  persjiective  representation. 

I  Mar'ron.  (Pi/rvtcchnics.)  A  jiaper  box  strongly 
'  wrajiped  with  twine  and  filled  with  jiowder  ;  it  is 
I  intended  to  imitate  the  report  of  cannon,  and  is 
l  filed  by  a  ]iiece  of  quickmatch  projecting  exter- 
nally. 
!  Mar-seilles'.  (Fabric.)  A  hea^'y  cotton  goods, 
embossed  ill  the  loom. 

I  Mar-sel'la.  (Feline.)  A  kind  of  twilled  linen. 
I  Mar-sil'ly-car'riage.  A  naval  gun-carriage 
I  having  no  lore  trucks,  tlie  front  transom  resting  im- 
I  mediately  on   the  ship's  deck.     It  is  used  in  the 
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United  States  Navy  for  mounting  the  9-inch  giin  in 
bioiulsiile. 

Mar'tel-de-fer.  A  hammer  and  pick  forming 
a  liattU'-a.Ne,  and  used  in  the  Middle  Ages. 

Mar'te-line'.  A  small  stone-hammer  (ii.  Fig. 
3032)  u.sed  by  si  iilptors  and  marble-workers.  It  is 
pointed  at  one  end  and  square  or  diamond-shaped  at 
the  other. 

Mar'te-line'-chis'el.  A  sculptor's  chisel,  driven 
by  a  mallet  or  liaiiuner,  and  used  by  artists  or  work- 
ers in  marble,  q  r  s  t.  Fig.  3032,  show  several 
forms. 

Mar-tel'lo-tow'er.  {Forlification.)  A  circu- 
lar, isolati'd  tower  of  masonry,  named  from  Mortella 
Bay,  C'oi-sica,  where  a  tower  of  this  desciiption  was 
taken  by  an  English  naval  force  in  1794,  after  a  pro- 
longed resistance. 

The  capacity  for  defense  excited  so  much  surprise 
and  admiration,  that  numerous  towers  were  planted 
along  the  English,  Irish,  and  Jersey  coasts,  in  an- 
ticipation of  the  invasion  of  Napoleon  I. 

The  tower  is  usually  about  40  feet  in  hight,  hav- 
ing two  stories,  and  a  shell-proof  roof  with  a  4i-foot 
parapet.  The  walls  are  5|  feet  thick  ;  the  lower 
story  is  for  stores,  magazine,  and  retreat ;  the  second 
is  a  casemate  with  embrasures  ;  the  roof  is  armed  en 
barbette  with  a  traversing  gun,  under  a  l)omb-proof 
The  toweis  were  erected  on  the  coasts  of  Kent  with- 
in range  of  each  other. 

The  entrances  are  at  a  considerable  hight  above  the 
ground,  and  the  tower  has  a  ditch  and  glacis. 

Two  of  these  towers  are  on  the  plains  of  Abraham, 
as  outwoi-ks  of  the  citadel  of  Quebec. 

Mar'tin.  A  grinding-tool  consisting  of  a  brass 
plate  with  a  flat  stone  facing.  An  opening  through 
the  plate  and  lining  allows  sand  to  pass  through  and 
insinuate  itself  between  the  martin  and  the  stone 
which  is  bein','  ground.     A  runner. 

Mar'tin-et';  Mart'net.  {Naatieal.)  A  small 
line  on  the  leach  of  a  sail,  to  assi.st  in  handling  it  in 
furling. 

Mar'tin-gale.  1.  {Nautical.)  a.  A  lower  stay  for 
ihe  jib-boom  qv  flijinrj  jib-boom. 

The  martingale  of  the  former  passes  from  the  end 
of  the  jib-boom  to  the  dolphin-striker,  and  is  set  up 
by  settiiuj  taat  the  back-ropes  of  the  latter. 

The  Jiijinrj  jib-boom  ttwrtini/alc  passes  from  the  end 
of  the  spar,  is  rove  through  the  end  of  the  dolphin- 
striker,  and  is  set  up  in  the  head  of  the  ship. 

b.  A  perpendicular  spar  under  the  bowsprit  end, 
for  guying  down  the  headstays  of  a  ship. 

2.  {Harness.)  -A.  strap  from  the  nose-ban<l  to  the 
girth,  to  keep  a  horse  from  throwing  the  head  or 
rearing. 

Or,  a  strap  passing  from  the  girth  or  belly-band 
and  forking  in  front  of  the  chest ;  at  the  ends  of  the 
bifurcations  are  two  rings  for  the  reins. 

Mar'tin's  Shells.  (Ordnance.)  Cast-iron  spher- 
ical shells,  lined  with  loam  ami  cow-hair  and  filled 
with  molten  iron.      Used  as  an  incendiary  shell. 

Marv'er.  (G/ass-makinc/.)  From  the  French 
inarbre,  marble,  a  slab  of  that  material  being  for- 
merly used.  A  slab  of  marble  or  cast-iron,  with  a 
polished  surface  and  supported  by  a  stand.  Upon 
it  glass  is  rolled  to  give  it  a  cylindrical  shape.  Sec 
Gl.vss-blowing.  It  sometimes  has  concavities  for 
shaping  glassware  when  blowing. 

Mash.  Crushed  or  ground  grain,  malt,  or  a  mix- 
ture of  the  two,  stee]>ed  in  hot  water  so  as  to  obtain 
an  infusion  consisting  of  the  saccharine  portions. 
The  resulting  solution  is  ivort,  and  when  decocted 
with  hops  and  fermented  it  becomes  beer  ;  when  sim- 
ply fermented,  it  is  wash  for  ilistillation. 

The  ma^h  of  the  Scotch  distillers  is  made  of  40 


bushels  of  ground  barley,  and  20  of  crushed  malt ;  this 
is  infused  in  750  gallons  of  water,  at  150°  Fab.,  for 
from  1  to  4  hours,  and  stirred.  500  gallons  of  water 
at  190°  to  205°  are  admitted  at  intervals,  to  keep  up 
the  heat.  After  mashing,  the  infusion  is  allowed  2 
hours  to  settle,  and  is  then  decanted. 

The  grains  are  repeatedly  washed  to  extract  solu- 
ble matter,  the  resulting  liipiid  being  boiled  down 
or  used  as  a  steeping  liipiid  in  future  boilings. 

Mash-cool'er.  A  stirring-trough  in  which  mash 
or  wort  are  stirred  to  expedite  the  cooling.     The  ro- 

Fig.  3076. 


Mash  or  Beer  Cooler. 

tary  vertical  shaft  has  its  fans  and  stirrers  ;  the  for- 
mer cause  a  circulation  of  air,  and  the  latter  stir 
the  contents  of  the  shallow  circular  tub. 

In  Fig.  3077,  coils  of  cold-water  pipes  are  sup- 
plied from  an  axial  pipe,  and  dischai-ge  into  an  an- 
nular chamber  around  the  axis.    The  constant  stream 

Kg.  3077. 


Mash- Cooler. 

of  water  keeps  the  coils  cool  as  they  revolve  in  the 
mash. 

Mash'ing.  Making  an  infusion  of  malt  (called 
loort)  by  steeping  and  stirring  in  hot  water.  In  the 
manufacture  of  vinegar,  the  cooled  leort  is  fermented 
to  form  nutlt-wash  or  ffyle,  which  is  acetified  hy  field- 
inei  or  slovinq. 

Mash-tun.  (Brcvnng.)  The  vat  or  cask  in  which 
malt  is  steeped,  and  from  which  the  saccharine  solu- 
tion is  drawn.     A  mash-tub. 

Pliny  tells  us  that  the  Egyptians  made  barley 
wine,  because  their  country,  being  subject  to  peiiod- 
ieal  overflow,  was  not  .suitable  for  grapes.  The  Gauls 
also  made  beer,  and,  the  same  historian  informs  us, 


MASH-TUN. 
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were  the  fii-st  to  use  yeast  for  raising  dough  for 
bread.  Tlie  "froth  of  their  barley  wine,"  he  calls  it. 
This  was  i>robal)ly  twelve  or  fifteen  centuries  before 
the  people  added  an  infusion  of  hops  to  the  wort. 

Yeast  is  said  to  have  been  fii-st  used  in  England 
for  bread-making  in  1550. 

Fig.  3078  shows  a  form  of  mash-tub  which  has 

Fig.  3078. 


Mash- Tun  witk  StirT'TS. 


rotating  and  revolving  stirrere  at  the  ends  of  an  ami 
wliich  is  revolved  by  means  of  gear-wheels. 

Fig.  3079  shows  a  compound  tub  for  the  use  of 


Fig.  3079 


Compound  l\Iasli-Tun. 

corn-meal  with  nialt  in  making  beer,  or  for  mashing 
corn-meal  to  make  wash  for  distilling. 

The  small  tub  B  is  placed  higher  than  the  large 
tub  A,  and  is  filled  with  water  confainijig  a  quan- 

Fig.  3080. 


Mash-  Tun. 


tity  of  com-meal  equal  to  the  quantity  of  malt  in 
the  large  tub  A.  Steam  is  adniitted  to  B  through 
perforations  in  the  coiled  ])ipe  E  at  its  bottom,  until 
the  corn-meal  is  entirely  dissolved  and  the  liquid  is 
clear,  like  sirup.  The  liquid  is  then  drawn  oti'  into 
A  throxigh  pipe  t',  the  Huid  mass  being  kept  all  the 
time  in  motion  by  the  stirrers. 

In  Fig.  3080  the  vertical  shaft  of  the  rake  is  hol- 
low, as  are  also  the  arms  ;  through  perforations  in 
the  latter  a  current  of  air  and  steam  is  poured  for 
the  purpo.se  of  boiling  the  wort,  and  .subsequently 
a  refrigerated  stream  of  air  for  the  purpose  of  cooling 
it.  A  stationary  perforated  pipe  in  the  vat  may  be 
the  medium  of  conveying  the  currents  aforesaid. 

Mask.     1.   A  face  covering. 

a.  A  wire  cage  to  protect  the  face  from  a  stray  cut 
or  thrust  with  a  foil  in  fencing. 

b.  A  face  covering  of  a  hu-  ^>6-  3081. 
morons  or  other  character  as  a 
di.sguise. 

c.  A  face  protection  to  be  worn 
in  glass-works  or  foundries,  to 
protect  against  radiant  heat. 

d.  A  face  covering  with 
means  of  arresting  particles 
metal  in  dry  grinding. 

e.  A  form  of  inhaler  win.  li  ' 
covers  the  face  and   afford--   ;i                  r^      ^ 
wholesome  atmosphere  to  miners         '^iSL^^^^ 
or  firemen  in  positions  of  dan-        Fencing-Mask. 
gcr.     See  iNHALEE. 

2.  (Fortification.)  A  cover  of  gabions  or  earth  to 
protect  workmen  in  constructing  a  battery  ;  or  a 
screen  for  a  battery. 

Masked  Bat'ter-y.  {Fortification.)  A  battery 
concealeil  from  the  view  of  the  enemy  by  mantlets, 
bushes,  or  other  screen. 

Ma'son-ry.  The  art  of  so  arranging  stones  or 
brick  as  to  produce  a  regular  construction. 

The  masonry  of  the  ancient  Egyptians  was  re- 
markable for  the  large  size  of  the  stones  employed, 
sometimes  as  much  as  thirty  feet  in  length.  They 
w^ere  laid  without  mortar. 

The  Cyclopean  or  earlier  masonry  of  the  Greeks, 
some  remains  of  which  exist  in  the  walls  of  Mycena.' 
and  Tiryns,  was  foi-med  of  large  and  ifregularly 
shaped  ma.sses  of  stone,  the  interstices  being  filled 
with  smaller  stones.  Tyrrhenian  or  Etruscan  ma- 
sonry is  also  composed  of  similar  stones,  but  so  fitted 
together  as  not  to  admit  of  sm.aller  stones  between 
them.  The  more  ancient  remains  of  Greece  and  It,aly 
afford  examples  of  this  kind  of  masonry.  Peru  also 
affords  remarkable  instances  of  cyclopean  masonry. 

To  this  succeeded  the  practice  of  making  the  beds 
horizontal  or  nearly  so,  but  the  vertical  joints  were 
irregular.  All  the  preceding  were  hud  without  mor- 
tar. The  Pluenician  ashlar  masonry  is  known  by 
its  bevel,  and  the  specimens  uncovered  at  Jerusalem 
are  of  surpassing  interest. 

The  Greeks  and  Romans  used  several  methods  for 
walling,  as  the  opus  inccrtiim.  A,  Fig.  3082  ;  B, 
o})us  reticulation,  fornjcd  of  square  stones  laid  diag- 
onally ;  C,  isodomon,  in  which  tlie  courses  were  of 
ei|ual  bight  ;  D,  pscvdisodmnon,  in  which  they  were 
unequal ;  E,  Greek  emplcdum  :  F,  Roman  cmplectum, 
of  coursed  work  on  the  outside,  the  interior  being  of 
rubble.  In  these  the  stones  were  small  and  laid  in 
mortar.  Where  large  stones  were  used,  no  mortar 
was  employed.  The  Roman  emplectum  found  in 
England  has  sometimes  coui-ses  of  tiles  built  in,  as 
shown  at  G,  H  represents  wide-jointed  masonrj-, 
and  /  a  combination  of  wide  and  close  joints. 

In  a  few  of  the  earlier  English  buililings,  considered 
by  some  to  be  Saxon,  the  quoins,  the  door  and  win- 
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daw  jambs,  and  occasionally  some  other  parts,  were 
formed  of  stones  alternately  laid  Hat  and  set  up  end- 
wise ;  the  latter  were  usually  much  longer  than  the 
others.     This  is  termed  long  and  short  work  (J). 


III    I      I 
I  III  I- 


The  various  kinds  of  masonry  employed  in  modern 
practice  may  be  divided  into  three  principal  classes  : 

Rubble  work  (L),  in  which  the  stones  are  not 
squared. 

Coursed  icork  (M),  in  which  the  stones  are  squared 
more  or  less  and  set  in  courses. 

Asliltir  (X),  when  each  stone  is  scjuared  and  dressed 
to  given  dimensions. 

U,  rubble  with  cut-stone  plinth,  quoins,  piers, 
and  coping. 

P,  ashlar  facing  filled  in  with  rubble. 

Q.  The  stones  of  equal  thickness  laid  alternately 
header  and  stretcher.  The  length  of  each  stone  is 
double'its  width. 

R,  a  kind  of  masonry  met  with  in  Italy,  composed 
of  alternate  courses  of  headers  and  stretchers. 

The  following  are  some  of  the  technical  terms  era- 
ployed  to  designate  various  species  of  mason-work. 

Dressing  is  the  woi-king  on  the  faces  and  beds. 

Plane-ashlar  ;  rubbed  .smooth. 

Hainmer-dresscd ;  squared  and  picked  by  the 
hammer. 

Broached  ;  hewn  by  mallet  and  i-hisel. 

Tooled  or  drove ;  the  surface  worked  in  parallel 
flutes. 

Random-tooled  ;  the  tooling  irregular. 

Biiusfcd  or  chiseled  ;  wrought  by  a  narrow  chisel. 

Kigii'd :  dressed  with  a  pick  or  pointed  hammer. 

Routjh  ;  a.\ed  on  the  face. 

Rubble ;  a  filling  in  with  irregular  stone. 

Bowlder  :  made  U]i  of  rounded  un  wrought  stones. 

Parpoint ;  squared  stones  laid  in  courses,  with 
courses  of  lieadcrs  at  intervals  of  say  five  feet. 

The  largest  stones  ever  jilaced  in  a  wall  by  the 
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In  the  Norman  period,  herriwi-bonc  work  (K)  was 
frequently  em]iloyed  in  rubble  walls. 

The  stones  used  during  the  Middle  Ages  were  sel- 
dom larger  than  could  be  lifted  by  two  or  three  men.  |  Work. 


Stone  at  Baa^bfk. 


hand  of  man  are  proliably  those  in  the  foundations 
of  the  west  and  n(nth  sides  of  the  temple  of  Baal- 
bek.    Tliomi).'-on  says  :  — 

"  The  first  tier  above  ground  consists  of  stones  of 
different  lengths,  but  all  above  12  feet  thick  and  the 
same  in  widtli.  Then  come  three  stones,  each  more 
than  63  feet  long.  One  of  them  lies  in  the  quarry, 
where  it  can  be  viewed  all  round  and  measured  easi- 
ly. It  is  14  X  16  and  69  feet  long.  It  is  U  miles 
distant  from  the  teujple."  The  stones  are  so  well 
squared  and  jointed  that  it  is  difficult  to  find  the 
crack,  which  indeed  will  not  admit  the  blade  of  a 
knife.  Dr.  Thom]ison  states  he  quite  overlooked  it 
at  first,  and  sujijiosed  the  stone  to  be  120  feet  long. 

The  foundation  is  much  older  than  the  Creek 
temi)le  wbieli  was  built  ujion  it  and  occu]iies  a  por- 
tion oidy  of  the  area.  The  stones  of  the  foimer 
building  are  believed  to  have  been  cut  up  to  form 
the  shafts,  capitals,  etc.,  of  the  Corinthian  temple 
subsequently  built.  The  original  was  piobably  tile 
work  of  that  great  Asiatic  nation  of  which  the  Phce- 
nieian  people  was  an  outlying  branch,  and  possibly 
Araliin  the  home. 

Ma'son's    and    Brick'lay-er's    Tools    and 
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Abaciscus. 
Abamurua. 
Abreuvoir. 

Abutment. 

Acisculus. 

Aiguille. 

Alabaster. 

Amandola. 

AOCOD. 

Arch. 
Archivolt. 

Ashlar. 

Assize. 

Backer. 

Backiug- 

B;Kligcon. 

Ranker. 

Barge  course. 

Ban 

B  irrel  vault. 

Bat 

Batter. 

Beam-filling- 

Bed 

Bedding-stonp. 

Belt, 

Bt^ton. 

Blocking-course. 

Blue  turquin. 

Boaster. 

Boasting-chisel. 

Bond. 

Bond-."  tone. 

Bond-timber. 

Border-stone. 

Boss. 

Boscage. 

Bow. 

Bowlder- wall. 

Breast- wall. 

Breccia. 

Brick-axe. 

Bricklayer's  hammer. 

Brick-noigiug 

Brick-trimmer. 

Bridge-Hitone. 

Broad-stoue. 

Brocatelle. 

Burin - 

Bu.sih- hammer. 

Camber-slip. 

Cantilever. 

Cement. 

Chain-bond. 

Cham  fre  ting 

Channeling-machine. 

Channel-iron. 

C  barring-chisel. 

Chisel  in  martelino. 

Ciborium. 

Ciper-tunnel. 

Civery. 

Clinker. 

Clo'er. 

Clustered  arch 

Cob -wall. 

Coffer -work. 

Columbaria. 

Commissure. 

Concrete. 

Coping. 

Corbel 

Corbel- table. 

Cordon. 

Counter- fort, 

Countermure 

Counter-vault- 

Countess. 

Course. 

Coursed  masonry- 

Coursed-rubble  misonrv 

Coussinet. 

Cover. 

Coving. 

Greasing. 

Crest-tile. 

Cresting. 

Cross-bond. 

Cross-springer 

Crypt. 

Curb. 

Cushion. 

Cut-splay . 

Cut-stone. 

Dead-flue. 

Dead- wall. 


Diatoni. 

Discharging-arch. 
■  Dog's- too  til. 
Dock. 

Door-stone. 
Dove. 

Dovetailing. 
Draft. 
Dressings. 
Drip-stone. 
Drum -curb. 
Dry  arch 
Dwarf-wall. 
Earth- table. 
Embattled. 
Embrasure. 
Em  p  lee  turn. 
Extrado>. 
Face-guard. 
Feather. 
Fireplace 

Fire-proof  structure. 
Flag-stone. 
Flat -band. 
Flint-wall. 
Float-stone. 
Footing. 
Fraise. 
Gable. 
Gaged-rib. 
Galets. 
Garreting. 
Gavel 

Geostatic  arch. 
Grading. 
Grouting. 
Hacking. 
Hack-barrow. 
Hmdsaw. 
Ilinging-buttress. 
Header. 

Heading-course. 
Heart-bond. 
Herring-bone. 
Hewn -stone. 
Hod 
Holing. 
Hook-tool. 
Houguette. 
Hydraulic  cement. 
Hydraulic  lime. 
Hydrostatic  arch. 
Impost. 
Incertum. 
Incrustation. 
Incrusted 
Intrados. 
Invert. 

Inverted  arch. 
Isodomon. 
Jack-arch. 
.Iamb 
Jasper. 
Joggle. 
Jointer 
Jointiag-nile. 
Kevel. 
Keystone 
Kinsh. 

Koapping- hammer. 

Knobbing. 

La^ng. 
Lapis  lazuli. 
Later. 

Lodgement. 

Ledger. 

I^evel 

Lewis. 

Liemes.  . 

Line-pin. 

Liner. 

Lockrand. 

Lunette. 

Lutheran. 

Lvchnoscope. 

Mallet. 

Mantel. 

Marble     Artificial 

Marble-cement. 

Marble-grinding  machine. 

Marhleizing  slate. 

Marble-pnli=hing  machine. 

Marble  relief-work. 

Marbles ,     Playing 

Marble-worker's  files. 

Marble-working. 


Marcus. 

Marinoratum. 

Marteline  chi?el. 

Marteline  hammer. 

Martin. 

Mason  rj-. 

Matrix. 

Moellon. 

Monolith. 

Mortar. 

Mortar-tempering  machine. 

Mullion. 

Nigged  ashlar. 

Nog. 

Obelisk. 

Off-set. 

Opus, 

Paros  marble. 

Parpoint-work. 

Parting-tool. 

Party -wall. 

Perbend. 

Pick-hammer. 

Piel. 

Pietra  dura. 

Pinning-in. 

Pise  work. 

Pitch. 

Pitched  work. 

Plaster. 

Plinth. 

Plug  and  feather. 

Plumb. 

Point. 

Pointer. 

Pointing. 

Porphyry. 

Poyntel. 

Pozzuolana. 

Protean-stone 

P.^eudisodomon. 

Pudding-stone. 

Pugging. 

Puncheon. 

Put^log. 

Quarrel. 

Quarrjing. 

Quoin. 

Raker. 

Raking-piece. 

Rograting. 

Relieving-arcli 

Reredos. 

lletaining-wall 

Reticulated  wall. 

Keticulatum. 

Keveal 

Revetment. 

Ridge-tile 

Ripper. 

Ripping-bed. 

Rip-rap. 

Rock-drill. 

Rough-cut. 

Round-nose  chisel. 

Rubbing-stone. 

Rubble  masonry. 

Runner. 

Rustication. 

Rustic  quoin. 

Rustic  work. 

Saddle-back. 

Sagitta. 

Scabbling-hammer. 

Scagliola. 

Scantling. 

Seapple. 

Scarcement. 

Scraper. 

Pcrew-plate 

Segmental  arch. 

Seuiicircular  arch. 


Serpentine. 

Set-off. 

Sevcry. 

Skew. 

Skew-back. 

Skiffling. 

Slab. 

Slate. 

Slate-cutter. 

Slate-making  machine. 

Slate-pencil. 

Slate- trimming  machine. 

Slatt. 

Slushed. 

Soffit. 

Spall. 

Span. 

Spandrel. 

Spandrel-wall. 

Spire. 

Springing 

Square. 

Squinch. 

Stabbing. 

Steening. 

Stereos 'atic  arch 

Stone.     Artificial 

Stone-axe 

Stone-boat. 
Stone- breaker. 

Stone  breaker's  hammer. 
Stone-bridge, 

Stone-channeling  machini.' 

Stone- cms  her. 

Stone-cutting. 

Stone-dre?sing  machine. 

Stone-drilling  machine. 

Stone-gatherer. 

Stone-grinding  machine. 

Stone-homnier. 

Stone-moldinir  machine. 

Stone-poli.shing  n  achine. 

Stone-prc.^erving. 

Stone-wiw. 

Stone- vessel. 

Stoneware 

Stmggling 

Straight-arch. 

Stretcher 

Stietching-course. 

String-course. 

Stucco. 

Sumn-er 

Terrssse. 

Te.=.'elated  paven-ect. 

Testing-machine. 

Throjit. 

Through-stone. 

Tie-wall. 

Tile 

Tife-crca«ing. 

Tile-machine. 

Tin -saw. 

Toe  ling. 

Toothing. 

Trapezoidal  wall. 

Trass. 

Travertine 

Underpinning 

Undersetting. 

Vault. 

Vault-cover. 

Vault-light. 

Veneering-marble. 

Vise. 

Voussoir 

Water-table 

AVall. 

Wing- wall. 

Withe. 

Wooi-brick. 

\Vorm. 


Ma'son's-lev'el.     A  plummet-level. 
Mas'si-cot.     {Ola,ss.)     The  manufacturer's  name 
j  for   the   protoxide   of  lead   used   in   making   flint- 
glass. 

Mas-sool'a-boat.     (Xaufical.)     A  hoat  of  the 

Coromantlel   const,   adapted  to  be   beached   on   the 

suvf-beaten  shore.     The  planlcs  are  sewed   together 

'  with  coir,  over  wads  of  coir  which  pre.'^s  upon  the 

I  .seams.     They  are  30  to  35  feet  long,  10  to  11  fet-t 

I  beam,  7  to  8  feet  deep,  and  are  rowed  by  12  iimn, 
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oara  double-banked,  and  a  steersman  with  an  oar  at 

the  .stern. 

Mast.  (Nautical.)  A  long  .spar  placed  amid- 
shij),  nearly  pei-pendicularly  upon  the  keelson,  and 
.serving  to  support  the  yards  and  gaffs  to  which  the 
sails  are  bent. 

Masts  are  known  by  a  variety  of  terms  which  de- 
line  their  position  or  relation. 

A  mast  consisting  of  one  piece  is  a  jmle-mast. 

Masts  are  also  known  as  single-tree  ma.sts  or  m«de 
inasts. 

Masts  for  large  vessels  are  composed  of  several 
|iieees,  about  1  foot  square,  with  rounded  segmental 
lengths  on  the  outside,  and  the  whole  encircled  at 
intervals  by  hoops.  The  middle  tree  is  the  spindle. 
The  fishes  are  the  side-trees. 

With  two  masts  :  the  larger  is  the  maiii-mast,  the 
smaller  is  the/occ-mast  or  the  7»,i>;:<;n-mast,  accord- 
ing to  its  position  relatively  to  the  main-mast. 

Fig.  3084. 


C(/  S/i'p 


This  rule  is  thus  stated  by  the  authorities,  but  is 
not  alwavs  adhered  to  in  practice. 

Brii/s,  by  this  rule,  have  fore  and  viain  masts. 

The  Icelch,  brigmitiiie,  and  schooner  have  main  and 
mizzen  masts. 

With  three  masts  :  they  are  called  fore,  main, 
mizzen. 

With  four  masts :  they  are  called  fore,  main, 
main-mizzcn,  bonavcnlure-mizzcn. 

The  proportions  of  the  different  masts  to  each 
other  are  about  as,  — 

Mizzen,  7  ;  main,  10  ;  fore,  9. 

The  portions  of  a  mast  consisting  of  several  spars 
are  termed,  — 

The  lower-mast,  top-mast,  top-gallant  mast,  royal- 
mnst. 

The  hight  of  a  lower-mast  has  three  subdivisions : 

The  hoiming  ;  from  tlu^  heel  to  the  upper  deck. 

The  hounding  ;  from  the  deck  to  the  hounds. 

The  head ;  from  the  hounds  to  the  cap. 

The  heel  of  a  ma.st  is  its  lower  end,  and  rests  in 
the  step  on  the  keelson. 

At  the  deck  it  is  supported  by  cartings  and  beam.i. 

Above  the  deck  are  cleats  called  partners,  which 
form  a  rim  around  the  deck-opening. 

At  the  hounds  the  rigging  is  secured  to  the  mast. 
The  mast  is  stayed  by  fore-stays,  backstays,  and 
shrond.-i. 

The  head  is  the  portion  to  which  the  lower  end  of 
the  topmast  is  .secured. 


The  cap  is  the  block  at  the  head  of  a  mast,  which 
forms  a  yoke  for  the  attachment  of  the  upper  mast 
thereto. 

The  hounds  are  cheeks  supporting  the  trestle-trees. 
The  trestle-trees  are  fore  and  aft  timbers  to  sup- 
port the  top. 

The  cross-trees  are  timbers  lying  athwartship  and 
scored  down  upon  the  trestlc-trccs. 

The  tap  is  a  Hat  platform  to  spread  the  shrouds  of 
the  upper  mast,  and  for  other  purposes. 

On  the  sides  of  the  top  are  futtock-plnles,  having 
holes  through  which  pass  i\w  futtock-shrouds,  whose 
lower  ends  are, .secured  to  the  ehain-neiklaces  on  the 
mast  below  the  hounds. 

The  fid  is  a  transverse  key  passing  through  the 
heel  of  the  topmast  and  resting  on  the  trestle -trees. 

Iron  masts  are  made  hollow,  the  plates  of  the  shell 
being  siugle-riveted  at  the  longitudinal  joints  and 
double-riveted  at  the  circular  joints.     Internal  stifi'- 
ening  riljs  and  braces 
prevent    flexure,    col- 
lapse, or  torsion. 

Tripod  masts,  in- 
vented by  Captain 
Coles,  English  Navy, 
have  three  diverging 
legs,  and  obviate  the 
use  of  standing  rig- 
ging- 

A  trysail-m&at  is  a 
small  mast  abaft  the 
mizzen  to  cany  a  gaff. 
A  spcueer-n\i\^t  is  a 
similar  spar,  abafi  the 
fore  or  the  main  mast. 
A  jigger  is  a  small 
mast,  erected  on  the 
stern  of  a  yawl,  a  ves- 
.sel  whose  rig  in  other 
respects  is  that  of  a 
cutter. 

Fig.  3084  shows  the 
various  s]iars  and  the 
most  im]iortant  ropes 

34,  mizzen-topsail  yard. 
3'),  mizzen-topgallunt  yard. 

36,  forestry. 

37.  fore-topmast  stay. 

35,  jib-stay. 
3'J,  fore-toppallant  stay. 

40,  tlying-jib  stay. 

41,  fore-roval  stay. 

42,  fore-lifts. 

43,  fore-brace-«. 

44,  fore-topsjiil  lifts. 

45,  fore-top-ail  braces. 
40,  fore-topgallant  lifts 

47,  fore-topgallaut  braces. 

48,  fore-rigging. 

49,  fore-topmast  backstays. 

50,  fore-topgallant  liatkstays. 

51,  fore-royal  backstays. 

52,  niain-st.iy. 

53,  main-topmast  stay. 

54,  main-topgallant  stay. 

55,  main-royal  stay. 
66,  main-lift.s. 

20,  main-mast  cap  57,  main-braces. 

21,  main-topmast  trestle-trees.  58,  main-topsail  lifts. 

22,  main-topmast  cap.  59.  main-topsail  braces. 

23,  mi/,zen-mast  trestle-trees.      60,  main-topgallant  lifts. 

24,  mizzen-mast  cap.  61,  main-topgallant  braces. 
25,miz2en-topmast  trestle-trees. 62,  main-rigging 


of  a  full-rigged  ship. 

1,  bowsprit. 

2,  jib-boom    and    fljing-jib 
boom. 

3,  martingale-boom. 

4,  fore-ma.st. 

5,  fore-topmast 

6,  fore  topgallant  and  royal 
mast 

7,  main-mast 

8,  main-topmast. 

9,  main  topgallant  and  royal 
most. 

10,  mizzen-mast. 

11,  mizzen-topmast 

12,  mizzen  topg.illaDt  and  roy- 
al mast. 

13,  spxnker-gafF. 

14,  spanker-boom. 

15,  fore-nia,st  trestle-trfes. 

16,  fore-m.lst  cap 

17,  foi^  topmast  ti-estle-trees 

18,  fore-topnia.st  cap. 

19,  muin-ma-st  trestle-trees 


26,  mizzen-tflpmast  cap. 

27,  fore-yard. 

2H,  fore-topsail  yard. 

29,  fore-topgallant  yard. 

30,  main-yard. 

31,  main-topsail  yard. 

32,  main-topgallant  yard. 
38,  cross-jack  yard. 


63,  main-topmast  backstays. 

64,  main-topgallant  backstays. 

65,  main-royal  backstays. 

66,  cross-jack  lifts. 

67,  mizzen-topsail  lifts. 

68,  mizzen-topsail  braces. 

69,  mizzen-topgallant  lifts. 

70,  mizzen-topgallant  braces. 
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71,  mizzen-stay.  78,  ensigD-halliards. 

72,  mizzen-topmast  stay.  79,  spanker-peak  halliards. 

73,  mizzea-royal  stay.  80,  jib-boom  martingale-stay. 

74,  mizzen-shrouds.  81,  Hyiog  jib-boom  martinpile- 
76,  mizzen-topma'^t  backstays.       stay. 

76,  mizzen-ro.val  backstays.  82,  martingale  back-ropes. 

77,  spanker-vangs.  83,  bobstays. 

Guppy's  iiia-st,  English  patent,  1826,  consisted, 
instead  of  a  single  pole  ov  spar,  of  a  pair  of  spars 
stepped  into  the  ends  of  the  beams  and  uniting  at 
the  crosstrees,  forming  an  isosceles  triangle.  Being 
lunged  at  the  deck,  thty  were  designed  to  be  lowered 
fore  and  aft,  depending  for  their  stability  in  use 
upon  the  stays. 

Shuldham's  revolving  mast  (English  patent)  is 
capable  of  rotation,  so  as  to  present  the  sails  in  the 
required  direction  by  rotation  on  its  axis,  instead  of 
veering  the  yards. 

Here,  as  in  regard  to  many  other  subjects,  the 
Greeks  credit  Dsdahis  with  the  first  invention. 
How  many  centuries  previously  the  rivers  of  China, 
the  Ganges,  and  the  Nile  had  been  dotted  with  sail- 
ing craft,  it  is  im])ossible  to  say.  A  part  of  the  corn 
which  Joseph  collected  was  probably  brought  in 
sailing-vessels  to  the  depot,  over  400  years  before 
the  date  of  the  Athenian  mechanic. 

Icarus,  says  Pliny,  was  the  person  who  invented 
sails,  and  Doedaliis  the  mast  and  yards. 

The  ships  of  antii[uity  depended  more  upon  row- 
ers than  sails,  but  were  provided  with  masts  and 
sails  as  accessories.  Upon  the  Nile,  the  barges  were 
propelled  by  sails  generally,  excepting  that  numer- 
ous class  which  partook  of  the  character  of  rafts, 
were  floated  down  the  river,  carrying  ]»roduce,  and 
were  not  returned  up  stream.  One  mast  and  one 
sail,  the  latter  depending  from  a  yard,  is  the  general 
feature,  though  a  plurality  of  masts  was  not  uncom- 
mon, especially  with  large  vessels,  such  as  the  gal- 
ley built  by  Archimedes  for  Hiero  of  Syracuse.  It 
had  3  decks,  towers  on  the  bulwarks,  stables,  libra- 
ries, baths,  fish-ponds,  a  crew  of  600  men,  and  a 
main-mast  that  came  from  England.  This  was  about 
240  B.  c.  (See  Ship.)  Syracuse  was  captured  by 
Marcellus  212,  and  Archimedes  slain.  The  mast  is 
presumed  to  have  beim  brought  by  the  Phcenician 
or  Carthaginian  navigators  from  England,  as  those 
maritime  nations  were  yet  in  existence.  Poor  Tyre 
had  been  desolated  by  Alexander  100  years  before, 
but  the  people  dispersed  around  the  Mediterranean 
were  yet  active,  and  Carthage  had  not  fallen  before 
her  imperial  rival,  remorseless  Rome. 

In  the  time  of  Isaiah  the  masts  were  strengthened 
with  shrouds  from  the  d^'ck  or  bulwarks.  A  few 
years  later  we  read  that  the  Tyrians  obtained  cedar 
masts  from  Lebanon,  as  no  doubt  they  had  been  do- 
ing for  1,000  years  before  Ezekiel  wrote.  The  plank- 
ing of  the  vessels  was  "  fir-trees  of  Senir  "  (Hermoii), 
calked  by  men  of  Gebal  ;  the  oars  of  oak  from  Ba- 
shan  ;  the  rowers'  benches  of  ivory  from  the  "  Isles 
of  Chittim"  (.some  western  land  on  the  African  coa.st). 
The  sails  were  fine  linen  of  Egypt,  the  awnings  of 
purple  and  blue  fabric  "from  the  Isles  of  Elishah.'' 
Josephus  identifies  the  descemlants  of  Elishah,  the 
eldest  son  of  Javan,  with  the  ^oliaus.  So  Greece 
furnished  the  Tyrian  dye.  Lydia  of  Thyatira,  a 
seller  of  purple,  was  converted  A.  D.  53,  under  the 
preaching  of  Paul  of  Tarsus.  This  was  in  or  near 
the  ancient  iEolia,  so  that  the  local  profession  was 
yet  preserved. 

Mast-car'ling.  (Sliipbuikling.)  Large  timbers 
at  the  side  of  the  mast-rooms  that  are  left  deep 
enough  to  receive  the  cross-chocks. 

Mas'ter-key.  A  key  which  commands  many 
locks  of  a  certain  set,  the  keys  of  which  are  not  in- 
terchangeable among  themselves.    While  neither  one 


of  a  series  of  keys  fig.  3085. 

may  suffice  to  open 
any  lock  besides 
the  one  for  which 
it   was   construct-  {No.  i)  Master- Kry. 

ed,    a  master-key 

is  one  which  may  operate  any  one  of  the  set.  In 
the  annexed  series,  the  key  No.  4  is  master  of  the 
locks  fur  which  the  keys  Nos.  1,  2,  and  3  are  spe- 
cially constructed. 

Mas'ter-tap.     A  tap-screw. 

Mas'ter-Twlieel.  The  main  wheel  in  a  machine 
which  acts  as  a  driver  of  many  parts.  Such  is  the 
large  cog-wheel  in  a  liorse-power  which  imparts  mo- 
tion to  a  circular  system   of  pinions.     See  Horse- 

PtnVKK. 

Mast-hole.  (Shipbuilding.)  A  hole  in  the  deck 
to  receive  a  nmst.  It  is  of  larger  diameter  than  the 
mast  by  double  the  thickness  of  the  wedges  which 
hold  the  mast  in  position. 

Tlie  framing  of  the  mast-hole  consists  of  fore -mid- 
aft  partiiers,  cross-partners,  and  corner-chocks. 

Mast-hoop.     A  circular  band  to  which  the  luff 
of  a  fore-and-aft  sail  is  bent, 
and  which  slips  on  a  spar  in  ^'S-  3086 

raising  and  lowering.  In  the 
example,  the  hoop  is  composed 
partly  of  wooil  and  partly  of 
metal,  the  metallic  portion  be- 
ing provided  with  friction  roll-  / 
ers. 

Mas'ti-ca-tor.  1.  A  small 
m.achine  to  cut  up  meat  for 
aged  persons  or  those  who  have 
lost  their  teeth  or  the  power  of  Ma^-Hoop 

chewing.     It  is  screwed  to  the 

table  ;  the  food  is  fed  in  at  the  top,  and  a  crank  to 
which  a  number  of  shaqi  knives  are  attached  is 
turned  in  opposition  to  a  number  of  stationary 
ones.  Tliis  minces  the  food,  and  deposits  it  on  the 
plate  of  the  person.  Food  cut  up  in  this  manner 
retains  all  the  nourishing  qualities.     The  interior 


Fig.  3087. 


_^?-T:--=a. 


v^/'^:r'^^^^r"<'""''v^: 


of  this  machine  is  lined  with  porcelain,  and  is  e-AaWy 
kept  clean.  See  Me.4T-choi'Peu  ;  MK.\T-cuTTEr. ; 
Sai'.sage-machixe. 

2.  The  machine  which  kneads  the  raw  caoutchouc 
to  render  it  homogeneous. 

Mast'ing-shears.  A  hoisting  device  consisting 
of  two  spars  and  one  or  more  guys,  used  to  elevate 
masts  on  end  to  jiut  them  in  position  aboard  vessels, 
or  remove  them  from  vessels.     See  SnK.\KS.  > 

Mast-prop.  A  spar  forming  a  lateral  support 
for  a  mast  when  a  ship  is  careened. 

Mast-scrap'er.  A  tool  for  scraping  nia.sts  ;  it 
is  usually  a  triangular  plate  witli  an  edge  whose 
bevel  is  away  from  the  handle.  Its  edge  is  some- 
times jiartly  concave,  to  more  nearly  fit  the  contour 
of  the  mast. 

Mast-step.     A  socket  at  the  foot  of  a  mast. 
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Fig.  3088, 


Mast- Scraper. 


Mast-tack'le.  (Xautical.)  a.  Piirchases  used 
ill  [lutting  up  or  sending  clown  masts. 

b.  Purchasi-s  attached  to  tlie  mast  for  lifting  or 
lowering  boats,  getting  in  freight  or  stock,  bulky 
stores,  maeliiiiery,  blublier,  etc. 

Mast-trunk.  (Xautical.)  A  box,  in  small  ves- 
sels, ill  which  stands  the  mast. 

Mat.  1.  {Nautical.)  A  wad  of  woven  or 
thrummed  junk.  Used  to  secure  standing  rigging 
from  the  friction  of  yards  and  ropes. 

2.  (Domestic.)  a.  A  rug  of  straw,  rushes,  husks, 
coir,  junk,  hemp  ;  a  tufted  fabric  of  these  materials 
or  of  wool  ;  a  skin  with  the  hair  or  wool  on  ;  a  set 
of  slats,  etc.  Mats  are  for  cleaning  shoes  at  a  door  ; 
keeping  the  feet  from  a  cold  floor,  as  in  cars  or  halls, 
and  elsewhere  ;  covering  up  plants  against  frost,  etc. 

b.  A  small  piece  of  oil-cloth,  fabric,  or  worsted 
work,  to  place  beneath  a  hot  dish  or  wet  pitcher,  to 
preserve  the  polish  of  a  table. 

3.  {Photographij.)  An  ornamental  plate  or  passe- 
partout laid  over  a  daguerreotype,  etc.,  and  forming 
an  oval  or  other  symmetrical  border  to  the  ]>icture,  as 
well  as  keeping  the  plate  from  abrasion  by  the  glass. 

4.  (Metallurgy.)  An  alloy  of  metals  in  a  crude 
form,  in  the  process  of  reducing.     Malt,  matte. 

Match.  1.  A  splint  or  strip  of  combustible  ma- 
terial, usually  wood,  one  end  of  which  is  dipped  in 
a  composition  that  ignites  by  friction. 

The  earliest  and  most  primitive  way  of  obtaining 
fire  by  artificial  means  seems  to  have  been  that  still 
in  use  among  the  South-Sea-Islanders  and  other 
savage  tribes,  by  rubbing  two  sticks  of  dry  wood  to- 
gether. To  this  succeeded  the  flint,  steel,  and  tin- 
der-box, and  to  them  various  forms  of  friction- 
matches  and  chemical  devices. 

The  word  "matches"  recalls  to  our  memory  the 
slips  of  pine  with  their  ends  pointed  and  dii>ped  in 
brimstone.  This  was  the  old  associate  of  the  tinder- 
box,  with  its  flint  and  steel,  of  which  the  rising  gen- 
eration knows  nothing.  A  match  now  means  a  little 
square  or  round  splint  dipped  in  a  composition 
which  explodes  by  friction,  and  renders  the  flint, 
steel,  and  tinder  unnecessary.  Thei'e  were  several 
steps  in  the  progress  from  one  system  to  the  other, 
as  we  shall  see.  For  a  description  of  a  series  of  in- 
ventions which  preceded  vMtclies,   .see   Liohtixg- 

DEVICE.S. 

About  1820,  the  first  attempt  may  be  saiil  to  have 
originated  to  dispossess  the  old  flint  and  steel  dynas- 
ty, though  as  long  ago  as  1677  the  German  chemist 
Kra'it  had  indicated  the  uses  of  phosphorus  for  pro- 
curing light  or  fire.  Boyle,  at  this  period,  describes 
it  as  "  a  factitious,  self-.shining  substance,"  procur- 
able in  small  quantities  at  great  expenditure  of  time 
and  labor.  In  1680,  Godfrey  Hanckwitz,  at  his 
laboratory  in  Southampton  Street,  London,  manu- 
factured and  sold  large  quantities  of  phosphoras  for 
the  purpose  of  striking  light. 

About  1825,  the  hydrogen-lamp  was  invented  by 
Dobereiner,  a  German,  and  was  long  in  fSvor.  It 
consisted  of  a  piece  of  spongj-  platinum,  which  was 
rendered  incandescent  by  the  passage  of  hydrogen. 
See  HYDROfiKX-tAMP. 

About  the  same  time  we  hear  of  a  composition  of 
phosphorus  and  sulphur  placed  in  a  vial,  and  used 


by  dipping  a  match  and  then  rubbing  the  composi- 
tion on  the  cork  to  excite  ignition. 

Then  followed  the  match  dipped  successively  in 
sulphur  and  then  in  a  mixture  of  sugar  and  chlorate 
of  potash.  These  were  lighted  by  dipping  in  sul- 
phuric acid. 

The  "  Promethean  "  matches  were  made  of  a  roll 
of  paper  treated  with  sugar  and  chlorate  of  potash 
ami  a  small  cell  containing  sulphuric  acid.  This 
cell  was  broken  with  a  pair  of  pliers,  and  the  acid 
ignited  the  composition  liy  contact  therewith. 

Next  (about  183i)  we  find  the  "  Lucifers,"  which 
were  coated  with  a  mixture  of  snlphitle  of  antimony 
and  chlorate  of  potash  made  into  a  paste  with  gum- 
water,  and  ignited  by  drawing  between  the  surfaces 
a  folded  piece  of  sand-paper. 

The  "Congreve"  next  appeared,  in  which  phos- 
phorus was  substituted  for  sulphide  of  antimony. 

In  March,  1842,  Reuben  Partridge  patented  a  ma- 
chine for  making  splints. 

184,5,  Schibtter  of  Vienna  discovered  amorphous  oi' 
allotropic  pliosphorus,  which  rendered  the  manufac- 
ture less  unhealthy,  and  the  matches  less  dangerous. 

The  process  of  manufacture  is,  according  to  Tom- 
linsoii,  as  follows  :  — 

Thick  pine  planks  are  cut  into  blocks  by  a  circu- 
lar saw,  and  these  are  divided  into  splints  by  a  series 
of  lancets  in  a  reciprocating  frame,  which  score  the 
face  of  the  block  to  a  certain  di-ptli.  A  scythe- 
shaped  knife,  cutting  the  wliole  width  of  the  block, 
then  swings  round  and  severs  the  row  of  .sjilints. 
This  produces  square  matches. 

Circular  matches  are  made  by  pressing  the  block 
against  a  plate  having  circular  perforations,  the  in- 
terspaces between  which  are  beveled  so  as  to  foi'm 
cutting  edges. 

As  the  splints  fall  from  the  cutting-machine  they 
pass  down  a  shoot  into  an  ajiartment  below,  where 
they  are  tied  up  in  bundles  of  half  a  gross,  after 
which  they  are  dried  in  a  liot  room. 

iJacli  end  of  the  bundle  is  next  dijiped  in  a  pot  of 
melted  .sulphur,  and  another  string  is  tied  around  it, 
so  that  when  divided  by  the  circular  saw  two  com- 
plete liundles  are  formed.  They  are  now  dipped  in 
the  phosphorus  composition,  the  ingredients  of  which 
vary  somewhat  among  difl'erent  manufacturers,  but 
consist  essentially  of  nearly  equal  proportions  of 
phosphoru.s,  glue  or  gnni,  and  tine  sanil  (whiting  is 
preferable),  with  coloring  matter  added,  the  whole 
mixed  with  water.  Heat  is  a)iplied  in  incorporating 
the  materials,  and  the  vessel  containing  them  is 
maintained  at  a  temperature  of  98°  in  a  water-bath. 
The  composition  is  spread  on  a  steam-heated  slab. 
The  matches  are  prepared  for  dipping  by  inserting 
them  singly  in  a  perforated  frame  containing  fifty 
matches,  from  which  each  end  of  the  splint  projects. 
A  boy  then  takes  each  frame  and  presses  the  ends 
of  the  matches  upon  tlie  composition  on  the  slab. 
They  are  next  dried  and  boxed,  which  latter  opera- 
tion is  performed,  at  the  rate  of  3,000  boxes  per  day, 
by  little  girls.  Since  the  above  was  written  more 
expeditious  methods  have  been  adopted. 

The  modes  of  operation  in  the  fnited  States  differ 
somewhat  in  dift'erent  establishments.  The  whole 
work  is,  however,  done  by  machinery. 

By  one  mode  the  splints  are  cut  by  a  small  ma- 
chine containing  12  circular  cutters,  and  carried  by 
an  endless  chain  200  feet  long,  the  sides  of  which 
are  grooved  to  hold  them  to  the  sulphur-bath,  im- 
perfect splints  being  dislodged  on  the  passage  by  the 
upward  blow  of  a  small  hammer. 

A  wheel,  revolving  in  the  bath  of  molten  sulphur, 
gives  their  ends  a  coating  as  they  pass,  after  which 
they  are  carried  40  or  50  feet  farther,  where  a  similar 
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wheel  toUL-lies  their  ends  with  phosphorus.  They 
are  carried  liy  the  chain  about  an  equal  distance  on- 
waiil,  wliere  tlie  chain  passes  over  a  wlieel,  descend- 
ing perpenilicularly  to  the  trays  fur  receiving  the 
matches,  which,  as  they  arrive,  are  puslied  from  the 
chain  by  a  slider,  and  received  in  the  trays. 

Eight  of  these  machines  make  800  gi'oss,  14,400 
each,  of  matches  daily.  600,000  feet  of  pine  lum- 
ber, 250,000  feet  of  bass-wood  for  packing-cases,  300 
barrels  of  brimstone,  and  9,000  pounds  of  phospho- 
rus are  annually  consumed. 

JIakiug  the  splints  is  in  general  a  separate  branch 
of  the  manufacture,  as  they  can  ba  made  cheaper  by 
machinery  on  a  larger  scale.  See  Match-splint 
Machine. 

A  fectory  in  New  York  State  uses  annually  720,000 
feet  of  piue  for  matches,  and  400,000  feet  of  bass- 
wood  (linn)  for  c.a.ses  ;  of  sulphur  400  barrels,  ami 
phosphorus  9,000  pounds.  The  daily  consumption 
of  paper  is  500  pounds,  and  of  pasteboard  for  large 
boxes  3,000  pounds  weekly.  The  daily  consumption 
of  paste  is  produc.'d  from  66  pounds  of  tlour,  and 
the  one  cent  stamps  used  daily  foot  up  the  amount 
of  S  1,440. 

Some  matches  are  made  without  sulphur,  thus 
avoiding  the  offensive  smell  of  that  mineral.  X  Ger- 
man composition  for  this  purpose  consists  of  phos- 
phorus, 4  parts  ;  water,  10  ;  hue  glue,  6  ;  red  ocher 
or  red  lead,  5  ;  smalt,  2.  The  ingredients,  in  the 
order  named,  are  incorporated  with  the  liqueiied  glue 
to  form  a  paste. 

The  ends  of  the  splints  are,  in  some  cases,  dipped 
in  paraffine,  to  secure  more  ready  ignition. 

It  has  been  pro[)Osed  to  em])Ioy  sodium  instead  of 
phosi>liorus  in  the  manufacture  of  nuitches.  It  ig- 
nites as  easil}',  and  is  free  from  offensive  odors. 

A  scientific  journal  strongly  deprecates  the  idea, 
and  cautions  tlie  ])ublic  against  the  use,  as  sodium  is 
so  readily  o.xidized  as  to  burn  when  wetted. 

2.  {Ordnance  and  Mining.)  AsZou'-match  consists 
of  loosely  twisted  hempen  cord  dipped  in  a  solution 
of  saltpeter  and  lime-water.  It  burns  at  the  rate  of 
one  yard  in  three  hours. 

A  quick-match  is  cotton  coated  with  a  composition 
of  mealed  powder,  gum,  and  water.  When  not  confined 
it  burns  at  the  late  of  one  yard  in  thirteen  seconds. 

Another   quick-nuttch    is   made  of   cotton-wick 
boiled  in  saltpeter  and  water.     Alcohol    is   added 
to  the  warm  solution  ;  mealed  powder  is  added,  and 
the  wick  left  to  steep  for  24  hours.     The  match  is 
then  dried. 

Match-board'lng.  {Carpcnlnj.)  Boards  pro- 
vided with  tongues  and  grooves  on  the  respective 
edges,  so  as  to  drive  together  and  make  a  tight  joint. 
Used  in  siding,  flooring,  and  for  tight  cases. 


Matcb-bo:K  Ma-chine'.  In  Poirier's  machine 
the  bo.xes  are  made  of  ]iasteboard,  which  is  cut  into 
pieces  each  of  suitable  size  to  make  the  body  or  the 
top  of  a  box.  These  pieces  are  rectangular  in  fonn, 
but  are  rounded  at  the  angles.  They  are  introduced 
one  by  one  into  the  machine,  and  are  instantly  forced 
by  a  plunger  into  a  box-shaped  matrix  or  socket, 
where  they  receive  at  one  movement  the  form  de- 
sired. In  this  operation  the  corners,  in  which  the 
material  is  in  excess,  are  folded  over  on  the  sides,  and 
an  energetic  pressure  is  exerted  on  the  folds  bj-  means 
of  four  cams  ;  in  conse(juence  of  which  these  folds 
become  compacted  into  one  mass  with  the  sides  of 
the  box.     The  capacity  is  3,000  per  houi\ 

Match-cloth.    {Fuhrlr.)    A  coarse  woolen  cloth. 

Match-dip'ping  Ma-chine'.  Schmidt's  match- 
dipping  machine  at  the  Paris  Exposition  was  ar- 
ranged for  dipping  6,000  matches  in  four  minutes. 
The  splints,  propel  ly  cut  and  prepared,  are  received 
upon  a  horizontal  plate  or  table  grooved  to  the  size 
of  the  matches,  and  are  made  to  tall  into  the  grooves 
by  the  action  of  a  broad  brush  which  is  suspended 
above  the  table,  and  which  the  operator  moves  by 
means  of  a  pedal.  In  front  of  the  table  on  which 
the  matches  thus  arranged  lie,  is  a  frame  placed  ver- 
tically, which  is  designed  to  receive  a  number  of 
layers  of  matches,  one  above  another.  This  frame 
presents  immediately  before  the  row  of  matches  a 
narrow  receiving-plate  or  bed.  By  the  action  of  a 
second  pedal  the  woi-kman  causes  a  row  of  needles  to 
advance,  which  push  forward  the  matches  on  to  this 
plate,  and  are  retracted  by  a  spring.  The  matches 
are  pushed  beyond  the  eilge  of  the  receiving-plate 
just  so  far  as  may  suffice  for  dipping,  and  their  ends 
are  kept  separate  by  thin  partitions,  which  are  a 
fixed  part  of  the  machine.  The  frame,  which  has  a 
movement  up  and  down  in  guides,  is  then  depressed 
sufficiently  to  pemiit  another  receiving-plate  to  be 
laid  on  the  last  row  of  matches,  at  a  proper  level  to 
receive  an  additional  row  ;  and  this  process  goes  on 
until  sixty  lows,  eacli  containing  one  hundred 
matches,  have  been  piled  uji  in  the  frame.  The 
frame  is  then  locked  up  by  bringing  down  a  traverse 
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bar  at  the  top,  so  as  to  compress  tlie  whole  mass  and 
secure  it  in  place.  The  matches  are  thus  confined 
as  in  a  printer's  chase.  Tliey  are  tlien  evened  at 
their  end  like  type,  and  are  ready  for  ilipping.  — 
Dr.  Barnard's  lUporl  Purls  Exposition. 

Match-gear'ing.  {Gearing.)  Two  cog-wheels 
of  e(|ual  diameter  geared  together. 

Match-hook.  A  double  hook  or  pair  of  hooks 
in  which  one  j'ortion  forms  a  mousinij  for  the  other. 

Match'ing-ma-chine'.  A  wood-planing  ma- 
chine which  tonguesand  grooves  the  respective  edges 
of  a  board.     See  Molding-m.^chis'k. 

Match'ing-plane.     See  Match-plaxe. 

Match-lock.  The  form  of  gun-lock  which  pre- 
ceded the  wheel-lock  and  the  flint-lock.  It  had  a 
match,  whence  its  name,  which  was  presented  to  the 
priming.  Still  used  in  some  parts  of  Asia.  See 
Kevolvek. 

Match-mak'ing  Ma-chine'.  Young's  match- 
machine  cuts  tlie  splints  from  a  block  or  bolt  of 
wood,  sticks  them  singly  in  a  strip  of  thin  board, 
and  passes  them,  points  downward,  over  a  trough  or 
vat  containing  the  chemicals,  which  are  applied  and 
the  matches  completed  before  the  strip  leaves  the 
machine. 

Fig.  30S9  .shows  Young's  machine.  A  gate  car- 
ries a  set  of  boring  bits  above  and  as  many  cutters  g 
below-.  The  bits  are  geared  to  run  together  at  uni- 
form speed,  and  are  driven  by  belt  b  from  pulley  c. 
These  bits  are  to  bore  holes  in  the  strip  A,  into  which 
all  the  matches  are  stuck  as  soon  as  cut  from  bolt/. 
i  i  are  feed-wheels  to  bring  the  bolt  of  match  timber 
to  the  cutters,  k  is  a  steam-chamber  to  heat  chemi- 
cals and  char  the  end  of  the  splints 
as  they  jiass  over  the  block  m,  and 
11  n  are  cylinders  which  apply  chemi- 
cals to  the  splints  :is  they  pass. 

The  gate  which  carries  cutters  and 
bits  being  drawn  up,  the  block  is  fed 
under  the  knives,  which,  in  their  de- 
scent, cut  square  splints  from  the 
block.     The  strip  of  board  is  then  fed 
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under  the  bits  and  over  these  newly  cut  splints.  The 
bits  bore  a  hole  for  each  splint,  then  retreat,  and  bv 
the  farther  descent  of  the  gate  the  ends  of  the  splints 
are  forced  into  their  respective  holes  in  the  slip  h. 
The  farther  progiess  of  the  slip  applies  the  chemi- 
cals, tile  slip  advancing  one  row  of  matches  to  each 
descent  of  gate. 

After  the  matches  have  been  completed  by  the 
machine  and  dried  a  suitable  time,  they  can  be  re- 
moved from  the  strips  of  wood  and  packed  in  bo.xes, 
or  they  may  be  sold  adhering  to  their  backing,  in 
which  condition  they  are  known  as  block  matches. 

Fig.  3090  is  a  transverse  section  of  the  same  ma- 
chine. 

Match-planes.  A  pair  of  planes  making  a  tongiu- 
and  groove  respectively,  the  former  to  fit  the  latter. 
Used  in  making  tight  joints  on  meeting  edges  of 
boards. 


I  Adjustable  match-planes 
I  have  moving  fences  to  de-  ,_- 
terniine  the  distance  of  tlie  } 
tongue  or  the  groove  from  i— 
the  working  edges  of  the  re- 
spective boards.  For  varying 
widths  of  grooves  and  tongues  different  irons  are  used. 
Match-plate.  (Founding.)  A  jilate  upon  the 
opposite  sides  of  which  the  halves  ot  a  pattern  are 
placed  correspondingly,  to  facilitate  the  operation  of 
molding.  The  plate  is  placed  between  the  parts  of 
a  flask,  rammed  up  from  both  ?-ides,  and  removed, 
allowing  the  parts  to  come  together. 

Match-safe.  A  box  to  contain  matches  for  use. 
Usually  hung  up  near  a  gas-bracket  or  elsewhere 
within  ready  reach. 

Match-splint  Ma-chine'.  Matches  of  cylin- 
drical form  have  been  maile  by  compressing  the 
ijuadrangular  slifis  or  ilrawing  "the  wood  through 
holes  in  a  draw-plate.  The  Austrian  circular  match- 
es are  cut  from  planks  of  clean  grained  wood,  by 
means  of  hand-planes  carrying  a  series  of  steel  tubes, 
which  produce  long,  thin  splints  of  wood  of  circular 
section.     These  are  afterward  cut  into  lengths. 

In  Rimailho's  machine  the  block  of  wood  is  the 
length  of  the  match.  The  machine  has  a  slide  car- 
rying a  series  of  tubes  made  out  of  a  solid  piece  of 
steel  and  kept  sharp  at  their  edges  ;  a  frame  keeps 
the  wood  in  contact  with  the  tool.  The  slide  is 
moveil  rapidly  backwanl  and  forward  by  an  eccen- 
tric, and  cuts  a  row  of  matches  at  each  stroke,  each 
fresh  row  throwing  out  those  previously  made. 

Dc  IJowcn's  machine  consists  of  a  wheel  20  feet  in 
diameter,  and  6  feet  across  the  face,  supported  on  a 
frame  of  heavy  timbers,  and  resting  on  a  stone  foun- 
dation 25  X  12  feet  in  length  and  width,  and  5J  feet 
deep,  laid  in  cement.  This  ponderous  foundation  is 
required  in  order  to  maintain  the  necessary  accuracy 
and  steadiness  in  the  wheel,  which  makes  21  revo- 
lutions per  minute.  The  blocks  are  clamped  to  the 
face  of  the  wheel.  A  rest,  similar  to  that  of  an  iron 
lathe,  and  moved  to  the  right  or  left  in  like  manner,  is 
placed  in  front  of  the  breastof  the  wheel,  and 
carries  Ifi  annular  steel  cutters.  The  num- 
ber of  these  may  be  doubled  if  necessary. 

They  are  adjusted  so  as  to  face  the 
blocks,  and  as  the  wheel  revolves  each  cuts 
a  splint  out  of  the  wood,  which  drops  be- 
low. The  cutters  are  advanced  forward 
the  e.xact  thickness  of  a  .splint  at  each  rev- 
olution of  the  large  wheel,  until  they  have 
cut  through  the  thickness  of  the  blocks,  6, 
8,  or  10  inches,  when  they  are  brought 
back  to  their  original  position  by  turning 
a  wheel.  The  cutters  are  ailjnsted  to  cut 
the  splints  out  of  the  projections  left  be- 
tween the  corrugations  made  by  them  in  the  blocks 
at  the  preceding  revolution  of  the  wheel.  It  is  said 
that  each  machine,  with  16  cutters,  will  cut  86,400 
sticks  per  minute,  5,18-1,000  per  hour,  or  51,480,000 
in  a  working  day  of  10  hours. 

The  sticks  fall  from  the  cuttei-s  in  a  shower  into 
a  ti'ough  below,  through  which  pas,ses  a  belt  that 
carries  tliem  to  a  series  of  .shakers  having  latticed 
bottoms,  through  which  imperfect  sticks  and  pieces 
of  shavings  drop.  They  are  then  deposited  in  cases 
witli  latticed  bottoms  and  conveyed  to  the  drying- 
rooms,  where  the  boxes  are  jilaced  in  tiers,  three  or 
four  deep,  upon  steam-pijies  heated  to  a  temperature 
of  120°,  where  they  are  allowed  to  remain  a  day  and 
a  night,  efl'ectually  drying  the  wood.  After  drying 
they  are  arranged  in  parallel  rows  by  another  series 
of  shakers  and  packed  in  boxes.  They  are  then  ready 
for  shipment  to  the  manufacturers,  who  perform  the 
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(lipping  process,  that  being  a  separate  branch  of  the 
manufacture. 

Match-tub.  A  tub  about  eighteen  inches  high, 
in  wliich  a  .lilow-niatch  is  hung,  lire  downward. 

Match-w^heel.    A  cog-wheel  adapted  to  mesh 
into  or  work  with  another. 
Mat'rass.    (rharmacy.)    A  glass  vessel  with  a 
long  neck,  a  rounded 
Fig  3092.  body,  and  sometimes 

furnished  with  a  tu- 
bulure.  It  is  used  for 
distilling  and  digest- 
ing. 

Ma'trix.       1.     A 
mold  which  gives  form 
to   an    object   driven 
into  it  or  hardening 
Matrnsses.  therein,  as,  — 

a.  The  intaglio  or 
indented  device  for  a  coin,  either  engraved  or  pro- 
duced from  a  hub  on  which  tlie  design  has  been 
produced  in  relief.  The  mitrix  is  the  mold  into 
which  a  soft  steel  plug  is  driven,  and  which  is 
to  be  used  in  making  the  die  from  which  the  coin  is 
struck. 

The  series  is  as  follows  :  — 

1.  Tlie  engraved  hub  (canxeo). 

2.  The  matrix  (intaglio). 

3.  The  punch  (cameo). 

4.  The  die  (intaglio). 

5.  The  coin  (cameo).     See  Die. 

b.  A  bottom  die  or  bed. 

c.  The  mold  in  a  type-making  machine  which  gives 

the  form  to  the  letter  on  the  end  of  the  type. 
Fig.  3093.  The  letter  is  originally  engraved  on  the  end 
of  a  ])iece  of  steel,  which  is  subsequently 
hardened,  and  is  called  a  punch.  Tliu  pwich 
Is  used  to  impress  the  nii'rix.  ■ 

d.  The  plaster  mold  (in  intaglio)  obtained 
from  a  form  of  type,  and  used  to  obtain  an 
impression  (cameo)  in  type-metal,  known  as 
a  Stkiieotype  (which  see). 

e.  A  matri.x  in  paper  is  obtained  by  dab- 
bing down  upon  the  surface  of  the  type  suc- 

Matrix.  cessive  sheets  of  unsized,  thin  paper,  with 
occasional  layers  of  paste.  The  dabbing  is 
done  by  a  brush,  and  thus  the  paper  is  forced  into 
every  crevice  of  the  type.  The  matri.x  is  tl\en  dried 
and  used  similarly  to  a  plaster  mold.  If  intended 
for  a  tartle,  it  is  bent  into  cylindrical  form  before 
casting  the  metal  upon  it.  The  process  is  much 
used  in  newspaper  work. 

/.  A  mold  for  casting.  A  shape  in  which  anything 
is  formed. 

2.  The  gancjue  or  stony  substance  in  which  metal- 
liferous ores  are  formed,  associated,  or  imbedded. 

Matt.  1.  {Metiillurgj].)  A  mass  of  imperfectly 
reduced  metal  having  impurities,  mineral  and  me- 
tallic, as  in  the  case  of  copper.  See  Copper-fur- 
nace. 

2.  {Gilding.)  The  rfcrtrf  or  unburnished  surface  of 
gold,  when  the  gold-leaf  is  merely  pressed  upon  the 
size  and  is  not  rubbed  with  the  burnisher.  The 
dead  appeai'ance  of  portions  acts  as  a  foil  to  the  lus- 
trous surface  over  which  the  burnisher  has  passed. 
See  Gilding. 

Mat'ted-glass.  (Glass.)  A  mode  of  ornament- 
ing glass  for  windows,  in  which  the  surface  is  cov- 
ered with  a  very  fusible  powder,  either  opaque, 
white,  or  tinted.  This  being  removed  in  portions, 
the  glass  is  fired  and  the  composition  fi.xed,  giving 
a  bright  pattern  on  a  dull  ground. 

Substantially  the  same  etiVct  is  produced  by  paint- 
ing the  pattern  on  the  glass  with  an  asphaltum  var- 


nisli,  and  then  etching  the  surface  with  hydro- 
fluoric acid. 

By  a  similar  process  the  glass  bottles  of  the  che;n- 
ist  have  their  labels  ineffaceably  inscribed. 

Mat'ter.  {Printing.)  Type  composed.  It  is 
live,  standing,  or  dead,  according  as  it  is  ready  for 
use,  awaiting  re-use,  or  ready  for  distribution. 

Mat'ttng.  1.  Malting  is  made  of  hemp,  coir  (the 
fiber  covering  the  cocoa-nut),  jute  ;  also  of  rushes, 
hair,  grass,  palm-leaves,  etc.  The  India  matting  is 
made  of  a  peculiar  Oriental  grass.  Russia  matting 
of  bast  or  linden  bark.  Also  of  strips  of  black-wal- 
nut or  other  ornamental  wood,  with  wires  passing 
through  them  at  right  angles.  The  wooden  strips  are 
separated  by  elastic  washers  made  from  india-rubber 
tubing.  The  matting  can  be  rolled  up  into  a  com- 
pact form  for  transportation,  and  is  found  to  have 
superior  advantages  for  hallways  of  tenement -houses, 
street-cars,  reception-rooms  of  hotels,  railway  de- 
pots, etc. 

2.  Tlie  passepartout  over  a  picture.     A  mat. 

3.  {Gilding.)  Covering  plates  with  varnish  in 
gilding  on  water  size. 

4.  A  regular  rough  lusterless  surface. 
Mat'ting-loom.     (IP'eaving.)     One    in    which 

slats  are  introduced  into  tlie  shed  to  form  the  woof. 

Mat'ting-tool.  {Metal-working.)  A  kind  of 
chasing  tool,  employed  in  producing  a  regular  rough 
surface  on  an  object  ;  usually  in  the  lathe. 

Mat'tock.  An  implement  with  an  iron  head, 
having  blades  at  each  end  presented  in  different 
planes,  and  an  eye  in  the  middle  into  which  the 
handle  is  inserted  perpendicularly  to  the  head.  The 
cutting  edges  are  presented  like  those  of  an  axe  and 
an  adze  respectively. 

The  mattock,  jiick,  grubbing-hoe,  or  a  tool  sub- 
stantially similar  and  used  for  digging  and  grubbing, 
has  been  in  use  in  Egypt  and  Palestine  for  nearly 
4,000  years,  as  we  know,  and  probably  much  longer. 

The  Egyptian  hoe  of  the  time  of  the  Pharaohs 
was  a  large  wooden  implement,  and  answered  for 
mattock,  spade,  and  hoc.  It  had  a  single  head,  like 
the  surculus  simplex  of  Palladius,  in  contradistinc- 
tion to  the  bicomis,  or  two-bladed  tool,  which  re- 
sembled our  pick.     See  Hue. 

"  They  had  a  file  for  the  mattocks."  —  1  Samuel, 
xiii.  21  (1093  B.  c).  By  reference  to  Isaiah  vii.  25, 
it  appears  that  tlie  mattock  was  relied  upon  for 
grubbing  out  briers  and  thorns  as  at  present,  and 
the  pronged  hoes  of  the  Greeks  had  a  similar  duty  in 
addition  to  their  ordinary  use  in  preparing  the 
ground  fof  seed. 

Mat'tress.  A  padded  bed,  or  one  stuffed  and 
quilted  or  tied,  so  as  to  keep  the  stuffing  to  a  general 
thickness.  The  filling  is  hair,  moss,  sponge,  cotton, 
husk,  straw,  excelsior  (shredded  wood),  etc. 

An  elastic  bed-bottom  of  coiled  or  woven  wire. 

Maul.  A  large  wooden  hammer,  adapted  for 
driving  wedges,  and  sometimes  called  a  beetle.  (See 
M.\llet.  )  A  knot-maul  {x.  Fig.  3032)  is  made  of  a 
tough  jiiece  of  timber,  generally  a  knot  chopped  out 
of  the  side  of  a  log.  It  is  usnally  the  frustum  of  a 
cone,  the  handle  being  inserted  into  an  auger-liole 
bored  through  the  axis  and  fastened  by  a  wedge  at 
the  end. 

The  ring-maul  (;/,  Fig.  3032)  is  a  piece  of  a  tough 
stick,  gum,  dogwood,  hickory,  or  oak,  with  a  hole 
passing  transversely  through  it  for  the  handle,  and 
rings  upon  the  ends  to  prevent  splitting. 

The  iron-maul  {z.  Fig.  3032)  has  recessed  faces  to 
receive  disks  of  wood,  which  are  the  working  faces 
of  the  maul,  as  it  is  not  fit  that  the  iron  sliould 
touch  the  object  to  be  driven.  A  good  maul  is  a 
valuable  tool  ;  and  this  iron-head,  if  carefully  used. 


MAUL-STICK. 
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will  lust  a  long  tiniP,  the  wooden  faces  Tieing  burned 
out  wlu'ii  worn,  and  then  renewed. 

The  light  niaiU  of  the  United  States  artillery  ser- 
vice has  a  head  of  elm  or  hiekory,  6  inches  in  diam- 
eter and  8  inches  lonj; ;  handle  of  ash,  li  inches 
diameter,  24  inches  long  ;  an  iron  hoo]i  on  each  eml 
of  the  head  1  inch  wide,  J  inch  thick.  It  is  used 
for  driviTig  pickets.      Weight,  10  pounds. 

Maul-stick.  {Pdinlimj. )  A  wooden  rod  on  which 
an  artist  rests  the  right  hand  to  steady  it. 

Maun'dril.  {Miiibuf.)  A  prying  pick  with  two 
pron:^s. 

Max'i-mum  Ba-rom'e-ter.  A  barometer  hav- 
ing an  indicator  so  arranged  as  to  follow  the  move- 
ment of  tlie  mercury  up  to  the  highest  point  which 
it  may  reach,  and  there  remain  stationary  when  the 
mercury  recedes,  thus  showing  the  ma.xiiuum  hight 
of  the  column  and  conseq^ueut  maximum  of  pressure 
during  storms,  etc. 

Negretti  and  Zambras's  contrivance  for  this  pur- 

{lose  consists  in  jointing  to  the  longer  leg  of  a  sii)hou 
)arometer,  at  8  inches  frDm  its  top,  a  bent  glass  tuh:>, 
which  is  carried  up  for  6  inches  parallel  to  the  main 
tube,  joining  it  again  at  2  inches  from  the  top.  The 
mercury  flows  freely  in  and  out  of  this  tnbe,  main- 
taining the  same  level  as  that  in  the  larger  tulie. 
It  contains  a  small  piece  of  steel,  maintained  in  posi- 
tion by  line  glass  springs  ;  as  the  mercury  rises,  the 
steel  is  pushed  up,  but  remains  stationary  when  the 
mercury  descends.  A  similar  contrivance  in  the 
shorter  leg  shows  the  minimum  reading  of  the  ba- 
rometer. 

Maz'i-taum  Ther-mom'e-ter.  A  thermometer 
arranged  to  register  the  highest  point  reached  be- 
tween   observations,    as    Rutherford's.     See    Ther- 

MOMKTER. 

Meak.     X  hook  with  a  long  handle. 

Mealed  Poiw'der.  Gunpowder  pulverized  by 
treating  with  alcohol. 

Meal'er.     A  wooilen  rubber  for  mealing  powder. 

Meal-sieve.  (Domcsfic.)  One  for  sifting  corn- 
meil  and  Hour,  to  remove  portions  of  hulls  from  the 
former,  lumps  and  weavil  from  the  latter.    The  frame 


Meal-Sieve- 

which  rotates  above  the  foraminous  surface  of  the 
sieve  is  jourjjaled  in  a  frame  attached  by  a  clamp 
and  set  screw  to  tlie  e<lge  of  the  sieve. 

Meas'ure.  1.  A  quantity  assumed  as  a  unit. 
See  U.VIT. 

The  measures  of  antiquity  —  and  the  modern  have 
much  the  same  origin  —  are  derived  from  the  parts 
of  the  human  body. 

The  finger-breadth  {dirjilus). 

The  thumb-brr.adlh  (poflcv). 

The  pabn,  or  hand-lireadth  (palmus). 

The  upan,  or  distance  comprised  between  the  tips 
of  the  thumb  and  little  finger  when  extended. 

The  length  of  the  foot  (pes). 

The  distance  from  the  elbow  to  the  tip  of  the  mid- 
dle finger  [cubit). 

A  step  =  30  inches  {gracilis). 


Fig.  3095. 


Adjustable  Measure. 


\      A  double-step  or  pace  =  5  feet  (passus). 
I      The  reach  of  the  extended  arms  =  6  feet  (orgyia). 
I      The  inch  was  not  a  unit  of  measure,  but  is  the 
'  twcll'th  of  a  foot.     The  Greek  measures  were  deci- 
mal, the  Roman  duodecimal. 

The  intinerary  measure  of  distance  was  the  stadi- 
um, the  length  of  the  loot-race  course.  The  Olym- 
pic stadium  was  UOO  feet. 

The  Roman  measure  of  area  was  the  jugcrum  =  J 
of  an  acre  English.  Its  name  an<l  quantity  signify  that 
it  was  a  day's  work  for  a  yoke  of  oxen  in  plowing. 

The  mille  jiassmim,  or  1,000  paces,  was  the  com- 
mon name  of  the  Roman  mile. 

A  connnon  Roman  measure  for  land  was  the  lO-foot 
pole,  pcrtica  or  dcccmpcda. 

The  unit  of  measure  diti'ers  among  dill'erent  na- 
tions.    See  Unit  ;  Mkti:ic  System. 

Measures  of  merchandise  and  artificers'  woi'k  are 
according  to  custom  and  trade  :  the  yard  and  its 
fractions  for  woven  goods  ; 
the  fathom  for  rope  ;  the 
bushel,  peck,  and  gallon 
for  grain  and  roots  ;  the  | 
gallon  and  its  subdivisions 
for  liquids. 

Fig.  3095  is  a  measure 
with  a  bottom  adjustable 
for  different  quantities. 
Spring  catches  on  the  bot- 
tom are  operated  by  jiio- 
jections  beneath,  and  enter 
notches  in  the  sides  of  the 
cylinder  at  the  proper 
points. 

The  gallon,  quart,  and  ' 
pint  are  used  for  small 
measures  of  capacity.  For 
weight  we  have,  foolishly  enough,  several  kinds  of 
pounds  of  varying  weight,  the  avoirdupois  weighing 
7,000  grains  and  divided  into  16  ounces,  ami  the 
ounce  into  16  drams ;  the  Troy  pound  of  5,760  grains 
diviiled  into  12  ounces,  the  ounce  into  20  penny- 
weights, and  the  pennyweight  into  24  grains  ;  the 
apothecaries'  weight  of  5,760  grains,  divided  into  12 
ounces,  the  ounce  into  8 
drams,  the  dram  into  3  scru- 
ples, and  the  scruple  into  20 
grains.  The  grain  is  the 
constant.  See  books  on 
weights  and  measures,  Has- 
well's  "  Handbook,"  and  the 
specific  index  under  Me- 
ters. 

Among  measuring  devices 
are  those  known  as  rules, 
sticks,  tapes,  lines,  etc.  See 
also  lists  under  Gages,  C.\l- 
culating  and  measuring  i 
Insthumen'ts,  Dkafting 
AND  Mathematical  In- 
struments. 

Besides  these  may  be  sim- 
ply mentioned  measuring 
faucets,  funnels,  pumps, 
board,  cloth,  lumber,  sur- 
veyor's, tailor's,  tire  meas- 
ures, etc.  See  also  succeed- 
ing articles,  which  describe 
measuring  attachments  for 
tanks,  stills,  casks,  faucets, 
funnels,  tires,  etc. 

2.  (Joinery.)  Sirighmcas- 
lire  is  square  on  both  sides  ; 
double  measure   molded   on      Mrasurin^-Ai^immiiK.. 


Fig  3096. 
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both  sides  ;  measure  and  a  half,  molded  on  one  side, 
sijuare  on  the  other. 

3.  (iliniiiij.)    A  stratum  or  bed  of  coal. 

4.  (PrinliiHj.)  a.  The  space  in  a  composing-stick 
between  the  end  aud  the  slide.  The  length  of  a 
line. 

b.  The  width  of  a  column  or  of  a  page  of  type. 

Meas'ur-ing-ap'pa-ra'tus.  A  device  for  meas- 
urinj,'  liquid  in  transitu,  lu  Fig.  3096  the  Ihiuid 
flows  into  the  measuring-globe,  and  by  the  rotation 
of  the  faucet  is  shut  off  from  the  induction-pipe  and 
drawn  otf  by  the  eduction-faucet.  The  globe  is  of 
known  capacity,  and  the  successive  fillings  and  emp- 
tyings are  counted. 

Fig.  3097. 


Can-FiUer. 

Fig.  3097  is  a  device  for  filling  cans  of  given  ca- 
pacity. A  number  of  cans,  C  C  C,  stand  in  a  row, 
and  over  each  is  a  cham.ber  E  which  has  a  meas- 
ured capacity.  The  plug-levers  c  of  the  fill-cocks  of 
the  senes  of  measures  E  are  connected  together  so 
thatone  movement  opens 
or  closes  them  simulta- 
neously. The  discharge- 
cocks  K  are  similarly 
connected.  Whistles 
connected  with  the  tops 
of  the  measures  indicate 
by  the  passage  of  air  the 
flow  of  liquid  into  the 
measures.  Pivoted  fun- 
nels iV  gravitate  to  the 
mouths  of  the  cans  on 
their  presentation. 

In  Fig.  309S  the  two- 
way  cock  allows  the 
liquor  to  flow  alternately 
into  and  from  the  re- 
ceiver and  connects  with 
a  register.  The  receiver 
conminnicates  with  an 
air-chamber  above  it,  the 
compression  of  the  air 
balancing  the  weight  of 
liquor  and  assisting  to 
empty  the  receiver.  A 
pipe  communicates  from 
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Regisferhig  Menxitring- Appa- 
ratus. 


Fig.  3099. 


the  air-chamber  to  the  suppl3'-pipe  to  keep  up  the 
equilibrium  by  discharging  any  liquor  which  had 
entered  the  air-chamber 
when    the   pressure   of 
liipior  was  at  its  maxi- 
nium. 
Meas'ur-ing-chain. 

TheSURVEYOR'S-CHAIN 
(which  see). 

Meas'ur-ing  -  f au'- 
cet.  A  faucet  which 
measures  the  amount 
of  pa.ssing  liquid.  There 
are  several  types.  In 
Fig.  3099,  the  chamber 
being  in  a  position  to 
forinconnnunication  be- 
tween the  vessel  to  be 
drawn  from  and  the  in- 
terior of  the  flexible 
tube,  the  disk  is  i-aised 
so  as  to  draw  liquid  in- 
to said  tube,  —  the  dis- 


Measuring-Fa  ucet . 


charge  end  of  the  faucet  being,  in  the  mean  time, 
closed.  The  chamber  is  then  turned  so  as  to  reverse 
the  direction  of  the  tube's  communication  with  the 
faucet,  and,  the  disk  being  then  depressed,  the  meas- 
ured liquid  is  ejected  from  the  tube  through  the 
outer  end  of  the  faucet.  For  drawing  ort'  a  less 
quantity  than  the  capacity  of  the  flexible  chamber 
»i  m,  the  stem  i  is  graduated. 

Another  variety  has  a  piston  working  in  a  glass 

Fig.  3100. 


Piston- Faucet. 

cylinder  of  known  capacity.  The  liquid  included 
between  the  valve  and  piston  is  drawn  forward  to 
the  discharge  opening,  which  is  unstopped  by  the 
motion  of  the  inner  sleeve. 

Fig.  3101. 


Baker''s  Measuring' Faucet 


MEASURING-FUNNEL. 
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Measuring-Funnel. 


Baker's  measuring  faucet  is  on  the  principle  of  the 
rotary  punjp.     An  eccentric  in  tlie  clianiber  is  re- 
volved by  a  crank,  and  the  sliding  piston  ejects  at 
each  revolution  the  known 
Fig.  3102.  contents  of  the  cylinder. 

A  register  on  top  keeps 
tally  of  the  revolutions. 

In   another   variety   of 
this  type,  two   cylinders 
J  work  together,  in  the  man- 
'  ner  of  Root's  blower,  pro- 
jections on  one  entering 
cavities  in  the  other,  and 
each  being  pac.ked  against 
its  own  portion  of  tlie  twin 
cylin<ler  inclosingthe  two. 
Meas'ur-ing-fun'nel. 
One   having    graduations 
to  indicate  nuantity  at  dif- 
ferent degrees  of  fullness. 
Eig.  3102  has  a  valve- 
stem,  on  which,  at  calcu- 
lated distances,  aie  small 
disks  indicating  the  ciuan- 
tity  of  liipiid  in  the  fun- 
nel at  ditiVrent  levels.     To  lift  or  close  the  valve, 
the  stem  is  turned  by  its  handle,  when  a  projection 
.  from  it  ascends  or  de- 

Fig.  3103.  scends     an    inclined 

slot  in  the  collar  as- 
cending from  the  bar. 
In  Fig.  3103,  the 
scale  is  marked  on  a 
bent  strip  which  clips 
the  side  of  the  vessel. 
The  stem  of  the  valve 
is  guided  in  a  project- 
ing bridge-piece,  and 
the  measure  stands 
upon  a  detachable 
base. 

Meas'ur-ing-ma- 
chine'.  An  instru- 
ment for  ascertaining 
length,  or  "  end  meas- 
urement, "  with  great 
exactness. 

Whitworth's  meas- 
uring-niachine,  which 
can  be  graduated  to 
the  one-millionth  part  of  an  inch,  is  shown  in  Fig. 
3104,  at  A  B  C. 

The  solid  bed  of  the  machine  a  is  carried  up  at 
the  ends  so  as  to  form  two  head-stocks.  A  V-shaiied 
groove  runs  from  one  of  the  head-stocks  to  the  other, 
and  in  tins  groove  the  square  bars  b  and  c  are  laid, 
as  is  also  the  standard  of  the  bar  rf,  of  which  the 
length  is  to  be  tested.  The  sides  of  the  groove  and 
of  the  bars  are  workeii  up  to  us  true  a  plane  as  (los- 
sible,  and  are  kept  at  right  angles  to  each  other. 
The  ends  of  the  bars  are  also  made  square  with  their 
sides  and  brought  to  true  jjlanes,  the  ends  being 
turned  down  to  present  circular  instead  of  square 
faces. 

Through  each  liead-stock  runs  an  accurately 
pitched  micrometer-screw,  by  which  b  and  c  are 
driven  along  the  groove.  The  screw  on  the  side  of 
b  has  exactly  20  threails  to  the  inch,  and  is  turned 
by  the  wheel  /,  the  circumference  of  which  is  divid- 
ed into  250  parts.  Consequently,  by  turning  the 
wheel  forward  one  division,  the  bar  is  moved  one 
five-thousandth  of  an  inch. 

The  other  screw  has  a  similar  thread,  is  driven  by 
a  worm-wheel  of  200  teeth,  into  which  gears  a  tan- 


Measurhig-Funnd. 


gent  screw  h,  having  fixed  upon  its  stem  the  gradu- 
ated wheel  g.  The  circumference  of  this  wheel  be- 
ing also  divided  into  250  parts,  a  movement  of  one 
division  correspomls  to  a  traverse  of  ^n  x  Yin  ^  Yhs 
=  one  millionth  of  an  iiudi  on  the  part  of  the  bar  c. 
Fi-Ked  poijiters  enable  the  exact  movement  of  wheels 
/or  g  to  be  read  otl',  so  that  this  extremely  minute 
difl'erence  in  tin;  length  of  any  bars  may  be  detect- 
eil,  provided  the  micrometer  screws  exert  an  equal 
pressure  in  every  case. 
This  equality  of  pressure  is  secured  by  a  very  sim- 


Fig.  3104. 


Measitnng-  Mack  ine. 

pie  and  beautiful  arrangement.  Between  one  ex- 
tremity of  the  bar  under  compaiison  and  the  slid- 
ing-bar  a  small  steel  piece,  with  true  parallel  sides, 
is  introduced.  This  ]iiece  is  called  the  feeler,  and 
its  endsc  e  rest  upon  two  suppoits  on  the  sides  of 
the  bed.  When  little  or  no  pressure  is  exerted  on 
the  bar  d,  the  feeler  falls  back  of  its  own  weight  if 
one  of  its  ends  be  raised.  A  very  slight  pressure 
prevents  this  falling  back,  and  the  friction  between 
this  piece  and  the  ends  of  the  Fig.  3105.  A 

bars    becomes    a    very    delicate  ^ 

measure  of  the  pressure  to  which 
it  is  subjected. 

l>.  Fig.  3104,  is  a  pocket-in- 
strument, made  to  measure  to 
one  thousandth  of  an  inch.  The 
screw  has  50  threads  to  an  inch, 
the  head  having  20  divisions  on 
the  circumference.  Consequent- 
ly, a  turn  of  the  head  through 
one  division  advances  the  screw 
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of  an  inch. 


Meas'ur-ing  -  pump.      One 

in  whicli  the  piston  operates  in 
a  chamber  of  known  capacity,  a 
train  of  wheels  and  dial  register- 
ing the  i>ulsations  of  the  piston. 
Meas'ur-ing-tape.     A   tape 

diviiled  into  inches  and  fractions,  . 

,        .,    ,  1  .     •  Measuring- \Vheei. 

and  coiled  around  an  axis  in  a 

box  ;  retracted  by  a  spring  or  winding  handle. 


MEASURING-WHEEL. 
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Faille's  American  steel-tape  measui-e  is  made  of  a 
steel  lilibou,  iliNiJeii  into  yards,  feet,  links,  or  some 
other  unit  of  measuremeut.  The  inetallio  ribbon 
has  many  advantages  over  that  made  of  linen,  in  re- 
spect of  its  not  being  all'ected  by  moisture,  or  liable 
to  e-\teiision  of  length  by  tension.  Measuring-tapes 
are  freciueiitly  accompanied  by  registering  devices, 
the  axis  of  the  tape  being  connected  to  a  set  of  gear- 
ing and  pointers  in  the  manner  descriljed  under 
AiiiTH.MOMETER  (which  See).  See  Paiue's  patents 
of  IStiO. 

Tape-measures  are  s]iecitically  made  for  surveying, 
lumber  measuring,  cloth  measuring,  etc. 

Meas'ur-mg-'v<rheel.  1.  One  lor  measuring  the 
circumference  ol"  a  carriage-wheel,  in  order  to  find 
tile  lengtli  of  tire  required.  A  circatn/crcntor.  The 
small  wheel  lias  a  known  circumferential  measure- 
ment, and  is  divided  into  inches  and  fractions.  The 
result  is  told  in  numbers  of  revolutions  and  fraction 
of  a  revolution  expressed  in  inches.  In  the  illus- 
tration tlie  wlieel  has  a  guide  wliich  traverses  against 
the  bide  of  the  rim  and  assists  in  maintaining  the 
measuring- wheel  ill  place.  Acircamfcrentor ;  a.tire- 
iHcasurcr. 

2.  .\n  Odometer  (which  see). 

Meat-bis'onit.  A  portable,  concentrated  prep- 
aration of  meat,  pounded,  dried,  mixed  with  meal, 
and  baked.  It  was  originally  introduced  by  Mr. 
Gail  Borden. 

For  making  meat-biscuits,  good  beef  is  selected 
and  boiled  by  steam  until  all  the  nutritive  qualities 
are  extracted.  The  liquor  is  strained,  allowed  to 
settle,  and  then  evaporated  by  heat  to  the  consist- 
ence of  thick  treacle  ;  the  fat  is  skimmed  otf  as  it 
rises.  While  the  liquor  is  yet  hot,  Hour  is  added  to 
it,  and  both  are  kneaded  up  into  a  stiff  dough,  which 
may  then  be  rolled,  pressed,  made  into  biscuits,  and 
baked.  The  biscuits  are  either  kejit  whole  or  are 
ground  to  powder,  and  are  preserved  in  air-tight 
cases.  For  making  into  soup,  the  powdered  biscuit 
is  mixed  with  hot  water  and  boiled,  with  the  addi- 
tion of  salt  and  other  condiments. 

The  process  of  Carr  and  Lucop  consists  in  pulver- 
ising plain  biscuit,  mixing  this  powder  with  the  ex- 
tract of  meat,  and  subjecting  the  compound  to  a  heavy 
pressure  or  stamping  it  in  molds. 

The  same  method  is  employed  in  making  biscuit 
with  preserved  fruits  or  any  material  liable  to  be  in- 
jured by  the  heat  of  the  oven. 

Cheese- biscuit  are  made  by  inclosing  tlie  powdered 
cheese  between  two  layers  of  powdered  biscuit,  and 
pressing  the  whole  in  a  mold. 

Meat-chop'per.  A  machine  for  mincing  meat 
for  sausage  or  for  stewing.  Among  the  many  vari- 
eties may  be  cited  the  kind  having  vertical  knives 


Kk.  3106. 


Meat'  Chopper. 


on  flexible  or  weighted  stocks.  In  Fig.  3106,  the 
block  rotates  by  the  engagement  of  its  sprockets  with 
the  worm  on  the  shaft.     The  cleavers  are  attached 


Fis  3107. 


Sausage-Machine. 


to  spring  arms,  and  the  force  of  the  blow  is  regulat- 
ed by  a  nut  on  the  pivoted  block,  in  which  their 
shanks  are  clamped. 

Fig.  3107  has  a  revolving  block,  but  the  knives, 
instead  of  snapping,  are  simply  reciprocated  in  guides 
by  means  of  pitmans  and  gearing.  The  guides 
are  removalde  to  allow  the  cutter-heads  to  be  in- 
verted, to  clean  or  sharpen  the  knives,  and  to  remove 

Fig.  3108. 


See   also   SIeat- 


Meat-Tendeier. 


the  chopped  meat.  The  block  is 
vertically  adjustable,  and  receives 
a  rotary  motion  by  means  of  an 
endless   screw   and   worm-wheel. 

Cl'TTEF.  ;    S.VL'SAGE-SHCHIXE. 

Meat-crush'er.  A  jiair  of  rollers  for  tendering 
steak.  In  the  example,  one  roller  has  circumferen- 
tial and  the  other  loiigituiliiial  corruuations. 

Meat-cut'ter.  A  machine  for  mincing  flesh.  A 
sausacic-machine.  In 

Fig.  3109,   the  two  Fig.  3109. 

sections  of  the  shell 
have  smooth  surfaces 
and  are  hinged  to- 
gether. The  cutters 
are  interchangeable, 
and  are  placeil  in 
spiral  relation  upon 
the  shaft,  and  with 
intervening  washers, 
which  regulate  their 
distance  apart.  The 
worm  on  the  .shaft 
forces  the  meat  be- 
tween the  knives, 
which  make  a  shear- 
cut  against  each 
other,  and  so  to  the 
e.xit. 


Sausage-  Mach  hie. 


MEAT-HAMMER. 
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In  Fig.  3110  there  is  but  a  single  system  of  mov- 
ing cuttcis,  wliich  pass  between  knives  attached  to 

Fig.  3110. 


Mtnt-Cuuer. 

the  shell,  while  the  meat  is  forced  forward  by  the 
screw,  as  in  tlie  former  ease. 

Meat-ham'mer.  A  maul  with  a  notched  or 
ridged  face,  to  pound 
meat  and  render  it  more 
tender,  as  in  the  exam- 
ple, wliere  the  hannner- 
lace  has  angular  projec- 
tions. 

Meat-hook.    One  in 

a  larder  or  on  a  bntclier's 

stall,   to  hang  joints  of 

meat. 

Meat-knife.     One  the  haft  of  wdiose  blade  passes 

through  the  handle,   which  consists  of  two  pieces 

known  as  scales  an<l  sei;ur<'d  by  rivets. 

Meat-man'gler.    A  dc\ice  for  tendering  steak. 

Fig.  3112. 


Meat-Hammir. 


Meat- Mangier. 

The  roller  has  a  roughened  surface  counterpart  to 
that  of  tile  bed  to  which  it  connnunicates  motion. 

Meat,  Preser-va'tion  of.  Mechanical  or  chem- 
ical a])pliances  to  juevent  decay  of  animal  food  have 
been  in  use  from  the  earliest  ages.  Freezing,  salt- 
ing, and  drying  meat  for  future  use  are  older  than 
history. 

Freezing  is  perhaps  the  simplest  and  quickest  mode 
of  preservation,  and  answers  well  in  cold  climates. 
Atteiu))ts  have  been  made  to  freeze  meat  by  artificial 
means  in  countries  where  live  stock  is  plenty,  as  in 
Australia  and  Texas,  and  transport  it  in  a  frozen 
state  to  market.  .Several  hundred  tons  of  beef  were 
packed  in  a  refrigerating  ship  in  Australia,  but  tlie 
attenijit  to  transport  it  to  England  failed  because  of 
the  exhaustion  of  tlie  supply  of  ice. 

Dried  meat  is  usually  prepared  by  cutting  in  thin 
strips  and  hanging  in  the  sun.  The  American  In- 
dians pound  their  meat  in  wooden  mortars  until  it 
forms  a  paste,  which  is  mixed  with  fat  and  dried  in 
blocks.     It  is  then  called  pcmmican,  is  quite  nutri- 


tious, and  is  used  in  large  quantities  by  Arctic  voy- 
agers. 

Artificially  dried  meat  is  usually  more  or  less 
smoked  in  preservation.  The  pyroligneous  acid  and 
creosote  contained  in  peat  or  wood  smoke  coagulates 
albumen,  with  which  it  comes  in  contact.  So-called 
smoked- mcitl  generally  owes  its  preservation  to  the 
salt  with  wliich  it  is  saturated,  the  creosote  only 
penetrating  a  short  distance. 

Meat  is  salted  either  in  a  pickle  or  brine,  or  dry- 
salted,  which  latter  way  is  more  expensive,  but  re- 
tains more  of  the  nutritive  qualities  of  the  meat. 

A  mode  of  salting  by  wholesale  is  by  an  injection 
of  brine  and  .saltjieter  into  the  heart  of  the  animal 
immediately  after  it  is  killed.  The  brine  penetrates 
the  whole  vascular  system,  expelling  the  blood,  and 
flows  from  the  right  ventricle  in  a  clear  stream. 

The  first  attempt  to  preserve  meatby  caiiningin  air- 
tight vessels  was  made  by  M.  Appert,  at  Paris,  1810. 
His  process  consisted  in  partly  cooking  the  meat, 
placing  it  in  a  glass  vessel  in  a  bath  of  chloride  of 
calcium,  and  then  liermetically  sealing  it. 

The  modern  process  of  yiutting  up  "preserved 
meats  "  is  substantially  as  follows  :  — 

The  meat  is  placed  in  the  can,  which  is  then  filled 
up  with  soup.  A  cover  pierced  with  a  small  hole  is 
then  soldered  on.  The  can  is  placed  in  a  bath  of  a 
solution  of  chloride  of  calcium,  which  boils  at  about 
3'20°  Fah.  When  the  generated  steam  has  expelled 
the  air,  a  drop  of  solder  closes  the  hole,  When  the 
can  cools,  the  pressure  of  the  air  resulting  from  the 
condensation  of  steam  bends  in  the  heads,  which  be- 
come concave.  The  cans  are  then  placed  in  a  proof- 
chamber,  and  exposed  to  a  tropical  heat  of  say  120° 
Fall.,  as  high  as  they  will  be  apt  to  encounter. 
Taint  in  the  meat,  or  imperfect  closure,  manifests 
itself  by  till-  liulging  out  of  the  heads. 

Meat-saw.  A  "saw  with  a  thin  blade  strained 
in  an  irun  frame  and  used  by  butchers. 

Meat-screen.  A  metallic  screen  placed  liehind 
roasting  meat  to  reflect  back  the  heat  of  the  fire. 

Meat-spit.     One  for   holding   a   roasting  joint 


Spit. 

while  turning  in  front  of  the  fire.     In  the  example, 

the  spit  has  sliding  skewer  plates  which  have  fixed 

and  removable  skewers.    The 

spit  is  oblong  in  section,   to  Fig.  3114. 

]irevent    the    skewer    plates 

from  turning  thereon. 

Meat-tub.  One  for  hold- 
ing pickled  meat.  The  ex- 
ample has  a  follower  to  keeyi 
the  pieces  below  the  surface 
of  the  brine.  The  cover  lies 
upon  the  meat  in  the  barrel, 
and  is  kejit  down  hy  the  en- 
gagement of  the  points  of  the 
pivoted  arms  with  the  inside 
of  the  barrel.  MtaZ-Tub. 

Me-a'tus-knife.   A  small 
knife  with  a  triangular  concealed  blade  in  a  long 
thin  shaft  ;  useil  in  operations  in  the  meatus  audito- 
rius,  such  as  obliterating  strictures,  opening  pus- 
tules, scarifying,  removing  polypi,  etc. 
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FiK-  3115. 


Mtatus- Knife  and  Mtiotuscope. 

Me-a'tus-cope.     A  urethra  s]iecuhim. 

Me-chan'i-cal  Broom.  A  swepiiiug-machine, 
usually  jiropelled  by  liorses,  and  having  revolving 
brooms  actuated  by  the  suiijiortiiig  wheels,  and  deliv- 
ering the  dust  and  mud  into  the  bo.x  of  the  wagon. 
See  Street-sweepixg  Machine. 

Me-chan'i-cal  Lamp.  Another  name  for  Car- 
eel's  clock-work  lanjij,  in  which  the  oil  is  pumped 
from  a  lower  reservoir  to  the  wick-tube  by  means  of 
clock-work,  so  as  to  furnish  a  supply  exceeding  that 
consumed  by  the  wick,  the  surplus  fiowing  back 
outside  of  the  burner.  The  object  is  to  afford  equal 
and  ample  sup[ily  of  oil  to  the  flame. 

A  spiral  spring  and  piston  in  the  reservoir  have 
been  used  as  a  substitute  for  the  clock-work  pump, 
which  is  objectionable  on  account  of  its  expensive- 


Fig.  3116. 


e,  pipe  supplying  oil  to  wick.     «,  suction-pipe 

/",  collar  supporting  burners,     o,  winding-arbor  for  clock-work. 

g,  drip-cup.  p,  box  for  clock-work. 

h,  return-pipe  for  overflowing  (/,  screw  for  adjustiug  level  of 

oil.  burner 

ij  valve-box.  r,  service-table. 

J,  crank-rods  for  working  leath- 5,  coupling-screw  for  oil-tube. 

ern  valves  (,  universal  joints  for  connect- 

Jt,  hinge  of  lid.  ing-rod. 

t,  lid  of  cistern.  w,  cock  for  emptying  cistern. 

771,  oil-ciitern.  i-,  connecting-rod  for  cranks. 

Me-chan'i-cal  Leech.    See  Leech,  Autificial. 

Me-chan'i-cal  Pi'geon.  A  flying  object  form- 
ing a  substitute  for  a  pigeon  in  shooting-matches. 
Sec  Pigeon*. 

Me-chan'i-cal  Tel'e-graph.  Another  name 
for  the  automatic  telegraph,  iu  which  a  message 
represented  by  a  series  or  succession  of  dots  is 
passed  beneath  a  key  or  stylus,  so  as  to  make  and 
break  the  circuit  by  simply  mechanically  passing 
through. 

In  another  apparatus  of  local  use  perhaps,  bftt 
not  susceptible  of  ap])lication  to  distant  points, 
the  apparatus  has  liell-cranks  which  staud  at  an- 
gles of  120°  with  each  other  ;  the  crank  of  the 
shaft  at  one  station  is  connected  by  rods  with  that 
of  the  other.  Endless  chains  with  lettered  links 
pass    around    the    wheels,    correspondence    being 


Fig.  3117. 
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Careers  Mechanical  Lamp 

ness  for  domestic  uses,  but  is  valuable  in  important 
situations,  such  as  lighthouses. 

James  Watt,  in  a  letter  to  Argand,  August  8,  1787, 
gave  .sketches  of  proposed  lamps  with  oil-pumps 
worked  by  clock-work.  See  "Engineer,"  Vol.  I. 
p.  37. 

Fig.  3116  represents  a  mechanical  lamp  adapted 
for  dioptric  lights  of  the  first  order. 


a ,  wick-holder. 

b,  glass-holder. 


c,  screw  to  rack  for  raising  wick. 

d,  rack  for  raising  wick. 


maintained  between  the  two  ;  one  being  actuated 
by  an  operator  to  bring  given  letters  in  series  to 
a  fixed  point,  the  corresponding  letters  .  are 
brought  by  synchronous  action  to  analogous  posi- 
tion on  the  other  to  be  viewed  by  the  observer  at 
that  point. 

Me-chan'o-graph.  One  of  a  set  of  multijilied 
copies  of  an  original,  executed  by  means  of  a  ma- 
chine. 

Meche.  (Surgknl.)  A  bunch  or  pledget  of  char- 
pie,  cotton,  or  raw  silk,  for  keeping  open  an  ulcer 
or  wound.  Applied  by  an  instrument  known  as  a 
porU'-m^c?ic. 

Mech'lin-lace.  (Fabrii:.)  A  light  Belgian  lace 
with  an  hexagonal  mesh  ;  made  of  three  flax  threads, 
twisted  and  plaited  to  a  perpendicular  line,  the  pat- 
tern being  worked  in  the  net,  and  the  jilait-thread 
surrounding  the  flowers. 

Me-com'e-ter.  (Sitrgical.)  A  graduated  in- 
strument used  at  the  Hospice  de  Maternite  in  Paris, 
to  measure  new-born  infants. 

Med'al.     An  ancient  or  a  memorial  coin. 

Me-dal'lic  En-grav'ing.  In  this  beautiful  art 
the  direction  and  distance  of  the  lines  are  so  modified 
as  to  give  the  appearance  of  a  figure  or  object  in  re- 
lief. It  is  executed  by  machinery.  The  machines 
of  M.  Collas  and  Mr.  Bate,  as  well  as  those  of  Asa 
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Spencer,  Mr. 
FiouJe,  mill  Mr. 
Saxon,  are  all  ini-^ 
proveuients  uiion  \ 
an  apparatus  de- 
.scribeJ  in  a 
Freui'li  work,  the 
"  Manuel  deTour- 
neur,"  about 
1814.  This  ma- 
chine will  give  a 
good  general  idea 

of  the  construction  of  these  machines,  and  its  opera- 
tion is  as  follows  :  — 

The  medal  and  the  copper  on  which  the  medal  is  to 
be  engraved  are  ti.ved  on  two  sliding  plates  at  right 
angles  to  each  other,  and  so  connected  that  when 
the  plate  on  which  the  metal  is  fi.xed  is  raised  verti- 
cally by  a  screw,  the  side  holding  tlie  copper  plate 
is  advanced  by  an  equal  quantity  in  the  horizontal 
direction.  The  medal  is  fixed  on  the  vertical  slide, 
with  its  face  toward  the  copper  plate  and  a  little 
above  it.  A  bar,  terminating  at  one  end  in  a  trac- 
ing-point and  at  the  other  in  a  short  arm  at  riglit 
angles  w'ith  the  bar,  and  holding  a  dianioml-point,  is 
placed  horizontally  above  the  eojtper,  so  tliut  the 
tracing-point  shall  touch  the  medal  to  which  the  bar 
is  perpendicular,  and  the  diamond-point  shall  touch 
the  cojiper  plate  to  which  the  arm  is  perpendicular. 
Under  this  arrangement,  the  bur  being  supposed  to 
move  parallel  to  itself,  and  consequently  to  the  cop- 
per, if  the  traeing-iKiint  pass  over  a  Hat  part  of  the 
medal,  the  diamond-point  will  draw  a  straight  line 
of  equal  length  upon  the  copper  ;  but  if  the  tracing- 
point  pass  over  any  projecting  part  of  the  medal,  the 
deviation  from  the  straight  line  by  the  diamond- 
point  will  be  exactly  equal  to  the  elevation  of  the 
corresponding  point  of  the  medal  above  the  rest  of 
the  surface.  Thus,  by  the  transit  of  this  tracing- 
point  over  any  line  upon  the  medal,  the  diamond 
will  draw  upon  the  copjier  a  section  of  the  medal 
through  the  line.  A  screw  is  attached  to  the  appa- 
ratus, so  that  if  the  medal  be  raised  a  very  small 
quantity  by  the  s(!rew,  the  copper  plate  will  be  ad- 
vanced by  the  same  quantity,  and  thus  a  new  line 
of  section  may  be  drawn.  By  continuing  this  pro- 
cess, the  series  of  sectional  lines  upon  the  copper 
produces  the  representation  of  the  medal  on  a  plane, 
tlie  outline  and  the  form  of  the  figure  arising  from 
the  sinuosities  of  the  lines  and  from  their  greater 
or  less  |iroximity. 

Me-dal'liou.     1.   A  large  medal. 

2.  A  carved,  molded,  cast,  or  stamped  circular 
ornamental  work. 

Med'al-ma-chine'.  A  machine  for  making 
copies  of  metlals  and  raised  or  sunk  works  on  a 
scale  larger  or  smaller  than  the  original.  It  com- 
prises adjustable  frames  on  the  pantograph  principle 
for  carrying  tracers  which  pass  over  the  face  of  the 
original,  and  mandrels  in  which  the  vario\is  cutters 
for  producing  the  copy  are  inserted.  It  operates 
upon  the  ('.\KVING-.\IA(JinNE  (which  see). 

Med'i-cat-or.  {Surgical.)  A  spoon,  syringe, 
or  iusulllator,  for  directing  a  medicament  into  or 
upon  a  deeply  seated  part. 

Me-dic'i-nal  Cup.  One  for  the  administration 
of  medicine  to  persons  pi'ostrated  by  sickness  or  in- 
jury. Some  such  cups  have  graduations  to  indicate 
quantity  ;  or  a  tubular  handle  through  which  the 
liquid  may  be  conducted  to  the  mouth  without 
spilling  ;  or  the  lip  of  the  cup  has  a  little  hood 
whicdi  constitutes  an  aperture  through  which  the 
liquid  is  poured.  Another  cup  resembles  a  jiipette, 
discharging  at  the  lower  opening  when  the  finger  is 


Fig.  311S. 


Medicinal  Bath. 


temporarily  withdrawn  from  the  oiifice  in  the  upper 
end. 

A  medicinal  cup  of  a  former  age  was  of  antimony, 
rendering  emetic  a  dose  of  wine  allowed  to  stand 
therein. 

Me-dic'i-nal  Bath.  In  the  apparatus.  Fig. 
3118,  the  medicinal  vapors  are  forceil,  by  their  own 
pressure  or  otherwise,  from  the  reservoir  £  through 
the  pi])e  C,  and,  entei'ing  the  bath-tub  A  beneath 
the  perforated  false  bottom  E,  through  the  longi- 
tuiliiial  perforateii  pipe  />,  pass  upward  in  bubbles. 

Med'i-cine-spooa.  A  spoon  for  the  ailminis- 
tration  of  medicines.     As  in    the  example,  it  may 


Fig.  3119. 


MedicincU  Spoon* 

consist  of  a  common  teaspoon,  piovided  with  an  ad- 
justable lid  which  covers  the  bowl,  leaving  a  small 
aperture  at  the  tip,  whereby  the  contents  escajie 
when  the  spoon  is  introduced  into  the  mouth.  The 
spoon  is  filled  at  the  aperture  near  the  handle. 

In  another  form  the  cover  is  connected  to  a  com- 
pound lever,  which  is  infiiienced  by  a  spring  to  close 
it.     The  cover  is  depressed  by  the  lever.     A  portion 

Fig.  3120. 


Valved  Spoon. 


at  the  point  of  the  spoon  is  left  uncovered  to  allow 
the  exit  of  the  medicine. 

Me'di-um.  A  -size  of  drawing  and  writing  paper 
between  demy  and  royal,  measuring  22  J-  x  1 7i  inches, 
and  weighing  20  to  34  pounds  to  the  ream. 

Of  printing-paper,  19  x  24  inches. 

Med'ley.  (Fabric.)  Cloth  woven  from  wool 
dyed  of  \'arious  colors  and  spun.  Technically,  blue 
and  black  are  excluded.     First  made  in  1614. 

Meer'schaum.  Meerschaum  (foam  of  the  sea), 
a  superior  species  of  white  clay,  chiefly  consisting 
of  silicate  of  magnesia,  and  dug  mostly  in  the  penin- 
sula of  Natoli,  Asia  Minor.  It  is  sent  to  market 
in  irregular  blocks  of  difierent  sizes,  tlie  latter  fixing 
the  price,  which  is  nmch  higher  in  proportion  for 
large  lumps  than  for  small  ones.  The  Turkish  gov- 
ernment owns  the  mine  and  stipulates  the  quotations 
according  to  the  demand,  which  generally  exceeds 
the  supply.     • 

In  manufacturing  pipes,  the  lumps  are  cut  into 
shape  with  a  knife,  after  having  been  lightly  wetted  ; 
the  bowls  are  then  carefully  rubbed  to  obtain  a 
clear,  smooth  surface,  and  afterward  boiled  either 
in  pure  wax,  or  wax,  oil,  and  fats,  tlie  latter  ef- 
fecting a  yellow  hue,  and  facilitating  the  coloring. 
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Meet'ing-post.  (Hydraulic  Engineering.)  That 
stile  of  a  caual-lock  gate  which  meets  the  torrespoiid- 
ing  stile  of  the  other  gate  at  the  raidwiJth  of  the 
bay.     See  Lock-gate. 

Me-gal-eth'o-scope.  An  improved  form  of 
stereoscope  invented  by  Ponti,  in  which  the  photo- 
graph is  considembly  magnified  and  an  increased 
appearance  of  sphericity  obtained. 

It  is  so  arranged  that  the  object  may  be  riewed 
by  direct  or  reflected  sunlight,  or  by  artificial  light. 
—  Prac.  Mech.  Jour.,  3d  series,  Vol.  III.  p.  111. 

Me-gam'e-ter.  1.  An  instrument  for  deter- 
mining the  longitude  by  observation  of  the  stars. 

2.   A  ii.iorometer. 

Meg'a-scope.  {Optics.)  1.  A  solar  microscope 
in  which  the  objects  are  opaque  and  illuminated  in 
front  by  reflecting  mirrors. 

2.  Ail  optical  instrument  for  exhibiting  an  object 
on  a  large  scale. 

Me-gass'.  Refuse  sugar-cane  from  which  the 
juice  has  been  expressed.     See  Bagasse. 

Meir.  (Eng.  local.)  Thirty-two  yards  of  ground 
in  a  vein  of  ore. 

Me-laa'o-type.  {Photoyrapluj. )  Sometimes 
written  inelainotijpe.  A  process  which  takes  its 
name  from  the  black  ground  of  varnished  sheet -iron 
sujiporting  the  collodion  which  receives  the  picture. 
Also  called  Fekeotype  (which  see). 

Me-lo'de-on.  {Music.)  A  wind-instrument 
with  a  row  of  reeds  and  operated  by  keys.  The  in- 
strument has  a  bellows  which  formerly  blew  air 
through  the  reed,-; ;  but  Carhart  in  1846  patented  the 
feature  of  drawing  air  through  the  i-eeds  by  suction 
bellows  :  he  also  invented  machines  to  make,  rivet, 
and  plane  the  reeds  ;  also  the  tube  board  to  hold 
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the  reeds,  a  machine  to  rivet  the  reeds  to  the  blocks, 
and  one  for  cutting  the  cells  in  the  reed-board. 
Pressure  on  the  key  drives  down  the  pin  and  the 
valve,  allowing  parage  to  the  air.  The  principle  is 
the  same  as  the  accordeon.  Flutina,  parlor-orgcn, 
harmonium,  scraphine,  are  all  names  of  instraraents 
of  this  kind. 

Mel'o-type.  (Photography.)  A  process  in  pho- 
tography in  which  a  dark  chamber  is  not  used,  and 
the  pictures  are  developed  at  a  subsequent  conven- 
ient time. 

Melt'ing-fur'nace.  A  foundiy  cupola,  or  a  glass- 
maker' .s  furnace. 

Melt'ing-point.  That  point  of  the  thermometer 
at  which  a  substance  becomes  fused.  See  FusiXG- 
poiNT  :  TuEUMOMETEK.     See  also  p.  1422. 

Mel'ton.  (Fabric.)  A  kind  of  broadcloth  for 
coating. 

Me-nis'ctis.  A  lens  convex  on  one  side  and  con- 
cave on  the  other.     See  Less. 

The  concave  side  has  a  curve  of  greater  radius  than 
the  convex  side,  and  the  lens  is  thicker  in  the  mid- 
dle than  elsewhere. 

In  this  respect  the  meni.scus  differs  from  the  con- 
cavo-conrcjc  lens,  whose  convex  face  has  a  curve  of 
greater  radius. 


Men's  Har'ness.  An  arrangement  by  which 
men  are  attached  to  a  gun-carriage  which  is  to  be 
moved  but  a  short  distance  or  where  animal  power 
cannot  be  emjiloyed.  It  consists  of  a  rope  IS  feet 
long  and  4  inches  in  circunifei-ence,  having  a  thimble 
at  one  end  aud  a  thimble  and  hook  at  the  other.  Ten 
leather  loops  are  fixed  in  pairs  to  the  rope,  5  on  each 
side.  These  are  of  sufficient  si^e  to  allow  a  man  to 
pa!>s  his  body  through  them,  the  strain  of  the  draft 
coming  on  his  chest. 

Men'stru-um.  A  solvent,  such  as  water,  alco- 
hol, ether,  acids,  oils,  etc. 

Men'tal.  A  basket  made  water-tight,  and  having 
four  ropes  attached,  by  which  two  men  dip  water 


from  a  stream  or  cistern  and  discharge  it  into  a 
trench  for  inigation. 

Mer-ca'tor-chart.  A  mode  of  projection  in- 
vented by  Gerald  Jlercator,  in  which  the  meridians 
and  parallels  are  straight  and  pai-allel  lines.  The 
meridians  are  equidistant,  but  the  distance  between 
the  parallels  increases  from  the  equator  towards 
either  pole.     See  Chakt  ;  JIap. 

Mer'chant-i'ron.     Bar-iron. 

Mer'chant-rolls.  Finishing  rolls  of  a  rolling- 
mill. 

Mer'chant-train.  A  train  of  rolls  with  grooves 
of  varying  sizes  and  shapes,  which  reduce  the  re- 
heated puddle-bars  to  bar-iron  of  merchantable 
form. 

Mer-cu'ti-al  Bath.  Used  in  the  pneumatic 
trough  in  collecting  such  gases  as  are  laigely  ab- 
sorbed by  water. 

Mer-cu'ri-al  G-age.  The  pressure-gage  in  which 
the  .steam  acts  upon  a  body  of  mercury  and  raises  a 
column  in  a  glass  tube. 

Mer-cu'ri-al  Horn-ore.     Horn  quicksilver. 

Mer-cu'ri-al  Lev'el.  A  fomi  of  level  in  which 
mercury  is  used. 

Mer-cu'ri-al  Pen'du-lum.  A 
compcnsiition  jicndulum  invented 
by  Graham  of  London,  1700. 

A  jar  of  mercurj'  is  used  for  the 
bob  or  weight.  As  the  pendulum 
expands  the  mercury  rises,  and  by 
the  rise  of  its  center  of  gravity 
compensates  for  the  other  inequal- 
ity.    See  PENDrLVM. 

Mer-cu'ri-al  Pump.    A  pump 
invented  by  Haskins  in  1720,  in  ■ 
which  a  column  of  mercury  acts  as 
plunger  and  piston  packing. 

Fig.  3123  shows  a  pump  of  this 
fonn.  a  is  the  charaWr  of  the 
pump,  with  a  valve  at  each  end 
o|)ening  upwardly,  b  is  the  suc- 
tion-pipe, and  c  the  outlet.  A 
bent  tube  connects  chamber  a  with 
cylinder//,  ojien  at  bottom  and  sur- 
rounded by  a  large  cylinder  or  cup    Mercurial  Pump. 


Fig.  3123. 
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e  filled  with  mercury,  or  with  a  wooden  core  to  save 
a  ijortion  of  tlie  mercury,  as  in  the  ilhistration. 

If  now  the  cup  c  be  lowered,  the  tendency  will  be 
to  produce  a  vacuum  in  chamber  a,  which  will  be 
immediately  filled  with  water  from  the  inlet  pipe. 
By  raising  cnp  e  the  water  will  be  expelled  through  c. 

Mer-cu'ri-al  Ther-mom'e-ter.  A  thermometer 
tube  filled  with  mercury,  in  contradistinction  to  a 
spirit,  air,  or  metallic  thermometer. 

Mer'ou-ry.  Equivalent,  100;  symbol,  ffg.; 
specific  gravity,  13.59  ;  fusing-poiut,  -39°  Fah. 
Fluid  at  ordinary  temperatures. 

Occurs  principally  as  a  sulphide  {cinnabar}.  It  is 
a  brilliant,  silver-white,  heavy  metal.  Distills  at 
662°  Fah. 

It  is  used  in  medicine  associated  with  chalk  (blue 
pilJ)  and  lard  {nwrciirial  ointment). 

The  chloride  is  corrosive  sublimate,  u.sed  iu  the 
Kyan  wood-preserving  process  ;  and  the  sub-chlo- 
ride is  calomel. 

The  metal  is  used  in  philosophical  instruments,  • — 
barometers,  thermometers,  etc. 

An  alloy  of  mercury  with  another  metal  is  called 
an  A.MALGAM  (which  see). 

Mercury  is  used  to  extract  gold  or  silver  from  the 
earthy  aud  baser  metallic  constituents  of  these  ores  ; 
amalgamating  with  the  gold  and  silver  when  brought 
into  contact  therewith.  See  AjlALG.\M.i'ruR  ;  SiL- 
VEi;-MiLL,  etc. 

An  amalgam  of  tin,  4,  mercury,  1,  is  used  to 
sihrr  looking-glasses. 

Many  metals  amalgamate  with  mercury,  and 
others  do  not. 

Added  to  cei'tain  fusible  alloys  it  reduces  their 
point  of  fusion  below  the  heat  of  boiling  water.  See 
Alloy,  p.  62. 

The  ore  of  mercury  —  chiefly  cinnabar,  the  sul- 
phide of  mercury  —  is  broken,  sifted,  and  crushed. 
It  is  then  heated  in  a  furnace  with  lime,  iron,  or 
some  other  agent  which  combines  with  the  suljdmr. 

The  mercury  is  vaporized,  passes  oft',  and  is  con- 
densed into  a  metallic  form.  It  is  purified  by  filtra- 
tion and  stored  in  iron  bottles. 

Quicksilver  has  been  mined  from  time  immemo- 
rial in  Spain  at  Almaden  in  the  province  of  La 
Maucha.  "  Dioscorides  separated  mercury  from 
cinnabar."  (Humboldt.)  I'liny  states  that  700,000 
pounds  (of  cinnabar?)  were  received  yearly  from 
that  source,  aud  that  the  Greeks  received  it  from 
thence  800  years  previously  to  the  date  at  which 
he  wrote  (a.  d.  70).  (See  Amalgam.)  It  is  now 
mined  extensively  at  Idria,  in  the  Schiefergebirge, 
and  is  found  in  Hungary,  many  parts  of  Germany, 
iu  China,  Japan,  Mexico,  Honduras,  Columbia, 
Peru,  and  Calilbrnia. 

The  modes  of  obtaining  mercury 
by  the  decomposition  and  distilla- 
tion of  cinnabar  have  been  very  im- 
perfect and  wasteful ;  and  even  at 
this  day,  with  all  the  advantages  of 
skill  and  capital,  the  actual  product 
is  but  a  small  proportion  of  the 
amount  obtained  by  a  careful  analy- 
sis. It  is  understood  that  iu  Eu- 
rope the  ores  are  heated  upon  open 
arches  and  the  vapors  condensed 
within  brick  chambers. 

For  detailed  description  of  the 
process  aud  apparatus,  we  must  re- 
fer the  readi'r  to  Ure's  Dictionary 
and  chemical  treatises,  as  the  sub- 
ject is  not  so  clearly  within  the 
scope  of  this  work  that  it  can  be  treated  at  any  length. 

The  extensive  quicksilver  mine  of  New  Almaden 


is  twelve  miles  from  San  Jose  in  California,  and  has 
had  the  benefit  of  energy,  skill,  and  capital  in  its 
development.  A  good  di'seription  of  the  place  aud 
the  works  was  wiitten  in  1SS7,  and  given  in  Harper's 
"Magazine,"  June,  1863.  Changes  may  have  since 
taken  place.  The  mode  of  joining  and  breaking  into 
pieces  suitable  for  the  furnace  has  nothing  peculiar 
to  oH'er,  but  the  condensing-furnaces  are  worthy  of 
notice.  They  are  sixteen  in  number,  arranged  side 
by  side,  and  extend  a  distance  of  several  hundred 
feet  beneath  a  spacious  roof.  They  stand  8  feet 
apart,  are  40  feet  in  length,  10  in  higlit,  and  8  in 
breadth.  The  ore  is  cleani^,  broken,  and  dumped 
into  the  receiving-chamber,  whicli  is  m'xt  to  the  fur- 
nace, and  holds  7  tons  of  ore.  The  cover  being  luted 
on,  the  sublimated  vapors  pass  by  a  circuitous  route 
through  12  chambers  successively,  the  connecting 
apertures  being  alternately  at  the  tops  and  bottoms 
of  the  division  walls.  The  mercury  condensed  in 
each  chamber  passes  through  small  holes  in  tlie  side 
to  a  covered  trough  on  the  outside,  which  conducts 
it  to  a  reservoir,  whence  it  is  dipped  into  iron  Hasks 
which  receive  a  charge  of  75  pounds,  and  are  tlieu 
closed  by  a  screw  cap.  While  passing  from  the  last 
of  the  twelve  to  the  stack,  tlie  \'apor  is  lirought  into 
contact  with  a  pan  of  water,  which  still  farther  con- 
denses escaping  fumes. 

Mer'cu-ry-fur'nace.  A  furnace  in  wliich  cin- 
nabar is  treated  for  the  produc^tion  of  mercury. 

The  localities  yielding  the  .sulphide  of  mercury 
are  not  numerous.  Tlie  Almaden  mines  of  Spain 
were  known  to  the  Greeks  700  B.  c,  and  were  cele- 
brated in  the  time  of  Pliny.  The  mines  of  Idria, 
the  Palatinate,  and  of  New  Almaden  in  California, 
are  extensive  and  rich.  The  ore  is  also  found  in 
Peru,  China,  Hungary,  Sweden,  Jajiaii,  and  Chili. 

In  the  furnace  the  ore  is  subjected  to  distillation 
iu  retorts  which  lead  to  condensing-chambers,  or  the 
blocks  of  ore  are  roasted  in  a  furnace,  the  whole  vol- 
atile results  of  the  furnace  passing  with  the  metal- 
liferous fumes  to  a  series  of  condensing-chambers. 
See  CoNDENSKi;.     See  previous  article. 

The  latter  is  the  ]ilan  adopted  at  Idria  in  Austria, 
the  former  in  Bavaria  and  California.  Dr.  Ure's 
retort-furnace,  elected  at  Landsberg  in  Bavaiia, 
resembles  the  apparatus  for  the  distillation  of  coal- 
gas. 

In  Spain,  the  old  Buytrone  or  Aludel  furnace  is 
still  adhereil  to.     See  Aludel. 

Mer'cu-ry-gath'er-er.  (Metallurgy.)  A  stir- 
ring apparatus  in  which  fluurcd  quicksilver,  'which 
has  been  rendered  what  is  technically  known  as  *i'ct, 
is  gathered  together.     See  Amalgam. 

Mercury  which  is  floured  is  in  a  sort  of  powdery 

Fig.  3124. 


Quicksilver-  Gatherer. 

condition,  the  particles  being  coated  with  sulphur 
from  the  pyrites  or  from  other  cause  ;  and  the  object 
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of  the  mechanical  agitation  and  rubbing,  in  the  mer- 
cury-gatherer, is  to  cause  the  globules  of  mercury  to 
coalesce  ami  resume  the  fluid  condition. 

Me-rid'i-an.  A  gi'eat  circle  supposed  to  pass 
througli  bntli  ))oles,  and  the  zenith  and  nadir  of  a 
given  place. 

Me-rid'i-an-oir'cle.  1.  A  transit  instrument 
witli  a  graduated  circle  securely  fastened  at  right 
angli'S  to  the  horizontal  a.xis  and  turning  with  it. 

The  meridian  circle  in  the  National  Observatory 
of  Washington  was  maile  by  Ertel  and  Son,  of 
Munich.  Its  object-glass  has  an  aperture  of  4^ 
inches,  with  a  focal  distance  of  58  inches.  This  in- 
strument is  provided  with  a  circle  30  inches  in 
diameter,  <Uvided  into  arcs  of  3',  and  reads  by  four 
micrometers  to  single  seconds. 

2.   The  altitude  circle  of  a  globe. 

Me-ri'no.  (Fabric.)  A  fine,  French,  woolen 
gooils,  so  named  as  being  made  of  the  wool  of  the 
merino  sheep.  It  is  a  lady's  dress  goods,  all  wool, 
and  tsvilled  on  both  sides. 

The  Merino  variety  of  sheep  is  a  native  of  Spain, 
which  country  was  celebrated  for  its  wool  in  the 
time  of  Pliny. 

The  greater  number  of  the  sheep  of  Spain  belong 
to  ths  mcsta,  or  merino  corporation,  which  has  about 
.5,000,000  sheep  in  flocks  of  10,000  each.  Each 
flock  has  an  officer,  50  shepherds,  and  50  dogs. 

In  summer,  the  sheep  feed  upon  the  elevated 
lands  of  Biscay,  Navarre,  and  Arragon,  and  to- 
ward winter  are  driven  southward  to  the  fertile 
plains  of  New  Castile,  Amlalusia,  and  Estramadura. 
The  lam'is  coma  in  January,  ami  shearing  com- 
meuces  the  Ist  of  May,  being  carried  on  in  houses 
where  the  flocks  of  sheep  are  folded  on  their  northern 
march.  125  men  shear  1,000  ewes  per  day,  50 
weathers  per  man  being  considered  a  day's  work. 
The  ewes  yield  from  4  to  o  pounds  of  wool,  the 
weathers  from  7  to  8.  The  wool  of  each  sheep  is 
sorted  into  four  varieties. 

The  carcass  is  but  little  esteemed. 

The  institution  of  the  nic^'a  ilates  from  the  time 
of  the  plague  in  1350,  when  whole  provinces  were 
nearly  <lepopulated  and  vast  estates  became  owner- 
less. The  pro|U'ietors  of  neighboring  estates  com- 
bined to  throw  the  unoccupied  tracts  into  a  common 
pasture  on  which  they  herded  sheep  according  to  an 
agreed  ratio. 

Free  passage  is  allowed  to  the  flocks  through  the 
cultivated  territories,  and  great  hardship  results. 
The  power  of  this  tyrannical  corporation  was  some- 
what reduced  by  the  French,  daring  their  temporary 
occupancy  of  the  country,  1808-12  ;  a  better  legacy 
than  any  left  by  the  succeeding  English  occupation, 
which  was  all  in  the  interest  of  aristocracy  and 
monopoly. 

The  merinos  are  now  kept  in  immense  numbers  in 
Australia  and  Van  Dieman's  Land. 

Tiirdetania,  the  country  of  the  Guadalquiver,  w.i.s 
famous  for  the  quality  of  its  wool  in  the  time  of 
Strabo,  about  the  Christian  era.  A  buck  of  fine 
quality  was  worth  a  talent  (?  Attic),  equal  to  1,180 
dollars. 

They  were  introduced  into  England  in  1788. 

Mer'kin.     A  mop. for  cleaning  cannon. 

Mer'lon.  (Fortification.)  The  solid  part  of  an 
embattlecl  parapet,  between  two  embrasures. 

Mesh.  1.  (Gciring.)  Or  mash.  The  engage- 
ment of  the  teeth  of  wheels  with  each  other  or  with 
an  adjacent  object,  as  the  rack,  in  a  rack  and  pinion 
movement. 

2.  (Xctting.)  The  loop  made  over  a  stick  and 
engaging  tlic  loop  in  its  vicinity. 

Mesh-stick.       (Xcttiiuj.)  '    A    flat    slat    with 


Mess-Kit. 


rounded  ends,   used  to  form  the  mesh  of  nets,  the 
loo|is  Ijeing  made  over  it  and  knotted  on  its  edge. 

Mes'sen-ger.  (Nautical.)  A  rope  (lassing  from 
the  capstan  to  the  cable  to  which  it  is  fastened  by 
nippers.  The  winding  of  the  messenger  on  the  cap- 
stan hauls  in  the  cable  and  the  nippers  are  succes- 
sively taken  off  that  pait  of  the  cable  that  is  ap- 
proaching the  capstan,  and  put  upon  that  part  which 
has  just  come  inboard,  through  the  hawse-\\o\e. 

Mess-kit.     That  portion  of  camp  equipage  con- 
sisting of    cooking- 
utensils. 

In  the  example,  a 
frying-pan  or  grid- 
dle is  conveniently 
attached  to  the  bot- 
tom of  the  coffee- 
pot, by  passing  the 
handle  of  the  pan  up  / 
through  a  hole  niade  \ 
in  the  handle  of  the 
coft'ee-pot,  and  then 
catching  it  by  pass- 
ing the  end  of  the 
bail  through  a  hole 
in  its  upper  end,  for 
con  venienceof  trans- 
portation. 

Met'a-car'pal 
Saw.  (Surgical  In- 
struments.) A  narrow-bladed  saw,  about  six  inches 
long,  used  for  diviiling  the  bones  of  the  fingers  or 
middle  hand  or  of  the  foot  in  amputation.  In 
former  times  they  were  made  with  snuill  liows  :  they 
are  now  straight,  stiff-bladed,  ground  thinner  on  the 
back,  to  make  them  follow  the  cut  easily  ;  or  thin- 
bladed  with  a  stifl'ening  baclc,  which,  after  having 
cut  to  the  depth  of  the  blade,  can  be  raised,  when 
the  blade  will  follow  in  the  cut.     See  p.  92. 

Met'al.  1.  An  elementary  mineral  substance 
possessing  certain  attributes,  iiarticularly  the  luster 
called  metallic,  by  which  it  is  distinguished  from 
other  inorganic  productions.  With  few  exceptions, 
metals  possess  considerable  .specific  gravity,  liardness, 
and  cohesion,  and  require  a  high  degree  of  heat  to 
liquefy  them.  One,  mercury,  is  liquid  at  ordinary 
temperatures,  and  a  very  few,  as  sodium  and  potas- 
sium, are  lighter  than  water,  which  they  decompose 
with  such  energy  as  to  produce  combustion. 

The  properties  and  qiialities  of  metals  by  which 
distinctive  descriptions  are  drawn  are,  — 

Specific  gravity,  chemical  ecpiivalents,  fusibility, 
hardness,  brittleness,  malleability,  ductility,  tenaci- 
ty, elasticity,  opacitj'  of  surface,  sonorousness,  color, 
lustrousness,  odor,  taste,  dilatation  by  heat,  specific 
heat,  conductivity  of  heat,  and  also  of  electricity, 
magnetic  or  diamagnetio  character. 

The  metals  constitute  about  five  .sixths  of  the  ele- 
mentary bodies  known  to  exist.  They  are  distin- 
guished by  a  peculiar  liistei',  by  theii'  opacity,  their 
))ower  of  conducting  heat  and  electricity,  and  gener- 
ally by  a  specific  gravity  considerably  exceeding  that 
of  water. 

Metals  have  been  divided  into  five  classes,  princi- 
pally depending  upon  their  affinity  for  oxygen  and 
the  nature  of  tlie  compounds  formed  by  the  union. 

2.  (ITivil  Engineering.)  a.  Broken  stone  for  roads, 
according  to  the  Mc.\dam  principle. 

Mc.\dam  laid  at  most  10  inches  of  metal  on  a  sur- 
face prepared  by  leveling  and  slo]iing. 

Telford  laid  as   a  bottoming  a  compact  layer  7 
inches  thick  of  pieces  from  4  to  7  inclies  in  dimen- 
siou.    Over  this  he  spread  the  metal,  which  was  made 
[  of  a  size  to  go  through  a  ring  2i  inches  in  diameter.  . 
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Bending  Plates, 


less. 


h.  Broken  stone  around  and  beneath  the  wooden 
ties  of  a  railway. 

3.  {Glass.)  The  technical  name  for  the  molten 
glass  in  order  for  blowing  or  casting. 

4.  The  clTective  power  of  the  guns  of  a  vessel  ex- 
pressed in  the  sum  of  the  weights  of  the  solid 
shot. 

5.  (Founding.)  The  workman's  term  for  cast- 
iron. 

Met'al-bend'ing  Ma-chine'.  Sheet-metal,  such 
a-s  tin-plate  or  boiler-iioii,  is  bout  into  the  cyliudri- 
cal  form  by  passing  between  rollers. 

For  the  smaller  descriptions  of  work  the  machine 
consists  of  two  cylindrical  rollers,  a  and  d,  geai-ed 
to  run  together,  and  a  third  roller  c  which  is  capable 
of  vertical  adjustment.  The  metal  is  moved  by  the 
carrying  rollers  a  and  d,  and,  on  striking  the  sur- 
face of  the  roller  c,  is  bent  up  so  as  to  pass  over  the 
same.  As  this  bending  occurs  in  an  equal  degree 
at  every  point  of  the  sheet  of  metal,  the  result  is 
that  it  assumes  a  circular  sweep,  the  radius  of  which 
depends   upon  the  position   of  c.      In  the   central 

position,     the 
Fig.  3126.  sheet    would    as- 

sume the  shape 
c  /  g,  and,  when 
c  is  more  raised, 
say  to  the  up- 
per position,  the 
plate  would  fol- 
low the  dotted 
circle,  the  radius 
of  which  is  much 
When  the  bending-cylinder  c  is  thrown  out 
of  level,  the  sheet  is  thrown  into  a  conical  form. 

In  the  machine  for  bending  plates  the  rollers  m  n 
are  not  necessarily  in  contact,  and  tlie  regulation  for 
different  curvatures  is  by  vertical  adjustment  of  the 
upper  roller  p.  The  bending  of  sheet-metal  for 
stove-pipes,  chimneys,  tin-ware,  plow-mold  boards, 
etc.,  is  similar  in  principle. 

JIachinery  is  also  used  for  bending  .skelps  for 
tubes  and  gun-ban'els  ;  and  for  twisting  strips  into 
coils  for  gun-barrels. 

Some  articles  are  preferably  bent  into  form  by  a 
stamping  action. 

Tubes  are  bent  while  filled  with  solder  or  resin, 
which  allows  them  to  assume  a  curve  without  puck- 
ering or  disturbing  the  true  circular  section.  By 
this  mode  the  curved  tubes  of  wind-instruments  are 
made. 

Met'al-fur'ni-ture.  {Pi-intinc/.)  The  metallic 
portion  of  the  pieces  used  in  filling  up  blanks,  etc., 
in  chases. 

It  includes  reglet,  side  sticks,  head  and  foot 
sticks,  qiintition  furniture  (hollow  jiieces  of  metal 
used  to  fill  \ip  blank  spaces),  and  hollow  quadrats. 
It  is  convenient  to  have  reglet,  etc.  ready  cut  into 
lengths,  varying  from  18  to  120  or  130  ems.  See 
FURN'ITURE. 

Met'al-gage.  One  for  determining  the  thick- 
ness of  slieet-metal.      A  sheet-metal  gage. 

Met'al-ine.  A  compound  for  journal-boxes  of 
metal,  metallic  oxide,  organic  matter,  reduced  to 
powder  and  compounded  with  wax,  gum,  or  fatty 
matters.     See  JoL'RX.\i,-Bn,x. 

Me-tal'lio  Ba-rom'e-ter.  One  as  contradistin- 
guished from  an  instrument  in  which  a  fluid  is  em- 
]doyed.  Also  known  as  a  ho'otcric  barometer.  Vidi 
invented  the  diaphragm  form.  {See.\XF.Koin.)  Bout- 
don  invented  the  b?nt-tube  form  ;  a  flattened,  curved, 
exhausted  tube,  one  end  of  which  is  fixed  and  the 
other  geared  to  an  index-pointer  which  traverses  a 
graduated  arc.     Changes  of  pressure  of  the  atnios- 


Iron  Chair, 


))here  atiect  the  curvature  of  the  tube,  and  so  move 
the  finger.      See  BouuDOX  B.\ROMETER. 

Me-tal'lic  Car'tridge.  One  in  which  the  charge 
is  contained  in  a  metallic  capsule,  in  contradistinc- 
tion to  the  jiajier  cartridge.     See  Cartridge. 

Me-tal'lic  Chair.  A  chair  of  iron  slats  or  wires 
interwoven,    or    of 

cast     jiortions    se-  Fig.  3127. 

cured  by  rivets  or 
screw-bolts. 

Used  for  parks, 
gardens,  and  andi- 
toriunjs. 

Me-tal'lic 
Dust.  Grains  of 
metal  for  giving  a 
metallic  luster  to 
wall-paper,  shell- 
work,  lacquered 
ware,  and  for  other 
purposes.  It  was 
first  made  by  John 
Hautsch  of  Nu- 
remberg (1595- 
1670).  It  is  pre- 
pared by  sifting 
the  filings  of  differ- 
ent metals,  wash- 
ingthem  in  a  strong 
lye,  and  then  pla- 
cing them  on  a  me- 
tallic plate  over  a 
strong  fire,  where 
they  are  continual- 
ly stirred  till  their  color  is  altered.  Those  of  tin 
accjuire  by  this  process  shades  of  gold  color,  with  a 
metallic  luster  ;  copper,  shades  of  Hame  color  ;  those 
of  iron  or  steel  become  blue  or  violet ;  those  of  tin' 
or  bismtith  appear  of  a  bluish-white  color.  The 
dust  is  then  put  through  a  flatting-mill,  having 
polished  steel  rollers. 

Me-tal'lic  Pack'ing.  Piston-jiacking  consist- 
ing of  a  ring  or  several  rings  of  iron  or  other  metal, 
sometimes  cast  so  as  to  possess  elasticity  in  them- 
selves, or  sometimes  cut  into  segments  and  pressed 
against  the  interior  of  the  cylinder  by  springs,  so  as 
to  form  a  steam-tight  contact.   See  Piston-packing. 

Me-tal'lic  Pa'per.  Paper  for  memorandum - 
books,  adapted  to  take  an  indelible  mark  from  a 
leaden  or  pewter  pencil.  The  paper  is  surfaced  with 
a  solution  of  lime,  whiting,  and  size. 

Me-tal'lic-tis'sue  Loom.  A  loom  for  weaving 
with  metallic  threads,  as  in  making  gold  and  silver 
lace,  braid,  etc.,  entirely  of  metal,  without  any  mix- 
ture of  silk  or  other  threads. 

The  wire  is  wound  on  hollow  metallic  bobbins, 
which  are  heated  by  the  introduction  of  red-hot  pieces 
of  metal,  and  then  allowed  to  cool,  thus  annealing 
the  wire.  The  warp-threads  (or  wires)  are  then  jdaced 
in  the  loom  in  the  usual  way.  The  weft  must  be 
somewhat  finer  than  the  warp,  and  a  shuttle  some- 
what heavier  than  in  silk  weaving  is  used. 

These  looms  are  also  used  in  making  tissues  in 
which  the  wai^p  is  of  silk  or  thread  and  the  weft  of 
gold  or  silver  wire  or  silk  thread  covered  with  a  flat- 
tened silver  wire  which  has  been  gilt. 

Me-tal'lo-chrome.  A  coloring  of  metals  by 
means  of  galvanism.  It  is  an  invention  of  Nobili, 
and  consists  in  depositing  thin  films  of  a  metal  on 
metallic  bodies  by  means  of  a  galvanic  battery,  so  as 
to  fonn  a  number  of  rings.  As  the  deposited  rings 
—  called,  after  the  inventor,  Nobili's  rings  —  are 
not  everywhere  of  the  same  thickness,  they  produce 
elevations  and  depressions,  which,  though  not  visible 
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to  the  naked  eye,  nevertheless  cause  a  refraction  of 
the  rays  of  light,  thus  giving  rise  to  the  formation 
of  the  same  colors  that  are  seen  in  thin  iilms  of  var- 
nish, fissures  in  the  ice,  on  window-glass  that  has 
been  iiartially  decomposed  by  atmospheric  action,  in 
soap-bubbles,  pearls,  and  which  also  show  themselves 
very  beautifully  in  heating  bismuth  and  other  fusi- 
ble metals. 

*' A  saturated  solution  of  acetate  of  lead  is  pre- 
pareil  and  placed  in  a  horizontal  trough.  Three  or 
four  battery  cells  are  retjuiied.  A  steel  plate  is  laid 
in  the  solutiou  with  its  polished  face  upward,  and  is 
connected  with  the  copper  of  the  electro-battery. 
If  a  wire  bf  connected  witli  the  zi?ic  end  of  the  bat- 
tery and  belli  over  the  steel  plate  in  the  solution,  a 
series  of  circles  in  brilliant  colors  arises  at  the  spot 
immediately  beneath  the  wire,  and  expands  and 
spreads  like  the  circles  when  a  stone  is  thrown  into 
a  pond.  Silver-blonde  is  the  tirst  color  ;  then  fiiwn- 
color,  followed  by  dill'erent  shades  of  violet,  indigo, 
and  Idiie,  lake,  bluisii-lake,  green,  and  orange,  green- 
ish-violet, and  passing  through  reddish-yellow  to 
rose-lalce,  which  is  the  last  color  in  the  series. 

According  to  the  shape  of  the  metal  into  which 
the  current  enters,  —  be  it  a  point,  a  slip,  a  cross,  a 
concave  or  a  convex  disk,  ^- so  is  the  form  of  the 
colored  ligure  varied.  If,  in  addition  to  this,  a  pat- 
tern ill  card  or  gutta-percha  is  cut  out  and  inter- 
posed between  the  two  surfaces,  the  action  is  inter- 
cepted by  the  portions  not  removed,  and  the  design 
is  produceil  on  the  steel  pbite  in  colors  that  may  be 
greatly  varied,  according  to  the  duration  of  the  ex- 
periment. The  different  colors  are  due  to  the  differ- 
ent thicknesses  of  the  films  of  peroxide  of  lead.'*  — 
C.  V.  Walkkr. 

Met'al-log'ra-phy.  1.  A  process  invented  by 
Abate,  in  1851.  It  consists  in  printing  from  wooden 
blocks  upon  metallic  surfaces,  so  as  to  produce 
imitations  of  the  grain  of  the  wood.  A  veneer  of 
wood  is  wetted  with  a  solution  of  hydrochloric 
or  sulphuric  acid,  and  is  then  impressed  upon  the 
metal  so  as  to  cause  the  deposition  of  a  colored  me- 
tallic uxidc. 

Or  the  impression  is  taken  on  muslin,  which  is 
then  in  a  condition  to  transfer  it  to  the  metal  under 
pressure. 

2.  A  substitute  for  lithography  in  which  metallic 
plates  are  substituted  for  the  lithograjihie  stone. 
ICoeher  and  Houssiaux  of  Paris  use  n.  surface  of  tin- 
foil backed  by  an  alloy  of  lead  and  antimony,  and 
strained  around  a  roller  which  thus  becomes  the 
pressure  and  printing  roller.  The  Exhibition  of 
1S62  in  Paris  showed  several  varieties  of  this  art, 
which,  in  one  of  its  branches,  is  closely  allied  to  the 
calico-]irinting  by  copper  rollers  of  raised  design. 

Met'al-lur'gy.  The  art  of  separating  metals 
from  their  ores  or  from  impurities  :  smelting,  redic- 
cin'fj  rcfiiiidi;!^  alloying,  parting,  ^;^a/.mj;,  etc.  See 
under  the  fallowing  heads  :  — 


jEthiop^'s  mineral. 

Affluage. 

Aich's  metal. 

Albata 

Alloy  {varieties,  see  Allot). 

Altar. 

Altinear. 

Aluminium. 

Alumluium-bronze. 

Amalgam. 

Amalgamating  zinc-plates. 

Amalgamator. 

A  ma  I  nam- var  n  ish . 

Ammonium. 

Annealing. 

Annealing-oven. 

Annealing-pnt. 

Anti-friction  metal. 

Antimony . 


Argontan. 

Argt-ntiue. 

Argentometer. 

Ar.-ienic. 

As.'^ay-balanee. 

Assay-furnace. 

Assaying. 

Aurnni  musivum. 

Autogeneou.'*  soldering. 

Babbitt-metal . 

Ball-vein. 

Barium. 

Bath-metal. 

Bean -9  hot. 

Bear. 

Bell. 

Bessemer-process. 

Biddery. 

Billon. 


Bing. 

Bismuth. 

Blat-k-tlux. 

Black-plate. 

Black-tin. 

Blanched  copper. 

Blaucliing. 

Blaziug-oif. 

Blister-steel. 

Block-furnace. 

Bloom. 

Blooui-steel. 

Blow-pipe. 

Blue-metal. 

Bluing. 

Book. 

Boshes. 

Bottoms. 

Box-metal. 

Brake-sieve. 

Bniss. 

Brass-foil. 

Brassing. 

Braps- powder. 

Brazing. 

Bronzing. 

Browning. 

Bucking. 

Bucking-iron. 

Buddie. 

Bull-dog. 

Burdon. 

Burning. 

Burning-house. 

Button. 

Cabbling. 

Cadn.ium. 

Calamine. 

Calcination. 

Calciner. 

Calcium. 

Calebasferie. 

Cannon-metal. 

Capellina. 

Capsule. 

Caracoli, 

Case-hardening. 

Casting. 

Cast-steel. 

Caxtin. 

Cazo. 

Cement. 

Cementation. 

Cerium. 

Chafery. 

Charge. 

Chat-roller. 

Chats, 

Chill. 

Chill-hardening. 

Chimming 

Chlorine  process  for  extracting 

gold. 
Chromium, 
Cinder. 
Clichfe. 
Clincher. 
Clinker. 
Clinquant. 

Coating  metals  with  metals. 
Cobalt 
Cobbing. 
Cock-metal. 
Cold-blast. 
Cold-hammering 
Col-rake. 
Columbium. 
Concentrator.    Ore 
Condenser. 
Converter. 
Copper. 

Copper-ftimace- 
Cradle. 
Crevet. 
Crucible. 
Crncible-tnngs. 
Crusher.    Ore  and  stone 
Crystallized  tin-plate. 
Cupellation. 
Oupello, 
Cupola. 
Cuttings. 
Damascu.s  iron. 
Damascus  twist. 
Damask. 
I  Bamaskcening. 


Dam  ask -steel. 

Dam -plate  ■ 

Dead. 

De-silvering. 

De-sulphurizing  ore. 

Dilluing. 

Dipping. 

Dolly. 

Double  d'or. 

Dradge. 

Dross. 

Drv-gilding. 

Dutch  gold. 

Electro  plating. 

Electrum. 

Eliquation. 

Eatufa    process  of  extracting 

silver. 
Tngot. 
Kandon. 
Fauld. 
Fettling. 

Files.     Tempering 
Fining-pot. 
Fi.xiug. 
Float. 
Floran. 
Florence  leaf. 
Flosh. 
Floss. 
Floss-hole. 
Flux. 
Foil. 
Foyer. 
Framing. 
Fro.-^ted  metal. 
Fulgu  ration. 
Furnace. 
Fusible  alloy. 
Galvaniziug-iron. 
Canister. 
German-chest. 
German  silver. 
German-steel. 
Gilding. 
Gla-^s-silvering 
Gold. 
Gold  and  silver  by  lead  bath. 

Extraction  of 
Gold-beater's  skin. 
Gold-chlorinating. 
Gold.     Electro  process  for  ex- 

t  meting 
Gold-leaf 
Gold-shell. 
Gold-size. 
Gold-varnish. 
Gold- was  her. 
Gninulated  steel. 
Griddle. 
Gun-metal. 
Hummer-hardening. 
Hardening. 
Hearth. 
Hearth-ends. 
Horn. 
Hot  bla«t. 
Hotcliing-tub. 
Hu.^^hing. 
Hutch 

Hydro-metallurgy, 
llmenium. 
Ingot. 
Iridium. 
Iridosmine. 
Iron. 

Irou-chamber. 
Iron  with  copper.    Coating 
Jngging-board. 
Jigger. 

Jigging  machine. 
Keeve. 
Knocking?. 
Labyrinth. 
Lacquer 
Ladle. 
Larnero. 
Latten. 
Launder. 
Lead. 
Lead-bath  for  extracting  gold 

and  silver. 
Lead  from  silver.     Separating 
Leaf-metal. 
Lightening. 
Limp. 
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Line  J  gold. 
Liquation. 
Litharge. 
Lithium. 
Lobbing. 
Long- torn. 
Looba. 
Loci. 
Loup. 
Lustering. 
Magistml. 
Miignesium. 
>lallcable  iron. 
Malleable  cast-iron. 
Manganese, 
Manheim-gold. 
Matrix. 
Matt. 
Mercury. 
Mercury -gatherer. 
Metallic  dust. 
MetiiUochronie. 
Mefcillography. 
Metallurgy. 
Metals. 

Metals  with  metals.    Coating 
Meteor-steel. 
Mill. 

Minargent. 
Mock-gold. 
Mock- platinum. 
Mock-silver. 
Moire-metallique. 
Molybdenum. 
Mosaic  gold. 
Muntz's  metal. 
Natural  steel. 
Nickel 

Nickel-plating. 
Niobium. 
Ore-calcining. 
Ore-concentrator. 
Ore-cruaher. 
Ore- grin  ding. 
Oreide. 
Ore-mill. 
Ore-separator. 
Ore-stamp. 
Or-molu. 
Oroide. 
Orsedew. 
Osleon-iron. 
Osmium. 
OxiJizing-ore. 
Pack 

Piickfong. 
Palladium. 
Pan. 
Parting. 
Patio-process. 
Pattinson's  pots. 
Pelopium. 
Percussion-sieve. 
Percussion  table. 
Petong. 
Pewter. 
Pig. 
.  Piling. 
Pina. 

Pinchbeck. 

Plating. 

Platinum. 

Plomb-bmt. 

Plush-copper. 

Pocket. 

Poiin;:. 

Potassium. 

Pot-metaL 

Prill. 

Prillion. 

Prince  Rupert's  metal. 

Puddled-steel. 

Puddling. 

Puddling-furnace. 

Pug-tub. 

Qua-tation. 

Quartz-crusher. 

Quartz-liqnefier. 

Quartz-mill, 

Queen's  metal. 

Quenching. 

Quicksilver, 

Habblc. 

Rack 

Ragging. 

Refinery. 


Refining- hearth. 

Regenerating-fumace. 

Regenerator. 

Regulus. 

Repousse-work. 

Retort. 

Rhodium. 

Roasting. 

Roasting-fum'ace. 

Rocker. 

Roll 

Roudle. 

Ruff- wheel. 

Ruthenium. 

Sand- washer. 

Scissel. 

Scoria. 

Screening-mocbiae. 

Semilor. 

Separator. 

Shaking. 

Shear-steel. 

Sheathing-metal. 

Sheet-iron. 

Sheet  uietal. 

Shoe. 

Shot- metal. 

Silicium. 

Silver. 

Silver  from  lead.     Separating 

t'ilvering. 

Silver-mill. 

Silver-plating. 

Silver- powder. 

Sizing-apparatus. 

Skclp. 

Slag. 

Slakin. 

Sleeping-table. 

Slimes. 

Slime-pit. 

Sludge. 

Smeddum 

Smelter's  fume. 

Smelting. 

Sodium. 

Solder. 

SpalHng. 

Speculum- metal. 

Spelter. 

Sponge. 

Stamp 

Stamp- head. 

Steel. 

Steely  iron. 

Sterro-metal. 

Strike. 

Strip. 

Strontium. 

Sublimation. 

Sullage 

Sweeping-table. 

Sweep- washings. 

Taggers. 

Tain. 

Tasting- hole. 

Temper. 

Tempering. 

Test. 

Tilted  steel. 

Tin. 

Tin-foil. 

Tinning-iron. 

Tin-plate. 

Tin-scraps.     Utilizing 

Tinsel. 

Titanium. 

Tombac. 

Torta, 

Tossing. 

Touch-needle. 

Touchstone. 

Tula-metal. 

Tungsten. 

Tutania. 

Tutenag. 

Tying. 

Tymp-plate. 

Tvpe-nietal. 

Uranium. 

Vanadium. 

Vanning 

Vat 

Vermeil. 

Walled  area. 

Washer.    Gold 


Washing- table.  Wolfram. 

Water-bosh.  Wootz. 

Welding.  Yellow  metal. 

White-copper.  Zii:c. 

White-lead.  Zinc-white. 

White-tombac.  Zirconium. 

Wire -tempering. 

Met'al-plane.     A  form  of  plane  for  facing  soft 
metal  plates  by  taking  a 
Hnc    shaving    therefrom.  Fig.  3128. 

Planing-maehines  of  va-  .  ~ 

rious  kinds  plane  the  hacks 
of  stereotypes  and  electro- 
types. The  angle  of  the 
plane  with  the  sole  is 
adapted  to   the   hardness  Mtiai-riane. 

of  the  metal  heing  worked. 

Met'al-saw.  A  tine-toothed,  hard,  steel  saw 
stretched  in  a  frame  and  used  for  ^sawing  metal.  A 
ho,ck-saiv. 

Met'al-work'ing  Tools  and  Ma-chines', 
etc.     See  under  the  followiiii;  head.'^  :  — 


Agate. 
Ancony. 
Angle  gage. 
Arbor 

Auger-twister. 
Babbiting-jig. 
Backing-up. 
Ball. 

Balling- tool. 
Bar-cutter. 
Barrel -setter. 
Bar-shear 
Beaded  wire. 
Beam. 
Bear- 
Bell 

Bench-drill. 
Bench -shears. 
Bending-machine. 
Bending  metal  plates. 
Billeting-roll. 
Binder-fi"ame. 
Bolster. 
Bolt  cutter 

Bolt-heading  machine. 
Bolt-machine. 
Bolt-sciTwing  machine. 
Bolt-threader. 
Boring-bar. 
Boring-block. 
Boring-machine. 
Boring-mill. 
Boring-table. 
Boring- tool. 
Boss. 
Box-beam. 


Boxes.    Machines  for  making  File 


Corrugated  iron. 
Corrugating-machine. 
Counter- punch. 
Counter,- ink 
Cramp-drill. 
Cranked  tool. 
Cut-nail  machine- 
Cutter. 
Cutter-bar. 

Cutter-gtinding  machine. 
Cutter-head. 
Cutting-out  machine. 
Cylinder. 

Cylinder-boring  machine. 
Die. 

Die-stock. 
Dinged  work. 
Dog.     Lathe 
Dolly. 

Drag-bench. 
Drawing-bench. 
Drawing-machine. 
Drawing-punch. 
Draw-plate. 
Drift. 
Drill. 

Drilling- machine. 
Drive 
Driver. 
Drop-press. 
Ex  pan  di  ng-man  d  rel . 
Expanding:- reamer. 
Eyelet-machine. 
Eyelet-punch. 
Fagot 
Feather 


metal 
Brace. 

Breaking-down  rollers. 
Broach. 
Broad. 

Buckled  plate. 
Burning. 
Burnisher. 
Burr-cutter. 
Bush. 

Bush -ex  tractor. 
Caliperrt. 

Carbon  tool -points 
Card-grinding  machine. 
Center  chisel. 
Center-gage, 
Centering-machine. 
Centering-tool. 
Ccntcr-lAthe. 
Center-punch. 
Chamforing-tool. 
Chaser. 

Chasing-mallet. 
Chasing-stake. 
Chasing-tools. 
Cherry. 

Chipping-piece. 
Chuck. 

Clamming-machine. 
Coining. 
Colander. 
Comer-punch. 


Filo-carrier, 

File-cutting  machine. 

File-stripper. 

Filigree. 

Filing-block. 

Filing-machine. 

Finishing-rolls. 

Fish-hook.s.  Machine  for  mak- 
ing 

Flanging- machine. 

Flatting-mill. 

Flogging-chisel. 

Flu  ting-cylinder. 

Fly-punching  press. 

Folding-machine 

Forging-apparatus. 

Forging-metals. 

Gage. 

Gear-cutter. 

Hammer  (varieties,  see  II  \m- 
mer). 

Hanger. 

Hanging-tool. 

Heading- tool. 

Hoe-blank  machine. 

Hook -tool. 

Horseshoe-machine. 

Horseshoe-nail  machine. 

Housing. 

Hub 

Hydraulic  punch. 

Jam- nut. 
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Jim-crow. 
Journal. 
Journal-bearing. 
Key-seatsi.     Machine   for  cut- 
ting 
Knurling. 

I,aminating-machiQC. 
Lap. 
Larget. 
Lathe. 
Lead-pipe 
Lead-shaving. 
Iveveling-block. 
Ltver-punch. 
Lubricator. 
Machine-tool. 
MandreL 

Marking-machine. 
Metal-bending  machine. 
Metal-drawing  machine. 
Mill. 
Milling. 

Milling-machine. 
>Iilling-tool. 
Mold 

Mold-blocking  machine. 
Molding 

Mowing-machine  grinder- 
Muck-roU. 
Mullar. 

Nail-head  tooL 
Nail-machine 
Nail-plate  clamp. 
Nail-plate  feeder. 
Nail-plate  shears. 
Needle. 

Needle-making  machine. 
Nippers. 
Nurling. 
Nut. 
Nut-bar. 
Nut-lock. 

Nut-making  machine. 
Nut-planer. 
Nut-tapping  machine. 
Oil -can. 
Oiler. 

Paiier-glissant. 
Pass. 

Pig-iron  breaker. 
Pillow-block- 
Pin 

Pin-machine. 
Pipe-cutter 
Pipe-driver. 

Pipe-threading  machine. 
Pipe-wrench. 
Planchet. 
Planer. 
Planer-center. 
Planing-machine. 
Planishing-rollers. 
Plant 

Plate-bending  machine. 
Plate-iron  girder 
Plate-shears. 
Pressing  metals. 
Pudd  ling-roll. 
Punch. 

I'unch  and  shears. 
Punching-bear. 
Punching-machine. 
Rai  1- bender  ■ 
Kail-punch. 

Rail-straightening  machine. 
Uitchet-brace. 
Ut'amer. 
Heeding. 
Itifling. 
llivet. 

Kivet  hearth. 
Riveting-machine. 
Hivctiug  ■tools. 
Rivet-machine. 
Kol  ling-metals. 
Uobing-mill. 
Hou  ting-tool. 
Rove, 
i^cissel. 
Scobs. 
Screw. 
Screw-cap. 
Screw-cutter. 
Screw-cutting  lathe. 
Screw-cutting  machine 
Screw-making  mnchinc 


Screw -molding. 
Screw-plat«. 

Screw- threading  machine. 
Screw-wrench. 
Set. 
Set-up. 
Shafting. 

ShalVs  traigh  tener. 
Shaping-machine. 
Shearing    and    punching    ma- 
chine. 
Sheet-iron. 
Sheet-metal  bender. 
Sheet-metal  cutter  and  folder. 
Sheet-metal  die. 
Sheet-metal  folder. 
Sheet-metal  forming  machine. 
Sheet-metal  polisher 
Sheet-metal  scourer. 
Sheet-metal  straightener. 
Shim. 
Shingler. 

Shingling-hammer. 
Shot-making. 
Shrunk-ou. 
Skelp 

Skelp-bender. 
Sledge. 
Slide-rest. 
Slitting-machine. 
Slottiug-machine. 
Snap. 
Soldering. 
Soldering-iron 
Spherical-shot  machine. 
Spike-machine. 
Spinning-metal. 
Spring-coiling  machine. 
Spring-polisher. 
Spring-tester. 
Squeezer. 
Stamping-metals. 
Staple-making  machine 
Staving-metals. 
Stencil-cutt**r. 
Stmightening-metals. 
Swage. 
Swage-block. 
Swaging-niachine. 
Swaging-metals. 
Swarf 
Swing-tool. 
Tap. 

Tap-plate. 
Teeming-punch. 
Templet. 
Thumb-nut. 
Tin-lining  pipe. 
Tire-upsetting  machine. 
T-iron. 
Tool-holder. 
Triblet. 
Tube. 

Tube-cutter. 
Tube-making 
Tube-jiheet  cutter. 
Turning-lathe. 
Turning-mill. 
Turning-tool. 
Up-etting-machine. 
Up8etting-pre.ss. 
Vise 
Wa.'sher. 
Wa**  he  r-c  utter. 
Web. 

Welding-machine. 
Welding-metals. 
Wheel-cutting  machine. 
AVhccl-molding  machine. 
AVhcel -press. 

Wheel-quartering  machine. 
Wire-cloth  crimper. 
Wire-cloth  loom. 
Wire-cloth  painter. 
Wire-covering 
Wire-covering  machine. 
Wire-drawing. 
Wire-gage. 
Wire- pointer. 
Wire- rope. 
Wire-straigh  toner. 
Wire- tempering. 
Wire-twister. 
Wordle. 
Wrench. 


Met'a-mor'pho -scope.  A  toy  having  an  open- 
ing at  wliioh  tlie  pictures  on  several  belts  are  ])ro- 
seuted,  tlie  respective  belts  having  head,  body,  and 
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Metamorphoscope. 

leg  portions  of  figures.  The  belts  are  of  different 
lengtlis,  so  as  to  mismatch  the  sections  as  they  are 
revolved. 

Me'te-or'o-log'i-cal  In'stru-ments.  See  un- 
der Meier  for  list  ;  including  Bauomkter,  Ther- 
MOMETEU,  Hygrometer,  R.^in-meter,  etc. 

Me'te-or-om'e-ter.  (Tchyraphii.)  An  apparatus 
for  receiving,  at  a  local  station,  transmitting  to  a 
central  station,  liy  telegraph-wires,  and  there  record- 
ing, the  direction  and  velocity  of  the  wind,  condition 
of  the  barometer  and  thermometer,  amount  of  rain- 
fall, etc. 

Stephen  Chester  of  Elizabeth,  New  Jersey,  jiatent- 
od  in  1862  a  telegrajihic  meteorometer  which  records 
at  frequent  intervals  by  a  single  wire,  from  as  many 
instruments  as  may  be  desired,  and  at  any  distance  ; 
the  purpose  being  to  collect  reports  (or  tlie  signal 
servic^e.  A  cloek-woi'k  mechanism  at  the  sending 
station  throws  the  wiie  alternately  into  connection 
with  a  registering  anemometer,  vane,  barometer, 
thermometer,  etc.,  at  such  intervals  of  time  as  may 
be  decided  upon. 

The  anemometer  is  of  the  windmill  kind,  and  its 
shaft  carries  a  tooth  which  breaks  iin  electric  circuit 
at  each  revolution.  The  rapidity  of  electric. pulsa- 
tions, therefore,  indicates  the  velocity  of  the  wind. 
The  motion  of  the  vane  opens  and  closes  various 
circuits  as  it  traverses  the  circle,  and  so  records 
itself. 

Thermomctric  and  barometric  registration  is  ob- 
tained by  making  the  mercury  column  a  jiait  of  an 
electric  circuit.  As  the  columns  rise  and  fall  they 
make  connection  with  a  greater  or  less  number  of 
wires,  which  transmit  their  report  to  the  line-wire 
as  their  turn  comes.  Other  connections  are  obvious. 
The  operations  are  to  be  conducteil  fiom  the  receiv- 
ing station,  where  are  also  the  recording  instruments 
whicdi  register  tlie  indications  of  the  various  send- 
ing instruments,  as  they  are  consecutively  and  au- 
tomatically connecteil  by  switch  with  the  telegraphic 
nire. 

Me'te-or'o-scope.  An  instrument  used  for 
taking  nngles,  and  making  njea.surements  of  the 
heavenly  bodies. 

Me'te-or-steel.  An  alloyed  steel  which  has  a 
wavy  appearance,  resembling  the  Damascus  steel. 

An  alloy  of  zinc,  811  ;  nickel,  16  ;  silver,  4  =  100, 
is  placed  in  a  black-lead  crucible,  covered  with  char- 
coal, and  melted.  It  is  rendeied  friable  by  pouring 
it  into  cold  water,  is  reduced  to  powder,  called  me- 
teor-pomdcr,  and  is  adiled  to  steel  in  a  crucible  in 
the  following  jiropoitions  :  — 
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Blister  steel,  28  pounds  ;  meteor-powder,  10 
ounces  ;  chromate  of  iron,  8  ounces  ;  charcoal,  1 
ounce ;  quicklime,  2  ounces  ;  porcelaiu-clay,  3 
ounces. 

These  materials  are  melted  in  the  usual  manner, 
cast  into  an  ingot,  ilrawn  into  bars,  and  treated  as 
cast -steel. 

The  wavy  appearance  may  be  farther  brought  out 
by  washing  the  surface  with  dilute  nitric  acid  ;  acid 
1  ]»art,  water  19  ])arts. 

Me'ter.  (F v.  Metre.)  1.  The  French  unit  of  meas- 
urement of  lengtli,  e([ual  to  39.3708  inches,  or 
3.2809  feet.  The  -njTUMTniTiT  p^n't  of  the  quadrant  of 
the  earth  measured  on  a  meridian.  See  Metuic 
System. 

One  of  the  original  set  of  iron  meters,  made  in 
France,  is  now  at  the  Coast  Survey  Museum  in 
Wiishington,  where  are  also  the  brass  standard  yard 
of  England  and  many  othci*  standard  measures  and 
weights,  home  and  foreign. 

The  new  international  meter-measure  was  cast,  in 
the  presence  of  the  commission  at  Paris,  in  the 
laboratory  of  M.  Sainte-Claire  Deville.  It  consists 
of  an  alloy  of  platinum  and  iridium.  Nine  kilo- 
grammes of  iilatinum  and  one  kilogramme  of  iridium 
were  melted  by  means  of  the  oxyhydrogen  gas  blow- 
pipe. This  process  took  three  (juarters  of  an  hour  ; 
the  molten  mass  was  then  let  otf  into  a  mold  made, 
like  the  crucible,  from  a  block  of  limestone,  whose 
inner  surface  was  burnt  to  lime  in  consequence  of 
the  heat.  The  metal  did  not  lose  its  luster  in  cool- 
ing, and  was  afterward  shaped,  tested,  and  gradu- 
ated. 

2.  A  mea-suring  instrument.  See  under  the  follow- 
ing heads  :  — 


Acetimeter. 

Ace  tome t«r. 

Acidimeter. 

Acoumeter. 

Actiaometer. 

Aerometer. 

Air-meter. 

Airometer. 

Air-thermometer, 

Alco'jolmeter. 

Aleurometer. 

Alkaliraeter. 

Altarimeter. 

Alto  meter. 

Anemometer. 

Aogle-meter. 

Angulometer. 

Anthracometer. 

Antimeter. 

Apomecometer. 

Areometer. 

Argentometer. 

Arithmometer. 

Astro  meter. 

.\tmidometer. 

Atmometer. 

.\utometer. 

Balanoe-elec  trometer. 

Barkometer. 

Barometer. 

Barometrical  aeriometer. 

Bathometer. 

Bdelometer. 

Blanchimeter. 

BlHBt-^meter. 

Calorimeter. 

Capillarimeter. 

Carbonometer. 

Cardinmet*r. 

Cttthetome'er. 

Ohartometer 

Chlorometer. 

Chromiometer. 

Clinometer. 

Colorimeter. 

Conchometfr. 

Conchy  lometer. 

Craniometer. 

Cupel- pyrometer. 

Current-meter. 


Cyanometer. 
Dasy  meter. 
Declinometer. 
Decolorimeter. 
Deflectometer. 
Dendronieter. 
Densimeter. 
Diagomcter. 
Diaphononietcr. 
Diastimeter. 
Drop-meter. 
Drosometer. 
Dry -meter. 
Ductilimeter. 
Durometer. 
Dyactinometer. 
Dynameter. 
Dynamometer. 
Kchometer. 
Elaiometer. 
Elaterometer. 
Electrical  meter- 
Electrometer. 
Endosmometer. 
Entomomcter. 
Eriometcr. 
Esthesiomete-. 
Eudiometer. 
Evaporameter. 
Fluid-meter, 
yocimeter. 
G  a  lactometer. 
GalTanometer. 
Ga.s-meter. 
Gasometer. 
Gas-thermometer. 
Goniometer, 
Grain -meter. 
Graphometer. 
Gravimeter, 
Ilalometer. 
Hirmonometer. 
Heliometer. 
Hemadrometer. 
Ilemadynamometer. 
Holometer, 
Holosteric  barometer. 
Horometer. 
Hydro- barometer. 
Hydrometer. 


Hygrometer. 

Ilypsometer. 

Inclinometer. 

Indigometer. 

Inductometer, 

Klinometer. 

Lactometer. 

Limes  to  ne-m  eter. 

Liquid-meter, 

Litrameter. 

Long-range  barometer. 

Lucimeter. 

Macrometer. 

Magnetometer. 

Manometer. 

Marine  barometer. 

Maximum  barometer. 

Meconieter. 

Megameter. 

Me  t*.'orome  tor . 

Metrochrome. 

Metrograph 

Metrometer. 

Metronome. 

Metroscope, 

Micrometer. 

Micronometer. 

Minimum  barometer. 

Mountain -barometer 

M  urometer. 

Myo-dynamometer. 

Nauropometer. 

Nephelodometer. 

N'ephelorometer. 

Nepheloscope. 

Nilometer. 

Nitrometer- 

Odometer. 

(Enometer, 

Oleometer. 

Ombrometer. 

Operameter. 

Ophthalmometer. 

Opthalmodiastimeter, 

Opsiomcter. 

Optometer. 

Ozonometer. 

Panta-chronometer. 

Pantamometer. 

Pantonicter. 

Pediment-barometer. 

Pedometer. 

Peirameter. 

Polvimeter, 

Photograph  -meter. 

Photometer. 

Piezometer. 

Pirameter. 

Planimeter. 


Planometer. 

Platonieter. 

Pleximeter. 

Pluviameter. 

Pneumatometer 

Polaristrobometcr. 

Poly  meter. 

Prism -spherometer. 

1*  roc  beam  eter 

Psychrometer. 

Ptbongometer. 

Pulmometer. 

Pulp-meter. 

Pyrheliometer. 

Pyrometer. 

Radiometer. 

Kheometer, 

Rhy  si  meter. 

Rotary  meter. 

Sacc  barometer. 

Nalinometer. 

Seismometer. 

Self-registering  barometer. 

Sonometer. 

Spbereometer. 

Sphygmometer. 

Spirit-meter. 

Spiritometer. 

Spirometer. 

Stadinieter. 

Steam-power  meter. 

Stereometer. 

Stethometer. 

Stylometer. 

Submarine  thermometer. 

Sympiei-ometer. 

Tachometer. 

Telemeter. 

Thallasometer. 

Theodolite-magnetometer. 

Thermo-barometer. 

Thermometer. 

Tithonometer. 

Tonometer. 

T  radiometer. 

Tree  home  ter. 

Tribomcter. 

Tympanometer. 

Udometer. 

I'rinometer. 

Vclocimeter. 

Viatometer. 

Voltameter. 

Water-meter. 

Wet-meter. 

Wheel-barometer. 

Zygmosimeter. 

Zymometer. 


The  terms  meter,  register,  coutiter,  iiidkatory  are 
somewhat  irregularly  used,  but  are  not  exact  syno- 
nyms. An  indiccdor  makes  audible  or  visible  notice 
of  results  or  condition.  A  register  i-ecords.  A  vwter 
measures  distance,  capacity,  power,  etc.,  giving  re- 
sults usually  in 
Fig.  3130,  volumes  or  other 

units,  and  may 
have  an  indicator 
for  reading,  or  a 
register  for  record- 
ing its  action. 


Me'ter-^?7heel.    One  used  in  connection  witli 
gas  and  liquid  meters  and  air-carburi'ting  machines. 
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In  the  Ibniu'r,  it  is  drivi'n  by  tliP  flow  of  fjas  whose 
voliiiriL'  it  measures  ;  iiiiil  in  tlic  lattiT  c-ase  it  is 
usually  cinployeil  to  iiuhuH-  a  flow  of  air  through  tlie 
hydrocarbon  linuiii,  and  jii'ifornis  the  function  of  a 
blower.  It  has  usually  several  cbaniliers,  and  when 
measuring  gas,  is  submerged  above  its  axis  in  water, 
in  the  chambei'  wherein  it  rotates.  The  ehanil)ers 
in  the  wheel  are  of  known  capacity,  and  the  revolu- 
tions are  registered  upon  dials.  In  the  gas-meter, 
the  gas  passes  in  at  the  hollow  trunnion,  anil  pa.sscs 
from  the  central  pipe  to  each  chamber  in  turn.  As 
the  gas  fills  the  chamber  it  rises,  and,  when  filled,  its 
lip  rises  above  the  surface  of  the  water  and  dis- 
charges its  gas  into  the  upper  part  of  the  containing- 
case.  As  the  cliamliers  of  the  drum  pass  over,  they 
again  fill  with  water.      See  GAS-MKTiClt. 

Mete-stick.  {Nautical.)  A  measnve  used  in 
.storin'4  cargo,  in  order  to  preserve  proper  levels. 

Met'o-pe.  (Archllcclurc.)  The  sjucc^  between 
the  trigly|ihi  in  the  frieze  of  the  Doric  order. 

Me-tren'chy-tes.  (Sargim'.)  X  syi-inge  for 
iujei-ting  me  licated  liijuids  into  the  uterus.    . 

Met'ric  Sys'tem.  The  system  adopted  by  the 
French  convention  in  179.'),  in  which  all  measures 
of  length,  area,  capacity,  and  weight  ar^  based  uiion 
the  length  of  a  quadrant  of  the  meridian  measured  Ijc- 
tween  the  equator  and  the  pole. 

The  origin  of  the  system  is  due  to  the  government 
of  Louis  XV.,  who  named  a  commission  to  investi- 
gate the  best  means  of  reforming  the  great  divej'sity 
of  weights  and  measures  then  used  in  the,  different 
cities  and  provinces  of  France.  These  investig.ations 
were  continued  umler  his  successor,  and  in  1790 
Talleyrand  distributed  among  the  members  of  the- 
National  Assembly  a  proposal  for  the  establishment 
of  a  single  and  universal  standard  of  measurement. 

A  committee  from  the  Ai'.ademy  of  Sciences,  Bor- 
da,  Lagrange,  Laplace,  and  Condorcet,  all  men  of 
the  highest  scientific  eminence,  were  appointed  un- 
der a  decree  of  the  Assembly  to  report  upon  the 
selection  of  a  natural  standard.  They  proposed,  in 
their  report,  that  one  ten-millionth  part  of  a  quarter 
circumference  of  the  globe  at  the  meridian  of  Paris 
should  be  taken  as  the  unit  of  lineal  measure. 

This  is  undoubtedly  a  more  definite  .standard  than 
that  of  the  English  and  .^meiic-an  systems,  which 
are  based  flpon  the  length  of  a  pendulum  beating 
seconds  in  the  latituiles  of  London  aiul  New  York 
resjiectively.  It  may  be  remarked  that  the  English 
and  American  determinations  of  the  foot  and  yard 
from  these  sources  differ  slightly,  though  not  enough 
to  affect  any  practical  result.  The  values  of  the 
meter  are,  in  English  inches,  39.37079  ;  in  Ameri- 
can inches,  39.368.  The  values  of  the  metric  meas- 
ures in  the  following  tables  are  compared  with  those 
of  tlie  English  yard. 

Van  Swindell  was  one  of  the  commissioners  for 
settling  the  basis  of  the  system,  and  gives  a  lengthy 
description,  from  which  we  derive  the  following  :  — 
"The  standard  is  founded  upon  the  basis  of  the 
(piadrant  of  tlie  earth,  being  the  part,  of  the  terres- 
trial meriiliau  contained  between  the  equator  and 
the  north  pole.  The  10,000,000tli  part  of  this 
quadrantal  arc  was  adopted  to  be  the  linear  measur- 
ing unit,  which  they  called  "  metre,"  apjilying  it 
equally  to  superficial  and  solid  measures,  taking  for 
the  unit  of  the  former  the  square  of  tlie  decuple, 
and  for  that  of  the  latter  the  cube  of  the  tenth  part 
of  the  meter.  They  chose  also  for  the  measuring 
unit  of  weight,  the  quantity  of  distilled  water  erpial 
in  bulk  to  the  same  cube  at  a  certain  tem|ierature. 
They  also  decided  that  the  multiples  and  sub-multi- 
ples of  each  kind  of  measure,  whether  of  weight, 
capacity,  surface,  or  length,  shall  be  always  taken 


in  the  decimal  or  deeujile  proportion,  as  the  most 
simple,  natural,  and  easy  for  calculation,  according 
to  the  system  of  numeration  which  all  Europe  has 
used  for  many  centuries. 

"The  Institute  (National  Institute  of  France)  or- 
I  dered  a  new  and  actual  measure  of  the  whole  arc  of 
j  the  meridian  extending  the  whole  length  of  France, 
!  from  Dunkirk  on  the  north  to  Barcelona  in  Spain, 
and   passing  Paris,    an  extent  of  almost   10°.      The 
nieasurenieiit  of  this  arc  employed  Mechain  and  De- 
■  lanibre  for  several  years.      They  employed  rods  of 
platinum   of   12    feet   in   length  for  measuring  the 
bases  ;  and  whole  circles,  accurately  made,  for  tak- 
ing the  angles  to  lOtlis  of  .second.s,  by  repeating  the 
measures   in    dittercnt    parts    of   the  (urcuniference, 
and  taking  the   mediums  of  the  whole.     The  pre- 
cision with  which  the  angles  were  observed  is  such 
'  that,  out  of  90  triangles  which  connect  the  extrenii- 
I  tics  of  the  meridional  arc,  tliei'e  are  36  in   which 
the  sum  of  the  3  angles  difl'ers  from  its  proper  quan- 
tity by  less  than   1  second  ;  that  is,   in  which  the 
error  of  the  three  angles  taken  together  is  less  than 
1  second  ;  there  are  27  triangles  in  which  this  error 
is  less  than   2  .seconds;  in    18   others  it  does  not 
amount  to  3   seconds  ;   4  are  under  4  seconds  ;  and 
the  remaining  3  are  under  5  seconds. 

"ICvei'y  care  was  taken  to  support  and  dispose  the 
]ilatinum  rods  projierly  in  measuring  the  bases.  The 
extremities  of  the  rods  were  never  brought  into  con- 
tact ;  an  interval  being  left,  which  was  measured  by 
a  tongue  of  platinum,  sliding  from  the  end  of  one  of 
the  rules  and  carrying  a  vernier  and  niicro.scope. 
The  corrections  or  allowances  for  diflcreiices  of  tem- 
jierature,  for  obliquities  of  the  line  actually  meas- 
ured, and  for  tlie  elevation  aliove  the  level  of  the 
sea,  were  also  attended  to  and  allowed  for.  One  rod 
was  kept  unemployed  for  a  module  or  standard  at 
10°  Keaumur  or  .^i4°  Fah." 

In  dedui'iiig  the  length  of  the  quadrant  of  the  me- 
ridian, the  arc  measured  by  Bouguer  mid  La  Conda- 
mine  in  Pern,  in  1736,  was  taken  as  an  element. 
More  recent  and  extended  measurements  at  difi'erent 
Iioints  of  the  earth's  surface  indicate  that  the  data 
upon  which  the  metric  determinations  were  founded 
were  iiiade(|Uate  for  ascertaining  the  exact  variations 
in  curvature  of  this  irregular  ellipsoid  at  diflerent 
latitudes,  and  that  consequentlv  the  meter  is  not 
exactlv  what  it  .should  be,  but  10,000,000  meters  fall 
short,  according  to  Sir  J.  F.  W.  Her.schel,  by  4,008 
feet  of  measuring  a  meridional  quadrant.  This  error, 
amoniiting  to  but  jfis  of  an  inch  to  the  meter,  is  dis- 
regarded. 

As  before  observed,  the  meter  is  the  basis  of  all 
measurements.  From  it  are  derived  the  following 
units  :  — 

Of  area  ;  the  are,  —  1  square  decameter. 
Of  eajiacity  ;  the  liler,  —  1  cubic  decimeter. 
Of  weight ;  the  (jram,  —  1  cubic  di-cimeter  of  water. 
The  names  of  the  graduations  below  the  unit  are 
formed  from  the  Latin,  and  above  the  unit  are  formed 
from  the  Greek,  as  follow.s,  the  unit  being  1  :  — 


Myria 
Kilo  . 
Hecto 
Deka   . 

Deci 
Cen^i  . 
Milli 


10,000 

1,000 

100 

10 

1 


0.1 

0.01 

0.001 


In  each  of  the  four  classes,  —  length,  area,  capaci- 
ty, and  weight,  —  these  prefixes  indicate  the  char- 
acter of  the  measure.  Greek  for  multiples,  Latin 
for  fractions. 
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Milliojetre  ( .001  metre), 
Centimetre  (.01  metre), 
Decimetre  (.1  metre), 
M^tre  (unit), 
Dt^kametre  (10  metres), 
Hectometre  (100  metres). 
Kilometre  ^1,000  metres), 


Mcti^ures  of  Length. 


iMjriametre(10,000  metres),  10,93'o.33 


0.03937  inches. 
0.39371      " 
3.93708     " 
3J.3708       '•  or  3.2809    feet. 
32.S09   fe«t,or  10.9363   yards. 
3i8.09        "       109.3d33 
1.093.03     yards,  or  0.62138  miles. 


Tabu 


10  millimeters  make 
10  centimeters  make 
10  decimeters  maiie 
10  meters  make  . 
10  decameters  make 
10  hectometers  make 
10  kilometers  make 


6.21382 


1  centimeter. 
1  decimeter. 
1  meter. 
1  decameter. 
1  hcctouieter. 
1  kilometer. 
1  mynameter. 


Macsurcs  of  Area. 
■    The  unit  of  area  is  a  square  whose  side  is  10  me- 
ters.   It  is  called  an  Are,  and  is  eiiual  to  100  square 
irieters. 

Centiare  ( .01  are  or 

square  metre),  1  1960  sq.  yards=l,550  square  inches. 

.lre(sq  decametre 

and  unit),  119  60.33sq.  vardsor0.0247acres=3.9636p. 

Deoaro(lOares),      l,19,j.0.33    sq.  yards  or  0  247  acres=39.536  p. 
Uectare(10Oares)ll,960.33    sq.  yards  or  3  471acres=2  air 

35.376  p. 

Tabic. 
100  centiares  make       .  .1  are. 

10  ares  make 1  decare 

10  decares  make 1  hectare. 


Measures  of  Capacity. 
The  unit  for  the  measure  of  voUira('S  is  a  cube  whose  edge  is  rs  of  the  meter ;  that  is,  a  cube  whose 
■dge  is  3.937  inches.     It  is  called  a  Liter,  and  is  xcfoii  part  of  a  cubic  meter. 


Metric  Benominations. 


English  Equtvaleats. 


Milliliter       . 

0.001  of  a  liter 

1  cubic  centimeter 

Centiliter  . 

0.01 

of  a  liter 

10  cubic  centimeters 

Deciliter 

0.1 

of  a  liter 

.1  cubic  decimeter 

Liter 

1 

liter 

1  cubic  decimeter 

Decaliter       . 

10 

liters^ 

10  cubic  decimeters 

HectoUter 

100 

liters 

.1  cubic  meter 

Kilditer  or  stere  . 

1,000 

liters 

1  cubic  meter 

0.00704  gills 
0.0704  giUs 
0.704  gillfl 
1.761  pts. 
2.201  gaUs. 
2-751  bus. 
27.512  bus. 


United  States 
Liquid  Measure. 


0.061027  cubic  inches 

0.610271  cubic  inches 

6.102705  cubic  inches 

61.027052  cubic  inches  i 

610.270515  cubic  inches  ' 

6,102.705152  cubic  inches 

61,027.051519  cubic  inches  ! 


0.27  fluid  drams. 

0.338  fluid  oz. 
0.845  gill. 
1.0567  quart. 
2.6417  galls. 
26  417  galls. 
264  17  galls. 


Tabic. 


10  milliliters  make . 
10  centiliters  make 
10  deciliters  make  . 
10  liters  make 
10  decaliters  make  , 
10  hectoliters  make 


1  centiliter. 

1  deciliter. 

1  liter. 

1  decaliter. 

1  hectoliter. 

1  kiloliter  or  stere. 


Weii/hts. 

The  unit  of  weiglit  is  ec|ual  to  TtnTiurrir  P^irt  of  the. 
weight  of  a  cubic  meter  of  pure  rain-water  weiglied 
in  a  vacuum.  It  is  culled  a  Gkam,  and  is  etjiial  to 
15.432  grains  Tro^^  =  .0352746  ounces  avoirdupois, 
nearly. 


METRIC   DENOMINATIONS   AND    VALUES. 


Milligram 

Centigram 

Deeiijram 

Oram 

Deka;^ram 

IlHCtogram 

Kilogram  or  kilo 

Myri:igram 

Quintal  . 

Millier  or  ton 


Number  of 
Qrams. 


0.001 

0.01 

0.1 

1 


10 

100 

1.000 

10,000 

100,000 

,000,000 


U'eij;ht  of  what 
quantity  of  waterat 
maximum  density. 

1  cubic  millimeter 
10  cub.  millimeters 
I    1  cub.  centimeter 
I  1  cub.  centimeter 
10  cub  centimeters 
I  1  deciliter 
I   1  liter 
10  liters  . 
I  1  hectoliter 

1  cubic  meter 


Equivalents 
in  denom- 
inations in 
use. 

Avoir'pois. 
0.0154  gr. 
01^3  gr. 
1,5432  sr. 
15.432  gr. 
0.3527  oz. 
3.5274  oz. 
2.204(i!bs. 
22.046  lbs. 
220.46  lbs. 
2,204.6  lbs. 


Table. 


10  miUiL;rams  make 
10  centigrams  make 
10  decigrams  make 
10  GR\MS  make  . 
10  decagrams  make 
10  kilograms  make 
10  myriagrams  make 
10  quintals  make 


1  centigram. 
1  decigram. 
1  gram. 
1  decagram. 
1  kilogram. 
1  myri;igram 
1  quintjil. 
1  millier  or  ton. 


On  the  adoption  of  the  metric  system,  the  French 
also  reformed  their  currency,  abolishing  the  /irrc  and 
sniis,  and  adopting  the  franc,  which  it  was  decreed 
should  weigh  five  grams,  and  be  composed  of  9  parts 
pure  silver  and  1  part  alloy.  It  is  divided  into  100 
centimes.  This  piece  constitutes  the  basis  of  the 
Frencli  coinage. 


The  Uuited  States,  however,  led  the  way  in  a  deci- 
mal currency. 

The  metric  system,  though  adopted  in  1795,  was 
not  fully  carried  into  effect  until  1S40.  It  is  now 
employed  tlu'oughout  a  large  jiart  of  Continental 
Europe,  and  seems  in  a  fair  way  to  be  generally 
adopted  at  some  not  very  distant  day  in  the  Uniteil 
.States,  wheie  it  may  now  be  legally  employed  at  the 
0]itioii  uf  the  parties  interested. 

Met'ro-chrome.  A  color-measurer.  Invented 
hy  Field  and  descrihed  in  his  "  Chromatogra]ih."  It 
consists  of  thiee  hollow  wedges  of  glass,  of  exactly 
the  same  angle  and  capacity,  and  accurately  gradu- 
ated oil  the  edge  to  the  saiue  number  of  equal  de- 
glees.  These  wedges  are  so  arranged  l)et\veen  two 
screens  that  any  portion  of  their  tapering  sides  may 
be  presented  at  will  to  an  aperture  through  which  a 
direct  view  may  be  had,  or  a  ray  of  liglit  thrown. 
The  wedges  are  filled  respectively  with  a  yellow,  a 
red,  anil  a  blue  transparent  liquid, 
each  color  being  exactly  the  same 
in  depth  or  intensity.  It  is  obvi- 
ous that,  descemliug  fioni  the  apex 
to  the  base  of  these  wedges,  the 
amount  of  color  or  the  number  of 
its  atoms  jiresented  to  the  eye  in- 
creases in  proportion  to  the  diver- 
gence of  its  sides. 

Met'ro-graph.  An  ajiparatus 
to  be  attached  to  a  locomotive,  in- 
dicating on  a  time-pajier  the  speed 
w'ith  the  number  and  duration  of 
the  various  stopifiages. 

Me-trom'e-ter.  (Surgical.)  An 
instrument  for  measuring  the  size 
of  tile  wornli.      .A.  hi/stcroiiutcr. 

Met'ro-nome.  An  instrument 
for  beating  and  dividing  the  time 
in  music.  A  musical  time-keeper. 
Patented  in  England  by  .lohn  Miil- 
zel,  December  5,  1815. 

It  has  a  small  pendulum  which, 
being  .set  in  motion  by  clock-work, 
beats  audibly  a  certain  number  of       Mttnmome. 
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times  ill  a  minute  ;  and  tliis  number  may  be  altered 
by  moving  u  sliding  weight  so  as  to  give  it  the  speed 
required. 

In  Fig.  3131,  the  verge-wheel  is  attaehed  to  a 
wheel  having  equal  raised  surfaces  and  dejiressions 
around  its  jierijihery,  and  these  act  on  one  end  ol'  a 
pivoted  h'ver,  whose  other  end  is  eonnected  by  a  tine 
thread  to  an  indicator  altached  to  a  .spiral  spring. 

Met'ro-scope.  {.Sitiyicn/.)  An  iiistrunient  in- 
vented by  M.  Nauche,  for  listening  to  the  sounds  of 
the  heart  of  the  fetus  in  utero  gestation.  The  ex- 
tremity was  sugge.sted  by  the  stethoscope  of  Laennee, 
and  is  introduced  through  the  vagina  and  a]iplied 
against  the  neck  of  tlie  uterus.  It  is  used  when  the 
sounds  and  movements  are  imperceptible  through  the 
parieties  of  tlie  abdomen. 

Met'ro-tome.  (Surgiml.)  An  instrument  like 
a  bistoury  cache,  whicli  is  introduced  into  the  cav- 
ity of  the  uterus,  where  the  knife  is  unsheathed  and 
cuts  on  withilrawing.  Its  purpose  is  to  divide  the 
neck  of  the  uterus.  See  Tliomas'  s  ' "  Diseases  of 
Women."     A  lii/stcrotomc. 

Mez-za-nine'.  A  low  window  occurring  in  at- 
tics and  entresols. 

Sometimes  applied  to  an  entresol. 

A  mezzanine  story  is  a  half-story  ;  one  lower  than 
the  stories  above  and  below  it. 

Mez'zo-ri-li-e'vo.  The  moderate  prominence  of 
a  sculptured  figure  from  the  plane  surface  to  which 
it  is  attached.  It  is  also  known  as  devii  or  half-re- 
lief, and  is  a  grade  hfUvni'n  n/tu-rilievo  or  high-relief, 
and  basso-rilieen  or  loir-relief     See  Rilievo. 

Mez'zo-tint-en-grav'ing.  The  inventor  of 
this  art  is  believed  to  have  been  Colonel  Ludwig 
von  Siegen,  a  lieiiteiiant-colonel  in  the  service  of 
the  Landgrave  of  Hesse  Cassel.  Portraits  executed 
by  him  e.xist,  having  the  date  of  1643.  Prince  Ru- 
jiert  gave  so  much  attention  to  it,  and  was  so  instru- 
mental in  bringing  it  into  favor,  that  he  has  been 
credited  with  the  invention.  Sir  Christopher  Wren 
lias  also  been  cited  as  the  inventor,  but  his  claims 
are  antedated  by  Prince  Rupert. 

"  Mr.  Evelyn  showed  me  the  whole  secret  of  mez- 
zo-tinto,  and  the  manner  of  it,  wliich  is  very  pretty, 
and  good  things  done  with  it."  —  Pepys's  Diary, 
Novenilier  1,  1665. 

The  process  consists  in  passing  over  a  plate  of 
steel  or  copper  with  an  instrument  called  a  ertidle, 
by  whicli  a  burr  is  raised  over  every  portion  of  the 
plate,  whii'.h,  if  filled  with  ink  by  the  printer,  would 
make  a  black  impression.  On  the  surface  thus  pre- 
pared, the  lights  and  middle  tints  are  burnished  or 
.scraped  away  ;  the  burr  being  more  or  less  perfectly 
removed,  according  to  the  gradation  of  light  re- 
(|uireil.  The  plate  is  untouclied  in  the  parts  intend- 
ed for  the  darkest  tint.  The  instruments  used  are 
the  cradle  or  rocker,  scrapi^r,  burnisher,  roulettes. 
It  is  usual  to  etch-in  the  outlines  of  the  design  to 
form  a  guide  in  the  operations  of  scraping  and  Inu- 
nishing.  A  more  extensive  use  of  the  etching  pro- 
cess gives  character  and  force  to  the  work.  The 
tools,  cited  above,  are  de.scribed  under  their  respec- 
tive heads. 

Mi'ca.  A  mineral  which  cleaves  into  thin  trans- 
]iarent  plates.  Known  to  miners  as  glimvier.  It  is  the 
lapis  spccularis  of  Pliny,  used  in  ancient  times  for 
window-panes. 

The  uses  of  mica  in  the  mechanic  arts  are  numer- 
ous.     Among  them  may  lie  cited,  — 
Windows  lor  stoves  and  lanterns. 
Chimneys  for  lamps. 

Ground,  as  a  lubricator  and  as  a  packing. 
As  a  substitute  for  glass  in  spectacles,  in  protect- 
ing the  eyes  in  various  mechanical  operations. 


As  a  substitute  lor  glass  in  silvered  retiectors,  in 
places  where  it  will  be  exposed  to  heat,  as  in  head- 
lights, etc.      (Marshall's  patent.) 

Mi.xed  with  varnish  as  a  coating  for  wall-paper 
(Beck's  patent),  and  in  bronzing  statuettes  and  other 
plastic  articles. 

As  a  covering  for  roofs  (Ditto's  patent). 

Mi'cro-cous'tic.  (Surrjical.)  An  aural  instru- 
ment for  collecting  sounds  for  the  partially  deaf. 
An  auricle  or  speaking-trumpet. 

Mi'cro-graph.  An  instrument  invented  by  Mr. 
Webb  of  Limdon,  for  executing  extremely  minute 
writing  and  engraving  ;  Its  general  principle  is  that 
of  the  pantograph. 

Fig.  8132  is  a  facsimile  of  a  photograph  enlarged, 
from  a  specimen  written  by  Jlr.  Webb  on  glass  for 
Fig.  31Si. 

^na'A-U  /^h-i^  .ti'nijd£rn--i  Cir/vve, 
%(p  mil  b(  doy\?.  i-n  ^cvvQL 

fh<i  cUcii  ^ttt  dadvj.  fund  aixd 

Hcxgivt  I'Atm  'iha'^-  At^yf-uw^ 
(tmmisl^  lio-'iiiul  lead  Uf  rve-^ 
pkHh  -}€'\nf>-ki kirn ,  huY  duiA/-(As 

The   Lord'!.  Prnijfr  {from  a  Mirro-p/iotograph  of  the  ori^nat 
Writing  on  Glass,  occupt/ing  the  j^y^yj^j  of  a  Square  Inch). 

the  United  States  Army  Medical  Museum.  The 
glass  slip  also  contains  the  following  inscription  in  a 
larger  writing  :  — 

"Webb's  Test.  The  Lord's  Prayer.  227  letters 
in  the  ^Jn  x  tSt  of  an  inch,  or  the  T^ciS;?;!  of  a  square 
inch,  and  at  the  rate  of  2!t,431,458  letters  to  an  inch, 
which  is  more  than  8  Bibles,  the  Bible  containing 
3,566,480  letters." 

The  area  within  which  the  Prayer  was  written  was 
micronietrically  verified  by  Dr.  J.  J.  Woodward, 
United  States  Army,  who  found  that  it  and  the 
above  inscription  were  contained  within  a  space  Vy 
of  an  inch  square. 

Mr.  Webb  claims  that  writing  of  this  kind  affords 
a  test  of  microscopic  power  superior  to  that  afforded 
by  NdBEirr's  Plates  (which  see),  the  finest  of  which 
he  endeavors  to  prove  have  no  real  existence,  but 
result  from  an  optical  delusion  produced  by  the  po- 
larization of  light.  Dr.  Woodward,  however,  says 
that  the  optical  appearance  of  such  of  Nobcrt's  bands 
as  have  never  been  residved  into  sejiarate  lines  by 
the  highest  powers  yet  attained  are  so  similar  to  the 
others  that  it  is  unreasonable  to  doubt  that  they  are 
ruled  as  stated  by  Nobert.  He  attriliutes  the  suc- 
cess of  Nobert  to  the  minuteness  of  the  jioiuts  em- 
ployed by  him,  which  appear  to  far  exceed  those  of 
other  artists,  and  are  the  result  of  a  secret  which  he 
has  hitherto  kept  to  himself. 

According  to  a  statement  made  in  1862  by  Mr. 
Fairants,  president  of  the  Microscopical  Society, 
Mr.  Peters  has  succeeded  in  writing  the  Lord's 
Prayer,  so  as  to  be  distinctly  legible,  with  sufficient 
magnifying  power,  within  the  space  of  TTTt^iinn  of  a 
square  inch.  The  instrument  employed  was  invent- 
ed by  him,  and  is  termed  the  Micuopantograph 
(wbidi  see). 

Mi-crom'e-ter.  An  instrument  used  with  a 
telescope  or  microscope  to  measure  sm:ill  distances, 
or  the  a])parent  diameters  of  objects  which  subtend 
very  small  angles.  —  Websteu. 
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Micrometers  are  variously  constructed.  The  field 
of  the  telescope  may  be  provided  with  a  graduated 
scale,  or  a  metallic  ring,  or  a  diaphragm  having 
jiarallel  and  intersecting  spider-lines  or  fine  wires. 

The  micrometer  with  a  gmduntcd  scale  is  used  for 
measuring  distances  by  direct  compai'ison. 

The  application  of  the  micrometer  to  the  telescope 
is  credited  by  Whewell  to  Huygliens,  Malvasia,  and 
Azout.  It  was  a  great  advance  in  the  attenijit  to  do 
by  accuracy  of  measurement  what  had  previously 
been  attempted,  and  in  part  accomplished,  by  en- 
larging tlie  instrument  so  as  to  enable  the  meas- 
urements of  suialler  arcs. 

The  first  micrometer  on  record  is  that  of  Gascoigne 
of  England,  constructed  about  1640,  and  used  by 
him  in  measuring  the  diameters  of  the  moon  and 
some  of  the  planets. 

The  inventor  perished  in  the  civil  war,  1644. 
Tlie  instrument  had  nicely  ground  parallel  edges  of 
brass  plate,  and  parallel  hairs  were  substituted  by 
tire  renowned  Dr.  Hoolce. 

Huygliens,  about  165'2,  measured  the  diameter  of 
a  planet  by  inserting  in  the  tulie  of  the  telescope,  at 
the  focus  o\'  the  object-glass  and  eye-glass,  a  slip  of 
metal  which  covered  exactly  the  image  of  the 
planet,  aud  then  deduced  the  diameter  by  the 
breadth  of  the  slip  compared  with  the  breadth  of 
the  field. 

Malvasia,  shortly  after,  employed  a  network  of 
fine  silver  wire,  making  a  reticulated  or  filar  microtii- 
ctcr.  The  wires  were  stretched  across  a  diaphragm 
in  his  telescope,  crossing  each  other  at  right  angles 
and  dividing  the  field  of  view  into  squares  of  equal 
.size. 

Azout,  a  French  astronomer,  published  an  account 
of  the  micrometer  in  1667. 

Picavd,  another  Freui'h  savant,  who  died  in  1684, 
was  instrumental  in  the  practical  application  of  the 
micrometer  to  instrumiMits.  He  early  adapted  the 
telescope  to  the  measurement  of  angles,  and  deter- 
mined with  reasonable  correctness  the  length  of  a 
degree,  wliich  he  measured  by  means  of  an  Odome- 
■SKM  (which  see). 

Roemer,  in  1673,  suggested  the  divided  object- 
(/la^s  micrometer^  which  was  more  perfectly  adapted 
by  Bouguer,  seventy  years  afterwards. 

Boscovich,  in  1740,  invented  the  circular  microm- 
eter, which  was  used  liy  Lecaille  in  1742,  and  Olbers, 
1798,  and  imju'oved  by  Frauenhofei'. 

Ramsden,  about  1780,  suggested  the  use  of  cobwebs 
as  a  fine  filament  substitute  lor  wire.  It  has  been 
credited  to  Troughton. 

A  substitute  for  the  spider-line  micrometer,  over 
which  it  possesses  many  advantages,  is  formeil  of  a 
thin  plate  of  glass  on  which  equidistant  parallel 
lines  are  ruled  by  means  of  a  diamond-point.  Spider- 
lines  are  liable  to  become  displaced  or  to  become  re- 
laxed in  consequence  of  the  hygrometric  conditions 
of  the  atmosphere,  while  the  glass  plate  is  perma- 
nent and  unalterable. 

Rochon  invented  the  doiMc-rcfractioti  or  prism 
viicrouicter. 

A  filam.mt  of  silk,  a  fiber  of  spun-glass,  of  melted 
sealing-wax,  of  asbestos,  or  a  minute  crystal  of  mez- 
zolite,  were  successively  suggested  and  employed. 
\Volla.ston  adopted  a  platinum  wire,  drawn  to  extreme 
tenuity  by  inclosing  it  in  a  plug  of  silver,  afterward 
removed  liy  acid  ;  this  is  illuminated  by  a  ray  of 
light  which  passes  from  a  lani))  along  the  horizontal 
axis,  and  is  reflected  by  a  small  speculum  upon  tlu 
wire. 

The  wires  of  the  Oxford  heliometer  (England)  are 
illuminated  by  a  voltaic  current,  which  renders  them 
red-hot. 


Porro  illuminates  the  wires  by  a  thin  vein  of  light 
perpendicular  to  the  axis  of  the  telescope,  so  as  to 
make  the  w'ircs  silvery  white  in  a  dark  field. 

Brewster  proposed  to  obtain  micrometer  lines  by 
placing  in  the  field  of  view  the  retlected  images  of  a 
fixed  or  movable  .system  of  wires  or  of  lucid  disks 
attached  to  the  side  of  the  eye-piece. 

The  photographic  micrometer  is  thus  described  by 
Sir  David  :  — 

"  If  a  system  of  opaipie  or  transparent  lines  be 
impressed  upon  the  collodion  ]ihotographically  when 
reduced  to  the  minutest  size,  from  a  system  of  large 
and  sharply  defined  lines,  we  shall  have  the  most 
perfect  micrometrical  scale  that  can  be  conceived  ; 
the  portion  of  collodion  that  contains  no  nitrate  of 
silver  being  as  transparent  as  if  the  dark  jdaces  were 
solid  wires  or  metallic  plates  placed  in  the  focus  of 
the  eye-glass." 

See  Pearson's  "  Practical  Astronomy,"  Vol.  II.: 
Brewster's  "Philosophical  Instruments." 

Cavallo's  micrometer  is  a  small,  semi-transparent 
scale  of  mother-of-pearl,  about  ^Vr  of  an  inch  broad 
and  divided  by  finely  ruled  lines.  It  is  situatoil 
within  the  tube,  at  the  focus  of  the  eye-lens  of  the 
telescope,  with  its  divided  edge  in  convenient  prox- 
imity to  the  image. 

See  under  the  following  heads  :  — 

Annular  micrometer.  Micrometer-balance. 

Circular  micrometer.  Micrometer-microscope. 

Cobweb  micrometer.  Micrometer-.screw. 

Dioptric  micrometer.  Mother-of-pearl  micrometer. 
Divided  object-glass  microme-  Photographic  micrometer. 

ter.  Position-micrometer. 

Double-image  micrometer.  Prism-micrometer. 

Double-refraction  micrometer  Reticulated  micrometer. 

Eve-piece  micrometer.  Ring-micrometer. 

Filar  micrometer.  Scale-micrometer. 

Heliometer  Stage-micrometer. 

Linear  micrometer.  Wire-micrometer. 
Megameter. 

Mi-crom'e-ter-bal'ance.  Kenshaw's  microm- 
eter-balance, invented  aljout  184i^  consists  of  a  beam 
or  steelyard  su])ported  on  a  knife-cilgcd  fulcrum. 
Kear  one  end  of  the  beam  a  few  threads  are  cut,  on 
which  is  a  wheel  graduated  to  degrees,  eaidi  of  whicli 
corresponds  to  half  a  grain  in  weight.  The  coin  is 
]ilaced  on  the  other  end  of  the  beam,  and  if  of  coi- 
rect  w^eight  an  index-bar  points  to  zero  on  the  wheel ; 
but  if  it  be  light,  the  wheel  is  turned  round,  altering 
the  leverage  of  the  beam  until  it  is  in  equililuio. 
The  degree  to  which  the  index-bar  points  shows  how 
many  half-grains  the  coin  is  shoi't  of  its  propel- 
weight.  The  device  may  be  adjusted  to  weigh  half- 
sovereigns. 

Mi-crom'e-ter-mi'cro-scope.  The  yn  icromc- 
ter-microscope  is  used  for  reailing  and  subdividing  the 
divisions  of  large  astronomical  ami  geodetical  instru- 
ments. (WKBSTf^K.)  Around  the  mural  circle  of 
tlie  Washington  Observatory  are  placed  six  microm- 
eter-microscopes, with  an  acute  cross  of  wires  at 
their  foci  for  reading  angles  le.ss  than  5'.  Five  rev- 
olutions of  the  micrometer  are  designed  to  measure 
5'  upon  the  circle.  The  micrometer  heads  being  di- 
vided into  sixty  equal  parts,  each  division  represents 
1"  of  arc. 

Mi-crom'e-ter-scre'W.  A  screw  attached  to 
optical  and  niatiu-matical  instruments  as  a  means 
for  exact  measurement  of  very  small  angles. 

The  great  space  through  which  tlie  lever  of  the 
screw  passes,  in  com]tarison  with  the  longitudinal 
motion  due  to  the  pitch,  affords  the  means  for  a  posi- 
tive motion  whicli  is  inipercepti'ble  on  the  object 
moved,  though  appreciable  in  its  results. 

The  heail  of  the  micrometer-screw  being  divided 
into  sixty  equal  parts,  and  re]>resenting  1'  of  arc,  a 
revolution  would  be  equal  to  1°. 
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If  the  thread  of  a  micrometer-screw  in  an  instru- 
ment lias  50  threads  to  an  inch,  and  carries  a  jioiiit- 
er  which  traverses  a  graduated  circle  divided  into  20 
equal  parts,  the  i-evoiution  of  the  micrometer-screw' 
for  a  distance  equal  to  one  of  the  divisions  will  move 
the  object  to  which  the  screw  is  attached  Tif.iir  of  an 
inch;    that  is,   20x50^1,000.     See   Measuuing- 

INSTRUMKNT. 

Mi'cro-nom'e-ter.  A  species  of  watch  intended 
for  measuring  short  intervals  of  time,  as  the  Hight 
of  a  )irojectile,  etc.,  has  been  thus  called.  Alter 
being  wound  up  in  the  ordinary  way  it  is  set  in  mo- 
tion by  pri'ssing  a  spring  with  tlie  linger,  upon  with- 
ilrawing  whirli  it  is  instantaneiiusly  stopjied. 

Mi'cro-pan'to-graph.  An  iiLstrutLient  invented 
in  1852  by  Mr.  IVters,  an  English  banker  and  mi- 
croscopist,  for  miinite  writing.  It  consists  of  an 
upright  staud  having  four  columns  c  c  supporting  a 
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Peters'' s  Micropanto^aph. 


brass  plate  d  </,  on  which  are  placed  four  smaller 
columns  e  e.  On  top  of  tliese  is  a  seccnid  plate  // 
and  ring  i  i,  in  which  is  journaled  an  interior  ring 
jj ;  in  this  is  pivoted  a  lever  r/  having  its  arms  in 
the  proportion  of  125  to  1.  To  the  shorter  ai'm  of 
the  lever  is  attached  an  arm  /'  carrying  the  writing- 
point  and  sliding-arin  d  a.  Tlie  lower  end  of  the 
tubular  lever  q  is  caused  to  move  in  any  required 
direction  by  means  of  tin:  rods  s  t,  which  are  con- 
nected by  two  pair  of  rings  y,  each  pair  joined  to- 
gqther  in  one  plane  and  each  moving  on  horizontal 
pivots.  The  tirst  enters  the  lower  end  of  the  lever  <;, 
and  the  second  may  lie  moved  vertically,  and  has  at 
its  lower  end  a  joint  ii  connecting  it  with  the  arm  ?« 
which  carries  the  traeing-iioint  ;  this  being  moved 
over  the  outlines  of  the  letters  of  a  piece  of  writing 
or  other  object,  the  tracer  d  at  the  top  of  the  ma- 
chine produces  a  reduced  copy  on  a  plate  of  glass 
li.xed  beneath  it.  In  the  example,  this  would  be 
reduced  to  j\t:  the  linear  dimensions  of  the  original, 
•""TiriiTT  of  its  area.  This  apparatus  was  improved 
by  the  inventor  (see  right-hand  figure),  who  added 
an  intermediate  lever  p  consisting  of  two  parts  unit- 


ed by  a  universal  joint ;  its  ends  slide  in  bearings 

11  n,  k  k  at  the  ends  of  the  separated  parts  of  the 
lever  (j,  so  that  the  relative  lengths  of  the  two  parts, 
which  in  fact  constitute  the  arms  of  a  compound 
lever,  may  be  varied  within  certain  limits,  so  as  to 
vary  the  proportion  between  the  original  and  the 
reduction.  The  amount  of  diminution  which  the 
instrument  is  capable  of  ]iroducing  may,  by  thus 
adjusting  the  relative  length  of  the  levers,  l)e  raised 
between  108  and  6,250  times,  lineal  nu'asurement. 

The  writing  or  engraving  jioint  d  is  pressed  against 
the  glass  plate  on  which  the  reduction  is  made  or 
raised  therefrom  by  springs,  a  connecting-rod,  and  a 
lever  oijerated  by  the  left  hand,  while  the  right  is 
occupied  with  the  tracer  x.  See  Micuogkaph  ; 
Fig.  3132. 

It  was  stated  in  1862  by  Mr.  FaiTants,  that  the 
Lord's  Prayer,  containing  223  letters  (amen  being 
omitted),  had  been  written  on  glass  with  this  instru- 
ment within  the  sjiace  of  irTtj^imu  »''  i  square  inch  ; 
at  which  rate  the  whole  Uible  might  be  inscribetl 
within  the  ;i'./  part  of  a  square  inch. 

Mi'cro-phone.  An  instrument  for  increasing 
the  intensity  of  low  .sounds  by  communicating  their 
vibrations  to  a  more  somnous  body  which  emits  a 
more  audible  sound. 

Mi'cro-scope.  An  optical  instrument  by  wliich 
objects  too  small  to  be  viewed  by  the  naked  eye  may 
be  seen  and  e.\anniied. 

A  single  or  simple  microscope  is  one  by  which  the 
object  is  seen  directly  ;  it  may  consist  of  a  single 
lens  or  of  more  tlian  one. 

In  a  cwiipound  microscope  two  or  more  lenses  are 
so  arranged  that  the  image  formed  by  one  is  magni- 
lied  by  the  others,  and  viewed  as  if  it  were  tlie  object 
itself 

In  a  solay-  microscope  a  reflector  and  condenser  are 
employed  to  direct  the  sun's  rays  on  the  object. 

In  a  tuccrnal  microscope  the  rays  of  a  lamp  are 
similarly  directed. 

The  magnifying  power  of  glass  balls  was  known  in 
early  times  to  the  Chinese,  Japanese,  Assyrians,  and 
Egyptians,  and  nioie  lately  auioiig  the  Greeks  and 
Romans.  The  use  of  lenses  for  microscopes  long 
|>receded  their  application  to  telescopes.  Sir  David 
Brewster  exhibited  one  in  1852  which  was  made  of 
rock  crystal,  and  was  found  among  the  ruins  of  Nin- 
eveh. 

The  refractive  power  of  glass  was  known  to  Ptol- 
emy, who  gives  a  taVile  of  the  deviation  luminous 
rays  experience  when  passing  through  glass  under 
diti'erent  angles  of  incidence.  Descartes  discovered 
the  law  that  the  amount  of  this  refraction  is  propor- 
tional to  tjie  sine  of  the  angle  of  incidence,  and  from 
that  time  date  all  great  discoveries  in  optics. 

Glass  balls,  called  burning  spheres,  were  sold  in 
Athens  before  the  Christian  era.  Their  magnifying 
)iower  was  mentioned  by  the  Roman  jihilosopher 
Seneca,  and  liy  Porta  of  Najiles  in  his  "Magia  Na- 
turalis,"  imblished  in  1590. 

Alhazen,  A.  ii.  1100,  was  the  first  to  correct  the 
popular  error  as  to  the  nature  of  vision,  showing 
that  the  rays  came  from  the  object  and  did  not  issue 
from  the  eye,  as  had  been  ])reviously  sujiposed.  He 
determined  that  the  retina  is  the  seat  of  vision,  and 
that  imjiressions  made  on  it  by  light  are  conveyed 
from  it  along  the  optic  nerve  to  the  brain  ;  he  ex- 
plained that  the  formation  of  the  visual  images  on 
corresjionding  portions  of  the  two  retinas  is  the 
cause  of  our  .seeing  single  when  we  use  botli  eyes  ; 
he  showed  that  a  ray  of  light  entering  the  atmos- 
pliere  obliipiely  is  deflecti'd  and  follows  a  curvi- 
linear jiath,  owing  to  the  increasing  density  of  the 
air  as  the  ravs  travel  towards  the  earth,  and  deduced 
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fiom  the  data  that  the  limit  of  the  hight  of  the  at- 
mosphere is  about  58i  miles. 

Huygheus  states  tliat  Urebell  had  a  microscope  in 
1621,  and  that  he  was  the  reputed  inventor  of  it  ; 
the  invention  is  also  claimed  b}*  Fontana,  a  Neapoli- 
tan, in  1618.  Burrell  asserts  that  tlie  Jansens, 
father  and  son,  made  the  first  microscope  and  pre- 
sented it  to  Prince  Maurice  and  Archduke  Albert  of 
Austria.  The  invention  was,  however,  clearly  an- 
ticipated by  Roger  Bacon.  Spectacles  were  in  use 
A.  D.  1200.  Tlie  doable  microscope  was  invented 
by  Farncelli  in  1624. 

Dr.  Hooke  (1635-1702)  made  microscopes  of  a 
sphere  of  glass,  from  /o  to  J),  of  an  inch  in  diameter. 
Having  made  and  jioHshed  his  lens,  he  placed  it 
against  a  «mall  hole  in  a  thin  piece  of  metal  and 
fixed  it  with  wax. 

Lenwenhoeck's  nncroscopes,  26  in  number,  which 
he  presented  to  the  Royal  Society,  have  each  a  double- 
conve.x  lens.     Their  powers  were  from  40  to  160. 

"  Comes  Mr.  Keeve,  with  a  microscope  and  a 
scotoscope.  For  tlie  first  I  diil  give  him  ,£  5  10  s.,  a 
great  price,  but  a  most  curious  bawble  it  is."  — 
Pepys's  Diary,  1664. 

Stephen  Gray's  "poor-man's  nn'croscope,"  1696, 
was  merely  a  drop  of  water  suspended  at  the  end  of 
a  wire  or  piu.  A  piece  of  perforateil  cardboard  or 
sheet-metal  affords  a  better  means  of  holding  the 
drop  of  water,  whose  rounded  surfaces  give  it  the 
properties  of  a  lens. 

By  fusing  in  the  flame  of  a  spirit-lamp  a  small 
piece  of  glass  contained  within  a  ring  of  platinum- 
wire,  a  lens  may  be  formed.  A  piece  of  the  wire 
should  project,  so  as  to  form'a  handle. 

Plate-glass  is  the  material  commonly  used  for 
microscopic  lenses.  Flint-glass,  on  account  of  its 
great  dispersive  power,  is  unsuited  for  the  pur- 
pose. Rock-crystal  is  an  excellent  material.  The 
diamond  and  other  precious  stones  have  been  em- 
ployed, but  the  advantage  of  their  high  refi'active 
power  is  found  to  be  counterbalanced  l->y  their  color, 
reflective  power,  double  refraction,  ami  heterogene- 
ous structure.  The  crystalline  lenses  from  the  eyes 
of  small  fishes  give  a  very  perfect  image  of  minute 
objects. 

The  lineal  magnifying  power  of  a  single  lens  is 
equal  to  the  distance  of  distinct  vision  divided  by 
the  focal  length  of  the  lens.  Tlie  object  is  brought 
a  little  within  the  focal  distance  of  the  lens  and 
appears  erect. 

Fig.  3134,  a  is  a  jointed  microscope  for  flowers, 
insects,  etc.,  and  is  made  to  fold  up  and  be  carried  in 

the      pocket. 
rig.  3134.  The    holder    is 

movable  in  the 
slide  for  focal 
adjustment  and 
has  forceps  be- 
tween which 
the  object  is 
held. 

Simple  mi- 
croscopes, to 
fold  in  cases,  h 
c  d  e,  are  made 
with  one  or 
several  lenses, 
which  have  a 
diameter  of 
from  J  inch  to 
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1  j  inches.     They  are  variously  mounted. 

The  Stanhope  lens  /'  was  invented  by  Earl  Stan- 
hope, and  is  a  cylinder  of  glass  with  two  convex 
ends.    It  is  1 J  inches  in  length  and  J  inch  in  diame- 


ter, and  is  mounted  in  a  metallic  tube.  The  ends 
have  a  relative  convexity  of  6  to  1,  and  the  instru- 
ment has  considerable  power. 

The  "Craig"  microscope  comprises  a  single  lens 
mounted  on  a  stand,  a  glass  for  holding  objects  be- 
low it,  and  a  mirror  for  reflecting  light  on  the  under 
side  of  the  object  and  lens.  The  magnifying  power 
is  greater  than  that  of  the  cheapest  compound  mi- 
croscopes, and  the  instrument  simple  and  convenient 
to  use. 

The  compound  microscope  usually  has  three  lenses, 
—  the  object-glass,  the  field-glass,  which  intercepts 
the  extreme  rays  passing  througli  the  object-glass 
and  thus  enlarges  the  field  of  view,  and  the  eye-glass. 
It  shows  objects  in  an  inverted  position.  See  also 
OB.JECTIVF,. 

The  United  States  army  microscope,  made  by 
Zentmayer,  is  thus  described  :  It  has  a  brass  body, 
16  inches  high,  on  brass  stand,  with  joint  to  incline 
it  to  any  angle,  double-milled  head-rack  and  pinion 
for  coarse  adjustment,  miirometer-screw  for  fine  ad- 
justment, and  movable  glass  stage  ;  under  the  stage  a 
tube  is  fitted  for  carrying  the  aci.-essory  illuminating 
apparatus,  concave  and  plane  mirrors,  arranged  for 
direct  or  obli<|ue  illumination,  two  eye-pieces,  one 
achromatic  object-glass  n,  of  an  inch  focus,  of  24 
degrees  angular  ai)ertHre,  one  achromatic  objcct-gla.ss 
^  of  an  inch  focus,  of  80  degrees  angular  aperture 
(not  adjustable  for  gla.ss  cover),  giving  jiower  of  50, 
100,  250,  and  450  diameters  :  camera  iucida,  stage 
micrometer  ruled  yjg  and  yn'off  of  »"  inch,  and  a 
condensing  lens  two  inches  diameter  on  separate 
stand. 

Fig.  3135  represents  a  microscope  especially  de- 
signed for  dentists'  use.     It  has  a  rack  and  pinion 


Fig.  3135. 


Compound  Microscope. 

for  approximate,  and  a  milled  headed  screw  for  accu- 
rate, adjustment  of  the  focus,  and  is  provided  with 
two  objectives  having  magnifying  innvcrs  of  125  and 
230  diameters  respectively.  It  has  also  two  mirrors, 
a  jilane  and  a  concave,  a  revolvable  and  removable 
diaphragm,  and  a  condensing  lens  on  a  separate 
stand. 

Daylight  or  strong  artificial  light  suffices  for  the 
observation  of  an  object  under  a  lens  or  microscope 
of  moderate  power,  but  with  high  powers  more  light 
is  required,  especially  as  the  object  is  shaded  by  the 
lens.  The  condenser,  a  convex  lens  placed  at  the 
side  of  the  object  which  is  in  its  focus,  is  then  em- 
ployed. The  light  may  be  also  concentrated  on  the 
object  by  a  reflector. 

Lieberkuhn,  1740,  devised  a  hollow  concave  reflect- 
or with  a  hole  in  the  center,  in  which  was  placed  a 
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NliiiiU  lens,  the  foci  of  the  lens  and  minor  nearly 
eoinoidiiig.  This  throws  abundance  of  li<;ht  on  an 
object  ]ilaced  in  the  focus,  but  as  it  conies  ec|Ually 
from  all  sides  no  shadows  ai'e  formed  and  tlie  object 
is  ililhcult  to  detine.  Tlie  device  is,  however,  well 
adapted  for  the  detection  of  small  particles  of  metal, 
etc.,  in  ores. 

The  Abbe  Hue  exhibited  his  micro.scope  to  the 
Regent  of  Tliibct  at  Lha-Ssa. 

"  An  e.vci'cdingly  robust  specimen  of  the  pediculus 
was  kindly  furnished  by  a  noble  Lama,  the  secretary 
to  the  Kcfjent,  from  his  own  preserves.  When  seized 
by  the  nippers,  the  Lama  oljjected  that  the  e.xperi- 
incnt  would  cause  the  death  of  a  living  creature.  '  lie 
silent,'  said  the  Regent.  '  Tsong-Kaba !  '  cried  he, 
when  invited  to  apply  his  eye  to  the  glass  ;  '  the 
creature  is  as  liig  as  a  rat.'  After  looking  at  it  a 
few  moments,  he  hid  his  face  with  his  hands,  saying 
it  was  too  horrible  to  look  at.  Every  one  approached 
the  microscope  in  his  turn,  and  everyone  started  from 
it  with  cries  of  horror.  The  Lama  plead  for  liis  lit- 
tle parasite.  We  removed  the  pincers  and  let  it  fall 
into  the  hand  of  its  proprietor.  Alas !  the  poor  vic- 
tim was  motionless.  The  Regent  said  to  his  secre- 
tary, laughing,  '  I  think  your  animal  is  indispo.sed. 
Give  it  souie  medicine.'"  —  Abbe  Hue's  Travels  in 
Tarlanj  and  Thibet,  1844-46. 

The  solar  microscope  consists  essentially  of  two 
lenses  and  a  mirror.  The  mirror  retlects  the  sun's 
rays  upon  the  first  lens,  by  which  they  are  concen- 
trated on  an  oliject  placed  in  its  focus,  and  is  still 
farther  magnilied  by  a  second  lens,  which  throws 
the  image  on  a  screen  at  some  distance  behind  it. 
The  e.xterior  lens  is  placed  in  a  hole  through  the 
shutter  of  a  darkened  room,  and  the  mirror  is  ad- 
justable so  tliat  it  may  receive  the  sun's  rays  under 
a  proper  angle  to  lie  reflected  to  the  lenses.  The 
object  is  liere  supposed  to  be  transparent ;  if  it  is 
opaque,  it  must  be  so  illuminated  that  the  rays  re- 
flected by  it  shall  pass  directly  to  the  interior  lens. 

The  theory  of  tlie  solar  microscope  is  said  to  have 
been  invented  liy  Dr.  Hooke,  and  was  described  by 
Professor  Balthasaurs  in  Erlauge  in  1710;  but  its 
practical  execution  is  <lue  to  Dr.  Lieberkuhn  in  Ber- 
lin, who  made  the  first  successful  apparatus  in  1740. 
It  is  founded  on  the  same  pi-inciple  as  the  camera 
obscara,  only  in  place  of  causing  the  lens  or  lenses 
to  form  inside  of  the  apparatus  a  small  image  of  large 
exterior  objects,  as  is  the  case  with  the  eauiera  obscitra, 
on  the  contrary,  in  the  solar  nucroscope,  the  lens  or 
lenses  form  outside  of  the  apparatus  a  large  image 
of  small  objects  ]ilaceil  inside  the  apparatus. 

When  the  objects  are  opaque  and  illuniiuated  in 
front  by  reflecting  mirrors,  the  apparatus  has  been 
called  a  iiuujaseopc. 

The  apparatus  of  the  hydro-oxygen  and  the  electiio 
microscope  is  identical  with  that  of  the  solar  niicro- 
scojie,  only  that  lor  the  solar  rays,  which  are  not 
always  at  command,  the  so-calloil  Drumniond,  lime, 
hydro-oxygen,  or  electric  light  is  substituted.  The 
magnesium  light  has  also  been  used  in  this  way. 
Either  of  the  above  is  inferior  to  the  solar  micro- 
scope in  the  same  ratio  that  our  best  artificial  lights 
are  inferior  to  the  solar  light. 

A  mollification  of  the  above  has  been  adapted  for 
producing  enlarged  photographs  of  small  objects. 
The  enlarged  ))liotograph  on  glass  is  then  placed  in 
the  magic-lantern  or  stereopticon,  and  re-enlarged 
for  the  benefit  of  the  audience.  Or  the  enlarged 
view  may  be  taken  u|ion  the  prejiared  surface  of  a 
wooden  block,  ready  for  the  skill  of  the  engraver. 
A  beautiful  set  of  engravings,  thus  produced,  were 
given  in  Harpers'  Magazine  some  years  back. 

The  mode  of  obtaining  enlarged  prints  from  nega- 


tives of  ordinary  size  is  explained  under  Solar 
C.\Mi';r.A.  We  are  much  indebted  to  Mr.  Shive  of 
Philadelphia  lor  the  improvements  in  this  apparatus. 

The  variety  of  objects  which  afl'ord  interesting  sub- 
jects for  examination  by  the  microscope  is  inlinite. 
For  such,  th(!  reader  is  referred  to  works  treating 
the  subject  specially.  It  is  also  useful  for  detecting 
adulterations  in  food,  drugs,  and  fabrics,  and  in 
many  branches  of  scientific  and  medical  investiga- 
tion its  aid  is  indispensable.  Another  use  to  which 
it  may  be  ajiplied  was  disclosed  during  the  late 
Franco-Prussian  war.  Copies  of  newspapers,  re- 
duced many-fold  in  size  by  photography,  were  fas- 
tened in  large  numbers  to  carrier-pigeons  and  intro- 
duced into  besieged  cities.  These  were  easily  read 
by  the  microscope. 

Microscopic  writing  has  of  late  years  attracted 
some  attention.  It  is  done  by  means  of  an  instru- 
ment composed  of  a  series  of  connected  levers.  The 
ojierator  writes  or  traces  with  the  longest  lever  of  the 
system,  while  the  shortest,  which  carries  a  marking 
instrunu'nt,  faithfully  cojjies  whatever  may  be  writ- 
ten. It  was  calculated  tliat  with  Peters's  machine, 
at  the  London  Exhibition  of  1862,  the  whole  Bible 
mi"ht  be  copied  22  times  in  the  space  of  one  square 
inidi.  It  has  been  projiosed  to  apply  this  invention 
to  practical  use  by  making  private  marks,  visible 
only  under  the  microscope,  to  bills  and  other  papers 
of  value,  as  a  protection  against  fraudulent  imita- 
tions ;  being  so  minute,  a  counterfeiter  wouLl  fail  to 
perceive  them,  wlide  they  would  be  easily  recognized 
by  the  pro|ier  parties.     See  Mickoguaph  ;  MiCRO- 

PANTOGKAPII. 

The  prices,  as  well  as'  the  construction,  of  micro- 
scopes vary  greatly  ;  those  having  a  magnifying 
power  of  less  than  200  may  be  made  comparatively 
simple  niid  at  a  relatively  cheap  rate,  but  when  the 
magnifying  powei-  exceeds  300  the  whole  apparatus 
becomes  niiu'e  complex,  ajid  must  be  more  carefully 
made  in  order  to  handle,  focus,  and  illuminate  the  ob- 
jects ]iroperly,  center  the  lens  correctly,  etc.  In  these 
the  stand  alone  costs  nearly  $  100,  the  eye-glasses  $  5 
to  $10  each,  and  the  object-glass  on  Selligne's  sys- 
tem from  $10  to  $75  each,  according  to  jiower. 

Besides  eye-pieces  and  objectives  of  diHcrent  pow- 
ers, there  are  a  numlier  of  necessary  or  useful  ap- 
pendages, as,  condensing  lens,  prismatic  illumina- 
tor, dark  well,  parabolic  reflector,  lieberkuhn, 
polarizing  prism,  micrometer,  camera  for  delineat- 
ing objects,  etc.,  which  tend  to  augment  the  price, 
so  that  a  complete  compound  microscope  costs  from 
I  300  to  $1,000.  The  binocular  microscope  is,  of 
course,  still  more  expensive,  the  price  in  some  in- 
stances reaching  $  15,000.  A  good  instrument,  how- 
ever, amply  sufticing  for  the  wants  of  ordinary  ama- 
teur observers,  may  be  obtained  for  $  1 00. 

See  "Carpenter  on  the  Microscope";  Hogg's 
■'  History  of  the  Microscope,"  etc. 

The  investigations  of  Leuwenhoeck,  Schwammer- 
dam,  and  the  earlier  microscojiic  incpurers,  were 
conducted  by  means  of  single  lenses,  the  compound 
microscope  being  esteemed  comparatively  untrustwor- 
thy, its  true  theory  being  impei-fectly  understood. 

In  1820,  Mr.  .1.  ,1.  Lister  iiublishe'd  the  results  of 
his  invcstigiitions  into  tlie  laws  governing  the  aber- 
rations of  lenses,  and  gave  practical  directions  for 
correcting  them  liy  combinations  of  lenses  so  ar- 
ranged that  the  aberrations  should  balance  each  ; 
from  this  ]ieriod  date  the  great  and  rapid  improve- 
ments which  have  since  been  made  in  the  compound 
microscope. 

Among  recent  important  improvements  in  the 
microscope  is  the  illuminator  of  Professor  Hamilton 
L.  Smith,  for  opaque  objects,  in  which  the  light  is 
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received  upon  a  miiror  behind  the  object-glass, 
through  wliich  it  is  reHected  u|ion  the  object.  Also 
his  mechanical  linger,  by  which  objects  invisible  to 
the  naked  eye  are  picked  up  on  the  point  of  a  hair, 
separated  according  to  kind,  and  arranged  conven- 
iently for  observation. 

After  the  discovery  of  the  theory  of  binocular 
vision  by  Wheatstone  in  1838,  and  especially  after 
the  construction  of  the  lenticular  stereoscope  by  Sir 
David  Brewster  in  1852,  the  idea  naturally  occurred 
of  applying  this  principle  to  microscopes.  This  was 
first  etfected  by  Professor  J.  L.  Kiddell  of  the  Uni- 
versity of  Louisiana.  He  employed  a  pair  of  small 
rectangular  prisms  immediately  behind  the  object- 
glass  ;  these  received  the  incident  rays  aii<l  retiected 
thera  through  a  second  pair  of  sindlar  prisms  to  the 
eye  of  the  observer.  This  arrangement  had  the  dis- 
advantage of  reversing  the  stereoscopic  effect ,  projec- 
tions appearing  as  depressions,  and  vice  versa. 

The  lirst  arrangement  for  producing  a  correct 
stereoscopic  effect  was  invented  by  Mr.  Nachet,  and 
consisted  of  an  equilateral  iirism  which  divided  the 
pencil  of  rays  into  two  eiiual  parts,  reflecting  them 
to  two  similar  prisms,  right  and  left  hand,  which 
reflected  them  to  the  eve  of  the  observer. 

The  Wenham  binocular  (Fig.  887,  p.  285),  in 
which  the  compound  pencil  is  divided  by  means  of  a 
trapezoidal  prism,  has,  however,  on  account  of  its 
greater  simplicity  of  construction,  been  more  gener- 
ally employed. 

Mr.  Nachet  has  since  introduced  a  simpler  foim 
of  binocular  microscope,  which  may  be  applied  to  an 
ordinary  instrument  without  altering  its  construc- 
tion or  impairing  its  usefulness  as  a  monocular. 
This  is  effected  by  making  an  opening  in  the  side  of 
the  tube,  into  which  is  introduced  a  rectangular 
prism  which  reflects  half  the  ).enril  of  rays  horizon- 
tally ;  this  is  received  on  another  prism,  which 
directs  it  to  the  eye  of  the  observer.  Arrangements 
are  made  for  varjdng  the  distance  between  the  tubes 
to  accommodate  them  to  the  varying  distances  be- 
tween the  eyes  of  different  persons. 

The  disadvantage  common  to  binocular  micro- 
scopes on  this  plan  is  that  they  perform  well  only 
w-ith  comparatively  low  magnifying  powers.  This 
led  to  the  suggestion  a  few  years  ago  by  Mr.  Wen- 
ham  of  a  methoil  of  dividing  the  pencil  by  means  of 
a  tmnsparent  plane  reflector,  which,  adjusted  at  a 
proper  angle,  might  reflect  one  half  the  light  of  each 
pencil,  allowing  the  other  half  to  pass  through.  This 
plan  involves  the  loss  of  the  stereoscopic  effect,  but 
secures  to  the  observer  the  satisfaction  of  using  both 
eyes  in  viewing  an  object.  It  has,  however,  proved 
somewhat  difficult  to  carry  out  tliis  idea  satisfactorily 
in  practice.     See  Prism. 

Messrs.  Powell  and  Lealand  of  London  have  pat- 
ented an  arrangement,  consisting  of  a  quadi-angular 
prism  which  receives  the  rays,  )iart  of  which  pass 
through,  while  the  remainder  are  reflected  to  a  tri- 
angular prism  which  transmits  them  to  the  eye. 
This  has  the  disadvantage  of  causing  the  object  to 
ap])ear  unequally  illuminated  in  the  two  tubes. 

Mr.  R.  B.  ToUes.  has  construi'ted  an  instrument 
designed  to  remedy  the  defects  of  the  original  binoc- 
>dar  microscope,  at  the  same  time  jiermitting  the 
ordinary  single-tubed  in.strument  to  be  used  as  a 
binocular.  The  double  eye-piece  has  prisms  similar 
to  those  employed  in  Nachet's  earliest  form,  placed 
at  a  distance  from  the  objective  about  equal  to  that 
of  ordinary  eye-pieces.  In  this  form  it  is  necessary  that 
the  axes  of  the  pencils  of  rays  should  cross  each  other 
a  se<'ond  time,  and  for  this  purpose  an  erecting  eye- 
piece is  employed. 

Professor  H.  L.  Smith  has  proposed  a  fonn  of  bi- 


I  nocular,  consisting  of  a  thin  plane  reflector,  inclined 
at  an  angle  of  80^  to  the  axis  of  the  telescope  ;  a  ray 
of  light  from  the  object,  striking  the  surface  of  the 
'  mirror,  is  in  part  transmitted  without  change  of  di- 
rection, and  in  part  reflected  to  a  triangular  ]irism 
having  one  of  its  angles  truncated,  where  it  nnder- 
'  goes  a  second  reflection  to  correct  the  reversal  pro- 
duced by  the  first,  and  is  transmitted  along  the  axis 
of  the  secondary  tube.      By  this  arrangement,   the 
intensities  of  the  light  of  the  dire<'tly  viewed  and 
reflected  images  appear  sensibly  e(pial. 
I      It  is  obvious  that,  after  the  division  of  the  beam 
;  of  light  from  the  object,  it  is  meiely  a  matter  of 
1  detail  to  give  each  of  the  divisions  a  direction  pro]ier 
,  to  be  viewed  by  two  or  more  observers.      This  af- 
I  fords  great  advantages,  n(jt  only  in  anatomical  and 
other  investigations,  but,  where  the   instrument  is 
used  merely  for  curiosity,  it  enables  several  persons 
to  observe  at  the  same  time,  thus  greatly  economiz- 
ing time. 

In  the  triple  microscope  for  three  observers,  the 
beam  of  light  is  divided  into  three  ecpial  -parts  by  a 
combination  of  suitable  prisms,  each  part  being  di- 
rected into  its  proper  tube.  Provision  is  made  for 
the  general  adjustment- of  the  lenses,  and  also  for 
the  adjustment  of  the  eye-piece  of  each  tube  to  the 
eye  of  the  particular  observer. 

The  construction  of  the  stand  is  a  matter  of  con- 
siderable importance,  as  upon  its  arrangement  largely 
dejiends  the  degree  of  illumination  and  the  distinct- 
ness with  which  the  objects  can  be  viewed.  A  good 
arrangement  of  this  kind,  constructed  by  ToUes, 
comprises  a  movable  stage  having  two  tables,  om' 
facing  upward  and  the  other  downward,  lirndy  con- 
nected together  and  controlled  by  nulled  heads. 
When  the  object  is  placed  on  the  lower  table,  it  is 
secured  by  spring  clips.  In  this  case,  the  central 
part  of  the  upper  table  is  removed,  and  the  objective 
descends  through  the  opening.  Any  degree  of  obli(i- 
uity  of  illumination,  even  up  to  90°,  is  thus  avail- 
able for  viewing  the  object.  The  stage  is  also  caj)a- 
ble  of  rotation  on  its  optical  center  throughout  the 
entire  circle. 

Mi  cro-spec'tro-scope.  A  spectroscope  placed 
in  connection  with  a  microscope,  in  order  that  the 
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J/f^^ins's  Microsfctroscope . 

absorption  lines  may  be  the  more  accurately  meas- 
ured. The  eye-piece  contains  prisms  so  placed  as  to 
enable  the  reflected  ray  to  pass  in  a  direct  line  to  the 
eye.  n  is  the  first  lens  of  the  eye-piece  ;  h  the  screw 
lor  adjusting  the  slit  which  reduces  the  beam  to  a 
i  line  of  light ;  c  is  the  second  lens,  where  the  rays 
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are  rendered  parallel,  after  which  they  pass  through 
three  crown-glass  prisms  vi,  placed  in  one  direction, 
and  two  flint-glass  jirisnis,  placed  in  the  otlier  direc- 
tion, so  that  tile  spectrum  is  seen  by  looking  straight 
at  the  source  of  light,  the  instrument  being  a  tlirect- 
vision  spectroscope. 

The  mstrunicnt  is  notably  employed  in  viewing 
the  absorption  bands  of  blood  in  toxicological  re- 
search. By  means  of  the  mirror  d,  a  ray  of  light, 
shown  by  the  dotted  line,  may  be  sent  through  a 
slit  at  one  side  of  the  instrument,  which,  being  re- 
flected upward,  passes  through  the  prisms  along  with 
the  other  light  which  came  from  the  oliject  under  the 
microscope,  and  by  this  means  the  two  spectra  may 
be  compared,  one  object  being  a  liipiid  supposed  to 
be  blood,  and  the  other  one  known  to  be  blood,  and 
so  on. 

Mi'cro-tome.  A  knife  for  making  thin  sections 
for  microscopic  examination.  A  pair  of  parallel 
knives  in  a  siiigle  haft.     »See  Par.vllel  Knife. 

Mid'dle-cut  File.  A  file  whosu  teeth  have  a 
grali:  of  coarseness  between  the  rough  and  bastard. 
See  FiLK. 

Mld'dle-post.  (Carpen/ry.)  A  king-post  in  a 
Truss  (which  si-.-). 

Mid'dle-press'ure  En'gine.  (Steam-engine.) 
An  Englisli  term  a])plied  by  some  to  a  low-pressure 
or  condensing  engine,  adapted  for  working  at  a  jiress- 
ure  of  steam  comparatively  high  for  its  class,  say  25 
pounds  or  upwai-d  to  the  scjuare  inch. 

Mid'dle-shot  Wheel  (Hydraulic  Engiiic.)  A 
bretit-wlieel  which  receives  the  water  at  about  its 
middle  hight. 

Mld'dliug.  That  portion  of  a  gun-stock  between 
the  gias])  and  the  ttiil-j)i.pe  or  ramrod-thimble. 

Mld'dlings-pu'ri-fi'er.  (MUUinj. )  An  appara- 
tus for  cleansing  the  intermediate  product  of  ground 
wheat  termed  midd/i)uis,  and  separating  it  from  bran 
on  the  one  hand  and  fine  Hour  on  the  other.  This 
was  originally  eflected  e.xclusively  by  passing  the 
flour  delivered  from  the  millstones  successively 
through  a  series  of  cylindrical  bolts  covered  with 
cloth  of  different  degrees  of  fineness,  which  were  set 
in  rapid  rotation  and  brought  in  contact  with  a  se- 
ries of  longitudinal  rods  termed  beaters,  the  bolts 
separating  in  succession  the  finer  and  coarser  quali- 
ties of  Hour  and  the  niiildlings,  the  bran  being  re- 
tained within  the  last  cylinder.  See  Flour-bolt  ; 
Bran-dit.ste;i. 

This  was  succeeded  by  the  dressing-machine,  in 
which  a  like  cylinder,  rotating  on  an  inclined  a.\is, 
is  covered  with  wire-gauze  of  several  degrees  of  fine- 
ness, the  coarsest  being  placed  at  the  lower  end  ; 
the  flour  is  thus  graded  during  its  passage  from  the 
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Lacrmx^s  Middlings-Purifier 

upper  to  the  lower  part  of  the  cylinder,  the  mid- 
dlings passing  through  the  comparatively  coarse 
meshes  of  the  lower  cloth  while  the  bran  passes  out 


at  the  end  as  tailings.  The  interior  of  the  cylinder 
is  provided. with  a  revolving  reel  set  with  brushes, 
which  force  the  meal  through  the  meshes  of  the 
cloth.  When  clogged,  the  cylinder  is  cleaned  by  an 
interior  brush  operated  by  the  machinery. 

As  at  present  constructed,  machines  of  tliis  kind 
may  be  divided  into  live  classes,  an  example  of  each 
of  which  is  given. 

A  (Fig.  3137)  is  one  in  which  air,  forced  tliiough 
)ieiforated  pipes,  is  used  for  cooling  the  flour  and 
clearing  the  meshes  of  the  cloth.  The  middlings 
are  fed  through  hoppers  over  the  screens  a  a,  and  are 
jairified  by  a  current  of  air  passing  through  the 
tubes  b  b,  whic-h  are  arranged  on  the  screw-threaded 
shaft  c  c,  alternately  rotated  in  opposite  directions, 
causing  the  tubes  to  traverse  from  side  to  side  of  the 
screens  ;  the  lighter  matters  are  drawn  upward  and 
carried  ofl'  by  a  fan,  while  the  middlings,  passing 
through  the  screen,  are  removed  by  the  screw-convey- 
ors d  d. 

Fig.  3138,  B,  is  a  purifier  in  which  brashes  are 
employed  for  clearing  the  nie.shes  of  the  cloth.  The 
meal  or  middlings  is  fed  by  rollers  a  to  the  bolt  h. 


Smith's  Middliiigs-Piirijier. 


its  amount  being  regulated  by  a  slide  ;  a  shaking 
motion  is  imparted  to  the  bolt  by  an  eccentric  c  on  a 
shaft,  and  a  continuous  upward  current  of  air  is 
]iassed  through  the  machine  ;  fine  jiarticles  adhering 
to  the  bolting-doth  are  removed  by  brushes  d  at- 
tached to  endless  belts  c. 

Fig.  3139,  6',  shows  a  machine  with  reciprocating 
shakers,  with  knockers  for  dealing  the  meshes  of 


I\Itnrn/s  I\Iiddiiii^s-MachiHf 


the  cloth.  In  this  machine  the  suspended  shaker  a 
is  pressed  against  the  ratchet-wheel  /)  liy  a  spring  c, 
the  rotation  of  the  wheel  causing  a  \'ibration  of  the 
shaker  ;  rf  is  a  rock-shaft,  pivoted  at  c,  loosely  con- 
nected with  the  shaker  by  a  slot  and  pin  at  /,  and 
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provided  with  an  arm  7  carryiiif;  a  hammer,  which 
.strikes  the  bottom  of  the  shaker  at  each  recipi'oca- 
tion. 

Fig.  31411,  D,  shows  -nhipiiers  or  beaters  in  con- 
nection with  an  air-blast  lor  operating  ou  the  mid- 


Fig.  3140. 


Huntley  and  Hoicomb's  yiiddtin^s-Machine. 


dlings  before  bolting.  A  fan  a  produces  an  air-blast 
which  is  carried  upward  through  an  inclined  trunk  ; 
middlings  I'roni  the  hopper  h  are  cauglit  by  a  revolv- 
ing cone  or  disk  c,  pi'ovided  witli  upwardly  projecting 
pins,  disengaging  particles  of  diit  which  adhere  to 
the  coarser  particles  of  the  meal  ;  these  are  carried 
off  by  the  blast,  while  the  valuable  portions  slide 
down  an  incline  to  the  sieves  rf,  which  are  vibrated 
in  the  usual  manner  by  a  cam-shaft  ;  the  coarser  and 
harder  portions  of  the  meal  fall  through  the  sieves, 
while  foreign  matters  are  finally  shaken  out  at  their 
ends  and  delivered  into  a  spout. 

E  (Fig.  3141)  uses  both  suction  and  an  air-blast. 
In  this  machine  a  blower  a  and  exhaust-fan  6  are 
employed  ;  the  stuff  from  the  hopper  c  is  fed  inter- 
Fig  3141. 


Wilson's  Middlinqs-  Purifier. 

mittingly  to  the  screen  d  by  means  of  a  cut-off  plate, 
while  the  .screen  has  a  longitudinal  motion,  and  is 
divided  into  two  parts  by  a  partition  c,  one  part  be- 
ing immediately  over  the  air-tight  (  hamber  /,  while 
the  other  projects  within  the  air-tight  chamber  g  ; 
the  first  part  is  provided  with  cloth  of  such  fineness 
that  none  of  the  middlings  can  pass,  but  the  other 


allows  the  granulated  portions  to  jiass  to  a  spout,  by 
which  they  are  conveyed  to  a  receiver  ;  the  tailings 
fall  over  the  lower  end  of  the  screen  into  another 
receiver. 

The  fine  particles  of  dust  and  dirt  are  driven  up- 
ward by  the  blower  a  and  carried  away  by  the  e.\- 
haust-fan  h.  See  "Digest  of  Middlings-Purifiers," 
DeW.  C.  Allen,  Washington,  1873. 

Mid-feath'er.  (Steam.)  A  water-bridge  in  a 
steam-boiler  furnace  which  occupies  a  middle  posi- 
tion in  the  fiuc-.space,  the  flame  passing  both  above 
and  below  it.' 

Mid'ship-beam.  {Shipbuildinff.)  The  longest 
beam  in  the  middle  of  a  ship. 

Mid'ship-bend.  (Sliipbui/ding.)  The  viidskip- 
saclimi  or  tlie  largest  of  the  cross-sections  of  a  ship. 
When  the  middle  of  the  ship  has  a  portion  of  a  uni- 
form cross-section,  such  is  called  the  midship-body. 
■  Mid'ship-frame.  The  frame  at  the  midship  or 
largest  section  of  a  vessel. 

Mil'i-ta-ry-bridge.  A  bridge,  usually  of  a  tem- 
]jorary  character,  designed  for  the  passage  of  an  army 
with  its  artillery  and  supplies  or  tor  maintaining  its 
communications. 

Probably  the  earliest  on  record  is  that  thrown  by 
Darius  across  the  Bospliorus  during  his  invasion  of 
Greece,  490  B.  c. 

Ten  years  later,  his  succe-ssor,  Xerxes,  crossed  his 
army,  said  to  liave  been  1,700,000  strong,  from  Asia 
into  Europe  by  similar  means. 

The  bridge  of  Xerxes  across  the  Hellespont  consist- 
ed of  ropes  resting  on  galleys  and  supporting  planks. 
The  account  given  by  Herodotus  may  be  thus 
briefed :  — 

Two  parallel  biidges  were  constructed,  one  sup- 
ported by  360  vessels  and  the  other  by  314.  The 
vessels  are  classed  as  triremes  and  pentcconters,  and 
were  anchored  parallel,  the  prows  facing  up  stream, 
that  is,  toward  the  Eu.\ine.  To  each  liridge  were 
assigned  six  cables,  "two  of  white  fiax  and  four  of 
papyrus."  These  were  stretched  across  the  sti'ait, 
lying  upon  the  vessels,  and  ilrawn  taut  by  wooden 
capstans  on  the  Abydos  and  Chersonese  shores.  One 
bridge  was  for  the  army,  and  the  other  for  the  sump- 
ter  animals.  "  Trunks  of  trees  were  sawn  into  planks, 
which  were  cut  of  a  length  to  suit  the  width  of  the 
bridge,  and  these  were  laid  side  by  side  upon  the 
tightened  cables  and  then  fastened  on  the  top.  This 
done,  brushwood  was  brought  and  arranged  upon  the 
planks,  after  which  earth  was  heaped  upon  tlie  bi;usli- 
wood  and  trodden  down  solid.  Lastly,  a  bulwark 
was  set  up  ou  each  side  of  this  causeway  of  such  a 
hight  as  to  prevent  the  sumpter  beasts  and  the  horses 
from  seeing  over  it  and  taking  fright  at  the  water." 
—  Hf.rodotus,  VII.  36. 

The  army  was  seven  days  and  nights  in  crossing. 

The  bridge  thrown  across  the  Rhine  by  Cfesar,  for 
the  pur]iose  of  enabling  him  to  cross  that  river  in 
oi'der  to  chastise  the  Germans,  who,  under  their  king, 
Arioristus,  had  invaded  the  Gallic  territory,  was 
formed  by  driving  piles  18  inches  square  into  the 
bed  of  the  river,  in  pairs  2  feet  apart  and  slightly 
inclined.  Opposite  these,  at  a  distance  of  40  feet, 
was  another  pair  of  piles,  inclined  in  the  opposite 
<lirectiou.  These  were  connected  by  beams  2  feet  in 
diameter,  on  top  of  which  were  laid  joists  running 
in  the  direction  of  the  lueadth  of  the  river,  and  cov- 
ered with  hurdles  to  form  a  roadway. 

On  the  side  below  the  bridge  inclined  piles  were 
driven,  serving  as  braces  against  the  force  of  the 
current  ;  and  on  the  upper  side  were  others  to  ward 
off  floating  objects,  as  trees  or  boats.  The  whole 
was  completed  and  the  army  passed  over  in  ten  days. 
See  Bkipgk. 
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Trajan's  bridge  over  the  Danube,  erected  150  A.  D., 
for  the  purpose  of  keeping  in  check  the  warlike  Da- 
cians,  was  one  of  the  most  remarkable  structures  of 
anti([uity.  It  was  built  on  stone  piers  supporting 
wooden  arclies,  on  which  the  sujierstructure  I'cstcd. 
It  was  destroyed  liy  his  successor,  Hadrian,  who 
thought  the  lioman  Empire  was  already  large  enough, 
and  wanteil  no  provini'cs  beyond  the  Danube.  The 
remains  of  the  piers  are  existing  at  the  present  day. 
Hen  Bridge. 

Military  bridges,  of  a  temporary  character,  are 
made  with  piles,  trestles,  boats,  pontons,  or  casks. 

Pile-hridiics  are  applicable  in  shallow  rivers  with 
deep  nmd,  and  where  boats  are  not  accessible  or 
the  .stream  not  navigable. 

Trcstle-bridi/es  are  ajiplicable  under  similar  cir- 
cumstances, where  the  material  at  hand  suits  better 
that  mode  of  construction. 

Boat-bridijcs  are  made  by  fastening  them  along- 
side each  other  to  a  cable  moored  on  each  bank  of 
the  stream.  Over  the  boats  are  laid  the  balks,  and 
cro.ssing  these  the  chesses  or  Hooring-boards. 

Pouton-briclgcs  are  laid  upon  bateaux  or  pontons 
carried  by  the  army,  and  forming  the  ponton-train. 
They  are  laid  like  the  boat-bridge  or  anchored. 

Casks  lashed  to  spars  have  been  used  as  pontons. 
See  PoNTON-BuiDdE  ;  Trestle-bridge. 

That  end  of  the  bridge  toward  the  enemy  is  pro- 
tected by  a  fortification  (a  Me  dc  pont),  a  redan,  or 
redoubt,  according  to  the  nature  of  the  ground,  and 
when  practicable,  by  batteries  arranged  to  command 
its  approaches. 

Milk-can.  One  adapted  to  the  jars  and  blows 
incident  to  the  conveyance  of  milk  to  market  and  to 
customers.  In  the  example,  the  sheet-metal  portion 
has  strengthening  bands,  and  is  riveted  to  a  cast-iron 
bottom,  on  which  it  may  be  rolled  without  bruising. 


Fig.  8142. 


Fig.  3143. 


Fig.   3143   shows  a 
can    with    an    interior  Refrigerated  MUk- Can. 

removable    ice  -  cham- 
ber.    This  has  a  closely  fitting  stopper,  secured  in 
the  can  by  a  flange  at  the  bottom,  an  annular  band 
at  the  top,  and   springs  to  keep  it  in  place.     The 
inner  vess-1  is  filled  with  ice  to  keeji  the  milk  cool. 

Milk,   Con-densed'.     Recipes    for    preserving 
milk  :  — 

1.  Add  sugar  ;  evaporate  to  one  fourth  ;    solder 
in  cans. 

2.  Add  carbonate  of  soda  and  white  sugar  ; 
evaporate  to  dryness  ;  cut  into  cakes. 

3.  Add  sugar  and  alkali  ;  evaporate  to  dry- 
ness ;  crush,  powder,  and  bottle. 

4.  Evaporate  to  one  half  ;  beat  up  with  white 
of  egg;  simmer,  skim,  strain,  ami  boil. 

English  recipe,  1856.    Fresh  skimmed  milk,  1 


gallon  ;  sesqnicarbonate  soda,  1^  drams  ;  mix,  evap- 
orate to  i  by  steam-bath,  accompanied  by  agitation  ; 
add  powdered  white  sugar,  3J  pounds  ;  complete 
the  evaporation  and  reduce  the  mass  to  powder  ; 
add  the  cream,  incorporate,  and  seal  hermetically. 

Old  recipe.  Carbonate  soda,  A  dram  ;  water,  1 
fluid  ounce  ;  dissolve  ;  add  fresh  milk,  1  ijuart,  su- 
gar, 1  pound  ;  reduce  to  a  sirup  in  a  steam-bath, 
and  finish  the  evaporation  on  plates  in  an  oven. 

At  tjic  works  of  the  Aylesbury  Condensed  Milk 
Company  in  England  200  persons  are  employed,  an<l 
the  milk  of  1,200  cows,  each  yielding  14  quarts,  is 
daily  evaporated.  The  milk  is  brought  in  tin  cans 
by  tlie  surrounding  farmers,  is  tested  by  taste,  smell, 
and  the  lactometer,  partially  evaporated  in  a  vacu- 
um-pan, mixed  with  sugar,  and  finally  condensed 
until  its  original  jiroportion  of  water,  87  percent,  is 
reduced  to  25  jier  cent.  The  condensed  liquid  has 
a  semi-Huid  consistence,  and  the  "  Lancet "  gives  the 
following  analysis  :  — 

Water 25.10 

Butter 11.73 

Caseine 15.17 

Milk-sugar  .  .  .  .  16.24 
Cane-sugar  .  .  .  .  .29.46 
Ash 2.30 


100.00 


Borden's  (American)  process  of  condensing  milk  is 
protected  by  letters-patent.  There  are  a  number 
of  factories  for  preparation  of  condensed  milk  in  and 
about  New  York,  where  it  is  sold  from  house  to 
house  fresh  from  the  condensing-vats.  Thousands 
of  gallons  of  milk  are  daily  prei)ared  to  supply  the 
demand  in  the  army  and  navy,  and  for  foreign  con- 
sumption. 

The  usual  process  of  evaporation  is  to  place  the 
milk  in  large  shallow  pans,  each  having  a  pump  to 
exhaust  the  air.  The  water  is  driven  oft'  by  a  steam- 
heat  of  about  160  degrees.  When  the  desired  con- 
densation is  attained,  sugar  is  added  if  the  product 
is  to  be  preserved  beyond  a  few  days,  and  other 
chemical  agents  according  to  the  jirocess. 

Pure  milk  condensed  to  one  third  will  remain 
sweet  from  5  to  10  days  in  warm  weather. 

In  Kirchofer's  process  the  milk  is  not  condensed, 
but  as  fresh  drawn  from  the  cow,  is  placed  in  cans 
or  bottles,  which  are  filled  as  nearly  full  as  possible, 
immediately  hermetically  closed,  and  jilaced  in  a 
bath  of  water  whose  temperature  is  then  .slowly 
raised  to  between  160°  and  170°  Fah.,  and  kept  at 
this  temperature  for  a  greater  or  less  length  of  time, 
according  to  the  period  during  which  it  is  desired  to 
preserve  the  milk.  The  fire  is  then  withdrawn  and 
the  bath  allowed  to  cool  down  slowly. 

Milk-cool'er.  One  in  wliich  a  stream 
of  co(d  water  or  a  body  of  ice  is  a)iplied 
to  milk  to  reduce  its  natural  temperature 
or  cool  it  below  that  of  the  surrounding 
atmosphere. 

Fig.  3144. 


Milk-  Cooler. 
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In  Fig.  3144,  the  water  from  a  reservoir  E  passes 
through  the  pan  B  beneath  the  milk-pan  t',  and  is 

discharged  into  the 
Fig.  3145.  bucket. 

In  Fig.  3145,  the 
milk  flows  down  a 
spiral  track  between 
the  two  metallic  ves- 
sels, is  cooled  in  it.s 
pa.ssage  by  the  con- 
tents of  the  outer 
and  inner  vessels, 
and  is  discharged. 

Milk'er.  Cow- 
milkers  are  of  two 
kinds  :  one  of  them 
depends  upon  a  can- 
nula, which  penetrates  the  lacteal  orifice  beyond  the 
region  of  the  sphincter  muscles,  which  close  the  open- 
ing and  prevent  the  involuntary  emission  of  the 
milk  ;  the  other  depends  upon  mere  pneumatic 
pressure,  the  teat  being  inclosed  in  a  cup  whose 
lower  end  is  connected  by  a  pipe  with  an  air-ex- 
hansting  apparatus  and  a  vessel  to  receive  the  milk. 
Colvin's  hydraulic  cow-milker  combines  a  cattle- 
stall  and  compound  milking  apparatus,  operated  by 
Several  machines  are  ranged  in  a  row 
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in  milking  ;  the  space  between  the  elastic  diaphragm 
in  the  milker  and  the  pump  is  tilled  with  water, 
which,  in  working  the  i)unips,  oscillates  in  the  tube 
and  produces  a  vacuum  at  each  alternate  stroke  of 
the  piston. 

MUk-glass.    A  kind  of  glass  having  a  semi-trans- 
lucent or  milky  appear- 


ance, and  known  by  the 
namesof  Cryolite-glass 
or  Fusible  Porcelain 
(which  see). 

Milk'ing-shield.  A 
protecting  plate  over  the 
breast,  having  a  perfo- 
rated cap  over  the  sore 
nipple,  to  2)rotect  the 
same  agaiust  actual  press- 
ure by  the  mouth  of  the 
infant  when  nursing. 
See  Nipple-shield. 

MUk-rack.  A  series 
of  shelves  in  a  dairy  to 
hold  milk  -  pans.  That 
shown  is  rota  table  on  its 
a.xis. 

Milk-vat.  A  deep 
])an  for  setting  milk  to 


Fig.  3147. 


Milk-Rack. 


power.      Several  machines  are  rangetl  in  a  row,  one 

to  each  stall,  and  are  designed  to  be  operated  by  one    raise  cream  or  curdle  for 

attendant.     The  power  runs  continuously,  and  the    cheese.    In  the  example, 

man  allows  a  cow  to  pass  through  and  admits  another,    steam  and  water  pipes  are  introduced  between  the 

which  is  secured  in  place,  and  the  apparatus  attached. 


The  milk  runs  into  large  cans  partially  sunk  in  tl 
floor.     It  is  said  that  three  machines  are  sufli- 
cient  to  milk  sixty  cows  in  the  time  it  would 
take  six  men  to  milk  them  by  hand. 

The  milkers  are  worked  by  pumps,  the  pistons 
of  which  are  driven  by  power.  They  are  attached  Z 
by  a  jointed  iron  pipe  to  allow  of  the  movement  of 
the  cow  forward,  backward,  or  sideways,  always 
adapting  itself  to  her  motions.  The  teat-cups  are 
of  corrugated  rubber,  closely  enveloping  the  teats 
of  the  cow.  The  pumps  oscillate,  giving  the  nat- 
ural motion  of  the  calf  in  sucking,  or  ol'  the  hand 

Fig.  3146. 


Fig.  3148. 


Co.'rm'j  Patent  Hr/rlraullc  Cow-Milker. 


Milk-  Vat. 

exterior  and  the  interior  vats  to  regtilate  the  tem- 
perature of  the  contents  of  the 
latter. 

Mill.  1.  A  machine  for 
grinding. 

2.  A  lapidary's  grinding- 
wheel,  known  as  a  roughing- 
mill,  cloth-mill,  etc. 

3.  To  senate  or  dent  the 
edges  of  coin. 

4.  To  throw  undyed  silk. 

5.  A  building  or  factory  con- 
taining machinery. 

6.  (Die-sinkivq.)  The  har- 
dened steel  roller  having  the 
design  in  cnmco,  and  used  for 
impressing  in  intaglio  a  plate, 
—  as  in  the  bank-note  system 
of  engraving ;  or  a  copper 
cylinder, — as  in  the  process 
of  engraving  cylinders  lor  eal- 
ico-jirinting. 

The  design  is  engraved  on  a 
small  steel  plate  or  roller,  which 
is  subsequently  hardened  by 
heating  it  to  a  cherry-red  in 
an  iron  case  containing  pound- 
ed bone-ash,  and  then  plung- 
ing it  into  cold  water,  its  sur- 
face being  protected  from  oxi- 
dation by  a  chalky  paste.  This 
hardened  roller  is  called   the 
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die.     The  die  is  then  placed  in  a  transfening-press, 

where,  by  rotatory  pressuie,  it  is  made  to  impress  its 
design  upon  the  surface  of  a  softened  steel  roUer 
placed  in  apposition  to  the  said  die.  The  soft  roller 
has  the  design  in  cameo,  is  hardened,  and  forms  a 
mill^  which  is  capable  of  delivering  ati  iiUaylio  im- 
pression upon  a  plate  or  roller,  as  above  statei.1.  The 
process  was  invented  by  Jacob  Perkins,  and  adapted 
to  engraving  cylinders  for  calico-printing  by  Locket 
of  Manchester,  England. 

See  under  tlie  following  heads  ;  — 


Amalgamator. 

Arras  Ira. 

Bait-mill. 

Bark-niill. 

Barker's  mill. 

Barley-mill. 

Battery. 

Bean -mill. 

BoQe-mill. 

Boring-mill. 

Camp-mill. 

Cane-miU. 

Caoutchouc-miU. 

Cement-mill. 

Chilian  mill. 

Chocolate-mill. 

Cider  mill. 

Clay-mill. 

Coal-bren,ker. 

Cocoa-mil  I. 

Coffee-huller. 

Coffee-mill. 

Corn-sheller. 

Corn-mill. 

Croze-mill. 

Crushing-mill. 

Current-mill. 

Cylinder-mill. 

Derorticator. 

D.'vil. 

Diamond-mortar. 

Disintegrator. 

Drug-mill. 

Ed-'e-mill. 

Flatting-mill. 

Klint-mill. 

Fulling-mill. 

Gig-mill. 

ftrain-bruiser. 

Orain-huUer, 

Grinding-mill   {varieties, 

Grixding-mill). 
Grist  mill. 
Gunpowder-mill. 
Hand-mill. 
Hominy-mill. 
Horizontal  mill. 
Uuller. 
Indigo-mill. 
Kibbing-miU. 
Lead-mill. 
Linseed- mill. 
Mala  xa  tor. 
Masticator. 
Mill-wheel. 
Molding-mill. 
Mortar. 
Mortar-mill. 
MuUer. 


Oil-cake  mill. 

Oil-mill. 

Ore-mill. 

Paiut-mill. 

I'earl-barley  machine. 

Pearling-mill. 

Peat -machine. 

Percussion -grinder. 

Pestle. 

Plaster-mill. 

Polishing-macbine. 

Poiishing-mill. 

Porcelaia-mill. 

Porphyrization 

Post-mill. 

Powder-mill. 

Pug-mill. 

Pulp-mili. 

Quartz-roill. 

Quern. 

Rasping-mill 

Revolving-pan  mill 

Rice-huUer. 

Rit'e-mill. 

Rock-pulverizer. 

Roller-mill. 

Roughiug-mill. 

Runner-ball. 

Sand-crusher. 

Sand  pulverizer. 

Saw-mill. 

Sheller. 

Shingle-mill. 

Shingling-mill. 

Slitting-mill. 

Smoek-mill. 

Smoothing-mill. 

Smut-mill. 

Snuff-mill. 

Sorghum-mill. 

Spice-mill. 

Spinning-mill. 

Stamp-mill. 

Stamping-mill. 

Steel-mill. 

Stone-mill. 

Sugar- mill. 

Sugar-cane  mill. 

Thro-ving-mill. 

Tide-mill. 

Tread-mill. 

Turning -mill. 

Veneor-mill. 

War  ping-mi  11. 

Water-mill. 

Wheat-huller. 

White-lead  mill. 

Windmill. 


sheets  of  pasteboard  are  fed  between  two  shafts  whidh 
carry  disks  or  knives  capable  of  adjustment  at 
proper  distances  apart.  The  board  is  thus  cut  into 
strip.s,  which  are  divided  into  jiarallelograms  by  a 
second  feeding  thruugh  the  nuichiiif. 

Mill-cake.  1.  The  incoiporated  materials  for 
gunpowder  ;  in  the  cake  form,  previous  to  granulat- 
ing. 

'2.  The  mass  of  hulls  and  parenchyma  remaining 
after  the  expression  of  lin.seed-oil. 

Mill-dam.  A  wall  oi-  bank  across  the  course  of 
a  stream  to  raise  the  level  of  the  water  and  divert  it 
into  a  mill-race.     See  Dam. 

Milled  Lead.     Lead  which  has  been  spread  into 

Fig.  3149. 


Mill-bar.  The  rough  bar,  as  drawn  out  by  the 
puddler's  rolls.  As  distinguished  from  mcrchant- 
bar. 

Mill'board.  A  stout  pasteboard  made  of  strong 
materials,  such  as  refuse  (lax,  cotton,  and  hemp, 
rope,  or  bagging  ;  ami  useil  for  the  stiff  portion  of 
book-covers,  and  for  other  jiurjioses.  It  is  also  used 
for  packing  between  the  Hanges  of  pipes,  being  pre- 
viously soaked  in  oil. 

A  commoner  article  is  made  of  other  coarse  fiber, 
.such  as  jute  (coohorus),  asclepias,  sorghum,  bark, 
straw,  bamboo,  grass,  gama  grass,  New  Zealand  flax, 
and  other  materials. 

MilFboard-cut'ter.  A  machijie  for  cutting 
heavy  board,  for  book -covers  and  pasteboard  boxes. 

Fie.  3149  shows  a  machine  of  this  class.     The 


Chambers^s  Automat'tc-Ftfdin^  Board- Culler. 

a  sheet  in  the  rolHng-miUy  in  contradistinction  to 
lead  which  is  leveled  while  in  a  melted  condition, 
upon  a  table  with  raised  edges  by  means  of  a  stnke 
in  the  hands  of  two  men. 

Milled  Cloth.  {FahHc.)  "Woolen  cloth  which 
has  been  fulled  or  felted  by  beating,  to  thicken  it. 

Douhh-miUcd ;  the  ojieration  having  been  re- 
peated to  increase  the  density. 

Mill e-fi-o 're-glass.  A  number  of  pieces  of  fdi- 
gree,  or  tubes  of  glass  enannd,  are  fused  together, 
their  sections  representing  stars,  flowers,  and  other 
ornaments. 

Sections  of  these  tubes  are  imbedded  in  white 
transparent  flint-glass,  forming  j-aper-weights. 

It  is  a  species  of  mosaic  enveloped  in  a  transpar- 
ent bnlh. 

Mill-fur 'nace.  (Metal.)  A  reheating  furnace. 
A  furnace  where  the  puddled  metal  is  reheated,  pre- 
paratory to  again  passing  through  the  rolls. 

Mill-gang.  In  warping;  that  part  of  the  warp 
which  is  made  by  a  descending  and  ascending  course 
of  the  threads  round  the  waiping-rnill. 

Mill-hop'per  A-larm'.  An  attachment  to  giind- 
ing-mills  to  indicate  that  the  grist  has  about  run 
out  of  the  hopper.  Mills  have  been  burnt  by  the 
heat  and  .sjjarks  generated  by  the  stones  when  run- 
ning empty,  and  several  devices  have  been  patented 
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to  turn  off  the  jiower  and  stop  the  machinery  when 
the  grist  is  expended.  Other  patents  have  been 
granted  for  arrangements  by  whieh  timely  notice  is 
given  of  the  fact  that  the  hopper  is  nearly  empty. 

In  the  e.vaniple,  a  ])late  hinged  to  the  side  of  the 
hopper  is  lield  down  by  the  grist  until  the  latter  is 
about  expended.  The  iilate  tlien  rises,  and  its  at- 
tached cord  allows  a  stud  to  drop  so  as  to  be  struck 

Fig.  3150. 


Taylor's  Mill-IIoppfr  Alarm. 

by  a  projection  on  the  stone  at  each  revolution  of  tlie 
latter.  Tliis  gives  a  rapid  oscillation  to  the  clapiper, 
and  sounds  the  alarm  which  announces  that  the 
grist  is  nearly  expended. 

In  anotlier  case,  a  bell  is  so  arranged  within  the 
hopper  that  when  surroiiniU'd  by  the  gi-ain  it  is  held 
stationary,  but  when  nncovered  is  caused  to  ring  by 
the  tremulous  motioir  of  the  hopper.  The  grain 
rests  upon  a  float  hinged  near  tire  bottom  of  the 
hopper.  When  the  grain  is  about  expended  the 
float  is  raised  by  a  weiglitcd  lever,  and  the  .spout  of 
an  upper  hopper  is  opened  to  supply  the  lower  one 
witli  grain. 

Mil'li-net.  A  machine-made  net.  Mill-net ; 
bohhinct. 

Mill'ing.  {Machinery.)  1.  As  in  Webster,  so 
in  writers  on  mechanical  construction,  the  term  mill- 
ing is  applied  :  — 

a.'  To  an  action  such  as  that  which  upsets  the 
edge  of  a  coin,  making  the  raised  flanges  which  pro- 
tect the  ornaments  in  relief  on  the  obverse  and  re- 
verse sides  of  the  com. 

b.  To  an  action  such  as  that  which  gives  a  fluting 
or  crenation  to  the  edge  of  the  coin. 

c.  To  a  planing  action  by  a  circular  cutter  on 
metal.     A  mode  of  skapinri. 

The  first  is  an  expanding  or  upsetting,  and  the 
second  is  an  indenting  process,  which  is  properly 
called  nurling. 

Milling,  in  the  first  sense  stated,  is  performed 
upon  an  object  in  a  lathe  by  the  pressure  of  a  bur- 
nisher or  wheel,  which  turns  over  or  upsets  an  edge, 
as  in  the  case  of  the  feather-edge  on  a  tube  or  bezel 
which  holds  a  lens  or  a  jewel  in  its  seat  or  setting. 

The  term  milling  is  also  applied  to  the  machines 
in  the  mint  which  turn  over  the  edges,  at  the  ex- 
pense of  the  diameter,  and  thus  throw  the  faces  a 
little  into  recess,  so  that  the  ornamental  impressions 
are  protected  by  the  edges,  and  the  coins  when  piled 
are  enabled  to  stand  steadily.  The  machine  is  de- 
scribed in  its  place  under  CoiNixo  (which  see). 
Castaining's  machine  for  milling  coin  was  intro- 
duced into  the  French  mint  in  1685.  See  also  B, 
Fig.  3151. 

For  milling,  as  a  mode  of  planing  to  shape,  see 
MlLLINO-MACHINE. 

2.  {Porcelain. )    The  mastication  and  grinding  of 


slip  for  porcelain,  giving  it  the  final  working  to  de- 
velop plasticity. 

3.  (Cloth.)  A  fulling  process  which  condenses 
and  tliickens  cloth  at  the  expense  of  its  area. 

Mill'ing-ma-chme'.  {Machinery.)  A  machine 
for  dressing  metal-work  to  shape  by  passing  it  on  a 
traveling  bed  beneath  a  rotating  serrated  cylindrical 
cutter.  The  niiUing-machine  occupies  the  same  re- 
lation to  metal  tliat  the  planing  or  molding  machine 
does  to  wood.  In  each  case  the  work  is  reduced  by  a 
rotary  cutter,  whetlier  the  surface  be  plain  or  irreg- 
ular. Tlie  use  of  the  milling-machine  has  advanced 
greatly  during  the  past  ten  years.  They  are  now 
used  as  finishing  tools  in  machinists'  shops,  but  es- 
pecially in  the  business  of  I'cducing  to  shape  the 
forged,  stamped,  or  cast  pieces  which  are  made  by 
the  thousands  to  an  e.xaet  gage,  and  are  built  up  into 
sewing-machines,  fire-arms  of  various  kinds,  aiul  other 
things  too  numerous  to  mention,  wliich  are  made  in 
pieces  to  size,  and  then  assembled.  They  are  largely 
used  for  finishing  heads  of  bolts  and  set  screws,  shap- 
ing nuts,  fluting  taps  or  reamers,  cutting  key-seats. 

Their  use  has  been  much  facilitated  by  the  con- 
temporary improvement  in  grinding-machines  with 
emery-wheels.  It  has  been  found  that  by  the  use 
of  these  grinding-macliines,  milling-tools  could  be 
Icept  in  perfect  cutting  order  without,  as  was  for- 
merly necessary,  drawing  their  temper  and  retem- 
pering.  It  has  thus  been  rendered  possilile  to  greatly 
widen  the  application  of  these  tools  and  to  ada]it 
tliem  to  work  whii  h  would  liave  cost  much  more  to 

Fig.  31.51. 


finish  by  methods  formerly  in 
vogue. 

A  (Fig.  3151)  is  a  machine 
designed  for  milling  where 
oidy  a  light  or  medium  cut  is 
required.  The  spindle  is  driv- 
en by  a  belt  running  on  a  cone- 
pulley  without  the  interven- 
tion of  gearing.  The  outboard 
center  is  supported  by  a  stout 
cylindrical  arm,  secured  to  the 
head  of  the  machine.  Tlie  ta- 
ble is  actuated  by  a  hand-feed 
motion,  and  a  rack  and  ])iniou 
worked  by  a  lever  in  front 
constitutes  the  hand  motion. 

B  (Fig.  3151)  is  a  machine  for  lettering  or  milling 
the  edges  of  coins.  In  that  used  in  the  French 
mint  two  arc-dies  a  b,  on  which  the  inscription  is 
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engraved  in  raised  letters,  one  half  on  each  die,  but 
in  reverse  order,  are  immovably  secured  to  tlie  plate 
which  bears  t!ie  machine,  and  the  distance  between 
them  is  precisely  equal  to  the  diameter  of  the  piece 
to  be  milled,  c  is  a  tube  containing  a  pile  of  coins, 
which  are  successively  pushed  between  the  dies  by 
the  arm  d  attached  to  the  lever  e. 

This  lever,  by  its  back  and  forth  movement  around 
the  pivot  /,  also  causes  a  rotary  movement  of  the 
coin  between  the  dies,  during  which  the  inscription, 
in  sunken  lettiTs,  is  impressed  on  its  periphery,  after 
which  it  falls  through  the  aperture  g  into  a  recepta- 
cle. 

Fig.  3152,  ^/,  is  a  view,  on  a  somewhat  enlarged 
scale,  of  a  universal  head,  which  is  adapted  to  be 

Fig.  3152. 
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Universal  Head  and  Spiral  Cutter  of  Milling-Machine. 

fastened  to  the  platen  of  the  machine.  By  chuck- 
ing the  object  in  this  head,  spur  or  bevel  gear  may 
be  cut,  and  work  milled  at  any  angle  or  in  any  po- 
sition. 

B,  in  the  same  figure,  is  a  spiral  cutter,  also  de- 
signed to  be  attached,  when  required,  to  the  platen 
of  tlie  machine.  A  piece  of  work  is  shown  in  posi- 
tion. By  means  of  changeable  gears  the  work  is 
rotated  beneath  the  milling-tool,  so  that  a  spiral 
cut  is  produced  instead  of  a  straight  fluting.  It  is 
constructed  to  cut  spirals  8  inches  in  length,  right 
or  left  hand,  of  any  pitch,  fiom  one  turn  in  2  inch- 
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es  to  one  turn  in  6  feet.  The  spindle  is  hollow, 
allowing  a  -'i|;-inch  rod  to  run  through  it. 

Mill'ing-tool.  A  small  indented  roller  mount- 
ed in  a  stock  and  used  to  nurl  objects,  such  as  the 
edges  of  screw-heads,  by  pressure  against  the  latter 
when  they  are  rotating  in  a  lathe.      A  nurlinrj-lool. 

Mill-pick.  A  miller's  tool  for  dressing  mill- 
stones, giving  to  tile  buhrs  the  slightly  serrated  sur- 
face; an  operation  known  as  cracking.  The  .steel 
is  necessarily  hard  and  tough,  great  skill  in  heating, 
hammering,  and  tempering  being  required. 

Mill-race.  The  canal  by  which  water  is  con- 
veyed to  a  mill-wheel.  Below  the  wheel  the  watei' 
is  condiK-ted  away  by  the  viill-tail  or  tail-race. 

Mill-sa'w  Vise.  A  clamp  to  hold  a  mill-saw 
while  llling.     It  is  intended  to  be  bolted  to  a  bench, 
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Mill-Saw  Vise. 

and  the  jaws  work  on  centers  to  enable  the  saw  ^o  be 
}»laced  at  an  angle. 

Mill-spin'dle.  The  vertical  spindle  of  a  grind- 
ing-mill,  on  which  the  runner  is  supported.     See 

Gl;INIlIN(;-MILL. 

Mill'stone.  One  of  a  pair  of  cylindrical  stones 
for  crushing  giain  in  giinding-niills.  The  stone  is 
peculiar,  and  comes  mostly  from  France  and  from 
Georgia.     See  Buhr-stone. 

Many  attempts  have  been  made  to  introduce  me- 
tallic cylinders,  and  stones  difl'cring  from  the  buhr, 
in  Houring-mills,  but  with  indilfercnt  success. 

The  stones  arc  the  "bed  "  and  "  runner,"  the  up- 
per being  usually  the  moving  stone,  the  lower  being 
stationary.  Tlie  relation  of  bed  and  lunner  is,  liow- 
ever,  sometimes  reversed,  the  lower  being  the  run- 
ner.    See  Grindino-mill,  where  illustrations  occur. 

The  runner  is  sujiported  by  a  balancc-rynd,  which 
stretches  across  the  eye  and  vests  upon  the  spindle. 
The  upper  part  of  tlie  sjiindlc  is  called  the  coci/icod, 
and  it  is  inserted  into  a  cavity  on  the  under  side  of 
the  balauce-rynd,  called  the  cock-eye. 

Millstones  have  various  arrangements  of  grooves  on 
their  faces.  The  grooves  are  called  furrows,  and 
the  intervening  portions  of  the  face  are  called  land. 

The  system  offurrov-s  and  land  is  called  the  dress, 
and  this  varies  according  to  the  custom  of  a  coun- 
try or  the  skill  of  the  miller.  Many  varieties  of 
dress  are  patented,  and  some  will  be  cited  presently. 
See  Figs.  3154,  3155. 

The  fiirrows  on  the  face  of  the  millstone  expedite 
the  grinding  action.  The  face  of  the  millstone 
around  the  eye  is  usually  somewhat  sunken,  so  as  to 
allow  the  grain  to  enter  ;  this  sunken  space  is  called 
the  bosom. 

The  furroics  lead  from  the  losom,  around  the  eye, 
to  the  skirt  of  the  millstone,  that  is  to  say,  to  its 
periphery.  It  may  be  noted  here,  however,  that  in 
some  modes  of  dressing,  the  ftirrov-s  grow  gi'adually 
shallower  and  disappear  altogether  before  reaching 
the  skirt,  and  leave  a  continuous  land  on  the  outer 
margin  of  tlie  face. 

A  principal  furrow  leading  from  the  eye  to  the 
skirt  is  called  a  leader :  the  branch  furrow  depart- 
ing from  the  leader,  nearest  to  tlie  eye,  is  called  a 
second  furrow  ;  a  branch  furrow  departing  from  the 
leader  nearest  to  the  skirt  is  called  a  skirt-furrow. 
A  furrow  concave  at  bottom  is  called  a  gouge-furrow. 

A  furrow  has  one  steep  edge  and  one  slanting 
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edge  ;  the  former  is  called  a  track-edge,  and  the  lat- 
ter a  feathcr-cclgc. 

A  leader  and  its  branches,  occupying  a  segment 
of  the  face  of  tlie  stone,  is  called  a  quarter,  though 
not  necessarily  or  usually  occupying  a  fourth  part 
of  the  face. 

The  operation  of  preparing  the  face  of  a  stone  is 
called  dressing.  Roughing  the  land  face  of  a  stone 
with  a  pick-hammer  is  called  face-cracking. 

Tlie  draft  of  a  millstone  diess  is  tlie  degree  of  de- 
flection of  its  furrows  from  a  radial  direction.  Thus 
in  a  "  7-inch  draft"  the  track-edges  are  tangential  to 
a  7-inch  circle. 

A  12-qicarter  or  li-quarter  dress  indicates  a  sys- 
tem of  12  or  14  sets  of  furrows. 

One  form  of  lower  millstone  at  the  Paris  Exposi- 
tion had  sectoral  openings  covered  with  wire-gauze, 
to  allow  flour  to  escape  as  soon  a.s  fine  enough  with- 
out compelling  it  to  pass  clear  to  the  outside. 

The  weigiit  of  an  ordinary  pair  of  millstones  is 
from  1,300  to  1,700  pounds.  Tliey  measure  about 
48  inches  in  diameter,  are  about  10  inches  thick, 
and  contain  from  30  to  40  buhrs. 

Mill'stone-bal'ance.  A  weight  so  placed  as  to 
balance  other  ineqiuilities  of  weight  in  a  stone,  so 
that   it   may   run   true.      In  the  example,   weights 

Fig.  3155. 
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placed  opposite  to  the  driving-point  and  to  each 
other,  at  the  four  quartei-s  of  the  stone,  are  moved 
in  ways  by  set  screws,  operated  from  the  outside  on 
the  band,  and,  being  properly  adjusted,  the  true 
balance  is  olitained. 

Mill'stone-bridge.  The  bar  across  the  eye  of  a 
millstone  by  which  it  is  supported  on  the  head  of  the 
spindle.     A  balnncc-rynd. 

Mill'stone-dress.  (Grinding.)  a.  The  arrange- 
ment and  disposition  of  the  furrows  in  the  face  of  a 
millstone. 

b.  The  draft  given  to  the  furrows. 

The  object  of  the  various  kinds  of  dressing  is  to 
secure  the  proper  proportional  quantity  of  material 
on  the  stone  from  the  eye  to  the  skirt.  The  kinds 
of  dress  are  known  as  the  quarter  dress  and  the  cir- 
cular dress.  In  the  former  the  face  is  divided  up 
into  a  number  of  sectors,  each  of  which  is  known  as 
a  qttarter,  and  has  its  own  set  of  furrows.  The  ad- 
vance edge  of  a  furi'ow  is  the  leading  edge,  the  other 
is  the  trailing  edge.     See  Grindinc-mill. 

The  querns  of  the  Keltic  and  Roman  inhabitants 
of  Britain  had  notches,  forming  a  dre.'is. 

Fig.  3156  is  a  collection  of  views  of  different  mill- 
stones, which  will  not  be  described  at  length.  The 
upper  examples  are  quarter  dress  ;  then  follow  spe- 
cimens of  radial-and-circular  dress,  then  a  number 
of  curved  and  circular  systems. 

In  addition  to  the  features  involving  direction  are 
others,  such  as  openings  in  the  bed  or  runner,  form- 
ing pockets,  or  for  ventilation,  or  to  allow  escape  of 
fine  flour.  Natcher's  patent  of  1858  is  for  ruling 
lines  with  a  diamond  on  the  land  of  the  stone  to  give 
it  a  cutting  quality. 

In  corn  and  feed  mills  with  serrated  iron  plates  for 
grinding,   the  dress  is  difl'erent,  as  shown  in  Fig. 


3157.     Many  of  these  plates  are  frustums  of  cones 
or  conoids. 

Fig.  3156. 


Mill'stone-dress'er.  A  machine  for  cutting 
grooves  in  the  griuding-faee  of  a  millstone. 

In  one  form  of  the  machine,  the  lines  radiating 
from  the  center  are  made  by  a  tool  raised  and  dropped 
by  a  cam  and  advancing  automatically  along  a  radial 
arm  attached  to  a  central  axis. 

A  Swiss  machine  for  dressing  millstones  is  shown 
in  Fig.  3158.  The  frame  A  has  arms  b  b  terminat- 
ing in  feet  c',  whicli  are  provided  with  set  screws.  A 
tool-sup)iort  S  is  pivoted  to  the  center  of  A,  and  is 
adjustable  by  means  of  sector  B,  and  slides  on  the 
arm  C  of  the  frame.    Two  disks  at  A'  carry  diamonds 
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MILLSTONE-PICK. 


Fig.  31S9. 


E  E.  A  cap  fitting  over 
the  iiick-iil;itisanil  .secured 
to  the  hollow  Ijlock  (?  is 
struck  by  a  maUet  when 
dressing,  while  the  liolder 
is  ])Us1rh1  along  on  the 
guide.  Standards  C  C  with 
screw-heads  permit  the  ver- 
tical adjustment  of  the 
holder  when  the  points  ot 
the  pick -plates  become 
worn.  A  A  i'i  the  bed, 
whie'h  rests  on  the  mill- 
stone when  the  machine  is 
in  use. 

Mill'stone-grit.    A  i<- 
liactory  sandstone  of  which  i 
the  sides  and   hearth  of  a  I 
blast-furnace  are  comjiosed. 

Mill'stoue  -  ham'mer. 
A  tool  lor  I'urruwinn  niillstinies.      A  millstone-pick. 
In   the  exanijile   shown,  the  blades  have  a  central 


Fig.  3160, 


Millstone-Dresser. 


or  other  hard  stones  on  their  peripheries,  and  are  set 
in  rapiii  revolution  by  belts  from  spindle  J,  which  is 
revolveil  from  any  convenient  shaft  outside  the  mill- 
stone. 

The  cutting-disks  being  put  in  rapid  revolution, 
the  successive  blows  of  the  diamonds  act  in  a  manner 
similar  to  that  of  a  hand  tool,  aiul  parallel  gi'ooves 
are  cut  in  the  face  of  the  stone.  Three  of  these  sets 
of  parallel  ch.annels  or  grooves  make  one  division  of 
the  stone.     The  gnide-bar  C  is  adjustable,  so  that 

Fig.  3158. 


Millstone-Hammn. 

hole  for  the  reception  of  the  handle,  and  are  inclo.sed 

by  a  box  whose  sections  have  a  diagonal  junction. 
""stoue-pick.    A  tool  for  dressing  millstones, 
xl  steel  blade  is  held  in  a  stoci;,  and  may  be 
■ard  as  it  wears  away,  a  lip  on  the  heel  of  the 

Fig.  8161. 


MUht  one-  Dresser . 

the  stone  may  have  a  right-hand  or  left-hand  dress, 
as  desired. 

In  the  machine  shown  in  Fig.  3159,  a  number  of 
pick-plates  of  tempered  steel  .ff  are  held  in  a  hollow 
block  IJ  D,  which  latter  slides  vertically  in  a  holder 


MilUtone-l'ick. 


MILLSTONE-REGULATOK. 


1445 


MINARGENT. 


In  Fig.  3162  tlie  blades  liave  conical  heads,  and 
are  held  bj-  wedging  the  jiortions  of  the  stock  to- 
gether. 

Fig.  3163  is  hinged  to  a  bed-iJate  A,  which  slips 
over  the  stone  while  the  pick  is  vibrated. 


Fig.  3163, 


Mill'stone-reg'u-la'tor.  One  for  graduating 
the  feed  of  the  grain  to  the  rate  of  motion  of  the 
runner.  The  governor  is  operated  from  the  mill- 
gear,  and  connects,  by  means  of  a  screw-shaft,  a  trav- 
eling poise,  and  a  scale-beam  that  will  adapt  both 
the  feed  of  the  grain  and  the  set  of  the  stones  to  the 
varj'ing  speed  of  the  ninner,  cau.sed  by  chunge.s  in 
the  motive  power.  When  the  mill  is  set  to  grind  a 
particular  gi'ade  of  flour,  if  the  motive  power  fails  to 
exert  the  same  force  on  the  stone,  the  governor  at 
once  reduces  the  feed,  so  that  the  grade  may  be  con- 
tinued, though  less  grain  will  be  gi-ound.  The 
principle  is,  that  the  gi'eater  the  power  the  greater 
the  capacity  for  grinding,  the  feed  being  increased  in 


Fig.  3164. 


MiU^tone-Begulator. 

proportion  the  pres.sure  of  the  runner  on  the  bed- 
stone must  be  likewise  increased  ;  to  do  this,  the 
poise  is  moved  in  allowing  the  spindle  to  sink  a 
little,  permitting  a  larger  proportion  of  its  actual 
weight  to  rest  upon  the  grain  and  flour  which  inter- 
vene between  the  stones. 
Mill'stone-ven'ti-Ia'tor.     An  arrangement  for 


Millstone-  Ventilator. 


conducting    a    blast  Fi^.  3165. 

through  the  eye  of  the 
runner  and  out  at  the 
t!l:irt,  to  cool  the  floor 
and  facilitate  delivery. 
The  invention  is  de- 
scribed in  the  patent  of 
Houyet  and  Gcudebein, 
1844 ;  and  there  have 
since  been  many  varia- 
tions in  the  details.  In 
Fig.  3165,  the  millstones 
are  ventilated,  while 
running,  by  hinged  in- 
clined wings  upon  the 
top  of  the  runner,  in 
connection  with  inclined 
wings  upon  the  perijih- 
ery  of  the  stone.  See 
also  English  patents, 
10,163  of  1844,  11,084 
of  1846  ;  French  patents 
of  Cabanes,  Jlay  29,  1845,  and  May  26,  1846. 

In  Fig.  3166,  the  drums  are  made  air-tight,  ex 
cept  at  the  eye 

of   the  stones  ;  Fig-  3166. 

the  air  is  ex- 
hausted by  fans 
placed  in  pipes 
conueetingwith 
the  sides  of  the  gp 
drums,  and 
forced  into  a 
cooling-box 
from  which  it 
is  drawn  oH'  by 
a  large  fan.  ,      . 

In  Fig.  3167,     '  !|,-— ■ff  --Vl    ^f 
the  devices  are 
shown       some- 

what    more  in     Uj — s-  ^ — ^  ,,  ^  „ 

detail.      Air  is   .^.4        '^J     4 —    -    j  '  j  ■ 

introduced  a-       ^       a^     a       r 

through  an  an- 
nular duct  T 
around  the  feed-tube  S  into  an  air-chamber  bounded 
by  two  cones  Jf  X,  and  thence  by  ducts  P  and  spouts 
I'  P,  to  the  s]iace  between  the  stones. 

Mill-tail.  The  tail-race  of  a  mill  which  conducts 
the  water  away  from  the  wheel. 

MiU-vrheel.  The  water-wheel  wliich  impels  the 
machinery  of  a  mill. 

For  specitic  index  of  wheels,  see  Watek-wheel. 

Wee  also  list  undrr  HvDi;.\ri.rt' Engixeeuisg  AND 
Devices. 

Mill'Twright's  Com'pass.  A  dividing  and  scrib- 
ing tool  used  by  millstone  manufacturers  in  laying 
ofl'  the  di'c.ss  on  the  face  of  stones.     See  JIillsto.ne- 

DHESS. 

Min-ar'gent.  Copper,  1,000 :  nickel,  700 ;  tung- 
sten, .=>0  ;  aluminium,  10.  The  first  three  ingredients 
are  melted  togetlier,  then  run  off  in  a  granulated 
form,  and  again  njelted,  adding  the  aluminium  and 
about  1^  per  cent  of  a  flux  composed  of  one  part 
borax  and  one  part  fluoride  of  calcium  ;  these  pro- 
portions of  borax  are  reduced  as  the  fusion  proceeds. 

It  is  one  kind  of  aluminium  bronze.  (See  list  of 
Farmer's  aluminium  alloys,  page  71.)  In  these  cop- 
per is  the  first  metal,  aluminium  the  second,  and 
silver,  iron,  nickel,  and  zinc  in  various  combinations, 
so  as  to  give  the  desired  character  to  the  metal,  ac- 
cording to  its  intended  duty. 

A  number  of  other  jeweler's  alloys  are  to  be  found 
in  a  table  on  page  63  ;  white-metal  alloys  on  same 


I\ 
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The  place  of  deposit 

is  tlie  chamber  ;  and  tlie 
passage  leading  thereto 
the  gallery. 

Military    mines    are 
known  as,  — 

Common.     Double.     Triple. 

Defensive  or  countermines. 

OXf'tnsive. 

Conjunct,  several  acting  si- 
multaneously. 

Suffocating  or  camonjiel. 

Undercliar^ed. 

Over  or  surcliarged,  produc- 
ing a  crater  whose  radius 
is  greater  than  the  line 
of  least  resistance. 


MUlstonC'  Ventilator. 

page  ;  alloys  under  specilir  names  maybe  found  in 

tlie  list  under  MHT.VLLTiKiiY. 

Miuc'illg-knife.     A  knife  with  a  curved  blade 

or  lilailes  for  mincing  meat  and  fruit  in  a  wooden 
bowl. 
Fig.  31CS.  Minc'ing-ma- 

chine'.  A  machine 
for  chopping  food  into 
small  fragments.  A 
sausage-machine. 

Mincing-machines 
operate  by  revolving 
knives  in  a  barn-l 
which  has  stationary 
intervening  knives  ; 
by  guillotine  knives 
'  acting  upon  a  block 
rotating  on  a  vertical 
axis.  The  vialaxator 
or  inasticator  is  more 
truly  a  grinding  pro- 
cess, its  object  being 

to  masli  and  disintegrate  the  fibei-s.    See  Meat-oot- 

TER  ;  Meat-chopper  ;  Sausage-machine. 
Mine.     1.   A  subterraneous  passage  from 

coal,  metals,  metallic  ores,  are  obtained. 

Depth  of  Mines. 
Eselchact,  Bohemia  (silver) .... 
Dunkeufield,  England  (coal)     . 
Pendleton,  England  (coal)   .... 
Linden,  Prussia  (salt  well) 
Tresavean,  England  (copper) 
Durham,  England  (coal)  .... 
Valenciana,  Me.xico  (silver) 
Crown  Point,  Comstock  lode,  Nevada  (silver) 
Santa  Rosa,  Mexico  (silver) 

2.  Grade  ironstone,  known   as  raj«-niine, 
mine,    iMni^mine,  etc. 

3.  {Fortification.)  An  excavation  toward  or  un- 
der the  rampart  of  a  fortress  to  contain  an  explosive 
charge,  to  destroy  or  effect  a  breach  in  an  enemy's 
works.  Mines  executed  by  the  defenders  of  a  fort,  to 
intercept  those  of  the  a.ssailants,  are  countermines. 


Mincing-Kn  ife. 


which 

Feet 
3,778 
2,504 
2,504 
2,331 
2,112 
1,773 
1,686 
1,400 
1,200 

green- 


Military  mining  was 
practiced  in  very  early 
times.  It  is  represent- 
ed in  the  Assyrian  sculp- 
tures. The  Persians  and 
i4,  Komans  adojited  it  ex- 
tensively  ;  the  latter 
as  early  as  the  fifth  cen- 
tury B.  c.  They  had  no 
explosives. 

Herodotus    mentions 
tlie  Per.sian  mines  dur- 
ing the  .siege  of  Barca 
in  Libya,  and  the  skill- 
ful countermining  of  the  garri.son.     (IV.  200.) 

Mine-cham'ber.  The  place  of  deposit  of  the 
charge, 

Min'er-al  Cot'ton.  A  fiber  formed  by  allowing 
a  jet  of  steam  to  escape  through  a  stream  of  liipiid 
shig,  by  which  it  is  blown  into  line  white  thi'cads, 
sometimes  two  or  three  feet  in  length.  These 
threads,  though  somewhat  elastic,  readily  break  up 
into  smaller  ones,  an<l,  the  color  of  the  substance  be- 
ing white,  the  appearance  is  that  of  ama.ss  of  cotton. 
Being  a  poor  conductor  of  heat,  owing  to  the  re- 
tention of  air  in  its  interstices,  it  is  suggested  as  a 
covering  for  steam-boilers  and  pijics. 

Min'er-al  Tar.     Bitumen  of  a  tan-y  consistence. 
Min'er-al  Wa'ters.    Among  the  mineral  waters 
are  comprised  the  follows  :  — 

Carrara,  hlue-lick,  carbonic  acid,  chalybeate,  Kis- 
singen,  Icmmiade,  potash,  Saratoga,  scidlitz,  seltzer, 
soda,  Vichy.  A  number  of  the  above  are  natuial 
waters,  but  are  simulated  by  adding  to  water  the 
ingredients  in  the  proportions  of  the  natural,  as  as- 
certained by  analysis. 

Iron,  sulphur,  lime,  soda,  magnesia,  lithia,  are 
the  usual  ingi'cdients  of  the  natural  mineral  waters. 
Tlie  ingredients  principally  used  in  the  artificial  are, 
carbonic  acid,  carbonates  of  soda  and  magnesia, 
bicarbonate  of  pota.'ih,  chloride  of  sodium,  salts  of 
iron,  tartaric  acid,  tartrate  of  soda. 

"  The  water  was  cool  enough  [a  spring  in  the  vi- 
cinity of  Tolon  Noor],  but  had  a  ])ungent  hydro- 
chloric odor,  reminding  me  of  some  1  had  once 
drank  in  the  Pyrenees,  and  which  was  so  very  nau- 
seous and  ill-snielliug  that  it  was  sold  in  the  chem- 
ists' .shops  in  France  at  15  sous  a  bottle."  —  Ahbi 
Hues  Travels  in  Tarta.ry. 

The  passage  in  Genesis  xxxvi.  24,  properly  ren- 
dered, favors  the  opinion  that  Anah  made  the  dis- 
covery of  warm  mineral  springs  in  the  wildeniess 
while  hunting  for  the  asses  of  Zibiwii,  his  father. 
Moses  records  the  fact  as  sufhciently  worthy  of  men- 
tion, and  it  is  probable  that  in  the  intervening  300 
years  they  had  acquired  considerable  notoi-iety  in 
the  cure  of  chronic  complaints.  See  Dr.  Thomp- 
son's "  Researches  in  Palestine. " 
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Berzeliiis,  the  Swedish  chemist,  a  yearly  visitor  to 
the  Carlsbad  watei-s,  is  believed  to  have  been  the 
first  to  make  a  successful  imitation  of  mineral  water. 
Struve  did  the  same  shortly  afterward.  The  first 
manufactory  was  established  liy  Goser,  an  ajjoth- 
ecary  at  Geneva,  about  1790,  who  sold  annually 
40,000  bottles  of  Seltzer.  Strnve  soon  decided  to 
devote  himself  to  this  siieciality,  and  obtained  jiat- 
ents  in  the  chief  European  countries. 

In  the  modern  process  of  manufacturing  mineral 
waters,  carbonic-acid  water  is  first  made.  The  va- 
rious chemicals  are  dissolved  in  a  certain  order,  and 
some  notable  ingredients  are  produced  by  resulting 
chemical  combinations,  as,  for  instance,  in  a  water 
containing  chloride  of  sodium  and  carbonate  of 
baryta,  the  latter  would  by  itself  dissolve  with  great 
difficulty,  so  that  chloride  of  barium  and  carbon- 
ate of  soda  are   introduced  instead.     By  chemical 


reaction  the  chlorine  and  carbonic  acid  change 
places.  By  this  means  phosphate,  and  ttuate  of 
lime,  flint,  compounds  of  barytes,  .silicates,  and 
other  very  insoluble  materials  may  be  dissolved. 
The  chemicals  are  usually  grouped  together  before 
being  placed  in  the  water  ;  thus  each  spring  requires 
two,  and  sometimes  more,  separate  solutions  or  mix- 
tures. These  concentrated  solutions  are  largely  made 
by  Hanbury  Smith  and  others,  and  are  sold  to 
druggists  with  directions  for  use.  The  jjrice  of 
these  solutions  to  the  retailers  is  $  1  per  quart,  suf- 
ficient to  make  five  gallons,  or  eighty  glasses.  The 
cost  to  the  retailer  is  about  three  cents  per  glass, 
for  he  must  have  an  apparatus  for  the  aeration  of 
the  water.  The  subject  belongs  to  our  scheme  only 
as  far  as  the  apparatus  is  concerned.  See  AER.iTF.n 
Waters. 

The  accompanying  engraWng  represents  a  full  set 


Fig.  .3169. 


Mineral-  Water  Bolllnii^- Apparatus. 


of  apparatus  for  the  manufacture  and  bottling  of 
mineral  water,  a  is  the  gas-generator,  which  has  an 
opening  at  top  for  introducing  the  cliemicals,  and  at 
bottom  an  agitator  and  crank  ;  it  is  also  provided 
with  a  safety-valve  and  pressure-gage.  From  the 
generator  the  gas  passes  into  the  purifier  h,  contain- 
ing a  re-agent 
Fig.  3170.  for    absorbing 

other    gases 
from  the  car- 
bonic acid,  and 
, is  thence  con- 
ducted by  the 
pipe  e  into  the 
tin-lined  copper  fountains  c 
c,    containing  the   water  to 
be     aerated  ;      these     have 
cranks  d  d  operating  agita- 
tors in  order  to  hasten  the 
absorption  of  gas.     The  pipe 
/,   provided  with   a   cut-ofl' 
cock,  conducts  the  aerated 
water  to  the  bottling  bencli 
;/,  where  the  cork  is  inserted 
liy  depressing  the   lever  h, 
iind    wired    by   the    device 
seen  to  the  left  of  the  bench. 
See  Aerator  ;  Corking- 

M.A.CHINE  ;    BOTTLING-APPA- 
RATUS. 

Mineral  water  may  be 
corked  from  common  soda- 
fountains   with    nearly   the 


same  facility  as  from  an  apparatus  constructed  for 
this  ]nirpo.se. 

Min'er's  Ham'mer.  A  form  of  hammer  for  the  use 
of  the  mini-r.     Some  are  shown  at  h  i  j.  Fig.  3178. 

Min'er's  Lamp.  In  mines  not  subject  to  the 
ciiUection  of  fire-damp  unprotected  lights  are  used. 
"  b,  Fig.  3170,  are  suspensory  lamps  of  the  French  coal- 
mines. In  many  of  the  German  mines  the  candle  is 
carried  on  the  front  of  the  hat ;  in  some  others  in  a 
sconce  ;  in  others  in  a  cleft  .stick.     Customs  vary. 

Min'er's  Pick.  A  form  of  pick  or  mattock  used 
by  miners,     abed  c  f  tj  k  I,  Fig.  3178. 

Min'er's  Shov'el.  A  form  of  shovel  for  miners. 
(a  h.  Fig.  3171.)     See  also/-  q  r.  Fig.  3178. 

Fig.  3171. 


JVfmw'5  Lamp. 


^ 


Miner^s  Shovels. 
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c  d  are  German  miner's  shovels. 

Mincer's  Wedge.  A  metallic  plug  used  in  open- 
ing seams,  splitting  masses,  etc.  See  m  n  o,  Fig. 
3178.     Sec  alsi)  Gad. 

Mine-tin.     The  natural  tin  found  in  gangues. 

Min'i-a-ture.  (Fine  Arts.)  A  painted  portrait 
on  a  small  scale.  A  "picture  in  little,"  as  Hamlet 
says. 

Min'i-a-ture-tel'e-graph.  One  on  a  small  scale, 
usrd  for  domestic,  liousehold,  office,  manufactory, 
or  warehouse  puri>oses.  A  size  larger  is  the  private 
telegraph,  by  which  an  office  communicates  with  a 
distant  manufactory,  or  a  house  with  a  police  or  fire- 
alarm  station.     See  Office-telegkaph. 

Min'ie-bul'let.  Invented  at  Vincennes  by  M. 
Millie  about  1S3:1     See  Bullet,  c,  Fig.  969. 

Min'i-mum  Ther-mom'e-ter.  A  thermometer 
eonstructed  to  register  the  lowest  point  reached  be- 
tween observations  ;  as  Rutherford's  or  Six's.  See 
Tmkumometki:. 

Min'ing  Ap-pli'an-ces  and  Terms.  See  un- 
der the  following  luads  :  — 


Adit. 

Anticlinal  line. 

Arch. 

At^teL 

Astyllen. 

Attle. 

Auget. 

Back. 

Bank. 

Bar. 

Barrow, 

Basset. 

Batch. 

Bed. 

Bede. 

Bed  way. 

Beud. 

Bliisting. 

Blind  level. 

Bonney. 

Bord. 

Bottom-lift. 

Bottoms. 

Brace. 

Branch. 

Brattice. 

Breast. 

Brob. 

Brood. 

Bunch. 

Burden. 

Cage. 

Case. 

Cat-head- 

Cauf. 

Caunter-Iode. 

Chanueliug-machine. 

Chax'ger. 

Cistern. 

Claying-bar. 

Coal-boring  bit. 

Coal-breaker. 

Coal-cutting  machine. 

Coal-mining  machine. 

Coal-screen. 

Coal-washing  machine. 

Co&ering. 

Coffin. 

Corbond. 

Corf. 

Co5teening. 

Counter. 

Course. 

Coy. 

Cradle. 

Creaze. 

Creep. 

Cribbing. 

Cribble. 

Crop. 

CroBs-course. 

Cross-cut. 

CrosB-lode. 

Crow-bar. 

Cutting. 

Dan. 

Day-level. 


Dead- ground. 

Deads. 

Dean. 

Dike. 

Dip. 

Dip-head  level. 

Down  cast. 

Drift. 

Dropper. 

Drowned  level. 

Dums. 

Fang. 

Fanging. 

Fault. 

Flang. 

Flookan. 

Floran. 

Fluke. 

Foge. 

Gad. 

Gallery. 

Gangue. 

Ginging. 

Goaf. 

Gob. 

Gobbing. 

Gold-mining. 

Gold-washer. 

Grain-tin. 

Grapnel. 

Griddle. 

Gunnie. 

Gurnie3. 

Hade. 

Ha  I  vans. 

Hanginj^-side. 

Hard  pyrites. 

Hard  salt 

Heading. 

Hitch. 

Hogger-pipe. 

Holing. 

Horns 

Huphing. 

Hutch. 

Jamb. 

Jinny-road. 

Jump 


Jumper. 

Shambles. 

Keeve. 

Shearing. 

Kibble. 

Sheers. 

Kuock-stone. 

Shift. 

Launders. 

Bhoad. 

Lead. 

Shot. 

Leader. 

sm. 

Leap. 

Skip. 

Ledge. 

Skjp  shaft. 

Ledger. 

Slicking. 

Level. 

Slimes. 

Lode. 

Slip. 

Lorry. 

Slope. 

Madrier. 

Smift. 

Maundril. 

Snoft. 

Measure. 

Sole. 

Meir. 

Sollar. 

Mine. 

Sough. 

Miner's  lamp. 

SpalUng. 

Miner's  hammer. 

Spavfl. 

Miner's  pick. 

Spend. 

Miner's  shovel. 

Spire. 

Miner's  wedge. 

Squat. 

Mining-maehine. 

Stall. 

Mining-pump. 

Stannary. 

Mining-tools. 

Steniples. 

Montou. 

Stone-channeling  machine 

Mother-gate. 

Stone-quarrying  machine. 

Nicking-trunk. 

Slope. 

Nip. 

Stopping. 

Nitro-glycerine. 

Strake. 

Nog. 

Stream-work. 

Outcrop. 

Strike. 

Panel. 

String. 

Pick. 

StuU. 

Pick-haumier. 

Sump. 

Pillar, 

Sump-fupe. 

Pipe-vein. 

Sump-shaft. 

Pit. 

Synclinal  line. 

Pitch. 

Tacklers. 

Pit-work. 

Tamping. 

Piatt. 

Thirling. 

Polroz. 

Thread. 

Post. 

Thrust. 

Post  and  stall. 

Thurl. 

Prill. 

Tram. 

Prjan. 

Tribute. 

Punch. 

Trogue. 

Quarry  ing-macliine. 

Trommel. 

Kagging. 

Trouble. 

Eib. 

Trunk. 

Kiddle. 

Trunking.    ■ 

Rider. 

Tub 

Rim. 

Tubbing. 

Ringer. 

Tug, 

Rise. 

Tunneling. 

Rock-boring  tool. 

Turn. 

Rock-drill 

Tut-work. 

Rock-drilling  machine. 

Underlie. 

Uollcy. 

Vein. 

Room 

Vein-stone. 

Safety-case. 

Vugh 

Safety-fuse. 

Wall, 

Scarcement. 

Winch. 

Scraper. 

Winning. 

Serin. 

«'inze. 

Seam. 

Witts. 

Shaft. 

Min'ing-lo'co-mo'tive.  One  adapted  for  draw- 
ing wagons  on  tliu  tramways  or  rails  of  mines,  made 
very  low  to  adopt  it  to  run  in  the  galleries  of  jias- 
sages.  Tlie  one  shown  has  a  gage  of  two  feet  six 
inches;  higlit  above  rail,  five  feet  four  inches; 
width  over  all,  five  feet  one  inch  ;  adapted  to  burn 

Fig.  3172. 


BaUtwin^s  Direct-Artins  Mining-tficomotive. 


MINING-MACHINE. 
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anthracite  or  bituminous  ooal  or  coke.  It  will  pass 
curves  of  twenty-live  tVet  radius,  and  haul  on  a  level 
track  in  good  eouditiou  three  hundred  and  forty  tons 
of  cars  and  load. 

Mm'ing-ma-clime'.  An  apparatus  provided 
with  picks  or  cutters  to  cut  gi'ooves  in  rock  or  coal,  af- 
ter which  the  material  is  to  be  pried  out  or  detached 
by  wedges,  as  in  coal-mining  and  working  ijuarries. 

In  Fig.  3173,  the  engine  moves  on  a  track  parallel 
with  the  breast  of  coal  or  stone,  and  a  forward  ad- 
justment is 
made  after  each 
traversing  cut. 
The  chisels  are 
worked  alter- 
nately by  their 
respective  en- 
gines, their 
stocks        being 

connected  to  a  \valking-beam,  and  have  weighted  pis- 
tons sleeved  upon  them.  The  steam  is  changed  as 
the  piston  passes  a  certain  point,  and  is  the  means 
of  working  the  valve.     The  walking-beam  actuates 

Fig.  3173. 


Fig.  3175. 


Mini  n^-  Machine. 

tile  traversing  devices.     The  lilow  of  the  chisel  is  |  of   water, 
similar  to  that  of  a  drill. 

Fig.  317i  shows  a  form  of  mechanical  pick  e, 
which  is  connected  to  a  steam  piston-rod  b,  and  by 
the  operation  of  .steam  in  the  cylimier  is  made  to 
imitate  the  blows  of  a  miner's  pick  when  worked  by 
hand.     The  carriage  moves  liackward  and  forward 


Mining-Machine. 

on  wheels,  and  the  pick  or  cutter  slides  sidewise  in 
the  ways  d  d. 

The  machine  shown  in  Fig.  3175  is  operated  by 


Mining-Machine. 

hydraulic   pressure,    in    the   cylinder   L.     The  hy- 
draulic engine  gives  a  steady  thrust-motion  to  the 
tools  ;  the  position  of  the  machine  during  the  thrust 
is  maintained  by  a  holdfast,  which  is  pressed  against 
the  roof  during   the   cutting  action  of 
the   tool   or   tools,   and    leleased    there- 
from to  allow  the  machine  to  move  for- 
ward during  the  return  or  back  stroke 
of  the  tool  or  tools  ;  the  movements  of 
this  head  or  feeler  and  those  of  tile  drill 
are  obtained  from  the  pressure  of  water 
in  the  cylinder. 

For  other  machines  of  this  character, 
see  Co.iL-MiMNc  Machine. 

Min'iiig-pump.    Pumps formines  and 
water-works  liavi'  lii'cn  on  tliemoste.vtend- 
ed  scale,  and  the  former  were  for  a  long 
time  the  priiici|ial  objects  upon  which  the 
steam-engine  was  employed.     The  succes- 
sive improvements  of  Worcester,  Savaiy, 
Newcomen,  and  Watt  were  all  directed 
toward  one  object,  that  of  lifting  water, 
which  preceiled  liy  many  years  the  useful 
application  of  the   steam-engine  to  the 
purposes  of  locomotion,  either  upon  land 
The   niines   of  Cornwall    (which   were 
worked  by  the  ancient  inhabitants,  3.000  years  ago) 
were  drained  by  means  of  the 
Savary  ajiparatus   and    the  at- 
mospheric engines  of  Newcomen. 
Here  also  Watt  and  Boulton  sent  their 
engines,  with  such  a  guaranty  of  com- 
parative economy  in  fuel,  tliat  they 
agreed  to  take  as  pay  the  value  of  one 
third  of  the  proved  saving  of  coal  as 
compared   with   the    Newcomen   en- 
gine.     This    saving    was    found    to 
be   75   per   cent,    and    amounted   to 
35,000  yearly.     The  Cornish  miners 
succeeded  in    (dieating    Boulton    and 
Watt  out  of  the  greater  ]]art  of  tlu-ir 
dues,  and  became  rich.     See  Steam- 
ENfUXE. 

At  the  jiresent  day  the  Cornish 
pumping-engine  stands  at  the  Uead 
of  the  list  in  effective  economical 
performance,  and  the  "duty  "  is  re- 
ported in  tabulated  form,  monthly. 
See  Duty. 

The   useful   effect  of  the  Cornish 
pumping-engine  has  been  more  close- 
ly observed  and  recorded  tliaii  that 
of  any  other  engine. 

When   Boulton    and  Watt's  patent  expired,    the 
best  of  their  engines  in   Cornwall   were   doing   an 
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average  duty  of  24  millions  of  pounds  of  water 
raised  1  foot  high  by  112  pounds  of  Welch  coal. 

The  rate  deteriorated  for  a  while,  owing,  it  is  said, 
to  the  absence  of  Mr.  Murdocli  and  some  other  highly 
skillful  men.  Mr.  Murdoch  will  be  recollected  as 
the  great  gas-engineer,  and  a  successful  builder  of 
a  locomotive  in  early  times. 

Captain  Lean  is  credited  with  a  general  advance 
which  soon  afterward  took  place. 

The  tabulated  results  for  the  years  1812-  1843  are 
as  follows ;  — 


0 

Average 

V  . 

Year. 

o  n 

6 'a 

Average 
duty. 

duty  of 
the  best 
engine. 

Year. 

o  0 

6 -a 

Average 
duty. 

1812 

21 

23.0 

1828 

57 

441 

1813 

29 

23.2 

314 

1829 

.53 

49.6 

1814 

32 

24.5 

38.1 

1830 

.56 

51.5 

1815 

35 

24.4 

34.1 

1831 

,58 

51.6 

1816 

35 

27.4 

38.6 

1832 

,59 

52.6 

1817 

35 

31.5 

49.5 

18:33 

,56 

55.4 

1818 

3fi 

30.2 

46.8 

1834 

.52 

56.9 

1819 

40 

31.3 

47.6 

18.35 

51 

66.9 

1820 

4« 

31.1 

491 

1836 

61 

56.4 

1821 

45 

33.6 

50.9 

1837 

58 

56.9 

1822 

.52 

34.4 

50.6 

1838 

61 

58.0 

1823 

52 

336 

50.0 

1839 

.52 

65.4 

1821 

49 

33.7 

61.8 

1840 

.54 

64.3 

1825 

5B 

.38.1 

64.0 

1841 

.56 

65.1 

1826 

51 

36.3 

63.8 

1842 

49 

64.0 

1827 

51 

38.2 

71.0* 

1843 

36 

71.4 

Average 
duty  of 
the  best 
engines. 


91.4 
91.6 
92.8 
84.6 
101.1 
100.3 
108.1 
1091 
101.6 
103.8 
100.2 
92.6 
97.2 
121.3 
127.91 
114.4 


*  Wolf's  and  Grose's  improvement.'i. 

t  Wolf's  combined  double-cylinder  engine,  cut  off  at  one- 
tenth  stroke.     United  mines  at  Gwennap. 

The  following  table,  compiled  by  S.  Hughes,  C.  E. , 
gives  the  duty  of  a  number  of  pumping-engines  in 
ditferent  large  cities  on  each  side  of  the  Atlantic  :  — 

Duty  of  Condensing  Pumping- Eimincs. 

Millions  of  lbs. 
raised  1  ft.  high 
by  112  lbs.  of  coal. 

single-acting 


East    London    Water- Works, 

Cornish  engine,  1836       . 
East   London  Water-Works,    Boulton   and 

Watt 

Haarlem  Mere,  Holland 

Average  of  36  Cornish  engines,  1843  . 

Cincinnati  direct-action  .... 

Buffalo  Coi'nish  bull  engines 

Boulton  aud  Watt's  non-expansive  rotative 

engine,  Albion  Mills,  London,  1786 
Spring  Garden,  Philadel]ihia,  1832 
United  States  Dry-Dork  engine,  Brooklyn  . 
Grand  Junction  Water- Worksenginesin  1849 
Southwark  and  Vau.\hall  engines  in  1849    . 
Beardniore's  e.xemplar  Cornish  engine 
Beardmore's  duty  of  Cornish  engines  at  Lon- 
don Water-Works  ..... 
Fowey  Consols  50-inch  cylinder-engine  of 

103-horse  power,  experimented  on  by  Mr. 

Wicksteed,  and  worked  at  a  power  of  26^ 

horses     ....... 

Holmbush  80-inch  cylinder  =  251   horses, 

xjorked  at  a  power  of  62  horses 
Estimated  duty  of  72-inch  cylinder  condeiis- 

ing-engine  for  Brooklyn  Works 
Engines  .at  the  East  London  Works  in  1850 

from  Mr.  Wicksteed's  evidence 
Engines  at  the  same  works  before  the  use 

of  the  Cornish  engines    .... 
Average  duty  of  Cornish  engines  (Lean,  1854) 
Duty  of  best  engine,  from  Lean,  1854 
Duty  of  Cornish  engine  (Browne,  1855)  . 
Duty  of  best  engine,  from  Browne,  1855 


105.7 

46.6 
89.4 
71.5 
53.6 
37.0 

25.8 
24.6 
22.4 
46.8 
69.6 
83.4 

56.25 


130.2 

122.4 

35.5 

63.8 

26.9 

53.7 

77.0 

69.7 

101.4 


Pittsburg  high-pressure  non-condensing  en- 
gines, 1852  ;  — 

Upper  Water- Works  .  .  .  .19.9 
Lower  Water- Works         .         .         .  19.1 

Allegheny  City 19.2 

Detroit 17.3 

To  which  may  be  added,  — 

Worthington  duplex  engine,  Newark, 

N.  J 76.6 

Brooklyn,  N.  Y.,  double-acting  beam. 

No.  1 60.1 

Brooklyn,  N.  Y.,  double-acting  beam. 

No.  3 72.0 

Philadelphia,  Spring  Garden,  Cornish  58.9 
Belleville,  Jersey  City,  Cornish  .  .  62.8 
Hartford,  Conn. ;  crank.    Mean  of  three 

experiments 61.7 

Cambridge,     Mass. ;     double-cylinder. 

(Mean) 67.2 

In  considering  the  above,  it  must  be  recollected 
that  the  quality  of  coal  varies,  and  the  bushel  may 
vary  in  weight ;  calculations  have  unfortunately 
been  made  at  94,  100,  and  112  ]iounds. 

See  also  Compound  Engine;  Duplex  Engine; 
Draining-engine  ;  Pumping-engine. 

Cost  of  raising  Water  by  Stcam-Power. 


East  London  Water-Works 
Liverpool     .... 
Wolverhampton 
Southwark 
Orajid  Junction 


d 

Gallons. 

Cost. 

»« 

X 

"^- 

1,000,000 

100 

S3.00 

$2.52 

1,000,000 

100 

4.08 

1,000,000 

100 

8.40 

1.80 

1,000,000 

KKl 

2.88 

2.40 

1,000,000 

100 

6.52 

3.84 

Of  the  pumps  for  mining  jairposes  may  be  cited, 
(1)  the  eonnnon  lift-pump,  made  on  a  scale  propor- 
tionate to  its  work,  but  in  no  essential  respects  dif- 
fering from  that  in  ordinary  use.  Its  piston  is  a 
valved  bucket,  being  perforated  for  the  passage  of 
the  water.     See  Lift-pump;  Cornlsh  Engine. 

(2.)  A  lifting-pump  with  a  plunger  ;  that  is,  one 
not  perforated,  but  acting  as  the  ordinary  piston. 

The  piston  b  (see  A,  Fig.  3176)  works  in  a  barrel 
a,  communicating  by  a  passage  d  with  a  valve-cham- 
ber e,  to  which  are  attached  the  supply  and  discharge 
pipes  i  h.  The  chamber  has  two  valves  g  f,  which 
act  as  induction  and  eduction,  —  one  opening  to  ad- 
mit water  from  the  well  as  the  piston  descends,  and 
the  other  allowing  the  water  to  escape  into  the  dis- 
charge-pi]ie  as  the  piston  ascends. 

The  illustration  is  from  Combe's  work  on  mines, 
and  represents  a  pump  erected  by  Juncker  at  Huel- 
goat.  It  raises  water  to  a  hight  of  508  feet,  and  is 
calculated  to  raise  it  a  farther  distance  of  246  feet 
when  tlie  mine  reaches  that  depth. 

The  small  pipe  b'  c'  d  is  provided  with  stop-cocks, 
and  is  for  the  purpose  of  establishing  communication 
between  the  pijies  h  i  and  the  valve-chamber  e  in 
starting  the  pump. 

A  small  side-valve  is  fitted  to  the  descending  pipe 
i,  and  loaded  with  a  weight  equal  to  about  the  press- 
ure of  the  atmosphere.  This  valve  is  placed  just 
above  the  surface  of  water  in  the  well,  and  if  the 
valve  g  does  not  shut  properly,  the  pressure  of  the 
water  which  is  raised  during  the  up-stroke  of  the  pis- 
ton is  transmitted  to  that  contained  in  the  descend- 
ing pipe  and  causes  the  small  valve  to  open. 

By  means  of  this,  also,  it  can  be  ascertained  if  the 
upper  valve/ closes  properly.  For  this  ]iurpose,  the 
pump  must  be  stopped  and  the  valve-chest  put  in 
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piston,  and  rises  through  the  foot-valve  into  tlie 
pump-barrel.  When  tlus  is  full  of  water,  the  plunger 
descends  and  presses  on  tlie  water,  which  can  neither 
go  back  through  the  lower  valve  nor  escape  through 
the  cover  of  the  pump- barrel.  It  can  only  escape 
through  the  valve  of  the  ascending  pipe,  each  succes- 
sive stroke  of  the  plunger  sending  into  the  ascending 
pipe  a  iiuantity  of  water  equal  to  the  volume  of  the 
plunger.  This  goes  on  till  the  ascending  pipe  is 
full,  and  then,  at  each  stroke,  it  delivers  a  quantity 
equal  to  the  volume  of  the  plunger. 

Min'ing-tools.  a  b  c  d  e  f  g,  ibrms  of  miner's 
picks. 

h  i  j,  miner's  hammers,  h  I,  long  picks,  m  n  o, 
miner's  wedges,  p,  sharp-point  shovel,  g,  scpiare- 
point  shovel.  r,  ii(?//He/-sliovel  for  dressing  ores, 
s,  Spanish  hoe.  t,  sledge  lor  bi'eaking  ores,  u, 
mallet  for  striking  borers  (y  c).  v,  pick  for  driving 
gad.  !0,  steel  gad  for  wedging  off  pieces  of  stone. 
X,  cobbing-hanimer,  used  in  the  mines  for  breaking 
ore.  y  z,  borers  for  junqiing  holes  to  receive  blast- 
ing-charge. 

Fig.  3178. 


Fig.  3177. 


^  FUtngfT-Fumps. 

communication  with  the  descending  pipe,  by  opening 
the  stop-cocks  in  the  small  pipe  c'  if.  Then,  if  the 
valve  /  closes  imperfectly,  the  water  from  h  will  come 
througli  it  and  fill  the  descending  pipe  i,  raising  the 
small  valve.  This  effect  will,  of  course,  not  take 
place  unless  the  foot-valve  </  is  in  order,  —  a  fact 
which  can  be  readily  ascertained. 

B  (Fig.  3176)  is  a  section  of  a  force-pump,  with 
solid  plunger-piston,  such  as  is  commonly  used  for 
raising  water  from  mines,  rivers,  and  wells,  a  is  the 
suction-pipe,  b  is  the  solid  plunger- 
piston,  shown  near  the  bottom  of  its 
stroke,  c  is  the  ascending  pipe  go- 
ing to  the  top  of  the  well,  d  is  the 
lower  valve-chest,  and  e  the  ujiper 
valve-chest.  The  valves  are  double 
beat.  When  c  is  open  in  conse- 
quence of  the  ile.scent  of  the  piston 
having  forced  up  the  water  and 
raised  it  into  that  position,  the  same 
pressure  closes  the  valve  d,  wliicli 
then  sustains  the  whole  pressure  of 
the  column  in  c.     See  Fig.  3177. 

The  plunger  is  raise(l  by  the 
pressure  of  the  steam  on  the  pis- 
ton in  the  steam-cylinder  ;  and  as 
the  coverof  the  pump-barrel  through 
which  it  works  is  ])erfectly  air-tight, 
no  air  can  jiass  in  from  the  outside 
to  supply  its  place.  A  partial 
vacuum  is  therefore  formed,  which 
is  supplied  by  the  air  beneath  the 
lower  valve  and  between  this  and 
the  water.  After  each  stroke  this 
air  becomes  more  and  more  rare, 
and  the  vacuum  more  and  more 
perfect ;  till  at  length  the  water  in 
Sinsle-Actins  ^^^  well,  pressed  by  the  atmosphere 
Plun^rr- Pump,     outside,   foUows  the  ascent  of  the 
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Min'ion.  1.  {Printing.)  A  size  of  type  between 
Nonpareil  and  Brevier. 

Nonpareil,  148  ems  to  the  foot. 
Minion,  123  ems  to  the  foot. 
Brevier,  112  ems  to  the  foot. 

2.  (Ordnance.)  An  old  4-pounder  gun,  about  7 
feet  long. 

Min-ion-ette'.     A  small  fancy  type. 

Miu'i-um.     Pied  lead. 

Mint.  A  place  where  bullion  is  made  into  coin. 
See  Coining. 
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Mint'age.     Duty  paid  for  coining. 
Mint'ing-mill.    A  coiniiiff-machine.     See  Coin- 
ing. 
Min'ute.     1.   The  sixtietli  jiiut  of  an  liour. 

2.  The  sixtieth  |)ai't  of  a  ilegree. 

3.  The  sixtii'th  part  of  tlie  lower  diameter  of  tlie 
shaft  of  a  e(}huuii. 

Min'ute-glass.  Thc^  sand-glass  running  sixty 
seeonils.  Na/f-nnnntv  and  (j'««j'to'-minute  glasses 
are  used  at  hearinij  the  log. 

Min'ute-hand.  The  hand  pointing  to  minutes 
on  the  dial  of  a  elook  or  watch,  and  traversing  the 
cirrle  in  one  hour. 

Min'ute-jack.  (Horoloijij.)  X  fanciful  little 
figure  in  some  clocks  which  strikes  the  gong  at  the 
prescribed  times. 

Min'ute--wheel.  (Hm-olnrpj.)  One  of  the  wheels 
placed  between  the  pillar-plate  of  a  watch  and  the 
dial.     Also  called  a  dial-w/irel. 

Mir'ror.  Mirrors  are  mentioned  in  the  Book  of 
Job  (chap,  xxxvii.  verse  IS),  and  Moses  relates  that 
the  brazen  laver  or  washing-basin  was  made  from 
the  mirrors  of  the  women  who  assembled  at  the  door 
of  tlie  tabernacle  of  the  congregation  (Exodus,  cliap. 
xxxviii.  verse  8). 

The  ancients  had  drinking-vessels,  the  insides  of 
which  were  cut  into  mirrors  so  disposed  that  the 
image  of  the  person  drinking  from  them  was  seen 
multiplied.  A  weighty  .silver  cup  of  this  descrip- 
tion was  presented  to  the  Emperor  Probus,  when  a 
tribune,  by  Valerian. 

The  mirrors  of  Egypt  were  of  bronze,  which,  in 
certain  proportions  of  copper  and  tin,  is  called  by 
Ure  the  whitest,  hardest,  most  biilliant  and  refrac- 
tory of  metals.     See  speciUum- metal  in  Alloys. 

A  number  of  the  Egyptian  mirrors  are  preserved 
in  the  British  Museum.  Tlii-y  are  from  5  to  14 
inches  in  ilimensions.  They  arc  generally  furnished 
with  handles,  carved  into  orniimental  or  symbolic 
forms  ;  resembling  a  tress  of  hair,  a  hawk's  head,  a 
column,  a  lotus  sceptei',  or  the  goddess  Athor.  Sev- 
eral specimens  may  be  seen  in  Abbott's  collection  in 
the  possession  of  the  Xew  Y<jrk  Historical  Society. 

The  mirror  with  a  handle  is  enibli'rnatical  of  Ve- 
nus, and  is  repre.sented  on  the  stones  in  the  ruins  of 
Al  Hadlir  on  the  Tigris,  the  Atra  of  Amniianus 
Marcellinus. 

Silver  mirrors  were  introduced  by  Praxiteles,  328 
B.  c. 

A  famous  mirror  of  antiquity  was  that  placed  by 
Ptolemy  Euergetes  (247  B.  <;. )  on  the  summit  of  the 
Pharos  of  Alexandria.  The  clearness  with  which 
distant  objects  were  depicted  caused  observers  to 
speak  of  it  in  exalted  terms  beyond  any  reasonable 
belief.  Abulfeda,  the  geographer,  who  wrote  1,000 
yeai's  subseipiently,  states  that  it  was  made  of  "Chi- 
nese iron,"  which  Buffon  sui>poses  was  steel,  but  was 
more  probably  one  of  the  white  alloys  for  which  China 
was  and  is  so  famous.  Probably  nearly  allied  to 
speculum-metal. 

The  ancients  knew,  — 

1.  That  the  rays  of  light  were  projected  in  straight 
lines. 

2.  That  the  angle  of  incidence  is  equal  to  the  an- 
gle of  reflection. 

These  were  their  only  contributions  to  the  science 
of  optics. 

Alhazen,  about  x.  D.  1100,  shed  a  flood  of  light 
on  the  subject. 

Silver  is  the  most  powerful  reflector,  absorbing 
but  9  per  cent  of  the  light  (speculum-metal  absorbs 
37  per  cent  of  the  rays),  and  for  this  reason,  as  well 
as  its  durability,  was  largely  employed  by  the  ancients 
for  making  mirrors.     Silver  mirrors  are  enumerated 


in  the  Roman  laws  among  other  articles  of  jilate ; 
and  Pliuy,  Seneca,  and  other  writers  who  ridicule 
the  extravagance  of  the  tinu-s,  tell  us  that  every 
young  woman  of  that  period  nmst  have  a  silver  mir- 
ror. These  mirrors,  judging  from  the  sjieciniens  in 
collections  of  antiquities,  were  merely  faced  with  a 
thin  sheet  of  the  precious  metal. 

Pliny  sjieaks  of  mirrors  composed  of  a  mixture  of 
copper  and  tin,  and  says  that  the  best  were  con- 
structed at  ISrundisium.  A  composition  of  copper, 
regulus  of  antinmny,  and  lead,  the  first  largely  pre- 
dominating, was  also  employed.  Such  stones  as 
were  ca|jable  of  receiving  a  brilliant  polish  and  re- 
flecting a  large  proportion  of  the  rays  of  light  were 
simietimes  mavle  use  of. 

Mirrors  of  stone  were  found  among  the  Peruvians 
when  first  visited  by  the  Spaniards.  Some  of  these 
were  made  of  a  black,  sornewliat  transi)arent,  vitri- 
fied lava,  called  by  the  Spaniards  'jtiUiiiazo,  similar 
to  the  olisidian  stone  employed  by  the  Konians  for 
the  like  purpose.  These  mirrors  wei-e  plane,  con- 
cave, and  convex.  The  Peruvians  also  made  them 
of  a  species  of  pyrites  called  the  Inca's  stone,  from 
its  being  much  used  in  ornaments  by  the  Incasor 
]niuces  of  Peru.  Ulloa  saw  one  which  was  2i  feet 
in  diameter  ;  but  they  did  not  usually  exceed  2  to 
3  inches.  This  people  had  also,  it  would  a]ipear 
from  l)e  la  Vega,  mirrors  of  silver,  copjier,  and  brass. 

The  date  of  the  invention  of  glass  mirrors  is  not 
certainly  known.  From  the  ai'count  of  Pliny,  it 
would  seem  that  they  hail  lieen  formerly  made  at 
the  celebrated  gla.ss-lmuses  of  Sidon.  These  were 
probably  of  a  dark-colored  glass,  having  a  resem- 
blance to  the  obsidian  stone.  Transparent  glass 
having  a  backing  of  black  foil  has  also  been  found. 
The  former  of  these  kinds  was  inferior  to  metallic 
mirrors  and  was  probably  superseded  hy  them. 
From  the  time  of  Pliny  to  the  thirteenth  century, 
the  subject  appears  veUed  in  obscurity,  and  the  first 
uneciuivocal  mention  of  glass  mirrors  similar  to  those 
of  modern  times  is  by  Peckham  or  Peccani,  an  Eng- 
lish Franciscan  monk,  who,  in  a  treatise  on  optics, 
writti'U  about  the  year  1279,  speaks  of  mirrors  of 
iron,  steel,  [lolislu'd  marble,  and  of  glass  covered  on 
the  baik  with  lead,  and  says  that  no  image  was 
reflected  when  the  lead  was  scraped  oH'.  Roger  Ba- 
con and  others  of  tliat  age  also  make  mention  of 
this  description  of  mirror.  The  process  of  manu- 
facture was  by  pouring  molten  lead  or  tin  on  the 
back  of  the  glass  plate. 

The  method  of  coating  with  tin-foil  was  known  as 
early  as  the  sixteenth  century,  and  at  Murano,  where 
it  was  tii'st  jiracticed,  the  process  was  as  follows  : 
I  The  tin,  hannnered  into  thin  leaves,  was  spread  out 
very  smoothly  :  the  quicksilver  was  poured  over  it 
and  rubbed  into  it,  either  with  the  hand  or  a  hare's 
foot  ;  and  when  the  tin  was  saturated  it  was  cov- 
ered with  paper.  The  glass,  wiped  very  clean,  was 
then  laid  above  it,  and  while  the  workman  pressed 
it  down  with  his  left  hand,  he  drew  out  very  care- 
fully with  his  right  the  paper  between  the  tin  and 
glass,  over  whi(di  weights  were  afterward  placed. 

The  Venetians  had  for  a  long  tiitie  a  monopoly  of 
the  business,  and  till  about  the  end  of  the  seven- 
teenth century  their  glasses  were  nu-t  with  all  over 
Europe  and  hotli  tlie  Indies.  After  that  iieriod,  the 
improvements  in  glass-making  in  other  countries, 
particularly  in  France,  where  it  was  discovered  that 
glass  could  be  cast  into  much  larger  plates  than  had 
been  before  prepared  by  blowing  and  rolling,  de- 
stroyed the  ancient  supremacy  of  Venice  in  this 
art.  An  unsuccessful  attempt  was  made  in  France 
as  early  as  1634  to  establish  glass-houses  for  manu- 
facturing mirroi-s,  and  in  1665  Nicholas  de  Mayer 
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obtained  a  patent  from  the  Freucli  government,  and 
'proceeded  to  erect  works  fur  tlic  purpose.  Tliis 
patent  was  in  1684  renewed  for  thirty  yeai-s,  but  in 
168S  Abraham  Thevart  succeeded  in  casting  at  Paris 
plates  of  a  size  h  hiuli  astonished  all  who  saw  them  ; 
they  were  Si  inches  long  and  50  broad,  while  the 
large.rt  of  those  previously  made  had  not  exceeded 
45  or  50  inches  in  length. 

Among  the  more  remarkable  modern  mirrors  may 
be  cited  several  of  from  20  to  36  inches  diameter. 
One  made  by  Villette  was  tested  by  Drs.  Desiiguliers 
and  Harris.  It  was  composed  of  an  alloy  of  tin, 
copper,  and  bismuth.  It  was  47  inches  in  diameter, 
and  was  ground  to  a  sphere  of  76  inches  radius.  Its 
ettects  were  as  follows  ;  — 

Tin  was  melted  in          .  .       3  seconds. 

Cast-iron  ....  16  " 

A  silver  sixpence   .         .  .       7  " 

A  half-penny  of  George  III.  34  " 

Slate 3  " 

Granite  vitrified          .         .  54  " 

Copper  ore    .          .         .  .       8  " 

Bone,  calcined  .         .         .  4  " 

Tschirnliausen's  mirror  was  4i  French  feet  in  di- 
ameter ;  its  focus,  12  feet. 

It  vitrified  pumice,  slate,  tiles,  shells,  pieces  of 
crucibles  ;  lighted  green  wood  instantly,  and  dis- 
solved an  alloy  of  lead  and  tin  like  so  much  lard. 

Newton's  mirror  had  7  concave  glasses,  each  HJ 
inches  in  diametej- ;  one  in  the  center,  the  others  en- 
circling it,  so  as  to  have  a  common  focus.  The  di- 
ameter was  34J  inches,  the  focus  22i  inches  distant. 
It  vitrified  brick  in  1  second,  and  melted  gold  in  30 
seconds. 

Zeioher  formed  his  mirrors  by  pressing  disks  on  a 
hot  convex  former-,  to  give  them  their  curvature. 

Button  constructed  a  combination  of  140  plane 
mirrors,  each  4x3  inches,  on  a  wooden  fi-anie  6  feet 
square.  Three  set  screws  to  each  mirror  gave  per- 
fect adjustability,  and  the  result  was  a  vindication 
of  the  probability  of  the  statement  in  regard  to 
Archiraeiles.  With  but  24  of  the  mirrors  in  focus, 
he  lit  pitch  and  tow  at  a  distance  of  66  French  feet. 
By  a  subsequent  arrangement  of  16S  pieces  of  plane 
looking-glass,  6  inches  square,  he  lit  beech-wood  at 
150  feet"  distance  and  melted  a  silver  plate  at  60 
feet. 

His  final  attempts  were  with  a  frame  of  360  plane 
mirrors,  8x6  inches  ;  and  one  of  400  mirrors,  6x6 
inches.  Wood  was  kindled  at  210  feet  distance,  tin 
melted  at  160  feet.     See  BuRN"iN'G-(iL.^s.s. 

Petijean's  patent  (1856)  is  for  a  process  of  silvering 
by  the  use  of  a  compound  formed  of  nitrate  of  silver, 
ammonia,  and  tartaric  acid.  The  solution  is  applied 
to  a  polished  glass,  and  silver  is  precipitated  to  the 
amount  of  about  one  pennyweight  to  each  square 
foot  of  glass.  It  is  then  protected  by  a  dark  var- 
nish. 

Walker  (1869)  uses  the  same  ingredients  in  some- 
what diH"erent  proportions.  The  surface  of  the  glass 
is  thoroughly  polished  with  whiting  and  ifrashed  with 
distilled  water,  when  the  plate  is  heated  to  about 
120°,  and  the  solution  applied.  After  the  silver  is 
precipitated  and  dried,  the  plate  is  varnished  with 
shellac,  and  then  painted  with  a  compouml  of  red 
lead  and  litharge  to  protect  the  coating  of  silver. 
See  .Silvering  ;  Pl.^tixizint,  ;  LooKiNG-GL.iss. 

Mi'ser.  A  large  auger  for  excavating  earth  in 
wet  situations,  as  in  sinking  holes  for  pier  founda- 
tions. It  is  of  cylindrical  form,  has  a  protruding 
lip,  to  enable  it  to  scrape  up  the  soil  as  it  is  rotated, 
and  is  lifted  to  the  surface  to  discharge  its  load. 
Mis-e-re're.     .V  projecting  bracket  in  the  under 


side  of  the  seat  of  a  church  stall.  It  is  often  more 
or  less  ornamented  with  carvings  of  leaves  and  gro- 
tesijue  subjects. 

Mis-pick'eL  An  ore  of  arsenic  combined  with 
iron. 

Mi'ter.  A  joint  where  two  i>ieces  are  framed  to- 
gether, matched,  and  united  upon  a  line  bisecting 
the  angle  of  junction. 

The  term  ibrms  a  part  of  several  compound  words 
which  follow  here. 

Mi'ter-block.  {Joinery.)  One  arranged  for  saw- 
ing pieces  to  an  angle  of  45°. 

Mi'ter-box.  1.  (Prinliiuj.)  A  box  in  which 
rules  are  placed  while  the  ends  are  cut  obliquely,  so 
as  to  make  a  miter-joint  with  another  rule. 

2.  (fiatycntry .)  A  trough  with  vertical  kerfs, 
wliicli  intersect  the  sides  at  an  angle  of  45°,  to  form 
guides  for  a  saw  in  sawing  the  ends  of  pieces  to  make 
miter-joints. 

Mi'ter-dove'tail.  (Jninery.)  A  form  of  con- 
ceale<l  dovetail  whicli  presents  only  a  single  joint 
Une,  and  that  on  the  angle.     See  Dovetail. 

Mi'ter-drain.  The  transverse  drain  in  the  met- 
aling of  a  road. 

Mi'tered.  (Bookbinding.)  Said  of  fillet  orna- 
mentation when  the  lines  unite  exactly  at  their 
junction  without  overrunning. 

Mi'tered  Bor'der.  The  edging  around  the  slab- 
stone  of  a  hearth. 

Mi'ter-gage.  A  gage  to  determine  the  angle 
of  a  njiter-joint  in  picture-frames,  moldings,  etc. 
Fig.  3179  shows  such  a  gage,  having  a  pair  of  arms 
hinged  to  a  stock,  on  which  is  a  sliding  clamp  that 


Fig.  3179. 
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carries  the  saw-guide,  which  is  connected  by  links 
with  the  said  arms,  so  as  to  allow  them  to  be  placed 
within  and  conform  to  any  angle,  and  insure  at  the 
same  time  the  proper  position  of  the  stock  midway 
Ijetween  the  said  arms. 

Mi'ter-ing-ma-chine'.     1.  (Printing.)    A  ma- 
chine for  miteiing  printers'  rules,  so  that  their  ends 
may   meet  at  a  miter-joint.     Various  adjustments 
are"  found  in  the  United  States  patents. 
McDonald,  July  3, 1865  Babcock,  February  5, 1861. 

Grover  and  Pelouse,  May  29,     Walker,  December  3, 1867. 

I860.  Ustich,  July  21, 1868- 

2.  (JoiiKry.)  A  machine  for  mitering  or  slanting 
the  ends  of  pieces  which  are  to  be  united  by  a  miter- 
joint.  The  machine  illustrated  is  adapted  for  miter- 
ing  frame  moldings,  panel  moldings,  etc.     The  irons 
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woi-k  rit  ii;,'lit  anj^li'.s  to  one  another,  and  cut  the 
miters  true  and  clean. 

Mi'ter-i'roii.  [Forging. )  A  number  of  bars  of 
angular  shape  wedged  togetlier  inside  a  hoop  to  form 
a  fagot  for  a  hirge  forging. 

Mi'ter-joint.  A  joint  formed  by  the  meeting  of 
mateliing  jiieees  in  a  iVame,  the  parts  uniting  on  a 
line  bise(tting  the  angle,  wliich  is  usually  90°,  but 
not  ni'ee.ss;irily.     See  b  c,  Fig.  3182. 

Mi'ter-plaue.  {Joitury.)  a.  A  plane  whose  bit 
is  set  oblii|uely  across  the  face  of  tlie  stock,  so  as  to 
make  a  i^rair-cut. 

b.  A  plane  running  in  a  race  bearing  a  certain  an- 

Fig.  3181. 


gular  relation  to  the  fences  or  gages  which  hold  and 
present  the  stulf. 

In  the  exani]>le,  the  plane  works  in  a  groove  of 
the  frame  and  has  a  cutter  at  each  end.  Pivoted 
adjustable  guides  hold  the  stuti'  at  any  required  angle. 


The 


Fig.  3182. 


Mi'ter-post.      (Hydraulic  Etiginccriiig.) 
outer  vertical  edge  of  a  canal- 
lock  gate,  obUcjuely  chamfered 
to  fit  against  a  similar  sur- 
face on  the  companion  gate. 

Mi'ter-sill.  (Bi/dmulic 
Enijinerring.)  A  raised  step 
ou  tile  tloor  of  a  lock-huj 
against  which  the  feet  of  the 
lock-gates  sluit.  (See  Canal- 
lock.)  The  head  milcr-sill 
for  the  licad-gatcs,  and  the  i 
tiiil  miter -siJl  foi'  the  tail-  I 
ijales. 

Mi'ter-square.  A  hcrcl- 
.sr/uare  whose  blades  are  set 
immovably  at  an  angle  of 
45°  with  each  other.  The 
term  is  used  somewliat  loosely 
to  denote  a  square  wln).se 
blade  is  adjustable  to  any 
angle.     A  luirl. 

Mi'ter-valve.  A  valve 
whose  rim  forms  with  the 
face  of  the  seat  a  miter-joint ; 
an  angle  of  45°  with  the  a.xis 
of  the  valve-disk.  See  Pup- 
pet-valve. 

Mi'ter-iwheel.  One  of  two  bevel  wheels  of  equal 
diameter,  and  whose  working-faces  have  an  equal 
obliquity  to  their  axes,  usually  45°.  See  d,  Fig. 
3182. 

Mi'trail-leur'.  {Fire-arms.)  A  i'rench  form  of 
battery-gun  which  is  loaded  at  the  breech,  by  a 
block  containing  pockets  for  a  number  of  cartridges. 
These  are  fired  consecutively  or  in  a  volley.  Charged 
plates  are  kept  in  reserve. 

The  object  is  to  obtain  greater  accuracy  and 
range  tlian  are  attainable  by  the  case  or  canister 
shot,  discharged  from  cannon.  These  are  contained 
in  an  envelojie  which  is  ruptured  either  by  a  burst- 
ing charge  within  or  by  tlie  force  of  projection,  and 
,have  conse([uently  a  tendency  to  scatter  over  a  con- 
siderable area.  The  niitrailleur,  or  machine-gun, 
on  the  contrary,  sends  a  large  number  of  small  pro- 
jectiles independently,  and  with  precision,  to  a  con- 
siderable distance. 


Miters. 


Fig.  3183. 


French  Mitrailleur. 
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The  infernal  machine  with  which  Fieschi  attempt- 
ed to  assassinate  Lonis  Philippe  in  1835,  and  suc- 
ceeded in  killing  eighteen  persons,  including  Mar- 
shal Mortier,  and  wounding  a  large  number  of  others, 
besides  severely  injuring  himself,  was  one  of  the  ear- 
liest attempts  with  which  we  are  acquainted  for 
producing  a  simultaneous  discharge  from  a  number 
of  gun-barrels.  These  were  arranged  side  by  side 
on  a  bench  or  stand,  and  tired  by  a  train,  much  as 
in  the  mode  of  firing  liarrels  in  a  proving-liouse.         1 

That  first  tried  in  the  French  sei-vice  was  made  i 
by  removing  part  of  the  breecli  from  a  brass  field- 
piece  and  inserting  twenty-five  rifie-barrels,  open  at 
both  ends,  into  the  bore  ;  these  extended  back,  so 
that  their  rear  ends  were  flush  with  the  face  of  that 
part  of  the  breech  in  front  of  the  opening,  into  which 
was  inserted  a  case  having  a  number  of  cylindrical 
openings  equal  to  that  of  the  barrels,  and  filled  with 
cartridges  ;  from  these,  by  means  of  an  equal  num- 
ber of  plungers  operated  by  a  hand-screw,  the  car- 
tridges were  forced  into  the  barrels  ;  the  chargiug- 
case  was  then  removed,  and  replaced  by  a  firing- 
block  provided  with  a  lock  and  pin  for  each  car- 
tridge, by  which  they  were  successively  fired  on 
turning  a  cylinder  in  the  firing-bloi;k. 

A  later  form  of  the  weapon  is  shown  in  Fig.  3183. 
It  has  37  barrels,  and  amnmnition-chests  alongside 
the  gun  on  the  same  a.xle.  The  37  cartridges,  in- 
tended for  one  charge,  are  contained  in  a  small  box. 
A  steel  plate  with  corresponding  holes  is  placed  on 
the  open  box,  which  is  then  reversed,  and  the  car- 
tridges fall  points  foremost  into  their  respective 
holes.  They  are  prevented  from  falling  through 
by  the  rims  at  their  bases.  The  loaded  plate  is  then 
introduced  into  the  breech-slot,  and  when  the  breech 
is  closed  by  a  lever,  a  number  of  steel  pins,  pressed 
by  spiral  springs,  are  only  prevented  from  striking 
the  percussion  arrangement  in  the  cartridges  by  a 
plati;  in  front  of  them.  When  this  case  is  moved 
slowly  by  a  handle,  the  cartridges  are  fired  one  by 
one.  If  the  plate  be  withdrawn  rapidly,  they  fol- 
low each  other  so  quickly  that  their  discharge  is  all 
but  simultaneous. 

The  projectile  weighs  37  grammes,  or  a  little  over 
an  ounce.  The  charge  of  powder  is  from  (i  to  8 
grammes.  The  last  amount  is  that  counseled  by  the 
inventors. 

The  mitrailleur  of  37  barrels  weighs  180  kilo- 
graunnes,  or  400  pounds,  without  the  carriage,  and  can 
be  worked  by  two  men.  It  was  found,  however,  at 
Vienna,  in  December,  1869,  that  to  obtain  the  most 
rapid  firing,  or  481  balls  per  minute,  five  men  were 
necessary  to  work  the  piece. 

The  fi-ont  carriage  contains  from  48  to  56  boxes 
for  loading,  and  the  two  caissons  hold  16  breech- 
plates  furnished  with  cartridges.  The  mitrailleur 
is,  therefore,  provided  with  2,368  cartridges  ;  and 
a  battery  of  8  miti-ailleurs  can  hnrl  on  an  attacking 
column  3,848  efl'eetive  projectiles  per  minute. 

Another  form  of  battery-gun  employed  by  the 
French  in  the  war  with  Germany  consists  of  a  series 
of  barrels  arranged  side  by  side,  the  muzzles  slightly 
diverging,  and  loaded  at  the  breech  by  means  of  a 
rectangular  breech-block  containing  two  rows  of 
chambers,  one  above  the  other.  The  cartridges  are 
inserted  into  the  upper  row  of  chambers  ;  the  breech- 
block, which  turns  on  an  axis,  is  partially  revolved, 
bringing  the  loaded  chambers  in  line  with  the  b.ir- 
rels,  and  the  machine  is  fired,  while  at  the  same  time 
the  empty  row  of  chambers  is  loaded ;  and  these  op- 
erations are  repeated  continuously.  The  machine 
was  intended  principally  for  defending  the  flanks  of 
a  column  or  line,  or  the  angles  of  a  square.  It  has 
no  carriage,  but  is  mounted  upon  a  light  frame  of 


irou,  with  a  pair  of  hinged  legs  in  front  and  another 
in  rear,  which  are  locked  in  position  for  firing  by  a 
hinged  brace,  and  which  serve  as  handles  for  trans- 
porting it  from  place  to  place,  two  men  performing 
this  ojjeration. 

The  Billinghurst  and  Requa  battery,  an  American 
invention,  consisting  of  24  rifle-barrels  arranged  on 
an  axle,  and  capable  of  parallel  or  diverging  fire,  was 
in  use  in  the  United  States  service  in  1861. 

The  .-ibbertini,  one  of  the  forms  of  this  weapon  in 
use  in  Europe,  has  ten  barrels  similarly  arranged ;  the 
working  of  the  machine  being  perforined  by  a  crank 
which,  through  intermediate  devices,  conveys  the 
cartridges  to  the  barrels  from  the  box-like  magazine 
at  the  rear  of  the  barrels  upon  the  mounted  frame 
or  carriage.     The  barrels,  after  each  discharge,  are 
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cleaned  by  special  appliances ;  the  entire  number  of 
barrels  can  be  discharged  from  eighteen  to  twenty 
times  a  minute. 

Hotchkiss's  mitrailleur  is  a  bundle  of  rifled  can- 
non, throwing  explosive  shells  weighing  23A  ounces 
at  the  rate  of  60  in  48  seconds.  It  is  mounted  and 
rotated  like  the  Oatling  gun,  but  the  loading  and 
fii'ing  ap[)aratus  differ  from  the  latter.  It  has  been 
tried  ex]ierimentally  in  France  and  Italy. 

Taylor's  machine-gun  is  shown  at  Fig.  3185. 

The  charging-blocks,  one  of  which  is  shown  ou 
the  shelf  on  the  trail  of  the  gun,  are  filled  with  car- 
tridges automatically  from  a  magazine  carried  in  the 
caisson,  the  magazine  having  chambers  correspond- 
ing with  those  in  the  charging-block,  and  contain- 
ing springs  to  press  the  cartridges  forward.  The 
rear  view  shows  the  gun  open  to  receive  the  charge. 
The  handle,  seen  in  a  vertical  position,  is  attached 
rigidly  to  a  sleeve,  wdiich  has  a  concentric  reciprocat- 
ing movement  of  about  90°,  and  imparts  a  longitu- 
dinal movement  to  the  breech-block  and  cascabel  by 
means  of  studs  projecting  from  the  inteiior  of  the 
sleeve  into  spiral  grooves  in  the  sliding  breech.  The 
charge-block  being  inserted,  the  handle  is  drawn 
down  into  horizontal  position.  The  rotation  thus 
imparted  to  the  sleeve  closes  the  breech-chamber, 
slides  the  breech  forward,  pressing  and  locking  the 
block  firmly  against  the  rear  of  the  banels,  and,  by 
means  of  plungers  projecting  from  the  front  of  the 
breech,  forcing  the  cartridges  partially  through  the 
block  and  into  tlie  barrels.  The  front  view  shows 
the  arm  with  its  bi-eech  closed  in  readiness  for  firing. 
The  discharge  may  be  effected  simultaneously  in  all  of 
the  barrels  by  depressing  the  longitudinal  lever  which 
projects  backward  from  the  breech,  and  carries  a  pawl 
adapted  to  catch  and  suddenly  release  a  sliding 
hammer  concealed  within  the  cascabel.  The  ham- 
mer is  then  driven  forward  by  springs,  striking  all  the 
firing-pins  at  once.  The  baiTels  can  be  discharged 
in  succession  by  means  of  the  crank  shown  at  the 
side  of  the  breech.  This  crank  rotates  a  tappet  or 
cam-wheel  arranged  to  retract  and  release  all  the 
firing-pins  in  succession.     The  barrels  are  arranged 


MITTEN. 


1456 


MOCK  SILVER. 


Fig.  3185. 
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in  concentric  cifcles  at  back,  but  diverge  slightly 
forward  so  as  to  .spread  the  five  in  a  horizontal  plane. 

Tlie  emptv  cartridge-shells  are  held  by  the  charge- 
block  anil  withdrawn  with  it. 

Mit'ten.  A  hand  covering,  with  one  cell  for  the 
thumb  and  another  which  contains  all  the  fingers. 

It  is  a  common  and  evident  plan  with  clumsy 
manufacturers  or  material,  or  for  the  warmth  of 
association  of  the  fingers,  to  give  the  latter  a  com- 
mon compartment  and  a  .special  pocket  for  the 
thumb.  Abbe  Hue  found  the  Tartarian  gloves  tlms 
made.  As  a  Fremdinian,  he  was  surprised ;  but 
these  fellows  had  not  been  battling  wdth  winds  fresh 
from  Siberia  f  u'  so  long  to  no  inirpose. 

Mixed  Fab'rics.  Those  in  which  two  or  more 
fil)ers  are  eomliined.  The  varieties  are  numerous  ; 
such  as  ttrrnis,  poj)/ins,  C"ssi.ii/!ts,  etc. 

Mix'ing.  1.  (Cliil.h.)  Uniting  wool  of  different 
colors  for  niixnl  doth,  called  medleys. 

2.  Intimately  compounding  ingredients  by  stir- 
ring together,  or  jiassing  together  through  sieves. 

Mix'iiig-ma-chine'.  Poole's  machine  for  mix- 
ing chemicals,  f/rtilizers,  etc.,  consists  of  a  pan  a, 
the  upper  edge  of  whicli  is  flanged,  constituting  a 
circular  toothed  rack,  engaged  by  a  gear-wheel  on 
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the  .scraper,  pMs^c^  through  the  central  aperture  into 
a  dischargc-])iiie,  or  a  ve.sstd  prepared  to  receive  it. 

Mix'iug-sieve.  One  by  which  ingredients  are 
intimately  cunibined  by  sifting  together. 

Miz'zeu.  (A'autkal.)  The  alteiniost  mast  in  a 
tliree-masted  ship,  or  in  tllose  two-njasteil  ships  in 
which  the  forward  mast  is  the  larger  ;  such  as  the 
krlch  and  yawl. 

The  main  is  always  the  larger  mast.  When  the 
larger  mast  in  a  two-masted  vessel  is  forward,  the 
one  abaft  is  the  mizzcu;  when  the  larger  mast  is 
abaft,  the  one  nearer  the  bow-s  is  the/o)'c-mast. 

Tlleword«Ms^e)^indicatestherelation  of  many  parts, 
as  miszcn-top,  mizzcn-shrouds,  mizzcn-rigying,  etc. 

The  bonavcnture  mizzen  is  a  second  or  additional 
mizzen-mast  employed  in  some  ships  with  four 
masts. 

Moat.  (Fortification.)  A  ditch  around  a  rampart. 

Moc'ca-sin.  A  deer-skin  sandal,  the  sole  and 
u)i|ier  of  which  arc  formed  of  one  piece  of  leather. 

The  Indian  process  is  as  follows  :  The  skin  is 
stretched  and  dried.  The  brains  are  dried  in  the  sun. 
The  .skins  are  soaked,  hairrenjoved  by  a  knife,  placed 
with  the  brains  in  a  pot  and  heated  to  about  100°. 
The  skins  are  taken  out,  wrung,  stretched  with  lines 
and  pegs,  and  persistently  rubbed  with  a  hard  stone 
to  softi'ii  them.  Among  some  tribes  the  leather  is 
solteTicd  by  mastication.  The  squaws  of  course  do 
the  chewing.     See  Pac. 

Mock  Gold.     A  yellow  alloy.     Factitious  gold. 


the  same  shaft  witTi  the  wheel  A,  and  turned  by  a 
wheel  c  on  the  driving-pulley  .shaft.  A  circular  pro- 
jection on  the  bottom  of  the  pan  fits  a  groove  on  the 
base-plate  d,  serving  to  steady  the  pan  during  its 
rotation  ;  this  may  contain  a  lubricant.  The  stir- 
rers or  rubbers  e  c  and  scraper  /  are  attached  to  an 
upright  shaft,  turned  within  the  sleeve  g  on  the  arm 
h  by  bevel  gears  on  it  and  on  the  pulley  shaft.  By 
this  means  they  are  constantly  rotated  during  the 
revolution  of  the  pan.  Wlien  a  charge  of  material 
Is  thus  thoroughly  mi.xed,  the  plug  i  is  removed  by 
lifting  the  lever  k,  when  the  material,  guided  by 
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See  also  .Tewelf.rs'  Alloys,  page  63. 

Mock  Plat'i-num.     Brass,  8  ;  zinc,  5. 

Mock  Sil'ver.    A  white-metal  alloy  for  jewelers. 
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See  alsoALBATA;  Britannia-metal;  Pewter; 

BrODEKY-WAEtE  ;     PoT-MKTAL  ;    SPECULUM-METAL  ; 
and  tables,  pages  62  -  65. 

We  read  of  one  copper  alloy  in  Strato,  called  by 
him  a  mock  silver  {Pieud  anji/rum).  It  is  not  clear 
whether  tlie  stone  which  was  added  to  the  copper 
was  an  ore  of  nickel  or  some  other  white  metal.  He 
calls  the  alloy  orekhalcum.  Brass  and  bronze  were 
well  known  to  him,  and  this  alloy  was  of  a  white 
color. 

Mod'el.  1.  A  pattern,  usually  on  a  diminutive 
scale,  of  a  work  which  has  l)een  or  is  to  be  done. 

Working-models  are  diminutive  machines,  with 
all  the  parts  capable  of  performing  work  on  a  scale 
proportioned  to  their  size. 

The  best  and  largest  collection  of  mechanical 
mod(ds  in  any  country  or  time  is  th  it  in  the  United 
States  Patent  Office,  where,  .since  1836,  have  been 
deposited  the  models  accompanying  about  200,000 
ap|ilications  for  patents,  excepting  in  that  small 
proportion  of  the  inventions  consisting  of  processes 
and  compounds  in  which  no  model  i.s  required.  The 
model  saloon  occupies  the  whole  upper  Hoor,  a  cir- 
cuit of  2,000  feet,  the  cases  being  arranged  on  both 
sides  of  the  four  long  halls  encircling  the  build- 
ing.    The  cases  are  in  double  tiers  with  galleries. 

Ingenious  mechanics  in  all  ages  of  the  world  have 
devoted  much  time  and  skill  to  the  manufacture  of 
minute  mechanical  devices.  "In  the  twentieth 
year  of  Queen  Elizabeth,  a  blacksmith  named  Mark 
Scaliot  made  a  lock,  consisting  of  eleven  pieces  of 
iron,  steel,  and  brass,  all  of  which,  together  with  a 
key  to  it,  weighed  but  one  grain  of  gold.  He  also 
made  a  chain  of  gold,  consisting  of  forty-three  links, 
and  having  fastened  this  to  the  before-mentioned 
lock  and  key,  he  put  the  chain  about  the  neck  of  a 
flea,  which  drew  them  all  with  ease.  All  these  to- 
gether, lock  and  key,  chain  and  Hea,  weighed  only 
one  grain  and  a  half. 

"Oswaldus  Norhingerus,  who  was  more  famous 
even  than  Scaliot  for  his  minute  contrivances,  is 
said  to  have  made  sixteen  hundred  dishes  of  turned 
ivory,  all  perfect  and  complete  in  every  part,  yet  so 
small,  thin,  and  slender  that  all  of  them  were  in- 
cluded at  once  in  a  cup  turned  out  of  a  peppercorn 
of  the  common  size.  Johannes  Shad  of  Mitelbranch 
carried  this  wonderful  work  with  Iiim  to  Rome,  and 
showed  it  to  Pope  Paul  V.,  who  saw  and  counted 
them  all  by  the  help  of  a  pair  of  .spectacles.  They 
were  so  little  as  to  be  almost  invisible  to  the  eye. 

"Johannes  Ferrarins,  a  Jesuit,  had  in  his  posses- 
sion cannons  of  wood,  with  their  cai-riages,  wheels, 
and  all  other  military  furniture,  all  of  which  were 
also  contained  in  a  pep])er('orn  of  the  ordinary  size. 

"  An  artist  named  Claudius  Gallus  mide  for  Hip- 
polytus  d'Este,  Cardinal  of  Ferrara,  representations 
of  sundry  birds  sitting  on  the  tops  of  trees,  which, 
92 


by  hydraulic  art  and  secret  conveyance  of  water 
through  the  trunks  and  branches  of  the  trees,  were 
made  to  sing  and  clap  their  wings  ;  but  at  the  su<I- 
den  appearance  of  an  owl  out  of  a  bush  of  the  same 
artifice,  they  immediately  became  all  mute  ami  si- 
lent." —  World  of  Wonder. 

Boverick,  the  French  artificer,  made  a  chain  of 
two  hundred  links,  with  its  padlock  and  key,  all 
weighing  together  less  than  the  third  part  of  a  gr.'>iu. 
He  was  also  the  maker  of  a  landeau,  which  o])eneil 
and  shut  by  springs.  This  miniature  eqi-iragr.  vitli 
six  horses  attached  to  it,  a  coachman  seateil  tn\  iLe 
box,  with  a  dog  between  his  legs,  four  inside  and 
four  outside  passengers,  a  postilion  riding  one  of  the 
four  horses,  was  drawn  with  all  the  ease  and  safety 
imaginable  by  a  flea. 

A  writer  in  the  "  Gentleman's  Magazine  "  gives  the 
following  account  of  a  visit  to  the  model-making 
work.shop  of  Thomas  Smith,  on  the  Surry  side  of 
the  river  Thames,  near  Lambeth  Palace,  London. 

"  Beginning  with  the  larger  of  his  productions,  the 
first  object  to  which  he  directs  our  attention  is  a 
small  steam-pumping  engine  for  working  a  table 
fountain.  All  the  adjuncts  that  pertain  to  a  great 
pumping-engine  are  to  be  found  in  this  diminutive 
model.  There  was  even  the  gage  glass  on  the  front 
of  the  boiler,  as  slender  as  a  good-sized  needle,  anil 
fitted  with  taps  at  each  end,  in  the  nozzles  of  which 
a  pin  could  hardly  be  inserted.  The  whole  thing 
worked  to  perfection,  without  rattling  or  any  escape 
of  steam  from  the  engine  or  water  from  the  inmi)is, 
anil  will  throw  a  small  jet  of  water  in  a  distant  part 
of  the  room  to  a  bight  of  twelve  feet. 

"At  the  time  of  our  visit  a  number  of  diminutive 
garden-pumps,  small  enough  to  be  carried  in  the 
waistcoat-pocket,  are  scattered  over  the  work-benches 
in  various  stages  of  completion.  These  are  for  the 
use  of  agents  and  commercial  travelers  trading  with 
such  articles.  But  the  above-described  curiosities 
are  huge  compared  with  those  next  set  before  us. 
We  are  introduced  to  a  model  of  the  famous  '  Gi'eat 
Britain,'  made  to  a  .scale  of  -/,)  of  an  inch  to  the 
foot,  so  that  the  length  of  the  model  is  about  8  inch- 
es, and  the  breadth  about  \\  inch.  It  is  full-rigged, 
with  six  masts  and  their  accompanying  spars,  and 
all  the  hatchways  and  deck  fittings.  'The  deck  of 
this  tiny  vessel  is  lifted  off  and  a  magnifier  is  handed 
to  us  ;  this  resolves  a  little  heap  of  metal  scraps  into 
an  accurate  model  of  the  original  engines  with  which 
the  '  Great  Britain  '  was  fitted.  So  small  is  this  model 
that  it  stands  upon  less  space  than  the  aiea  of  a 
shilling.  An  annular  trough  of  water  is  produced, 
and  the  ship  is  launched  into  the  watery  circuit. 
A  tap  is  turned,  and  compressed  air  rushes  through 
a  tube,  and  off  goes  the  tiny  ship  to  circumnavigate 
its  little  sea.  The  total  weight  of  the  boat,  willi 
deck  and  rigging,  engines,  boiler,  and  all  entire,  is 
le.ss  than  a  troy  ounce  !  The  actual  weight  of  the 
working  part  of  the  engines  —  that  is,  all  except- 
ing the  boiler  —  is  ju.st  that  of  a  sovereign." 

One  of  the  tiniest  working  models  in  the  world  is 
now  in  the  possession  of  John  Penn  (of  GreenwicIO, 
the  eminent  maker  of  the  great  engines  of  which  it  is 
the  reduced  counterpart.  It  will  stand  on  an  Eng- 
lish silver  3  d.  piece ;  it  really  covers  less  space,  for 
■  its  ba-se-plate  measures  only  f  of  an  inch  by  about 
A-  The  engines  are  of  the  trunk  form  introduced  by 
Penn  ;  the  cylinders  measure  |  of  an  inch  in  diam- 
eter, and  the  trunk  ^'n-  The  length  of  stroke  is 
4^0  of  an  inch.  They  are  fitted  with  reversing 
gear,  and  are  generally  similar  in  design  to  the 
great  machines  with  which  ships  of  the  "  Wariior" 
class  are  enuipped.  Fro'u  the  extreme  smallness  of 
this  model  a  few  minuti*  —  such,   for  instance,  as 
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the  aii'-iniiiips  —  have  necessarily  been  omitted  ; 
so  small  are  some  of  the  [laits,  that  they  recjuiie  a 
jiowerlal  inafjiiitying-glass  to  see  their  form.  The 
screws  whii-h  hold  the  members  together  are  only 
ySt  of  an  inch  in  diameter,  and  these  are  all  duly 
fiirnislied  with  hexagonal  nuts,  which  can  be  loos- 
ened and  tightenecl  by  a  Liliputian  spanner.  The 
wli  )le  weight  of  the  model  is  less  than  a  threepenny- 
pie«". 

A  steam-pump,  consisting  of  a  steam  and  water 
cylinder,  made  by  Charles  Fichtel  of  I'hiladelpliia, 
in  1860,  was  au.xiliary  to  a  model  of  a  steam  fire- 
eugine.  Tlie  steam-cylinder  was  J  of  an  inch  in  di- 
ameter, and  the  whole  affair  would  go  into  a  common 
thimble. 

2.  (Plastic  Art.)  The  invention  of  the  art  of 
modeling  in  clay  is  attributed  to  Dibutades  the  Co- 
rinthian, about  98.5  B.  o.  His  daugliter  traced  the 
profile  of  her  lover,  by  his  shadow  on  the  wall ;  and 
her  father  filled  up  tlie  outline  with  clay,  which  ho 
alt  -rwards  baked.  Had  Pliny  knowTi  more  of  Egypt 
and  Phienicia  he  might  have  made  a  better  state- 
ment. Pots  and  lamps  hid  been  made  in  rude  re- 
se.nblance  of  faces  ami  figures  for  unknown  ages  past. 
Etruria,  from  which  Rome  received  her  agriculture, 
iiue  arts,  armor,  metal-working,  astronouiy,  naviga- 
tion, measurements,  coins,  weights,  furniture,  dress, 
habits,  and  medicines,  was  also  her  mistress  in  the 
ceramic  art.  Geo.letical  models,  in  ndnch  the  con- 
tour of  the  earth  is  shown  in  relief,  are  among  the 
jnost  interesting  of  all  geographical  representations. 
Tlie  mountainsof  Switzerland  were  modeled  in  mini- 
ature, by  General  Plilfer.  In  modeling  a  tract  of 
country,  it  is  usual,  as  in  plotting  a  prolile  of  a  route, 
to  exaggerate  the  bights  to  make  them  mon;  ob- 
servable. With  such  vast  ]>recipii:es  and  eminences 
as  Switzerland  affords,  the  necessity  for  vertical  ex- 
agg.u'ation  is  not  so  great ;  but  it  is  apparent  that  in 
a  mideled  map  of  a  country  200  miles  square,  hav- 
ing no  elevation  exceeding  1,760  feet,  a  rise  of  J  of 
an  inch  on  a  surface  16  feet  square  (one  inch  to  the 
mile)  would  not  be  readily  seen.  The  insignificance 
of  the  elevations  on  the  earth's  crust,  compared  with 
the  area  of  the  surface,  is  not  generally  appreciated, 
and  it  is  ciimrnon  in  plotting  profiles  of  routes  as  in 
ino.leling  the  superficies,  to  give  the  rises  and  ele- 
vations ten  times  their  actual  proportion.  This  is 
to  render  them  more  visible.  The  largest  attempt 
at  geographical  modeling  was  by  Mr.  Wyld,  in  his 
globe  erected  in  Leicester  S  [uare,  London,  1851  -  53. 
(See  Globe.)  The  interior  surface  (for  convenience 
of  general  view)  was  modeleil  to  represent  the  chains 
of  mountains,  table-lamls,  river  valleys  and  depres- 
sions. It  was  executed  in  sections,  and  castings 
therefrom  were  afterward  associated  on  the  interior 
of  a  vast  shell,  and  painted. 

Models  of  towns  and  ancient  buildings  in  wood, 
pi  I  iter,  and  cork  have  excited  ranch  attention  and 
iutep'st,  and  are  common  in  museums. 

Mod'el-ing-board.  A  board  used  in  loara- 
nioliling  to  give  shape  to  the  mold. 

Mod'el-ing-plane.  A  short  plane  used  in  plan- 
inw  rounding  surfaces.  It  has  a  length  of  from  1  to 
5  inches,  a  width  of  from  J  to  2  inches.  The  irons 
are  from  -j'^  to  IJ  inches  wide. 

Mod'er-a'tof.  (Optics.)  A  device,  known  as 
Ilainey's,  consisting  of  an  opal  glass  or  ground  glass 
to  milerate  and  <liffuse  the  light  passing  from  a 
lamp  to  an  object  on  the  stand  of  the  mioi'oscope. 

Mo-dil'lion.  (Architecture.)  a.  An  ornamental 
console  beneath  the  corona  in  some  orders. 

b.  One  of  the  large  flowers  in  a  soffit  or  coved 
ceilinT. 

r.Iod'ule.1.  Ameasurecfproportion.  SeeMoDULUs. 


2.   Tlie  lower  diameter  of  the  shaft  of  a  column. 

Mod'u-lus.  In  mechanics,  a  coefficient  of  some 
specified  force  or  propertj'. 

"Modulus  of  a  nuichine,  a  formula  expres.sing  the 
work  which  a  given  machine  can  perfoi'm  under  the 
coiiilitions  involved  in  its  constrnetion.  The  rela- 
tion between  the  work  done  on  a  machine  by  the 
moving  power  and  that  yielded  at  the  working 
points,  either  constantly,  if  its  motion  be  uniform, 
or  in  the  interval  of  time  which  it  occupies  in  pass- 
ing from  any  given  velocity  to  the  same  velocity 
again,  if  its  motion  be  variable.  Called  also  the 
cjficicncy  of  the  machine. 

"Modulus  of  elasticity,  the  measure  of  the  elastic 
force  of  any  substance,  expressed  by  the  ratio  of  a 
pressure  on  a  given  unit  of  the  substance  to  the  ac- 
companying compression.  Or  an  expression  of  the 
foice  which  would  be  necessary  to  elongate  a  pri.smatic 
body  of  a  transverse  section  equal  to  a  given  unit, 
or  to  compress  it  within  the  limits  of  its  elasticity. 

"Modulus  of  rupture,  the  measure  of  the  force 
necessary  to  break  a  given  substance."  —  Kankine. 

Mo'el-lon.  Rubble  stone  filled  in  between  the 
fac'ing  walls  of  a  structure,  or  between  the  spandrels 
of  a  bridge.  It  consists  of  clean,  broken  stone,  and 
where  it  holds  an  important  position,  as  in  the  latter- 
mentioned  case,  it  is  laid  in  mortar,  ami  by  harden- 
ing becomes  equal  to  a  solid  mass  of  stone. 

Mo'bair.  (Fabric.)  From  a  Hindoo  word.  a. 
A  fabric  made  from  the  fine,  white,  silky  hair  of  the 
Angora  goat  and  allied  species.  Sometimes  called 
camlet.  The  hair  is  said  to  be  produced  in  perfect 
quality  in  no  jilace  excepting  Angora  in  Asia  Minor, 
and  has  long  been  a  valuable  article  of  export  from 
that  jilace. 

b.  A  wool  and  cotton  goods  made  in  imitation  of 
the  above,  in  mixed  colors  or  plain. 

Moiles.  The  metallic  oxide  adhering  to  the  glass 
whicli  is  knocked  from  the  end  of  the  blo\v-]iipe. 

Moi'neau.  (Fort.)  A  small.  Hat  bastion  raised 
in  front  of  an  intended  fortification,  to  defend  it 
against  attacks  by  sinall-anns. 

Moire.  Watered  or  clouded  silk.  The  thick  silk 
goods  is  dam|>ed,  folded  in  a  peculiar  manner,  and 
subjected  to  great  pressure,  say,  from  60  to  100  tons. 
"Green  watered  moyre"  is  jnentioned  by  Pepys  in 
his  Diary,  1660. 

Moire  An-tique'.  (Fabric.)  A  heavy,  watered  silk. 

Moire  Met'al-lique'.  Tin  plate  winch  has 
been  acted  on  liy  an  acid,  so  as  to  dis|>lay  by  re- 
flected light  the  cry.stalline  texture  of  the  tin. 

A  surface  of  tinned  iron  is  rinsed  in  an  alkali  wa- 
ter, dried,  waiined,  washed  in  a  solution  of  nitiio 
and  hydrochloric 


acid,  dipped  in 
water,  washed, and 
dried.  It  is  then 
covered  with  col- 
ored varnish.  A 
film  of  peculiar 
crystallization  is 
produced  in  larger 
or  smaller  pat- 
terns, according 
to  the  mode  of^ 
applving  the  acid. 

Mo-las'ses- 
gate.  .\  faucet 
with  a  sliding  lip 
at  the  discharge 
end,  to  cut  off  the 
flowpositivelyand 
prevent  drip. 

Mold.  Tlienui- 


Fig.  3187. 


Mo'asses-  Gate. 


MOLD. 


1459 


MOLD. 


trix  in  which  an  object  is  cast.  A  templet  or  shajier 
by  whicli  an  object  is  tested  for  shape  or  marked 
to  a  shape. 

1.  (^Fomiding.)  Molds  for  casting  are  of  several 
kinds  :  — 

Open  molds,  into  which  the  metal  is  poured, 
the  upper  surface  of  the  Uuid  metal  assuming  the 
horizontal  position.  Such  are  ingots  and  some  other 
objects. 

Close  molds  of  metal  or  plaster  of  Pari.s,  with  in- 
gates  by  which  tlie  molten  metal  enters.  Such  are 
tile  molds  for  inkstands,  cannon-balls,  bullets,  type, 
and  various  other  articles  made  of  lead,  tin,  zinc, 
and  their  alloys  which  fuse  at  a  moderate  heat. 

Close  molds  of  sand,  in  which  articles  of  iron, 
brass,  bronze,  etc.,  are  cast.  This  is  the  ordinary 
foundry  work,  and  includes  machinery,  stoves,  ord- 
nanc:e,  and  the  multitude  of  articles  of  domestic  and 
agricultural  hardware. 

Loam-work  casting,  in  which  the  mold  is  built 
up,  instead  of  being  rammed  around  a  pattern,  sub- 


Fig.  3188. 


h. 

Molds. 

sequently  withdrawn.     This  is  used  in  casting  c}'!- 
inders,  tanks,  bells,  or  ordnance  of  very  large  size. 
For  specific  inde.x  see  Founding. 


a  is  a  mold  of  a  car-wheel  in  sand,  shown  in  sec- 
tion. 

*  is  a  section  showing  several  small  articles  par- 
tially imbedded  iu  the  drag  or  lower  portion  of  th« 
mold. 

c  is  a  view  of  an  article  with  undercut  portions 
requiring  a  peculiar  treatment  by  core  pieces,  which 
are  taken  away  to  remove  the  pattern,  and  laid  back 
again  before  closing  the  mold. 

d  is  a.  metallic  mold  for  britannia  and  pewter 
ware. 

c  is  a  flask,  the  drag  and  cope  being  separated  to 
show  the  parts.     See  Flask. 

/  shows  a  portion  of  the  same,  with  the  parts  of 
the  flask  fastened  by  a  clamp. 

ij  is  anancient  mold  for  bronze  knives,  found  in  the 
lake  of  Brienne,  and  belonging  to  a  period  of  several 
thousand  years  pa.st.  It  is  a  gray  sandstone  of  great 
porosity,  and  has  corresponding  holes  for  the  recep- 
tion of  wooden  pegs  to  keep  the  parts  of  the  mold  in 
place.      It  is  about  12  inches  long. 

Roman  coins  weiv  (sometimes)  cast  in  molds,  hol- 
lowed out  in  a  kind  of  stone.  Molds  were  also  u^ed 
in  making  pottery,  pastry,  clieese,  bricks,  jjise  walls, 
shoemaker's  lasts. 

The  invention   of  molds  for  the  easting  of  wax 
figures  is  ascribed  to  Lysistratus,  about  328  B.  c. 
g  h  are  molds  ibr  iraper-making. 
kis  a.  plasterer's  mold  for  slia]iing  cornice. 
The  fusiliility  of  metals  and  alloys  is  the  basis  of 
the  founder's  art,  and  furnishes  one  means  by  which 
they  are  given  the  varied  forms  which  fit  tiieni  for 
application  in  the  arts. 

The  softer  metals  and  alloys,  such  as  lead,  pewter, 
type-metal,  britannia-metal,  and  even  zinc,  are 
usually  cast  into  metallic  molds  which  are  used  over 
and  over  again  ;  but  in  a  more  restrieted  sense  mold- 
ing embraces  the  foiniation  of  molds  in  sand  and 
loam  only,  and  the  filling  of  .such  with  metals  and 
alloys  fusing  above  a  red  heat,  as  cast-ii-on,  brass, 
gun-metal,  bell-metal,  etc.  In  all  these  cases  the 
mold  can  be  used  but  once  ;  after  pouring  and  cool- 
ing it  is  broken  up  to  get  out  the  casting,  part  of 
its  .sand  only  being  u.sed  again. 

The  trade  of  the  iion-molder  is  distinct  from  that 
of  the  brass-molder  (who  also  deals  with  gun  and 
bell  metal),  but  the  methods  employed  aiv  ^n  nearly 
identical,  that  a  distinction  in  describing  the  sev- 
eral operations  is  not  necessary. 

a.  Molds  are  made  in  green-sand,  dry-sand,  and 
loam.  For  the  first  two  a  pattern  is  required  ;  in 
the  latter  it  is  generally  dispensed  with. 

Patterns  are  mostly  made  of  wood,  although  brass 
and  iron  are  also  common,  especially  when  larce 
numbers  are  required.  A  pattern  always  re|,resen'ts 
the  appearance  and  dimensions  of  the  casting  as  far 
as  its  external  surface  is  concerned.  This  is  also 
frequently  true  of  its  internal  surface,  but  not  in- 
variably so,  dry-sand  cores  made  apart  from  the 
imttern  being  often  introduced  to  form  the  cavities 
and  internal  spaces  required.  (SeeCoriE.)  Tatterns 
are  sometimes  made  in  two  or  more  ]iieces  fastened 
together  by  pins  or  dowels,  the  object  being  to  facil- 
itate their  removal  from  the  sand. 

The  term  green-sand  molding  is  employed  to  ex- 
press the  fact  that  the  sand  is  used  pretty  much  in 
its  green  or  natural  state,  and  is  not  suljected  to 
any  drying  or  baking  process  before  casting  ;  it  is 
the  method  followed  for  the  great  mass  of  castings, 
both  iron  and  brass.  The  sand  for  this  purpose  is 
kept  damp,  sufficiently  so  to  ball  into  a  compact 
mass  when  squeezed  in  the  hand,  but  it  must  not  be 
wet,  or  approach  that  copdition. 
The  brass-molder  keeps  liis  sand  in  a  molding 


MOLD. 


1460 


MOLD. 


trouf^h  or  bin,  over  which  lie  works  ;  small  eastings 
forining  the  bulk  of  his  work  :  bat  in  an  iron  foun- 
dry the  whole  floor  to  a  eonsiilerable  depth  is  formed 
of  old-sand,  and  on  this  the  siiiplus  quantity  for 
u.se  is  gathered  together  in  large  mounds. 

In  working  from  a  jiattern  in  green-sand  the  ob- 
ject in  view  is  to  produce  in  the  finely  packed  sand 
a  cavity  identical  in  form  with  that  of  the  pattern  ; 
the  same  being  afterwards  tilled  with  molten  metal 
and  left  to  cool.  To  accomplish  this  the  workman 
is  pi'ovided  with  a  large  assortment  of  flasks,  or 
inoldinij-bores  of  the  most  vai'ious  dimensions  ;  they 
are  designed  to  hold  the  sand  u.sed  in  making  the 
mollis.  Small  flasks  are  simply  rectangular  frames 
resembling  ordinary  boxes,  but  without  either  top 
or  bottom  ;  each  part  being  3  to  6  inches  high. 
They  are  connected  together  generally  in  pairs  (often 
three  or  more),  by  steadij-pins,  which  allow  of  their 
separation  wlien  full  of  sand,  and  their  restoration 
to  exactly  the  same  relative  [losition  afterward. 
Large  Hasks  are  provided  with  cioss-bars  at  suitable 
distances  to  prevent  the  sand,  which  has  been 
rammed  into  them,  from  falling  out  of  its  own 
weight,  or  rising  from  the  upward  pressure  of  the 
fluid  metal. 

In  this  country,  tla-sks  are  freipiently  made  of  wood  ; 
only  in  the  larger  foundries  is  iron  used  to  any  ex- 
tent ;  but  in  Europe,  and  especially  in  England, 
wooden  boxes  are  rarely  seen.  Even  where  iron  is 
always  used,  wooden  cross-bars  are  frequently  em- 
jiloyed  with  advantage,  as  they  admit  of  being  readi- 
ly cut  away  to  suit  patterns  of  unusual  form.  The 
lower  side,  or  drag,  has  generally  only  Hat  bars  con- 
necting its  lower  edges,  so  that  it  can  he  lifted,  but 
not  turned  over  after  it  is  once  full.     See  Flask. 

The  following  description  will  serve  to  illustrate 
the  principles  which  govern  and  guide  the  molder 
working  in  green-sand.  One  flask  being  laid  with 
its  lugs  uppemiost  is  tilled  and  rammed  up  with 
old-sand,  and  stricken  oft' level  with  the  joint  of  the 
flask  :  this  is  called  a  false-part.  If  now  the  ob- 
ject to  be  molded  has  an  elliptical  form,  as  shown  in 
section  b  c,  Fig.  3188,  the  sand  in  the  false-part  is 
cut  away  roughly,  so  as  to  imbed  one  half  of  the 
pattern.  Some  dry  parting-sa.nd  is  next  scattered 
over  the  surface.  This  adheres  to  the  damp  sand, 
and  prevents  any  union  between  such  a  surface  and 
any  other  sand  subsequently  rainmeil  ujion  it.  After 
the  parting-sand  is  blown  oft'  the  exposed  part  of  the 
])attern,  the  other  side  or  drag  is  put  on,  its  steady- 
pins  entering  the  holes  in  the  lugs  of  the  false-part 
easily,  but  without  shake.  Newly  prepared  sand, 
facinrj-sand,  is  next  sieved  over  the  pattern  in  suffi- 
cient quantity  to  cover  it  completely  ;  the  box  is 
tiUeil  with  old-sand  from  the  floor  of  the  shop,  and 
is  carefully  rammed  up  and  stricken  olf.  After  pro- 
vision is  made  for  the  escape  of  gases  from  the  sand 
by  jirodding  it  .all  over  with  a  sharp-pointed  steel 
wire,  known  as  a  vcnl-wirc,  the  two  flasks  are  held 
together  and  turned  over  on  a  bed  prepared  for  the 
drag  ujion  the  floor,  or  on  a  flat  board  if  the  boxes 
are  small,  and  the  false-part,  having  done  its  work, 
is  lifted  otr  and  emptied.  An  exact  parting  is  now 
maile  with  the  trowel  along  the  median  line,  if  the 
casting  be  symmetrical,  the  damp  facing-sand  being 
added  tn  or  cut  away  shar]dy  uji  to  the  pattern  as 
occasion  may  require.  The  parting-line  is,  as  a  gen- 
eral rule,  that  line  upon  the  pattern,  as  it  lies  in  the 
sand,  above  and  below  which  the  sides  of  the  pat- 
tern run  inward  from  the  per|)endicular.  This  is 
fl-equently  an  undulating  line,  but  the  parting  sur- 
face always  runs  from  it  in  all  directions  to  the  hori- 
zontal edge  of  the  liox.  Purting-sand  is  now  strewn 
over  the  whole,  and  the  suiiilus  blown  ott'.     The  up- 


per lla.sk  or  eope  being  re)ilaced,  a  .short  cylindrical 
ruiiner-stick  is  thrust  into  the  sand  of  the  lower  part 
at  a  convenient  distance  from  the  pattern  ;  facing- 
sand  is  .sieved  on,  the  box  tilled  up  with  old-.sand, 
rammed  up,  and  stricken  olf  as  before.  The  vent- 
wire  is  then  used  as  with  the  drag,  the  runner-stick 
withdrawn,  and  the  opening  left,  through  which 
the  metal  has  ultimately  to  pass  to  the  mold,  is 
given  a  bell-mouthed  shape. 

Having  arrived  at  this  stage  of  the  work,  tlie 
moMer,  either  alone  if  the  box  be  small,  or  with 
the  help  of  other  workmen  or  the  crane  itself  if  it 
be  large,  lifts  the  cojie  steadily  upward,  leaving  the 
pattern  in  the  sand  of  the  drag.  The  cope  is  then 
usually  turned  over  on  wooden  blocks  for  re])airs  and 
dressing.  The  pattern  is  now  to  be  drawn  from  the 
sand.  This  is  done  with  the  help  of  spikes  or 
screwed  rods,  temporarily  attached  to  it ;  with  one 
or  more  of  these  it  is  lifted,  being  made  to  vibrate 
the  while  by  rapid  tapping  with  a  piece  of  wood  or 
iron,  for  the  purpose  of  cau.sing  it  to  leave  the  sand 
readily.  The  molder  has  now  to  repair  with  suit- 
able tools  any  broken  parts  of  the  sand  forming  the 
mold,  then  to  cut  the  runners  or  channels  from  the 
opening  left  by  the  gate-stick  to  the  mold,  along 
which  the  fluid  metal  finds  its  way  ;  and  lastly  to 
dust  finely  powdered  charcoal  from  a  linen  bag  over 
the  facing-sand  surface,  if  the  mold  is  for  iron,  and 
mill-dust  or  similar  farinaceous  substance,  if  for 
brass.  Charcoal,  when  this  is  used,  is  slicked  down 
with  the  trowel  and  slicker  as  far  as  possible,  so  as 
to  bring  it  into  intimate  contact  with  the  dam]) 
.sand.  The  excess  of  dust  in  every  case  is  blown  off 
with  the  bellows.  When  the  top  part  is  dosed,  it 
occupies  exactly  the  position  it  did  before  ;  the  space 
then  filled  by  the  pattern  being  now  vacant  and  in 
connection  with  the  gate,  the  hot  metal  can  there- 
fore make  its  way  so  as  to  fill  such  space,  the  form 
of  which  it  will  be  found  to  have  taken  when  cold. 

The  foregoing  may  be  regarded  as  typical  of  all 
solid  work  in  green-sand,  the  imaginary  case  cited 
being  almost  the  simplest  ]iossible.  When  hollow 
woik  is  required,  esjiecially  if  the  cavities  are  long 
or  tortuous,  dry-sand  or  loam  cores  (which  see)  are 
employed  to  form  such  openings.  These  are  )nade 
either  by  pressing  damp  sand  of  suitable  com- 
position into  a  sort  of  wooden  mold,  known  as  a 
core-box  (which  see),  from  which  it  is  removed  and 
dried  by  artificial  heat,  or  by  attaining  the  same  end 
by  the  use  of  plastic  loam  on  a  perforated  barrel  or 
core-plate.  When  such  a  core  is  perfectly  dry,  hav- 
ing received  a  thin  coat  of  a  mixture  of  clay,  water, 
and  charcoal -dust,  called  black-wash,  it  is  jilaced  in 
position  in  the  mold.  This  is  determined,  and  the 
core  is  held  in  its  ]dace  by  making  it  longer  than 
the  hole  in  the  casting,  and  letting  the  added  parts 
rest  in  suitable  cavities  in  the  sand,  made  by  pro- 
jections on  the  pattern  known  as  jyrints.  An  ordi- 
nary water-pi]ie  is  a  good  illustration  of  this  class  of 
work.  The  pattern  for  sucli  a  casting  is  solid,  and 
has  cylindrical  projections  of  the  inside  diameter  of 
the  pipe  at  its  ends.  The  long  core,  through  which 
runs  a  jierforated  barrel  for  the  escape  of  gas,  rests 
upon  that  part  of  the  mold  which  is  made  by  the 
prints,  and  comjili'tely  fills  those  cavities  ;  but  it 
leaves  a  space  all  round  which  exactly  represents  the 
pipe,  and  which  is  finally  filled  by  melted  metal. 

b.  Dry-sand  molding  may  be  regarded  as  identical 
in  all  essential  points  with  that  in  green-sand,  .save 
that  the  mold  when  finished  is  thoroughly  and 
strongly  dried  by  artificial  heat.  By  this  treatment 
the  sand  especially  prepared  for  the  work  is  baked 
to  a  hard  compact  nias.s.  Dry-sand  molding  is  chief- 
ly used  for  heavy  castings,  wdiere  great  solidity  and 
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stiength  are  required.     The   drying  is  done  in   a 
lieateil  room  called  the  stove. 

c.  Loam-inoldintj  is  entirely  distinct  from  the 
preceding  methods  of  working.  Luam,  as  prepared 
lor  this  purpose,  is  essentially  to  be  regarded  as  a 
mixture  of  sand  and  clay,  the  latter  in  (|uautity 
sufficient  to  give  a  plastic  character  to  the  ini.xture 
when  tempered  with  water  to  the  consistence  of 
mortar  or  plaster.  This  material  is  much  used  for 
tliB  construction  of  largo  njolds  and  cores,  and,  as 
Iiaji  been  previously  stated,  it  obviates  the  necessity 
fi»r  patterns  —  generally  very  costly  ones  —  and 
core-boxes.  Loam  cores  are  struck  up,  usually  upon 
a  hollow  perforateil  spindle  covered  with  a  layer  of 
h.iy-rope.  The  spindle  —  often  consisting  of  com- 
mon g;is-pipc  —  is  made  to  run  in  uotidied  trestles 
upon  which  a  board  {loam-board)  rests  parallel  to  the 
axis  of  the  spindle.  The  loam  is  heaped  upon  this 
board,  while  the  spindle  at  a  proper  distance  is  made 
to  revolve  slowly  liefore  it  by  a  simple  winch-handle. 
After  it  is  thoroughly  di'ieif  in  the  dnjing-stoDC,  it  is 
turned  to  the  exait  size,  black-washed,  and  dried 
again,  when  it  is  ready  for  use.  j 

Loam-molcliug  applieil  to  large  castings,  such  as  1 
cylinders,  pans,  or  large  water-pipes,  is  really  eon- 
ducted  on  principles  quite  analogous  to  the  above. 
As  a  tyjiical  instance,  tlie  molding  of  a  large  sugar  j 
or  soap  boiler's  [tan  is  here  descrilted.  Such  a  vessel 
is  cast  mouth  downward.  A  heavy,  flat,  cast-iron 
j>late  {loam-plate)  h,  in  tlie  form  of  a  ring,  is  laid  upon 
the  low  carriage  or  truck  which  runs  in  and  out  of 
the  drying-stove.  The  outsiile  and  inside  diametei-s 
of  this  Mat  ring  are  respectively  greater  and  less 
than  that  of  the  rim  of  the  pan,  and  it  is  also  pro- 
vided witli  four  heavy  projections  by  which  to  move 
it  and  the  mold  upon  it,  by  means  of  the  crane, 
from  th.'  slovc-tnii-k  to  the  pit  iu  the  floor  where  the 
casting  is  niaxle.  In  the  center  of  this  ring  rises  a 
per[ieiidiu'ular  spindle  running  in  a  long  bearing 
provided  for  it  in  the  carriage,  and  carrying  a  movable 
arm  fjom  its  upper  end.  A  hollow  templet  of  wood 
of  the  exact  sweep  of  the  inside  of  the  pan  is  now 
c'.a:Mped  to  the  cross-arm  of  the  spindle,  and  the  lat- 
ter i>  lowered  so  as  to  bring  one  end  of  the  templet 
down  to  the  plate,  and  there  it  is  fi.xed.  In  revolving 
tlirou^'h  a  complete  circle,  the  edge  of  the  templet 
will  now  describe  a  ligure  representing  the  inside 
s.u'face  of  the  pan.  A  rough  dome  of  common  brick 
s.-t  in  loam  is  now  built  upon  the  ring,  keeping  it 
two  or  three  inches  clear  of  the  templet,  ami  leaving 
an  opening  at  top  large  enough  for  the  s))indle  to 
turn  in.  Loam  is  then  applied  to  the  dome  in  two 
or  three  coats,  and  it  is  hnally  struck-up,  with  the 
help  of  the  revolving  templet,  to  an  e.xact  form. 
This  structure  is  dried,  and  then  black-washed,  and 
is  known  in  loam-molding  as  the  novel.  The  tem- 
plet used  hitherto  is  now  replaced  by  another  which 
gives  the  form  of  the  outside  of  the  pan.  With  its 
help  the  thickness  is  struck-up  upon  the  nowel,  in 
loam  whiL:h  contains  a  good  deal  of  clay.  It  will  be 
seen  that  this  application  represents  the  thickness  of 
metal  required  tor  the  pan.  When  dry,  it  is  like- 
wise black-washed,  and  dried  again  ;  the  last  appli-  j 
c  ition  in  both  cases  being  made  to  secure  a  parting. 
A  second  cast-iron  ring,  also  provided  with  heavy  [ 
ears  oi'  lugs,  is  lowered  down  till  it  rests  upon  that 
part  of  the  first  loanj-plate  which  extends  beyond 
the  thickness,  last  applied.  A  coating  of  wet  "loam 
is  then  put  on  with  the  hand  to  the  surface  of  the 
Iklckittss,  and  a  second  dome  of  brick  is  built  right 
against  it.  When  all  is  dry,  the  position  of  the 
s.'  -ond  ring  is  marked,  or  secured  with  pins.  The 
crane  is  then  made  fast  to  it,  and  the  aqtc  is  lifted 
oil',     lu  all  probability  the  thickness-loam  in  doing  | 


this  will  break  to  pieces  ;  if  it  does  not,  it  is  gently 
knocked  away,  and  both  surfaces,  that  of  the  iwirel 
and  cope,  are  repaired  and  dressed,  and  finally  black- 
washed.  Before  this  is  done  the  spindle  is  lilted 
out,  and  the  opening  in  the  nowel  carefully  closed  ; 
that  in  the  cope  usually  plays  the  jiart  of  iugate. 
When  both  parts  of  the  mold  are  united,  a  space 
now  remains  corresponding  to  the (AiHdCss removed, 
ready  to  receive  metal.  By  me^ns  of  the  nj-ane,  made 
fast  to  the  lower  ring,  the  whole  is  deposited  in  a  ]  it, 
and  old-sand  rammed  about  it,  so  as  to  hold  the  cope 
down,  and  increasi'  its  power  of  resisting  the  lateial 
pressure  of  the  metal,  which  is  very  great.  Adequate 
pi'ovision  is  also  made  for  the  easy  escape  to  the  sur- 
face of  the  gases  generated  by  the  hot  metal,  espe- 
cially those  forced  iuwarils  through  the  dried  loam 
and  brick-work  of  the  nowel.  The  formation  of  the 
ingate  is  also  carefully  attended  to. 

In  smaller  foundries,  and  sometimes  in  those  with 
very  perfect  appointments,  loam-molds  are  made  so 
large  as  to  render  it  necessary  to  dry  them  in  situ. 
In  such  cases  slow-burning  fires  are  made  under 
them  in  the  open  shop,  and  the  evaporation  of  the 
water  is  accomplished  as  best  it  may. 

The  pouring  of  bra.ss  and  iron  castings  is  accom- 
plished from  crucibles  or  ladles  respectively.  In 
large  iron  works  several  ladles,  each  containing  from 
two  to  four  hundred  weight  of  metal,  are  often  used 
simultaneously  ;  for  still  larger  m.a.sses,  crane  ladles 
hohling  six  or  eight  tons  aie  employed,  and  wdieu 
such  are  insuflic  lent  the  mold  is  filled  by  leader 
channels  direct  from  the  furnace. 

Fig.  3189  shows  several  stages  of  the  process  of 
cylinder  njolding  by  the  loam-work  process. 

A  vertical  axis  «  is  mounted  upon  a  jiedestal  in 
the  center  of  the  plate  b,  as  shown  in  the  figure, 
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Cylinder-Molding. 

or  it  may  be  attached  to  the  building  or  a  beam 
of  the  roof.  A  radial  arm  projects  from  this  axis 
and  carries  a  templet  c,  which  is  maintained  in 
rigidly  perpendicular  position  by  firm  attachment 
to  the  radial  arm,  which  rotates  with  or  amund  the 
central  axis,  so  that  the  edge  of  the  templet  describes 
a  cylinder  in  its  rotation. 

d  shows  an  interior  cylinder  built  up  of  bricks  and 
plastered  over  with  .soft  loam,  scraped  into  cylindri- 
cal form  by  the  templet  c,  which  revolves  on  its  axis. 
When  the  sm'face  is  made  smooth  and  fair,  this  part 
of  the  mold  is  dried  ;  it  is  then  brushed  over  with 
black-wash  and  again  dried.  The  charcoal-dust  of 
the  black-wash  acts  as  a  jiarting,  to  prevent  the  suc- 
ceeding layers  of  the  loam-mold  from  adhering  to 
the  first. 


MOLD. 


1462 


MOLD. 


The  cyliiiiler  thus  inaile  by  templet  c  o  is  the  mold 
for  the  iiiiiei-  surface  of  the  future  cylinder.  It  is 
the  t'(i)v  or  nowel. 

The  ne.xt  figure  represents  another  templet  e  c,  at- 
tached to  the  same  axis,  liaving  an  edge  conformahle 
in  its  outline  to  the  outside  surface  of  the  future 
steam -cylinder.  The  distance  of  the  edge  of  tlie 
teniplc^t  e  c  from  the  blacked  surface  of  the  nowel  is 
ecjual  to  the  thickness  reiiuired  for  the  steam-cylin- 
der. Loam  is  placed  on  the  no>vel,  and  smoothed 
to  sha]ie  l)y  the  revolving  templet  e,  wliich  is  then 
di.smountcd  and  the  spimlle  removed.  The  thick- 
iic.vs  of  this  loam  is  represented  white  in  the  figure. 
This  loam  thi'U  receives  a  coat  of  black-wa.sh,  which 
jneveuts  it  from  adhering  to  the  coat  to  be  placed 
outside  of  it. 

/represents  the  mold  in  a  farther  stage.  A  wall 
of  bricks  1/ ;/  is  built  around  the  previous  con.struc- 
tion,  loam  being  carefully  worked  against  the  niate- 
riil  which  represents  the  thickne.ss  of  the  future 
cylinder.  The  new  work  or  cope  is  now  thoroughly 
dried,  and  afterward  lifted  off  by  means  of  a  crane 
and  a  cross-beam  with  lour  chains,  as  shown  at  j. 
This  part  of  the  jirocess  usually  drags  off  the  thick- 
ness of  loam  which  represents  the  cylinder,  and  this 
commonly  breaks  out  during  the  removal.  What 
remains  is  carefidly  picked  out  of  the  cope,  as  it 
h.ts  now  served  its  purpose,  and  the  interval  exist- 
ing between  the  nowel  and  cope,  when  the  parts  are 
restored  to  their  proper  relative  positions,  is  to  be 
filled  with  molten  metal  to  form  a  cylinder. 

When  the  cylinder  requires  ^wrts  at  the  emls,  or 
the  short  tube  with  flanges  for  attaching  the  steani- 
]iipe.s,  models  of  the  tube  are  worked  into  the  cope, 
and  ai'e  afterwards  withdrawn  ;  the  cores  are  made 
in  core-bo.'ce.s,  and  are  partly  supported  by  the  out- 
ward extremity  and  partly  upon  ijraim,  or  two  little 
plates  of  sheet-iron  counecteil  by  a  central  wire,  the 
whole  being  eq\ial  to  the  thickness  of  the  metal  at 
that  point.  When  steam  passages  are  wanted,  either 
along  the  side  or  around  the  cylinder,  they  are  worked 
up  in  clay  upon  the  thickness  and  duly  covered  in 
liv  the  cope  ;  their  cores  are  supjiorted,  partly  by 
their  loose  ends  and  partly  by  grnin.i,  which  bei;onie 
entirely  surrounded  by  and  fixed  in  the  metal  when 
it  is  poured. 

The  mohl  is  now  put  together  in  a  pit  sunk  in  the 
floor  of  the  foundry,  and  the  top  covered  in  with  a 
loam-cake,  perforatetl  with  holes  for  the  entrance 
of  the  metal  ami  the  escape  of  the  air.  The  eon:  is 
sustained  by  iron  bars,  and  the  cope  by  iron  rings, 
so  as  to  withstand  the  pressure  of  the  column  of 
metal. 

With  some  large  cylinders,  such  as  those  of  the  Cor- 
nish pumping-engines,  80  to  100  inches  bore  and  12  to 
14  in  length,  also  the  cylinders  of  the  large  blowing- 
engines  of  blast-furnaces,  the  nowel  and  cope  ale  made 
se|iarately,  as  at  i.  The  cope  is  bui^t  up  and  turned 
inside  with  a  radius-liar  ;  tlie  core  is  erected  on  a  plate 
on  the  Hoor  and  turned  on  the  outside  to  a  gage ;  when 
dried,  it  is  lowered  into  the  cope  by  a  crane. 

A  inodiKcation  of  the  |ilan  for  loanr-work  casting 
of  cylinders  and  similar  large  hollow  articles,  is  found 
in  making  the  cope  divisible  by  a  vertical  joint,  so 
as  to  separate  laterally  into  two  semi-cylindrical  por- 
tions which  rest  u)ion  semi-annular  plates,  so  as  to 
slip  back  while  the  thickness  representing  the  metal 
is  removed. 

Large  water-pipes  are  cast  upon  cores,  which  are 
made  of  a  layer  of  loam  upon  a  hay-band  wound 
upon  a  perforated  pipe,  the  pipe  being  supported  on 
a  bearing,  and  the  loam  tuined  off  to  a  smooth  sur- 
fice,  which  is  dried  ami  black-washed.  The  fhie/e- 
ness  is  laid  on  and  black-washed,  and  this  substitute 


for  a  pattern  is  molded  in  sand.  The  core  with  its 
envelope  is  withdrawn,  and  the  thickness  removeil  ; 
the  core  is  su)iiiorte(l  in  the  mold  by  the  prints  at 
the  ends  and  by  ijniiiis  with  long  wires. 

Pi|ies  are  also  made  from  wooden  ]iatterns  ('Ut  iu 
halves  through  the  axis.  The  drcuj  and  cope  resjiec- 
tively  leceivc  the  impression  of  one  half,  and  when 
the  ])attern  is  removed  the  mold  is  ready  for  the 
core  and  the  making  of  the  ingate. 

The  molds  for  crooked  pipes  and  branches  are  fre- 
([uently  made  in  halves  njion  a  flat  iron  plate.  An 
iron  bar  or  templet  of  the  curve  re(|uired  is  laid 
down,  and  a  semicircular  piece  of  wood,  called  a 
strickle,  is  used  lor  working  and  smoothing  the  half- 
core  ;  next,  a  larger  strickle  is  used  for  laying  on  the 
thickness  ;  the  two  halves  are  then  lixed  together  by 
wires  and  molded  from  in  the  sand-Ha.'-k  ;  tl.e  thick- 
ness is  now  stripjicd  ofl'  the  core,  which  is  fixed  in 
the  mold  by  ils  prints,  and,  if  needful,  is  supported 
also  upon  ijroins. 

The  infinite  variety  of  fonns  which  the  molder  is 
daily  called  n]mn  to  reproduce,  as  well  as  the  con- 
stantly varying  conditions  and  materials  with  which 
he  has  to  deal,  renders  his  trade  an  arduous  one,  re- 
(pihing  nuich  judgment,  experience,  and  forethought. 
For  this  reason,  also,  it  is  not  pos.-ible  to  explain  or 
even  enumerate  in  the  space  at  my  disposal  the  end- 
less modifications  of  the  above  tyiiical  cases  vhich 
are  constantly  occurring.  As  the  best  sulistitute  for 
such  exhaustive  treatment,  however,  a  list  of  ma- 
terials and  technicalities  used  in  molding  is  ajipend- 
ed,  with  explanations  designed  to  elucidate  this  most 
important,  interesting,  and  many-.sided  art. 

d.  (I'losttr-costinij.)  U'astc-maMs  are  tho.se  which 
admit  of  but  a  single  cast,  from  which  they  are  sub- 
.sequently  removed  by  breaking.  fe/c-molds  are 
those  made  in  a  number  of  pieces,  wliich  are  so  ar- 
ranged as  to  be  withdrawn  separately  from  the  east- 
ing and  admit  of  being  jmt  together  again  for  a 
repetition  of  the  process.  We  are  indebted  for  the 
invention  to  the  Italians  and  French  of  the  hfteenth, 
sixteenth,  and  seventeenth  centuries.  With  some 
elaborate  subjects  the  number  of  pieces  required  lias 
exceeded  700. 

See  also  Statuaky  Castino. 

c.  Soft  and  perishable  objects  may  be  so  molded 
as  to  produce  a  single  easting  by  one  of  the  seveial 
following  methods,  which  are  ada]  ted  to  procuiiiig 
castings  of  small  animals,  in.sects,  Hower.s,  feathers, 
fern.s,  sea-weed,  wax-models,  etc. 

1.  Sujiport  tlie  oliject  in  the  center  of  a  small  box 
by  means  of  needles,  one  or  two  of  which  should  be 
sufficiently  large  to  form  inyatcs.  Some  fine  river- 
mud  is  drojiped  into  the  box,  and  shaken  around  .so 
as  to  adhere  to  the  object.  When  partially  dry,  a 
coarser  grade  of  silt  is  thrown  in,  and  successively 
coarse  qualities  until  the  box  is  filled.  The  needles 
and  ingate  wires  are  now  withdrawn,  the  mold  burnt 
to  reduce  the  object  to  a,shes,  which  are  shaken  and 
blown  out,  when  the  mold  is  ready  for  pouring  the 
metal. 

2.  Another  method  is  to  take  the  object  itself  era 
wax  model,  such  as  that  of  a  flower,  and  suspend  it 
in  a  box  while  plaster  of  Paris  is  carefully  jioured 
around  it.  The  application  of  heat  causes  the  object 
to  burn  or  the  plaster  to  absorb  the  wax,  or,  if  the 
latter  be  in  excess,  it  can  be  poured  out.  The  strings 
by  which  the  object  was  suspended  are  withdrawn, 
and  the  mold  is  ready  for  casting.  The  castings  may 
be  covered  with  gold  or  silver  by  the  electrotype 
process. 

This  plan  was  adopted  in  casting  the  feather  of  the 
equestrian  statue  of  George  III.  at  Pall  Mall.  Lon- 
don, and  specimens  of  ears  of  wheat,  flashy  flowers, 
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such  as  co.xcombs,  and  other  beautiful  objects,  have 
been  exhibited. 

Branson,  of  Sheffield,  England,  has  pursued  asome- 
wliat  analogous  metliod  in  obtaining  castings  from 
ferns,  algje,  etc.  A  slab  of  gutta-percha  is  softened 
by  boiling  water,  laid  on  a  smooth  metallic  plate, 
dusted  over  with  fine  bronze-powder,  and  the  frond 
impressed  thereon  by  a  Hat  upper  plate,  imbedding 
the  frond  in  the  gum.  When  cooled,  the  leaf  is  with- 
drawn, and  the  moid  is  used  to  obtain  a  casting  or 
an  electrotype,  from  which  impressions  iu  ink  are 
obtained  by  the  copperplate  process. 

Auer's  plan  of  nature-printing  is  to  impress  the 
frond  into  soft,  polished  sheet-lead,  by  passiug  be- 
tween polished  rollers.  The  impression  is  used 
for  printing,  or  a  copy  iu  a  harder  material  is  ob- 
tained by  the  electrotype  process. 

WalUs's  autographs  were  obtained  by  making  draw- 
ings in  a  material  which  is  salient  upon  the  pa]>er, 
so  as  to  make  an  impression  in  the  soft  plate  when 
the  two  are  passed  between  the  rollers.  The  plate  is 
used  as  in  Branson's  and  Auer's  processes. 

MoLDER.s'  Terms. 
(ReferreJ  to  at  greater  length  urnJer  their  alphabetical  heads.) 

Air  or  /iiul  air.  The  gases  generated  in  casting,  and  driven 
through  the  sand. 

Air-drain.  A  passage  to  conduct  gases  from  molds  deeply 
bedded  in  the  floor  of  the  molding-shop. 

Air-gate.  An  openiDg  at  which  displaced  air  escapes  during 
pouring,  and  in  whicli  metal  afterward  rises. 

Barm.  Yeast  used  in  the  preparation  of  core-sand  to  render 
it  a^lhesive. 

Bel'ows.  Used  to  blow  loose  sand  or  dirt  out  of  the  molds, 
or  parting-sand  from  the  pattern. 

Blacken  ins:.  Charcoal-dust  applied  to  a  mold  to  give  smooth- 
ness to  a  casting. 

Black-lead.  Sometimes  used  for  blacking  molds  or  for  mix- 
ing with  sand. 

Black-wash.  A  solution  of  clay  and  powdered  charcoal  ap- 
plied to  the  surfiice  of  sand-molds,  to  give  a  clean  skin  to  the 
casting;  also  used  as  a  parting.     See  Sand. 

Bloiv.  The  forcing  of  displaced  air  through  the  molten  metal 
from  insufficient  vent. 

Blown  The  condition  of  a  casting  containing  cavities  caused 
by  inclosed  air. 

Bot.  A  pear-shaped  piece  of  stiff  clay  used  to  stop  the  flow 
of  metal  from  the  tap-hole  of  the  furnace. 

Bot-stick.  The  rod  provided  with  a  long  wooden  handle  at 
one  end,  and  a  small  round  di.*k  at  the  other,  to  receive  the 
clay,  used  for  6or(i»»-o/?"  when  the  ladle  is  sufficiently  full. 

Box.  A  very  common  term  signifying  _^a5*fc;  a  contraction 
of  violfling-box.     See  Flask^  below. 

Brick.     U.-ed  largely  in  loam-molding. 

Binned  in.  Union  produced  by  flowing  hot  metal  in  quan- 
tity over  cold. 

Burned  sand.  Sand,  the  tenacity  of  whose  clayey  portion 
has  been  destroyed  by  the  heat  of  the  metal.     See  Sanh. 

Case.     A  cope. 

Cnst-s:nte.     The  iiiga(e  at  which  the  metal  is  poured  in. 

Chaplet.  A  wrought-iron  stud  to  hold  a  core  in  position  in 
a  mold.     A  grai7t. 

Charcoal.  Used  in  dust,  as  dry  b'ackenin^,  or  in  suspension 
vrith  clay,  as  blark-icash  (which  see). 

Ckitl.  A  piece  of  ii-ou  in  a  mold  to  suddenly  cool  the  metal 
flowing  against  it  and  render  it  hard. 

Oay.  Used  according  to  quahty,  —  fire-clay  for  walls  and 
boshes  of  furnaces,  commoner  for  bricks  and  for  loam. 

Clay-wash.  Clay  in  solution  for  smearing  the  insides  of 
molds  and  gaggers,  to  make  the  f=and  stick  ;  for  cementing  the 
portions  of  cores;  for  strengthening  loam  and  adding  to  char- 
coal to  make  black-icash. 

Cleaner.  A  tool  of  thin  steel  or  brass,  from  6  to  18  inches  in 
length.  One  extremity  has  a  bent  spatula  blade  ;  the  other  a 
short  blade  bent  on  the  flat  to  a  right  angle.  Used  for  smooth- 
ing the  molded  surfaces  and  removing  loose  sand. 

Coal-dust.  Powdered  coal  added  in  certain  quantities  to 
green-sand,  according  to  the  quality  of  the  latter. 

Cokf-dust.     The  same  in  effect  as  coal-dust. 

Cope.  The  flask  which  is  uppermost  at  the  time  of  casting. 
The  upper  box  or  top-part.  The  outside  portion  of  the  mold  in 
loam-work.     Also  called  the  fa.vf. 

Core.  Amass  of  sand,  molded  and  baked,  and  placed  in  a 
mold  to  form  a  cavity  in  a  casting. 

Core-bar.     An  iron  bar  to  stiffen  a  core. 

Core-barrel.  A  perforated  iron  tube  to  form  a  passageway 
for  the  gases  passing  off  through  the  interior  of  a  core. 

Core-box.     A  mold  in  which  a  core  is  formed. 

Core-pipe,    A  core-barrel. 


Core-print.  A  portion  of  a  core  which  rests  in  seats  in  the 
mold  and  supports  the  core  in  place 

Core-sand.     Coarse  new  sand  with  powdered  loam. 

Cotter.     A  kev  which  locks  the  steady-pin  of  a  flask. 

Cow-hair.     Used  as  a  bond  to  increase  the  tenacity  of  loam. 

Crane.  The  hoisting  apparatus  of  a  foundry  to  move  heavy 
flasks,  castings,  etc.    See  Crane;  Foundry -cra»e. 

Ddiver.  A  pattern  is  said  to  deliver  weU  when  it  leaves  the 
saud  without  breaking  down  the  mold. 

Drag.     The  lower  box  or  bottom  part  of  the  flask. 

Draw.  The  taper  of  a  pattern  wliich  enables  it  to  leave  the 
sand  without  impairing  the  mold.  To  lift  the  pattern  from  the 
sand. 

Dra  wbark.     A  false-core . 

Drop.     The  fail  of  sand  from  the  top-part  into  the  mold. 

Dry  sand.  That  description  of  molding  done  with  loam  and 
sand  in  due  proportion,  the  mold  being  oven-dried  before  cast- 
ing.   See  Sand. 

Dryin^-slove.  A  heated  room  for  drying  dry-sand  molds  or 
cores. 

Face-dust.  Powdered  charcoal  for  iron  castings,  mill-dust 
or  pease-meal  for  brass.  It  is  dusted  from  a  bag  over  the  n.oId 
to  improve  the  surface  of  the  casting.  Powdered  soapstone, 
rottenstone,  graphite,  or  chalk  is  sometimes  u?ed. 

Facing-sand.  New-sand  used  in  immediate  contact  with  the 
pattern,  being  sifted  thereon  and  then  backed  up  with  old-sand 
and  rammed. 

False-core.  A  mass  of  molded  green-sand  placed  against  the 
side  of  a  pattern  which  is  under-cut.  Before  drawing  the  pat- 
tern, the  false-cores  are  removed,  and  are  restored  before  closing 
the  flask.     Also  called  a  drawback.     See  c,  Fig.  31S8. 

Fa'se-part.  A  tiask  temporarily  filled  with  sand  in  which 
the  pattern  is  sunk  to  a  parting-line  before  ramming  i-p  the 
other  Bide  of  the  box  which  is  to  form  the  drag-  After  turn- 
ing over,  the  false-part  is  broken  up  and  the  parting  properly 
made. 

Feeding-rod.  An  iron  rod  for  keeping  open  the  head  or  ri.tpr 
at  which  hot  metal  is  added  from  time  to  time  as  the  casting 
contracts  in  cooling. 

Fettle.     To  clean  castings,  remove  triVs  ^fins,  and  cores 

Fin.  A  thin  sheet  of  metal  extending  along  the  paiting-Une 
of  a  casting  where  the  metal  has  insinuated  itself  between  the 
parts  of  the  mold. 

F/ask.  The  box  or  frame  which  contains  the  rammed  sard 
forming  the  mold.  The  upper  part  is  the  cope,  the  lower  the 
drag. 

Fto^v  gate.  An  opening  from  the  mold  to  the  surface  ;  in 
it  the  metal  rises  as  it  is  poured  into  the  cast-gate  and  fills  the 
mold. 

Gagger.  A  double  hook  hung  to  the  cross-bars  of  the  top- 
part  of  a  flask,  and  enttring  the  .sand  which  fills  the  deep  part 
of  a  pattern,  to  enable  the  sand  to  be  lifted  out. 

Gate.  The  opening  through  a  mold  into  which  metal  m 
poured.,    An  ingate.     Also  called  git. 

G/and.  A  bent  rod  of  iron  forming  a  double  hook  to  lock 
the  parts  of  a  flask  together. 

Grain.  A  piece  of  wrought-iron  to  bold  a  core  in  position. 
A  chnplet. 

Green-sand.  The  damp  sand  of  the  foundry  prepared  for 
molding.     See  Sand. 

Hay-rope.  A  twisted  hay-band  wound  about  a  core-barrel 
in  making  large  cores. 

Head.  AJlow-gate  or  riser  over  the  largest  part  of  a  heavy 
casting,  in  which  the  hot  metal  rises,  and  into  which  metal  is 
poured  from  time  to  tine  as  the  metal  contracts. 

Horse-dvng.  Introduced  into  loam,  as  hair  into  plaster,  to 
form  a  bond  in  dry -sand  molds. 

higate.  The  opening  through  a  mold  at  which  metal  ia 
poured  in.     A  gate,  git,  runner. 

Ladle.  An  iron  vessel,  coated  with  loam, and  used  to  convey 
molten  metal  from  the  furnace  and  pour  it  into  the  mold.  One 
form  is  a  shanks. 

Lantern.  A  perforated  core-barrel,  short,  and  of  relatively 
large  diameter. 

Lift.     The  separation  of  the  cope  from  the  drag. 

Loam.  A  mixture  of  sand  and  clay  used  iu  molding.  See 
Sand. 

Loam-board.  A  board  resting  on  trestles,  and  holding  the 
loam  used  in  making  cores. 

Loam-plate.  A  flat  cast-iron  ring  on  which  the  notvel  and 
cope  rest  in  loatn-tvork.     See  6,  Fig  3189. 

LoaS'- fling-bar.     A  rod  extending  upward  from  the  pattern 
through  the  sand,  and  which  is  struck  from  opposite  sides  to 
loosen  the  pattern  in  the  mold  before  lifting  the  top-part. 
Metal.     The  founder's  term  for  cast-iron. 
New-sand.     Facing-sand  next  to  the  pattern. 

Odd-side.     A  permanent  false-part. 

Old-sand.  The  sand  of  the  foundry  floor,  killed  by  use,  and 
not  fit  for  facing. 

(^en-sand  molding.  A  mode  in  which  molds  are  made  in  the 
floor  of  the  foundry  without  any  cope,  and  usually  filled  direct 
from  the  furnace 

Part.     One  portion  of  sl  flask. 

Parting.  The  line  of  separation  between  the  sand  rammed  in 
the  respective  boxes  or  parts  of  the  flask. 

Parting-lint.     The  line  upon  a  pattern  below  which  it  is  im- 
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bedded  in  the  dra^,  and  above  which  it  is  in  the  cope  or  top- 
pirt 

Partin^-sand.  Sand  free  from  clay,  which  ia  scattered  over 
a  y;  vi:  i-rf;ind  surfjice  where  a  parting  is  to  be  made. 

Pu.tern.  Tnc  counterpart  of  a  ca-stiug  in  wood  or  metal  from 
which  the  mold  in  tire  sand  is  made. 

Pease  m(a'..     Dusted  on  as  facing  for  molds  in  brass  casting. 

PickfT  A  steel  rod  with  a  sharp  point,  used  in  picking  out 
small  patterns  from  the  sand. 

Pirk'e.     Dilute  sulphuric  acid  used  in  cleaning  castings. 

Piercer.     A  veiit-^vire. 

Pot.     A  crucible,  generally  of  graphite. 

Print.  A  prnjection  on  a  pattern  which  leaves  a  space  in  the 
sand  for  supporting  a  core  iu  position. 

Rammer.  An  implement  for  compacting  the  loam  around 
the  pittern  in  the  flask. 

R'-d  bric/c-diist.     Sometimes  used  as  a  parting-.sand. 

Kiddie.     A  sieve  to  mix  sand  on  the  floor  of  cue  foundry. 

Riser.  An  opt'ning  through  a  mold  into  wliich  the  metal 
Tl'es  as  the  mold  fills,  and  through  which  more  metal  is  poured 
iu  as  the  ma.*s  contracts. 

Run.  Saii  of  a  mold  if  the  metal  insinuates  itself  along  the 
parting  or  otherwise  le  iks  out. 

Runner.  A  ch  mnel  leading  from  the  gate  to  the  spate  left 
by  tie  removal  of  the  pattern  from  the  mold. 

Runner-stick.     A  pattern  for  forming  the  gate  of  a  mold. 

Run-tnron^h.  When  metal  is  poured  in  at  one  gate  and  runs 
out  at  atiother.  A  process  sometime:*  adopted  in  casting  a  piece 
solid  to  another  piece  alre'idy  in  the  mold. 

Stnd.  Crystalline  particles  of  silica  mixed  with  clay  which 
confers  tenacity.  U.-ed  as  a  material  for  ramming  around  pat- 
terns in  molding.     See  S,\nd. 

Sand^urned.  S.md  partially  fused  by  the  heat  of  the  metal 
and  a  Ihering  to  the  casting. 

S-oring.  The  bursting  of  a  casting  due  to  strain  in  contrac- 
tion. 

S-rap-irnn.  The  spatteri'd  masse.i  of  iron,wasters,  and  pieces 
of  iron  which  hive  been  previously  cast. 

S'tanks.  The  ladle  in  which  metal  is  carried  from  the  fur- 
nace to  the  mold 

Sknvel.     The  implement  for  he:iping  sand  into  the  flask. 

Shrinkage.  The  allowance  of  one  eighth  inch  to  the  foot, 
which  pit;erns  are  made  larger  than  the  casting  required,  to 
allow  for  shrinkage  of  the  metal. 

Shuttle.  A  spade-shaped  implement  by  which  the  molder 
stops  the  flow  into  tlie  mold  in  casting  direct  from  the  furnace 

Siefe.  A  wire-cloth  sifter  for  distributing  the  sand  over  the 
patter.  1. 

Skimmer.  A  bar  to  keep  back  slag  and  dross  when  pour- 
ing from  the  ladle. 

Slag.  A  basic  silicate  of  iron  floating  on  the  metal  in  the 
furnace  or  ladle,  and  which  it  is  the  business  of  the  skimmer 
to  pu.sh  back  in  pouring. 

S'Jcker.  A  small,  polished  tool  for  smoothing  surfaces  of 
sand  in  the  mold. 

Sow.  A  large  channel  in  the  floor  of  a  foundry  to  hold  metal, 
when  heavy  castings  are  to  be  made  without  the  use  of  the 
ladle. 

Staple.  A  piece  of  iron  driven  into  the  sand  and  projecting 
therefrom  to  hold  a  core 

Steady-pin.  One  of  the  dowel-pins  which  form  a  part  of  the 
locking  devite  securing  together  tne  parts  of  a  flask 

Stot'e.     Tue  drying-chamber  for  molds  and  cores. 

S:rick'e.  A  straiglit-edgw  used  to  remove  superfluous  sand 
from  a  flask  after  ramming  up. 

Strike-     The  same  as  strickle. 

Strong  sand.     Tenacious  from  abundance  of  clay. 

Siil'age.     The  scum,  .«lag,  dro-js  floating  on  metal. 

SiiUage-piece.  An  additional  length  on  the  upper  end  of  a 
casting  to  insure  compactness  of  the  lower  part.  The  sullage- 
piece  i^  afterward  removed. 

Sivab.  A  soft  brush  of  frayed  rope,  used  in  wetting  the  part- 
ing-ed;j:e  before  drawing  the  pattern. 

Swafj~pnt.     An  iron  vcs.«el  to  hold  wat^r  for  the  swab. 

Tni'-hole.  The  opening  from  which  iron  flows  from  the  cu- 
pola. 

Tapping-bar.  One  for  opening  the  tap-hole  by  removing  the 
tot  of  clay. 

Tkiclcness.  The  portion  of  loam,  in  loam-molding,  which 
represents  the  object  to  be  cast. 

Trtstl-s.  Frames  on  which  the  perforated  core-barrels  rest 
in  pipe-molding 

Trowel.  A  ttat-bladed  implement  used  in  slicking  and  part- 
ing sand  in  the  mold. 

Under-cut.  The  parts  of  a  pattern  in  which  the  sand  would 
be  broken  by  dniwing  the  pattern  perpendicularly.  The  difli- 
cnlty  Is  avoided  by  cores,  drawbacks,  or  an  additional  part  to 
the  tta.«k. 

Vent.     A  channel  by  which  air  escapes  from  the  mold. 

Vent-wire.  A  sharp-pointed  steel  wire  for  piercing  sand  in 
the  mold  to  allow  escape  of  air. 

Was.er      A  spoiled  casting  ;  goes  to  the  scrap-heap. 

Watering-can      One  with  a  rose  to  damp  the  molding-sand. 

Wei  jhting.  Blocks  put  on  a  flask  to  keep  the  cope  down 
under  tae  upward  pressure  of  the  body  of  iron  poured  into  the 
mold. 


2.  {Building. )  A  frame  to  give  shape  to  a  struc- 
ture, as  in  the  building  of  houses  in  concrete,  beton, 
clay,  cement,  and  what  not.  In  the  example,  the 
molds  are  made  in  inner  and  outer  sections,  which 
sustain  the  joists  and  door  and  \viudow  i'mmes,  and 
l^etween  wliich  the  concrete  walls  are  formed.     The 
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Sectional  Mold  for  Pisi  and  Concrete  Walls. 

molds  are  perforated  for  admission  of  air,  which  sup- 
))lies  carbonic-acid  gas.  Conijiosition  used  :  sand, 
19  ;  hydraulic  lime,  J  ;  quicklime,  2. 

3.  {Paper-male hu/.)  Hand-made  paper  is  made  by 
a  mold  (J  and  deckle  h,  Fig.3188.  The  mold  is  an  open, 
square  frame  with  a  wiie-cloth  bottom,  and  a  little 
larger  all  round  than  tlie  reijnired  sheet  of  paper.  The 
deckle  is  an  open  frame,  ^vhosc  inner  margin  deter- 
mines the  size  of  the  sheet  of  jiaper.  The  dcekle  be- 
ing laid  on  the  mold,  the  two  are  diiiped  into  the 
pulp,  of  wliich  a  quantity  is  raised,  the  superabun- 
dance flowing  over  the  edge.  The  mold  being  shak- 
en, the  water  drains  away  through  the  wire-cloth, 
and  the  fibers  become  felted  together  and  settle  upon 
the  wire.  The  dipper  then  removes  the  dccl-lc  and 
passes  the  mold  to  the  couchcr,  wlio  lets  it  drain  a  few 
seconds,  and  then  couelics  the  sheet  of  pulp  upon  a 
felt  cloth.  A  stack  of  alternate  sheets  and  felts  to  the 
number   of  6   qnires 

ofpaper,  =  144sheet.s,  *''g-  3191. 

forms  a  post,  which 
is  placed  in  a  screw- 
l>ress  and  consoli- 
dated. 

4.  (Plasterhnj.)  A 
thin  board  cut  to  a 
pattern  and  used  in 
forming  cornices,  etc. 
{k.  Fig.  3188.) 

5.  (ShipbnildiHtj.) 
a.  A  full-sized  pat- 
tern of  the  same  fig- 
ure and  dinien.sions 
with  the  molding 
side  of  the  piece 
which  it  represents. 
The  mold  may  be  of 
skeleton  form,  and 
may  serve  for  .several 
frames. 

It  is  usually  a  thin 
)ilank  cut  to  the  form 
of  a  ship-timber,  and 
serving  as  a  templet 
for  scribing  the  tim- 
bers fur  the  workmen 
who  saw,  liew,  and 
adze  them  into 
shape. 
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6.  (Gold-beating.)  The  package  of  golil-beater'.s 
skin  ill  whicli  gold-leaf  is  placed  for  the  thiid  l)eat- 
iug.  It  is  fii-st  enveloped  in  vellum,  150  leaves  with 
interposed  ribbons  of  gold,  one  inch  sc[uare,  forming 
a  ktUch.  The  pieces,  spreading  to  the  size  of  tlie  vel- 
lum, are  cut  into  four  pieces  and  interleaved  with 
gold-beater's  skin  ;  600  pieces  and  their  skin  form  a 
shoiUr,  for  the  second  beating. 

Being  again  divided  into  four  pieces,  they  are  again 
interleaved  with  gold-beater's  skin,  making  2,400. 
These  are  divided  into  three  packages  of  800  each, 
CivUed  ino'di,  and  receive  the  third  beating. 

Mold-black'ing  Ma-chine'.  One  by  which  a 
loani-niuld  is  lilacked  to  give  it  a  thin  carbonaceous 
surface  ;  the  solution  is  known  as  black-wasli,  and  is 
usually  put  on  by  a  hand-brush  ;  but  in  pipe  and 
cylinder  casting,  the  insides  of  the  copes  may  Ije 
reached  by  a  reciprocating  and  revolving  cylindrical 
brush  supplied  through  a  hollow  shaft  and  tube  from 
an  upper  reservoir  D. 

Mold-board.  \.  {Plow.)  A  curved  plate  e.ttend- 
ing  back  of  the  share,  for  overturning  the  furrow- 
slice. 

The  mo\A-bo:ird,  as  its  name  indicates,  was  origi- 
nally of  wood,  and  was  first  made  of  iron  by  James 
Small,  of  Berwickshire,  Scotland,  about  1764.  He 
was  the  first  to  make  a  comjdete  plow  of  iron  and 
steel,  all  but  the  hand-holds  for  the  grasp  of  the 
plowman. 

Plows  are  called  right  or  left,  according  to  the 
direction  in  which  the  furrow-slice  is  laid.  Double 
viold-boxrd  plows  are  those  in  which  the  breast  is 
formed  by  two  mold-boards  meeting  at  an  acute  an- 
gle in  front  of  the  sheth,  and  turning  the  soil  equally 
in  eacli  ilirection. 

2.  {Fouiuliii'j.)  A  board  on  which  the  pattern 
lies  while  being  rammed.     A  folio lo -board. 

Mold-cis'tern.  (Sugar-imikimj.)  a.  Tlie  vat 
whicli  receives  the  drippings  from  the  sugar-loaves. 

6.  A  tank  in  which  the  molds  are  soaked  after 
beinc;  used. 

Mold'er's  Clamp.  {Founding.)  A  frame  by 
which  the/i  (/-/sof  a  Hask  are  tightly  secured  together, 
ready  for  the  pouring  of  the  mjtal  into  the  mold. 

In  Fig.  3192,  the  parts  of  the  Hask  are  clamped 

Fig  3192. 
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by  a  hook  and  a  sliding  plate,  which  is  depressed  by 
an  eccentric  pivoted  to  the  shank  of  the  hook. 

Fig.  3193  has  hooks  F  and  G,  which  are  drawn 
against  the  parts  of  the  flask  by  pinion  and  ratchet. 
The  ratchet-arm  is  worked  within  the  hollow  arm 
by  a  cog-wheel  operated  by  a  lever.  Each  arm  has 
a  hook  on  its  outer  end.  The  spring  pawl  engages 
the  ratchet-arm  to  keep  it  in  position. 

Mold'er's  Flask.  {Found ing.)  The  frame  con- 
t  lining  the  mold  in  which  metal  is  poured  in  casting. 
See  e.  Fig.  3190.  See  also  Mold  ;  Cope  ;  Drag  ; 
Flask,  etc.     Sec  list  under  FouxniNG. 

Mold'er's  Ta'ble.  (Founding.)  A  bench  at 
w  Jich  a  workman  stands  in  molding  small  objects. 


MotdiT^s  Clamp. 


Mold-fac'ing.  (Casting.)  A  fine  powder  show- 
ered upon  a  pattern  before  covering  the  latter  with 
loam.  It  is  intended  to  increase  the  smoothness  of 
the  face  of  the  casting. 

Mold'ing.     1.  (Architectural  Joinery.)    A  mode 
of  ornamentation  by  grooved  or  swell- 
ing bands  or  forms,  following  the  line 
of  the  object. 

a,  bead,  if  small ;  torus,  if  large. 

b,  astragal  or  bed. 

c,  cavetto,  hotlo-w,  casemate,  or  cove, 
according  to  circumstances  or  size. 

d,  apophyge,  scape,  spring,  hollow 
congs,  the  echinus  or  quarter  round. 
The  echinus  is  a  sicelling  conge. 

e,  .fillet  or  list,  if  small  ;  fascia,  if 
large  ;  band,  when  solitary  ;  cincture, 
when  separating  the  shaft  from  the 
capital  or  base. 

/,  Roman  oi'olo  or  quartcr-roiDid. 
g,  Grecian  ovolo  or  echinics. 
h,  cyma-rccta,  ogee,  talon, 
i,  cymn-reversa. 
j,  scotia  or  trochilus. 
K;  quirlc. 
I,  cable. 

m,  double  bead, 
n,  bolection  molding, 
0,  canted  maiding, 
p,  torus.     See  Joineky-framing. 
A  molding  is  said  to  be  stuck  on  or 
laid  on,  according  to  whether  it  is 
made  on  the  edge  of  the  frame  or  on 
a    detached    strip.      See 
Stuck-on.  __^__^_ 

A  reeding  is  a  form  of  SS^2^S^ 
moldingresemblinganum-  : — 
ber  of  bands.  ^" 

Lamb's  tongue  is  a  form 
sometimes  adapted  for  win- 
dow-sash. 

A  raking  molding  has 
a  slanting  overhang. 

A  crowning  molding  is 
a  top  member. 
A  plai)i  molding  is  a  mere  band. 


r 


^»j 


Moldings. 


The  student  of  ]ialeontology  finds  numerous  an- 
ticipations of  architectural  and  other  ornamentation 
in  the  strata  of  the  earth.  "  In  what  is  known  as 
the  modern  Ionic  the  spiral  of  the  volute  is  not  all 
on  one  plane  ;  it  is  a  Euomphalus  :  in  the  central 
volutes  of  the  Corinthian  the  spiral  is  an  open  one  ; 
it  is  a  Lituite  or  Gyrocei-as  :  in  the  ancient  Ionic  it 
is  either  wholly  flat,  as  in  Planorbus  or  the  upper 
side  of  Maclurea,  or  slightly  relieved,  as  in  the  am- 
monites. There  is  no  form  of  the  volute  known  to 
the  architect  which  may  not  be  found  in  the  rocks, 
but  there  are  many  forms  in  the  rocks  unknown  to 
the  architect.     Nor  are  the  spire-like  shells  less  re- 
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markable  for  tlie  rich  and  varied  style  of  their  or- 
naineiitution  than  the  whorled  one.s.  Tliey  are 
spires,  jiiuiiacies,  turrets,  broaches  ;  ornate,  ill  some 
instances,  beyond  the  reach  of  the  arcliitect,  and 
illustrative,  in  almost  all,  of  his  happiest  forms  and 
proportions.  We  detect  among  the  fossils  the  germs 
of  numerous  de.signs  developed  in  almo.st  every  de- 
partment of  art  ;  but  merely  to  enumerate  them 
would  re([uire  a  volume.  One  form  of  the  old  <'lassic 
lamp  was  that  of  the  nautilus  ;  another,  that  of 
Gijphaa  incurva ;  the  zigziig  moldings  of  the  Nor- 
man Gothic  may  be  found  in  the  carinated  oysters 
of  tlie  green-sand  ;  the  more  delicate  fiettings  of 
similar  form  wliich  roughened  the  pillars  of  a  some- 
what later  age  occur  on  Conularia  and  the  dorsal 
.ipines  of  Gyracanthus.  The  old  corals,  too,  aboLind 
in  oinamental  patterns,  which  man,  unaware  of  their 
existence  at  the  time,  devised  long  after  for  himself." 
—  Hugh  MiLLEit. 

2.  (I'ultenj.)  Articles  of  clay  are  molded  upon  a 
Wmr.LiNG-T.^BLE  (which  see),  or  in  molds  which 
open  and  close,  like  those  used  in  casting  metals. 
In  the  latter  case,  the  clay  is  usually  ranuned  into 
the  mold,  but  for  some  delicate  objects  the  slip  or 
creamy  clay  is  ]ioured  into  the  mold,  which  is  made 
of  pla.ster,  so  as  to  quickly  absorb  the  supeiHuous 
water  of  the  hlling  adjacent.  The  central  Huid 
portion  Ijeing  (lOUred  oH',  the  clay  adliering  to  the 
molil  is  allowed  to  dry,  and  the  process  repeated  until 
the  required  thickness  is  obtained. 

3.  {S/iipbaildiii(j.)  Giving  the  correct  outline 
and  depth  to  ship's  timbers,  etc.  It  is  one  part  of 
the  ojieratiou  of  Fouminc,  (which  see). 

Mold'ing-ap'pa-ra'tus.  (Fuuiulinfi.)  A  device 
or  machine  for  molding.  In  that  represented  in 
Fig.  3iyj,  the  operations  of  molding,  facing,  dry- 
ing, coring,  easting,  and  strip]  ling  are  carried  on 
consecutively,  without  interfering  with  each  other. 
The  empty  liasks  from  the  part  A  of  the  C-shaped 
trench  ADD,  which  is  made  somewhat  shallower 
than  the  rest,  are  lifted  by  tlie  crane  F  into  B,  where 
the  molds  are  cored,  tamped,  and  faced,  alter  which 
they  are  lifted  by  the  same  crane  into  the  oven  0 
and  dried.     The  oven  has  a  door  at  each  end,  one 


Fig.  3195. 


communicating  with  B  and  the  other  with  D  D, 
into  which,  alter  drying,  they  are  deposited  by  the 
crane  G. 

Here  the  metal  is  poured  by  a  ])ot  suspended  from 
the  crane  G.  When  cool,  the  flasks  are  lifted  by 
this  crane  on  to  the  trestles  li  H,  where  they  are 
delivered,  cleaned,  and  replaced  in  A  to  again  un- 
dergo the  same  series  of  operations. 

In  Horrobin's  machine  (Fig.  3196)  the  flask  is 
placed  on  a  sliding  carriage  moved  by  a  rack  and 

Fig.  3196. 
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Ross's  Molding  and  Casting  Apparatus. 


Founder's  Moldin^-Macftine. 

pinion  C  D.  The  follow-board  E  is  jounialed  on 
top  of  the  rack  /,  so  that  it  and  the  tlask  may  be 
lilted  and  turned  over,  in  oi'der  that  a  mold  just  made 
may  be  exanuned  while  another  is  being  made  on 
tlie  other  side.  The  rack  F  is  raised  or  lowered  by 
depressing  the  treadle  H,  which  releases  a  pawl  from 
the  rack-pinion,  and  turning  a  crank  on  the  pinion- 
shaft. 

Mold'ing-board. 
(Foiivdiiifi.)  The  board 
on  which  the  pattern  lies 
when  i-amniiiig  the  loam. 
A.  fol  low-hoard. 

Mold'ing-box. 
(Foundinij .)  See  Flask  ; 
Molding. 

A  flask  in  which  the 
sand  is  rammed. 

Mold'ing-crane. 
One  for  handling  molds 
and  flasks  in  a  foundry." 
See  FouNnuY-ciiANE. 

Mold'ing-edge. 
{Shiphuildiiuj.)  That 
edge  of  a  ship's  frame 
which  conies  in  contact 
with  the  skin  and  is  rep- 
resented in  the  draft. 
The  other  edge  is  the 
bevcUnrj-rdffc. 

Mold'ing-file.  A  file 
with  a  concavity  adapted 
to  dress  and  finish  mold- 
ed surfaces.  It  is  made 
by  a  swage  and  afterward 
cut. 

Mold'ing -frame. 
(Founding.)     The    tern- 
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\)\et  by  which  an  object  is  sliaped  in  loam-mold- 
iiig. 

Mold'ing-hole.  (Founding.)  The  cavity  in 
the  lluor  of  a  foundry  in  which  large  castings  are 
made. 

Mold'ing-loam.  (Fotindiwj.)  The  mixture  of 
sand  ami  clay  used  in  loam-molding. 

Mold'ing-ma-chine'.  1.  ( IVood-working.)  The 
rotary   molding-machine    for   wood   is    enumerated 


among  the  inventions  of  General  Samuel  Bentliara, 
previous  to  ISOO.  It  had  rotary  cutters.  One  form 
of  his  machine  was  for  making  wave-moldings,  and 
had  an  undulating  bed. 

There  are  several  forms  of  the  machine,  one  of 
which  is  a  modified  planing-machine  ;  the  other  is 
an  outgrowth  of  the  same,  but  has  a  peculiar  con- 
struction. 

Fig.  3197  is  a  side  elevation  of  a  molding-machine 


Fig.  3197. 


Richanrs  Molding- Machme. 


to  ])lane  four  siiles  of  the  lumber.  A  roughing  cyl- 
inder is  placed  in  front  of  tlie  main  profile  cylinder, 
to  smooth  the  bottom  of  the  lumber  before  it  reaches 
the  bed  under  the  main  cutters.  The  jirofile  cutting 
on  the  under  side  is  performed  by  the  cylinder  at  the 
rear  end  of  the  machine.  The  cutter-heads  are  five 
in  number,  on  steel  spindles.  The  feeding  mechan- 
ism is  on  top  of  the  machine,  raised  above  the  cut- 
ting mechanism.  The  lumber  is  fed  in  at  the  end 
of  the  machine,  gripped  by  the  feeders,  supported 
by  the  bed,  and  passed  in  contact  with  the  revolving 
cutters  in  turn.     See  PL.iNiXG-.MACHi.NE,  Wood. 

Fig.  3198  is  a  perspective  view  of  a  machine  for 
working  heavy  mohlings,  either  three  or  four  sides 
at  one  operation.  The  revolving  head  on  the  main 
spindle  is  slotted  to  receive  a  number  of  cutters,  so  as  to 
make  a  mohling  of  the  profile  rei[uired.  The  main 
feeding-roll  is  in  the  bed,  and  does  not  show  in  the 
figure  ;  the  adjustable  swinging  feeding-roll  above  is 
made  in  sections,  and  is  so  luing  and  geared  as  to  be 


Fig.  3198. 


parallel   with   the   lower   feeding-roll.      The   lower 
horizontal  cutter-head  is  in  the  bed,  and  does  not 

Fig.  3199. 


Fay'5  Molding  Machine. 


Diagram  of  Cutters  for  Molding. 

appear  ;  the  upper  head  and  the  side  cutters,  on  ver- 
tical spindles,  are  shown.  The  latter  are  driven  by 
crossed  belts. 

Fig.  3-199  is  a  dia- 
gram showing  the  ar- 
rangement of  cutters 
and  their  relative  [lo- 
sition  to  make  under- 
cut picture-  frame  mold- 
ing, with  rabbet  for 
the  glass  and  picture. 
It  will  be  seen  that  of 
the  side  cutter-heads 
one  has  three  knives 
and  the  other  two  ; 
the  upjier  head  has 
two  knives. 

Another  type  of 
.''/?(;/( fjf  and  inoMivg 
rhine  is  shown  at 
1  ij,'.  3200.  A  broad 
table  rests  upon  an 
iron  frame  at  the  usual 
hight  of  a  carpenter's 
bench,  and  rising  from 
the   surface   near   one 
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end  are  the  lieails  of  two  vertical  spindles  or  shafts, 
wliieh  project  but  a  few  inches.  In  the  heads  are 
planing-irons,  sliaped  lo  suit  the  work  reipiired,  and 
tlie  heads  form  a  guide  or  gage  to  the  pattern  to 
which  tlie  material  to  be  dressed  is  temporarily  at- 
tached by  a  few  metallic  points.     The  pattern  being 

Fig.  3200. 


Variety  Planing  and  Molding  Machine. 


carried  p.ast  and  against  the  heads  while  rotating, 
the  miterial  upon  it  is  phmed  and  molded  to  the  shape 
of  the  pattern  and  knives  used.  By  the  graduation 
of  the  knives,  tile  machine  may  be  adapted  to  work 
of  any  si^e,  making  the  heads  even  from  one  lialf  of 
an  incli  to  four  incdies  in  diameter  ;  so  that  the  ma- 
cliine  m.iy  be  used  in  doing  delicate  irregular  wood- 
work. 

It  is  now  used  in  planing  the  wood  handles  to 
hair-biushes,  and  also  iu  dressing  plow-beams  and 
the  knees  of  ships. 

The  engraving  represents  upon  the  table-top  of 
tlie  machine  a  guide,  connected  with  which  is  a 
fci'd-roU,  which  receives  power  to  move  it  from  the 
pullcvs  beneath  the  table,  and  when  attached  com- 
pletes the  machine  for  doing  straight  as  well  as  ir- 
ivgul.ir  work. 

By  the  hand-wheel  arrangement,  represented  at 
each  side  of  the  machine,  the  spindles  are  raised  or 
lowered,  as  occasion  reipiires,  adapting  the  cutters 
to  the  thickness  of  the  material  operated  upon. 

This  machine  is  analogous  to  the  mUling-innchiiie 
for  metal. 

Fig.  3201  is  a  side  elevation  of  a  molding,  shaping, 
and  recessing  machine,  applicable  to  a  number  of 


Fig.  3201. 


sash-bars,  molding,  rebating,  and  grooving  sipiare 
or  circular  sash-frames,  forming  moldings  round 
raised  door-panels  ;  molding,  chamlering,  or  edging 
Hat  ornamental  balustrades,  to  patterns  ;  forming 
the  housings  in  string-boards  for  stairs  ;  sinking  re- 
cesses of  any  design,  etc.  The  machine  is  furnished 
with  top  and  bottom 
vertical  cutter  spin- 
dles, driven  from  aa 
intermediate  shaft  at 
the  back.  The  ujijier 
spindle  is  lowered  into 
the  work  by  depressing 
a  handle  :  directly  the 
handle  is  relea.sed,  the 
cutter  rises  from  the 
work  through  the  agen- 
cy of  a  .strong  spring 
affixed  to  the  'slide. 
For  recessing,  suitable 
stops  are  ]>rovided,  to 
regulate  the  dejith. 
=^--  When  striking  mold- 
ings, a  Hxed  table  is 
employed,  Init  for  re- 
cessing, curvilinear 
work,  etc.,  a  table  on 
friction  rollers  is  sub- 
stituted. The  lower  cutter-spindle  revolves  in  a 
reverse  direction  to  the  upper,  and  is  useful  for  cer- 
tain kinds  of  work.     See  Cauving-m.-vcuine. 

2.  (FoundUui.)  Fig.  3202  is  a  view  of  a  mcdding- 
maohine  for  gear-wheels,  in  which  a  pattern  is  used 
corresponding  to  a  small  portion  of  the  gear  to  be 
molded.     This  pattern  includes  two  teeth  and  the 

Fig.  3202. 


Molding,  Shaping,  and  Recessing  Machine. 

purposes,  among  which  may  be  mentioned  cutting 
curvilinear  mokUng.s^jfiticking  circular  and  straight 


'    Gear-Molding  Machine. 

interdental  space,  when  spur-gears  are  to  he  molded. 
It  is  attached  to  the  lower  end  of  a  vertical  guide- 
bar,  which  slides  in  ways  formed  at  the  end  of 
a  horizontal  support,  which  lias  a  radial  position 
relatively  to  a  central  vertical  siiindle  or  arbor.  By 
this  means  the  pattern  is  carried  around,  and,  be- 
ing made  to  descend,  makes  the  proper  impression 
for  that  portion  of  the  gear-wheel  or  yiulley  which  cor- 
responds to  it.  It  is  used  to  mold  gear-wheels  from 
nine  inches  up  to  six  feet  in  diameter,  —  either  spur, 
bevel,  miter,  nioi'tise,  or  worm  wheels,  plain  or 
shrouded,  —  and  it  is  also  equally  a|)|dicable  to 
molding  fly-wheels  or  pulleys,  either  whole  or  fitted 
in  segments. 

3.   (Plas/)c-ii'orIi.)     A^  machine  for  the  manufac- 
ture of  composition-molding.    The  material  is  driven 
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from  the  cone  -  shaped 
hopper  by  the  spiral 
compressor,  and  is  re- 
ceived on  an  endless 
apron  which  carries  it  to 
the  die-wheel  and  deliv- 
ers it  on  an  inclined  ta- 
ble. The  throat  of  the 
hopper  is  regulated  by 
controlling  devices.  The 
conveyor  is  scraped  to 
remove  adheiing  parti- 
cles, and  the  die-wheel 


Fig  3203. 


Machine  for  making  Composition-Moldings. 


oiled  to  prevent  adherence  of  the  composition.  The 
principle  is  the  same  as  some  of  the  brick,  tile,  and 
pipe  mnchines  (which  .see). 

4.  {Sh'et-metal  IVorkinq.)  A  kind  of  rolling-ma- 
chine for  molding  sheet-metal  to  shape  for  cornices, 
balusters,  and  other  purposes.  It  consists  of  a  pair 
of  rollers  of  counterpart  form,  between  which  the 
slieet  of  metal  Ls  passed  to  give  it  the  recpiired  outline. 


Fig.  3204, 


Mulding-Madiine /or  Sheet-Metal. 


Mold'ing-milL  A  planing-mill  for  shaping  tim- 
ber.    .See  JIoLniNO-MACHiXE,  1. 

Mold'ing-planes.  Joiners'  planes  for  making 
nnldiugs,  and  having  various  patterns,  nr  concave 
and  convex  soles  to  form  parts  of  moldings.  Such 
as  liollows  and  rounds.     Match-planes. 


plow.  Used  for  molding  or  forming  ridges,  striking 
water-courses,  or  hOling-up  potatoes  ;  so  constructed 
as  to  thoroughly  turn  the  soil,  burying  the  suiface  and 
bringing  up  the  bottom.  That  shown  is  made  en- 
tirely of  iron,  having  a  trussed  beam  and  front  wheel, 
and  may  be  used  for  splitting  ridges  ;  the  breast  is 
laterally  expansible,  and  the  penetration  of  the  share 
is  regulated  by  the  draft-chain  at  the  clevis. 

Mold'ing-^a-wr.  One  or  a  number  of  circular 
saws  for  bloi;king  out  strips  for  ornamental  mold- 
ings. 

The  strips  are  fed  repeatedly  to  the  saw  at  differ- 
ent angles,  and  the  general  outline  of  the  de.sired 
molding  api)roximated.  The  work  is  generally  com- 
pleted by  revolving  planes. 

Mole.  1.  (^Uusbandnj.)  A  cylindrical  plug  of 
iron,  tliree  or  four  inches  in  diameter,  and  with  a 
shaip  point,  drawn  or  driven  throng])  the  subsoil  to 
make  a  drain. 

2.  {Maritime  Engineering.)  a.  A  jetty  or  stnic- 
ture  erected  before  a  port  so  as  to  jiartially  inclose 
a  harbor  or  anchorage,  and  protect  it  from  the  vio- 
lence of  the  waves  in  the  offing. 

b.  A  pier  of  masonry  ;  one  is  described  by  He- 
rodotus as  extending  around  the  harbor  of  Sanios. 

3.  A  mausoleum  of  peculiar  form,  as  the  mole  of 
Hadrian,  now  kno\vn  as  the  Castle  of  St.  Angelo, 
Knme. 

Mole-plo'w.  The  mole-plow  has  a  pointed  iron 
shoe,  which  is  attached  to  the  end  of  a  standard  and 
drawn  along  underground,  making  a  track  likerf;hat 


Fig  3206. 


Mole  Plow. 

of  a  mole,  establishing  a  duct  to  lead  water  from  the 
subsoil,  ])ressing  the  earth  aw  ay,  but  not  puiposely 
disturbing  the  .surface. 

It  is  said  to  have  been  invented  by  Adam  Scott 
(British),  and  will  be  easily  understood  by  the  illus- 
tration. The  work  is  all  beneath  the  soil,  in  posi- 
tions where  a  surface  drain  is  inadmis.sible,  the  thin 
colter  to  which  the  mole  is  attached  only  making  a 
mark  which  is  soon  obliterated.  It  was  used  in 
draining  the  marshes  of  Essex,  England,  during  the 
latter  part  of  the  last  century. 

In  a  modification,  the  mole  is  attached  by  a  short 
chain  to  the  bottom  of  the  shai-p  standard,  to  peruiit 
the  mole  to  avoid  obstacles,  and  by  lessening  its 
rigidity  increase  the  ease  of  traction.  Fig.  3207  is 
a  tile-laying  mole-)ilow.  The  cutter-bar  is  pivoted 
to  the  carriage,  and  adjustable  to  vary  the  ])re,senta- 
tion  of  its  foot  by  means  of  an  upper  beam  to  which 
it  is  attached  and  braced.     A  mole  trails  behind  the 


Fig.  3207. 


Molding-Flow. 

Mold'in^-plow.  A  plow  with  two  mold 
boards  to  throw  the  soil  right  and  left.     A  ridging- 


Ttle- Laying  Mole- Plow. 
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cutter-foot,  and  by  means  of  a  cord,  hooks,  and  cross- 
bar tlie  tiles  are  drawn  in  behind  the  mole. 

A  mole-plow  for  laying  tiles  was  made  about  1850, 
and  exhibited  by  Foules,  the  inventor,  at  the  meet- 
ing of  the  Royal  Agricultural  Society  of  England  of 
that  year. 

Attached  to  the  mole  was  a  rope,  upon  which  the 


sections  of  tile  were  strung,  and  the  mole  as  it  pro- 
gressed drew  in  300  feet  of  tiling  after  it.  A  hole 
was  dug  at  each  commencement  of  operations.  See 
DUAIN-TILE. 

It  is  sometimes  drawn  by  four  or  si.x  horees,  and, 
perhaps,  more  often  by  a  rojie  from  a  capstan,  as  in 
Fig.  3208,  iu  which  the  capstan  is  shown  anchored 


Fig.  3208. 


Ditching  and  Mole  Plow. 


in  pcsition,  and  the  standard  of  the  mole-plow  has 
a  clevis  for  the  attachment  of  the  mole. 

The  molc-p'oic  is  describeil  in  White's  English 
patent  for  a  draining  implement,  1797.  It  is  thus 
described  in  a  report,  November,  1797  :  — 

"  The  principle  of  this  invention  consists  in  the 
patentee's  mode  of  forming  a  sort  of  subterraneous 
channels,  cavities,  soughs,  or  drains,  from  every 
part  of  the  ground  to  be  drained,  which  channels 
run  into  a  principal  drain  or  ditch,  cut  by  hand 
in  the  usual  way.  These  subterraneous  channels  he 
forms  by  a  partii;ular  species  of  share,  foot,  or  wedge, 
atlixe.l  to  a  sort  of  jilow,  which  is  drawn  by  horses 
in  the  usual  way. 

"In  the  beam  of  the  plow  is  fixed  a  vertical  plate  of 
iron,  about  24  inches  long,  and  italled,  from  its  sharp 
ste.d  edge,  the  ciitt-r.  To  tlie  bottom  of  this  cutter 
is  fixed  a  solid  wedge,  foot,  or  share  of  cast-steel  or 
wro.iglit-iron,  12  inches  in  length,  2^  to  3  inches 
tliiol;,  and  2J  to  3  inches  deep  at  the  base,  and  ter- 
minating (forward)  in  a  sharp  point.  This  wcdrfe, 
before  the  plow  is  put  in  motion  by  the  horses,  is 
introduced  into  the  ground  as  deep  as  may  appear 
to  be  necessary  ;  and,  by  its  passage  under  the  sur- 
fai:  ■,  it  forms  the  subterraneous  channels  which  carry 
off  the  moisture  to  the  main  or  principal  drain. 

"To  lessen  the  resistance  against  tlie  sharp  edges 
of  the  cutter  and  wedge,  in  their  passage  through 
sti.f  soils,  a  circular  or  rolling  cutter  may  be 
fixed  immediately  before  the  perpendicular  cutter, 
or  a  shorter  vertical  cutter,  at  the  pleasure  of  the 
maker." 

Mole'skin.  (Fabric.)  A 
strong  cotton  twilled  goods 
for  men's  wear.  A  kind  of 
fustian,  cropped  or  shorn 
before  dyeing.  Bcavcrtccn. 
Mole'trap.  One  placed 
in  a  mole-liurrow  to  catch 
the  mole.  There  are  several 
kinds.  In  one,  the  mole,  in 
attempting  to  effect  a  pas- 
sagi"  underneath  the  cross- 
bar on  the  lower  end  of  the 
trigger  -  start',  actuates  the 
trigger,  and  releases  the  tube 
carrying  the  prongs,  ami  is 
consequently  impaled  by  the 
latter. 

Fig.  3210  shows  a  flower- 
pot  placed  with  its  mouth 
on  the  level  of  the  track  of 
the  mole.     Over  the  top  of 
Mole-Trap.  this  receptacle  a  piece    of 


Fig.  3209. 


Mole-  Trap. 


board  is  placed,  leaving  a  space  of  about  three  inches 
between  it  and  the  edge  of  the  pot,  so  that  dirt  from 
above  will  not 

fall    into    the  Fig.  3210. 

latter.  The 
openings  of 
the  run  lead 
intothisspaee. 
The  earth  is 
replaced  and 
the  surface  of 
the  ground  re- 
stoied.  The 
mole,  in  fol- 
lowing his 
usual  road,  blindly  comes  to  the  orifice  leading  to  the 
pot,  into  which  he  tumbles. 

Mol'le-bart.  (AiiricuUnre.)  A  Flemish  imple- 
ment consisting  of  a  large  shovel  drawn  by  a  horse  and 
guided  by  a  man.      A  jiwld-bourd  or  enrtli-serapcr. 

Mol-yb-de'num.  A  metal :  Equivalent,  46 ; 
symbol,  Mu.\  specific  gravity,  8.62;  it  gives  a  green- 
ish flame  under  the  blow-pipe ;  a  salt  of  this  metal 
is  used  as  a  test  for  soda.  It  is  not  much  used  in 
the  arts. 

Its  sulphide  is  a  soft  black  mineral  frequently  mis- 
taken for  graphite.  In  1778  the  Swedish  chemist 
Scheele  decided  that  it  was  really  a  difl'erent  min- 
eral;  and  in  1782,  Hjelm  prepared  from  it  a  new 
metal,  to  which  was  given  the  name  molybdenum, 
the  sulphide  having  leceived  the  name  of  njolyb- 
denite.  It  may  be  distinguished  from  graphite 
as  follows  :  On  unglazed  porcelain  the  former 
gives  a  greenish  streak  and  graphite  a  black  ;  mo- 
lybdenite is  decomposed  by  nitric  acid,  leaving  a 
wdiite  or  grayish  residue  ;  graphite  is  unacted  ujion 
by  acids  ;  on  charcoal  before  the  blow-pipe  the 
former  gives  a  strong 
sulphurous  odor  and  F'g-  3211 

coats  the  coal  with  ^^^w^/., 
crystals  of  molybdic  '*-'  ■'''-'' 
acid  ;  graphite  is  in- 
fusible, but  at  a  high 
temperature  with  ac- 
cess of  oxygen  burns 
without  flame  or 
smoke.  Molybdenum 
isnot  usually  met  with 
in  large  quantities, 
but  has  been  found 
in  crystals  and  plates 
at  various  places  in 
the  United  States. 
See  GRArHITE.  TiU^ Drawer  Alarm. 
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Mon'ey-draM««'er  A-larm'.  A  device  which 
strikes  a  liell  when  the  till-drawer  is  opened.  A 
cleat  on  tile  lower  rear  portion  of  the  drawer  engages 
a  latch,  and  rings  the  hell,  when  the  drawer  is 
opened  or  closed.  A  treadle  withdraws  the  latch  to 
avoid  the  noise.  A  spring  wire  locks  the  drawer, 
and  is  unlocked  by  the  motion  of  the  knob. 

Mon'ger.    A  small  lishing-vessel. 

Mon'i-tor  The  popular  name  for  a  class  of 
Americiin  iron-clad  vessels,  having  one  or  more  tur- 
rets, and  a  peculiar  formation  of  hull.  So  called 
from  the  first  vessel  of  this  construction,  built  for 
the  Uuited  States  by  Captain  John  Ericsson,  and 
launched  early  in  1862. 

The  original  "Monitor"  was  based  on  a  system  pro- 
posed by  Captain  Ericsson  to  the  Emperor  Louis 
Xapoleon  in  ISoi.  In  1855  Captain  Coles  of  the 
Royal  Navy  proposed  a  system  of  revolving  turrets 
to  the  British  government,  which  was  adopted  after 
the  "  Jlonitor"  had  demonstrated  the  value  of  the 
invention.  Captain  Coles  was  lost  in  the  iron-clad 
frigate  "  Captain,"  a  vessel  of  his  own  construction, 
in  a  gale  off  Cape  Finisterre  in  1870.  See  Plate 
IV.  for  a  view  of  the  Captain. 

Prior  to  the  inventions  of  Ericsson  and  Coles  was 
a  (iroposition  of  Mr.  T.  R.  Timby,  of  Massachusetts, 
who  sent  drawings  of  his  proposed  turret  ships  and 
batteries  to  the  tfuited  States  Patent  Office  in  1843. 
His  right  to  the  invention  was  afterward  recognized 
by  the  United  States,  and  a  royalty  paid  to  him. 
The  evidence  tends  to  show  that  neither  one  of  these 
engineers  was  aware  of  the  invention  of  the  others 
prior  to  the  completion  of  his  own. 

The  contract  for  building  the  "Monitor"  was 
awarded  September  16,  1861.  Captain  Ericsson 
says:  "In  order'not  to  lose  time,  the  Secretary 
ordered  me  to  '  go  ahead  at  once. '  Consequently, 
while  the  clerks  of  the  dei>artment  were  engaged  in 
drawing  up  the  contract,  the  iron  for  the  keel-plate 
of  the  '  Monitor '  was  drawn  through  the  rolling- 
mill." 

The  contract  for  Captain  Ericsson's  battery  speci- 
fied that  she  was  to  be  172  feet  long,  41  feet  beam. 
Hi  feet  hold,  1,255  tons  displacement.  She  was  to 
be  completed  in  100  days. 

The  construction  of  the  "Monitor"  was  different 
from  that  of  any  vessel  preceding  her.  Besides  the 
revolving  turret  and  low  deck,  the  upper  part  of  the 
hull  had  a  square  projection  over  the  lower  part, 
some  6  feet  wide  on  the  sides  and  25  feet  astern. 
This  "overhang"  served  to  make  her  much  steadier 
in  a  sea,  but  was  supposed  to  be  the  cause  of  her 
final  loss.  The  deck  was  18  inches  above  the  water- 
line,  and  composed  of  one-inch  plates  of  rolled  iron. 
The  turret  was  20  feet  in  diameter  and  9  feet  high, 
built  of  thicknesses  of  one-inch  rolled  plates,  and 
covered  with  a  grating  of  railroad  bars  supposed  to 
render  it  bomb-proof,  with  a  roofing  above  to  keep 
out  water.  The  turret  was  pierced  for  two  guns, 
and  carried  two  11-inch  Dalilgrens.  The  guns  and 
tun'et  rested  on  a  post  or  pivot  amidships,  which 
supported  the  whole  weight,  and  was  turned  by  the 
engines.  The  boilers  ami  engines  were  alt,  leaving 
the  forward  part  of  the  hold  for  quarters  for  the 
crew  and  storage  of  ammunition.  The  pilot-house 
was  forward,  and  had  lookout-holes  for  the  steersman 
or  commander.  (See  also  Plate  IV.,  opposite  page 
150.)  She  was  described  by  the  Southern  journals 
as  "a  black  Yankee  cheese-box  on  a  raft." 

The  engagement  of  the  "Monitor"  and  "Merri- 
mac"  in  Hampton  Roads,  March  9,  1862,  was  an 
event  of  history,  and  need  only  be  mentioned  here 
as  baring  decided  the  fate  of  wooden  vessels  for 
naval  contests. 


At  that  time  the  "  Monitor  "  undoubtsdly  proved 
herself  the  most  formidable  craft  afloat. 

Subsequent  engagements  with  shore  batteries 
pointed  out  a  few  defects  in  construction,  the  worst 
one  being  the  location  of  the  pilot-house  forward  of 
the  turret,  interfering  with  the  pointing  of  the  guns 
in  that  direction.  In  subsequent  monitors  the  pilot- 
house was  mounted  on  the  turret.  Some  other 
minor  changes  were  also  made.  The  original  "  Moni- 
tor "  maintained  her  supremacy  until  her  loss  in  a 
heavy  storm  off  Hatteras,  December  31,  1862.  She 
is  supposed  to  have  been  strained  in  falling  with  the 
seas,  and  parted  between  the  lower  hull  and  the 
overhang,  carrjing  down  four  officers  and  twelve  men 
with  her.  A  part  of  the  crew  were  saved  by  the 
steamer  "Rhode  Island." 

After  the  success  of  the  "Monitor,"  a  large  num- 
ber of  iron-clad  vessels  of  similar  or  analogous  con- 
struction were  built  for  the  United  States  govern- 
ment. The  "Weehawken,"  one  of  the  earliest,  was 
plated  with  6-inch  armor  on  deck,  11  inches  turret, 
and  canied  one  11  and  one  15  inch  gun. 

In  an  engagement  between  the  "Weehawken" 
and  the  Confederate  iron-clad  steamer  "Atlanta," 
June  13,  1863,  the  latter  was  disabled  at  the  fourth 
shot  from  her  antagonist,  and  surrendered,  having 
lost  16  men  wounded  and  40  knocked  down  by  a 
15-inch  shot  which  broke  through  her  4-inch  iron 
and  18-inch  timber  armor,  although  striking  at  an 
angle  of  50°. 

In  the  various  engagements  with  the  foi'tifications 
at  Charleston,  the  "Weehawken"  was  struck  187 
times  by  shot  and  shell  without  serious  damage  to 
vessel  or  crew. 

Admiral  Dahlgren  reported  that  the  nine  iron- 
clads of  the  monitor  pattern,  during  the  ojierations 
against  Morris  Island,  fired  8,000  jirojectiles,  weigh- 
ing 365  tons,  and  were  struck  882  times,  mostly  by 
lOb-pound  shot,  without  receiving  any  very  severe 
injuries.  In  giving  his  opinion  as  to  the  compara- 
tive value  of  iron-clad  vessels,  Admiral  Dahlgren 
says  :  — 

"  The  armament  of  the  monitors  could  be  perfected 
to  give  all  desirable  rajiidity  of  fire,  but  by  no  con- 
trivance could  a  broadside  vessel  be  enabled  to  use 

much  heavier  guns  than  those  now  mounted 

There  remains  to  the  monitors  the  advantages  of 
lighter  draft,  choice  of  guns  from  the  heaviest  to  the 
lightest,  defensibility,  and  direction  of  fire  around 
the  whole  circle  ;  consequently  the  ability  to  carry 
a  heavy  battery  into  the  least  depth  of  water,  with 
equal  power  of  offense  and  defense  in  any  direction, 
and  that  with  half  the  number  of  guns  carried  in 
broadside  by  another  vessel." 

Admiral  Porter,  after  a  lengthened  e.xpeiience  with 
all  sorts  of  iron  and  wooden  vessels  in  action  under 
almost  all  possible  circumstances,  gave  his  opinion 
that  the  monitors  built  on  the  Western  rivers  were 
the  most  powerful  vessels  of  war  ever  launched.  He 
says  :  "  The  first  monitor  was  a  perfect  success,  and 
capable  of  defeating  anything  that  then  floated." 
The  one  first  completed  at  Cincinnati,  in  1864,  he 
thought,  "  could  commence  at  Cairo  and,  going  down 
the  river,  destroy  everything  we  have  on  these  wa- 
ters, unless  they  ran  away  "  ;  and  this  without  dis- 
paragement to  the  powerful  fleet  of  vessels  then  on 
the  Jlississippi,  several  of  which  had  received  over 
a  hundred  shots  each,  while  under  the  Admiral's 
command,  without  apparent  damage.  Of  the  moni- 
tors at  Charleston,  he  says  :  "  They  have  done  what 
no  other  vessels  ever  built  could  possibly  have  ac- 
complished." 

Some  50  monitors  were  built  for  the  United  States 
government,  between  the  years  1861  and  1867.     Of 
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these,  some  have  one,  some  two,  and  .some  three  tiir- 
ret-i,  each  turret  to  contain  two  guns.  The  general 
princi]iles  were  substantially  the  same  in  all,  and  the 
Ericsson  plan  of  iron-clad  vessels  may  be  said  to  cover 
nearly  everything  in  the  way  of  armored  sliijis  now 
in  the  United  States  navy.  The  guns  mounted 
on  the  monitors  are  generally  15-inch  Dahlgrens, 
carrying  a  projectile  of  450  |)ounds.  A  few  '20-inch 
guns,  to  throw  a  shot  of  1,100  pounds,  have  been 
made,  but  these  are  now  at  the  Navy  Yard  in  Brook- 
lyn, and  none  have  yet  been  tried  on  shipboard. 

The  British  Admiralty  ailopted  a  moditied  form  of 
monitor  or  turret  vessel,  constructed  according  to 
the  plan  of  Captain  Coles,  who  bnilt  some  very  for- 
midable vessels  ;  but,  in  his  efforts  to  increase  the 
oft'ensive  efficiency,  overloaded  the  vessels  with  u|)per 
works.  This  was  most  ap|>arent  in  the  "Cajitain," 
which  is  shown  in  Plate  IV.  (opposite  page  150),  in 
a  group  of  iron-clnds,  American  and  British.  This 
vessel  caiisized  olf  V:i\k  Fbustcrrc,  July,  1870,  and 
was  indeed  the  "  end  of  earth"  to  the  crew  of  500 
officers  and  men,  and  also  to  Captain  Coles,  who 
went  down  with  lier.  The  "  Cai)tain  "  was  a  double- 
tiirreted  vessel,  each  turret  carrying  two  25-ton 
guns  ;  armor  of  from  6  to  10  inches  thickness,  ami 
liad  other  upper  works,  fore  and  aft,  also  pierced  for 
guns. 

The  same  plate  also  shows  the  very  formidahle 
ve.ssel,  the  singlcturreted  "Glatton,"  which  was 
selected  to  be  a  target  for  600-pound  elongated  pro- 
jectiles of  the  "Palliser"  order.  She  bore  it  very 
satisfactorily.  In  the  same  group  is  also  the  "  Thun- 
dei'er,"  a  douhle-tnrreted  vessel  of  a  favorite  class. 
It  may  be  descrilied  as  a  monitor  based  upon  the 
American  models,  but  with  variations  introduced 
with  a  view  of  removing  the  more  objectionable 
features  of  the  monitor  system.  Thus,  instead  of 
having  as  low  a  freeboard  as  possible,  a  hight  of 
four  feet  six  inches  has  been  allotted  to  the  hull 
above  the  water-line  ;  the  turrets,  instead  of  being 
e.xposed,  are  protected  by  a  powerful  breastwork  ; 
ami,  instead  of  being  constructed  upon  as  small  a 
scale  as  possible,  she  has  been  built  on  a  scale  suffi- 
cient to  enable  her  to  carry  an  armament  of  four  35- 
ton  guns,  with  the  capacity  of  storing  iluring  a 
voyage  a  supply  of  1,750  tons  of  coal.  With  such 
capabilities  as  these,  she  has  a  burden  of  4,500  tons, 
a  length  of  285  feet,  and  an  extreme  breadth  of  62^ 
feet ;  and,  large  as  these  proportions  are,  one  of  the 
few  defects  the  British  Committee  of  Ships'  Designs 
find  in  her  is  that  she  is  not  large  enough,  and  that 
in  future  such  vessels  should  be  built  upon  a  larger 
.scale  than  either  the  "Thunderer  "  or  the  "  Devasta- 
tion."    See  1kon-ci,a». 

Mon'i-tor-car.  (Railwny.)  One  having  a  ren- 
tral  longitiulinal  raised  portion  in  the  roof,  on  the 
sides  of  whiih  portion  are  openings  for  ventilation 
and  panes  for  light. 

Monk.  (Printinci.)  A  blacker  portion  in  a 
printed  sheet ;  a  dark  patch.  A  blackened,  wasted 
impression. 

Mon'key.  1.  The  weight  {a,  Fig.  3212)  of  a 
pile  or  post  driver,  which  is  raised  by  a  grap]ile  anil 
chain,  and,  being  detached,  is  allowed  to  fall  in  its 
guides  on  to  the  head  of  the  pile.  The  weight  is  at- 
tached to  the  chain  by  a  dog  c,  which  is  caused  to 
relax  its  gri]i  by  a  trigger,  or  by  coming  in  contact 
with  a  stop  placed  at  the  lequired  hight. 

At  the  back  of  the  monkey,  or  ram,  are  two 
frames  b  b  in  the  form  of  an  H,  which  serve  to  guide 
the  weight  when  ri.sing  or  falling.    See  PiLK-nui  VER. 

2.  {Forging.)  A  vertical  hannner,  consisting  of  a 
long  bar  of  iron,  running  loo.sely  through  an  eye, 
several  feet  above  the  anvil,  and  terminating  at  foot 


in  a  mass  of  iron,  called  the  ram.  The  shaft  is 
raised  by  a  chain  and  drum  driven  by  the  engine, 
and  has  an  automatic  releasing  apparatus,  which 
is  regulated  to  drop  the  monkey  at   the  required 

Fig.  3212. 


liight,  say  with  a  range  of  from  2  to  5  feet.  The 
monkey  has  a  horizontal  range  of,  say  20  inches,  and 
is  made  to  drop  upon  the  spot  required  by  means  of 
guy-rods  in  the  hamls  of  two  workmen. 

Mon'key-block.  (Amifica/.)  A  single  bloi'k 
(c,  Fig.  3212)  strapped  to  a  bridge-jiiece  which  is 
boUed  to  the  deck  or  other  object. 

Mon'key-boat.    A  small  boat  used  in  the  docks. 

Mon'key-en'gine.  A  form  of  pile-driver  hav- 
ing  a  monkei/  or  ram  weighing  about  400  pounds, 
moving  in  a  wooden  frame.  The  monkey  is  held  by 
a  staple  in  a  pair  of  tongs,  and  is  drawn  up  10  or  15 
feet,  or  higher  if  necessary,  by  means  of  a  wimdi. 
At  the  top  of  the  lift  the  handles  of  the  tongs  come 
in  contact  with  two  inclined  planes,  which  cause 
the  tongs  to  open  and  drop  the  monkey.  The  tongs, 
being  then  lowered,  become  self-engaged  with  the 
stayile,  and  so  the  work  proceeds.     See  Pile-duiver. 

Mon'key-ham'mer.  A  drop-press  in  which 
the    hammer    is    a 

falling     weight;  rig.3213. 

called  by  the  same 
name  as  the  hammer 
of  a  pile-driving  ma- 
chine. In  it  various 
articles  of  jewelry, 
etc.,  are  stamped 
out,  the  strip  of 
gold  being  laid  upon 
the  lower  die  an<I 
impressed  between 
it  and  the  upper  die, 
which  de.scends  in 
guides  when  the 
woikman  slacks  the 
rope  by  raising  the 
stirrup. 

Mon'key-press. 
A  hammer  in  which 
the  drivercon.sists  of 
a  ))(n»t«/whicbisal- 
ternately  rai.sed  and 
drop]ied,  .sliding  in 
guides.  One  form 
of  pnirrr-he'm'iiier. 

Mon'key-pump. 
The  sailor's  niinie 
for  the  sucking 
straw  iutroiluced  at 
a  gimlet-hole  in  a 
Xenophon,  who  describes  this  mode  of  pilfering  from 
the  wine-jars  of  Armenia. 


Monkey- Press. 
wme-cnsk.     This   is  as  old  as 
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Mon'key-rail.  {Xautical.)  A  supplementary 
rail,  above  ami  lighter  than  the  quarter-rail. 

Mon'key-tail.  A  small  iron  crow-bar  used  by 
naval  gunnel's. 

Mon'key-'wrench.  A  spanner  with  a  movable 
jaw.     The  cut  shows  several  kinds. 

Fig.  3214. 


Monkey-  WrenehfS. 


a  lias  a  spring-dog  on  the  back,  catching  into  a 
ratchet. 

b  has  one  jaw  for  hexagonal  and  another  for  square 
nuts. 

€  shows  a  strong  form  with  a  spline. 

d  ha.s  a  serrated  jaw  to  giasp  a  pipe. 

e  has  a  screw  concealed  in  the  stock. 

/has  a  capacity  for  gripping  a  hexagonal  nut  by 
the  points  of  its  jaws. 

g  is  an  ordinary  machinist's  wrench  of  good 
quality. 

Monk-seam.  (Xaiitical.)  A  double  seam  of 
a  sail  made  by  overlapping  selvages  and  sewing  both 
edges. 

Mon'o-chord.  (M^usic.)  1.  An  ancient  instru- 
ment with  one  string  which  was  played  as  a  guitar. 
It  grew  into  a  7nanicli'ird,  in  which  numerous  strings 
were  played  by  quills.  See  M.iniciiurip  :  PuNO- 
FORTE. 

2.  An  instrument  for  experimenting  ujion  the 
mathematical  relations  of  musical  sounds.  It  con- 
sists of  a  single  string,  stretched  between  two 
bridges,  one  or  both  of  which  are  movable,  and 
which  stand  upon  a  graduated  rule,  for  the  purpose 
of  readily  changing  and  measuring  the  length  of  the 
part  of  the  string  involved  in  the  vibration.  (Web- 
ster.)    Sometimes  called  the  harnwiikal  canon. 

Mon'o-chro-mat'ic  Lamp.  A  lamp  fed  with 
a  mixture  of  a  .solution  of  coinraon  Sidt  and  alcohol. 
It  gives  a  yellow  light  and  a  ghastly  appearance  to 
the  human  face,  objects  appealing  yellow  or  black. 
Useful  in  photograjihic  studios. 

Mo-noc'u-Iar    Mi'cro-scope.      A  microscope 


adapted  for  one  eye,  in  contradistinction  to  a  binoc- 
iilnr  instrument. 

Mo-noc'u-lus.  (Surgical.)  A  bandage  to  retain 
a  topical  apjdication  over  the  eye. 

Mon'o-gram.  A  cipher  composed  of  two  or  more 
letters  interwoven  as  an  abbreviation  of  a  name. 
Monograms  were  common  as  distinctive  marks  on 
ancient  coins,  and  were  also  used  as  devices  on  seals. 

Mon'o-lith.  A  single  column  or  block.  The 
term  is  apjilied  to  such  erections  as  the  obeli.sks  of 
Egypt,  some  of  which  are  now  in  Rome  and  Paris. 
(See  Obelisk.)  The  term  wonoliihic  is  also  applied 
to  structures  in  which  the  blocks  are  immense,  ill 
some  cases  reaching  from  the  foundation  to  the  en- 
tablature, as  in  the  United  States  Treasury,  Wash- 
ington. This  building  is  said  to  have  larger  .stones 
than  any  used  in  the  pyramids  of  Egypt,  and  to  be 
of  a  more  massive  construction  in  respect  of  the  size 
of  its  stones  than  any  other  building  in  the  world, 
except  the  church  of  .St.  Isaac  at  Petersburg,  Russia. 

The  largest  existing  monolithic  temple  in  Egypt  is 
that  of  Tel-el-mai,  on  the  Delta.  It  is  21  feet  0 
inches  high,  13  feet  broad,  and  11  feet  7  inches  deep. 
This  size  is  much  exceeded  by  the  ilimeusions  given 
by  Herodotus  of  the  temples  of  Amasis  and  Latoiia, . 
which  were  also,  we  are  informed,  on  the  Delta.  The 
former  one,  he  states,  required  three  years  to  trans- 
port, with  the  aid  of  2,000  laborers,  from  Elephan- 
tine to  Sais,  a  distance  ordinarily  of  twenty  days' 
Nilotic  navigation.  The  temple  of  Latona  was  still 
larger.  "  The  most  wonderful  thing,"  says  Herod- 
otus, "that  was  actually  to  he  seen  about  this  tem- 
ple Has  a  chapel  in  the  inclosuie  made  of  a  single 
stone,  the  length  and  bight  of  which  was  the  same, 
each  wall  being  forty  cubits  square  [sixty  feet],  and 
tho  whole  a  .single  block.  Another  block  of  stone 
fonned  the  roof,  and  projected  at  the  eaves  to  the 
extent  of  four  cubits."  According  to  these  measure- 
ments, supposing  the  walls  to  have  been  only  fix 
feet  thick,  and  the  material  granite,  as  in  all  other 
monolith.s,  this  monument  would  weigh  7,000  ton.s, 
being  76,032  cubic  feet,  without  the  cornice,  which 
was  placed  on  the  roof  This  capstone  would  weigh 
2,400  tons,  if  six  feet  be  taken  lor  its  thickness. 
If  any  doubt  exists  respecting  the  ability  of  the  an- 
cients to  transport  and  uplift  such  enormous  masses 
of  .stone  as  these,  it  is  set  at  rest  by  M.  Jomard,  the 
celebrated  Egyptologist,  wlio  gives  a  sketch,  in  his 
work  on  Egypt,  published  by  the  French  govern- 
ment, of  a  huge  block  of  granite  situated  almost  a 
quarter  of  a  mile  from  the  modern  town  of  Syene, 
where  it  was  abandoned  for  some  unknown  reason 
while  on  its  way  from  the  ([uany.  It  bears  numer- 
ous traces  of  instruments 


in  the  work  on  its  surface, 
as  well  as  eWdences  of 
its  having  been  intended 
ft>r  a  colossal  statue.  M. 
Jomard's  dimensions  are, 
—  the  largest,  22i^„  me- 
ters, and  for  the  body 
and  back  64  meters,  or 
about  72,  21,  and  21 
English  feet,  which,  at 
13  cubic  feet  per  ton, 
yields  nearly  2,500  tons. 
See  also  M.\sonry,  where 
the  stones  of  Baalbek  are 
noticed. 

I  Monte-jus.  (Sugar.) 
j  A  force-pump  bj'  which 
I  the  juice  from  the  cane- 
mill  is  raised  to  the  clari- 
I  tiers  ou  the  story  above. 


Fig.  3215. 


N^ 


It  consists  of  a  vessel  with 
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a  sunken  well  in  the  center  of  tlie  bottom,  and  hav- 
ing three  pi[jcs  :  one  by  which  the  juice  is  received  ; 
another  whose  open  lower  end  is  near  the  bottom  of 
the  vessel,  and  by  which  the  juice  is  discharged  ; 
a  third  by  which  steam  is  ailmitted.  Each  has  a 
valve.  The  cistern  being  charged  and  the  induction 
valve  closed,  steam  is  admitted,  which  presses  on 
the  surface  of  the  licjuid  and  drives  it  out  by  way 
iif  the  ascending  pijie.  The  valve  in  the  steam  and 
eduction  pipes  being  closed,  the  steam  condenses, 
the  induction  pipe  is  opf;ned,  and  the  cylinder  refills. 
Repeat  the  operation. 

Mon'ton.  A  heap  of  ore  ;  a  batch  under  process 
of  amalgamation,  varying  in  ([uantity  in  different 
mining  districts. 

Moon-knife.  A  knife  employed  by  skinners. 
The  blade  has  a  crescent  shape,  and  is  sharpened  on 
its  convex  edge. 

Moon-rak'er ;  Moon-sail.  {Nautical. )  A  sail 
sometimes  carried  aliove  the  sky-scraper. 

Moon'stone.  A  vaiiety  of  adularia  of  a  white 
color  and-  opalescent  refiecrtions. 

Moor'ing.  (^Nautical.)  a.  A  sailor's  bend  for  a 
cable  or  hawser  to  a  bol- 


Fig  3216. 


lard,  post,  or  ring,  for  a 
ship  or  a  flying  bridge, 
rt,  square  mo(n~ing. 

b,  crossed  fastening, 
the  rope  being  crossed  at 
the  back. 

c,  simple  fastening. 

d,  loopfastening. 


Mooring-Bends. 

e,  Lark's-head  fastening  to  running  knot.  See 
Bend  ;  Ch.mn-fastkning  ;  Waterman's-bend. 

6.  A  submarine  holdfast  in  the  ground.  See  AN- 
CHOR ;  SCUKW-PILH  ;   Mushkoom-anchor. 

Moor'ing-swiv'el.  (Nautical.)  A  chain  over 
the  bow,  having  the  strength  of  the  two  cables  to 
which  it  is  swiveled.  It  enables  a  ship  to  ride  from 
two  anchors  and  swing  without  fouling. 

Moot.  (Shipbuilding.)  a.  A  gage-ring  for  deter- 
mining the  size  of  tree-nails. 

b.  A  piece  of  hard  wood,  hooped  with  iron  at  both 

ends,  used  in 
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block -making. 

Mop.  A 
scrubbing-rag 
or  bundle  of 
junk  secured 
by  a  handle. 

In  the  ex- 
ample of  a  do- 
mestic mop, 
the  rag  is 
hehl  lietween 
jaws,  one  of 
which  is  mov- 
able, by  means 
of  a  screw.  A 
wringing  de- 
vice is  at- 
tached, con- 
sisting of  a 
bent  wire, 
whicliis  passed 


through  the  mop  and  secured  to  the  handle  ;  to  use 
the  wringer,  detach  the  wire  and  turn  it  in  the  hand, 
twisting  the  mop-rag. 

Mop-board.  (Carpentry.)  A  wall-board  next 
to  the  floor  of  a  room.      A  skirting-board. 

Mop-head.     A  clamp  for  a  mop-rag  on  the  end 


Fig.  3218. 


Fig  321f, 


.ile.  In  Fig.  3218,  the 
ured  by  a  movable  jaw 
by  a  swivel. 
In  Fig.  3219,  the  thread  on  the 
handle  has  its  socket  in  the  thumb-nut,  and  the  re- 
verse thread  on  the  latter  has  its  socket  in  the  collar 
of  the  yoke. 

In  Fig.  3220,  Fig  3220. 

the  mop-cloth 
is  clamped  be- 
tween toothed 
jaws,  whose  ( 
shanks  are 
hinged  and  fas- 
tened by  a 
ring. 

Mop-nail. 

A  flat-headed  nail,  used  in  securing  a  bunch  of  junk 
or  rope-ends  to  a  handle  in  making  a  mop  such  as 
sailors  use. 

Mop-stick.  (Music.)  A  vertical  damjier-rod  at 
the  enil  of  the  key  in  the  old  piano-forte  movement, 
single  action.  When  the  key  was  depressed,  the 
mop-stick  was  raised  and  the  damper  therewith. 
As  the  key  rose,  the  damper  fell  back  on  to  the 
string. 

Mop-wring'er.    (Domestic.)    A  device  to  wring 


Fig.  3221. 


Fig.  3222. 
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Fig.  3223.  or  squeeze  the  water  from 

a  mop.  Ill  Fig.  3221,  the 
sliding  frame  with  the 
twisting  ileviee  is  drawn 
up  near  tlie  handle  when 
the  mop  i.s  to  be  nrang. 

The  example  (Fig.  3222 > 
has  a  pair  of  ^vringing  roll- 
ers. 

In  Fig.  3223,  the  roller 
"  jaws  are  attached  to  a  pail, 
are  approached  by  a  clasp- 
ing spring,  and  opened  by 
Mip-Wrir^er.  pressure  on  a  treadle. 

In  Fig.  3224,  the  perfo- 
rated boaids  are  hinged  together,  the  lower  one  is 
li.K..'d,  and  the  upper  one  has  a  lever  and  side-strips. 

Fig.  3224. 


Ji[op-  Wringer. 

The  mop  is  pressed  between  them  aud  drains  into  a 

bucket.  j 

Mo-quette'.    A  fine  tapestry  or  Brussels  carpet. 

X  .species  of  Wilton  carpet.  | 

Mor'dant.  A  substance  ajiplied  to  a  fabric  to 
give  a  fixity  to  the  dye. 

1.  (Dyeing. )  Jlordant.s  were  known  to  the  natives 
of  India,  and  perhaps  of  Egypt,  in  the  time  of  Pliny, 
who  was  sutfocated  by  sulphurous  fumes  or  carbonic  | 
acid  in  the  year  79.  "Their  fabrics  are  first  imbued,  • 
not  with  dyes,  but  with  dye-absorbing  drugs,  by 
which,  though  they  seem  to  be  unaltered,  yet  when 
immersed  in  a  caldron  of  the  boiling  dye-liqnor  they 
are  found  to  be  painted.  Yet,  as  there  is  only  one 
color  in  the  caldron,  it  is  marvelous  to  see  many  colors 
imparted  to  the  robe,  in  consenuence  of  the  influence 
of  the  pigment.    Nor  can  the  colors  be  wa.shed  out." 

He  farther  remarks  to  the  elfect  that  a  number  of 
colors  in  the  caldron  would  only  give  a  neutral, 
blended,  or  confused  etfect ;  but,  owing  to  the  previ- 
ous treatment,  which  made  no  visible  stain,  capacity 
was  conferred  upon  the  cloth  for  so  appropriating 
the  color,  that  difl"erent  parts  obtained  different  tinc- 
tures, according  to  a  specific  faculty  for  adoption 
and  conversion  due  to  the  previous  preparation  in 
each  case. 

2.  {Gilding.)  A  sticky  substance  to  cause  gold- 
leaf  to  adhere  to  an  object. 

Mo-reen'.  {Fabric.)  A  watered  woolen  or  wool- 
and-cotton  goods,  for  hangings,  curtains,  upholstery, 
and  heavy  skirts. 

Mom'ing-star.  A  weapon  used  in  ancient  times 
and  as  late  as  by  the  train-bands  of  London,  in  the 
time  of  Henry  VIII.  It  consists  of  a  ball  with 
spikes,  united  by  a  chain  to  a  staff. 

Mo-roc'co.  A  fancy  leather  tanned  with  sumach 
and  dyed.  Used  for  bookbinding,  ladies'  shoes,  up- 
holstering furniture,  cushions,  etc. 


The  Saracens,  on  their  expulsion  from  Spain,  car- 
ried with  them  into  Africa  their  art  of  preparing 
leather,  and  it  is  now  named  from  the  place  to  which 
the  manufacture  was  then  removed,  —  Morocco. 

True  morocco  leather  is  prepared  from  goat-skins, 
but  sheep-skins  are  extensively  used  in  the  prepara- 
tion of  an  inferior  ipiality.  The  coast  of  Barbary 
yet  yields  a  large  supply  of  goat-skins  for  the  mo- 
iocco-leather  manufacturers  of  France  and  Eng- 
land. 

For  some  centuries  the  principal  supply  was  from 
the  Levant,  which  still  yields  a  large  ([uantity  of 
goat-skins  aud  morocco  leather. 

The  operations  in  the  manufacture  of  morocco  are 
substantially  similar  to  those  through  which  hides 
for  upper  leather  are  passed. 

The  uiiliairing  process  is  followed  by  treatment  in 
a  tumbling  cylinder  in  which  the  hides  are  agitated 
and  beaten  to  remove  .some  of  the  lime,  and  this  is 
followed  by  bating,  which  neutralizes  the  remainder 
of  the  lime"  and  renders  the  leather  pliable. 

The  coloring,  if  red,  precedes  the  tanning  ;  dyeing 
with  other  colors  follows  tanning. 

In  dyeing  red,  two  skins  are  sewed  together  by 
the  edges,  the  fle.sh  sides  facing  each  other.  Tlie 
bag  thus  made  is  inflated  with  air,  and  the  distended 
bag  is  dipped  into  the  mordant  and  then  into  the 
dye. 

The  mordants  and  dyes  are  according  to  the  color. 

For  red  morocco,  — 

Mordant :  alum  or  chloride  of  tin. 

Dye  :  cochineal  with  or  without  saff"ron. 

For  morocco  of  other  colors  the  skins  are  tanned 
previous  to  dyeiug.  They  are  placed  in  a  i-evolving 
cylinder,  with  a  warm  solution  of  sumach.  The  pro- 
cess takes  24  hours,  and  the  hide  is  then  rinsed, 
dried,  and  dyed. 

For  dyeing,  two  skins  are  united  by  their  edges, 
flesh  sides  in,  so  as  to  prevent  the  waste  of  dye  by 
coloring  both  sides. 

The  dyes  used  are  camiieachy  wood,  indigo,  or 
Prussian  blue. 

Quercitron  for  yellow. 

Sesquiacetate  of  iron  for  black. 

Blue  and  yellow  baths  in  alternation  for  green. 

Blue  and  cochineal  for  vinlets  and  purples. 

Quercitron  and  cochineal  for  orange. 

The  dyed  skins  are  pressed  in  a  hyilraubc  press  to 
remove  .superfluous  dye-stutt',  beamed,  dried,  slicleed, 
pommeled,  and  grained. 

The  latter  confers  the  peculiar  ajipearance  on  the 
leather,  and  is  done  by  hand  or  by  machinery.  The 
leather  is  indented  by  rollers  which  have  raised 
parallel,  straight,  or  diagonal  threads,  producing  a 
\vi-inkled  appearance. 

See  JIuspratt's  Chemistry,  II.  530. 

Morse  Al'pha-bet.  The  telegraphic  alphabet 
contrived  by  Professor  ilorse,  and  which  has  practi- 
cally nearly  superseded  all  others  on  land  routes  in 
the" United  States  and  on  the  continent  of  Europe, 
is  CDmposed  of  a  series  of  dots  and  dashes.  Though 
adapted  for  being  instrumentally  recorded  on  paper, 
,  it  is  usually  read  by  sound,  the  receiving  telegraph- 
ist writing  "down  the  words  as  they  arc  transmitted. 

Fig-  3225  is  the  Jlorse  telegraph  apparatus,  with 
relay  a  ;  the  invention  of  Professor  Henry  of  the 
Smi'thsonian  Institution.  The  key  b  being  up,  a  cur- 
rent arriving  by  tlie  line-wire  c  passes  from  c  to  d, 
thence  through  "f  to  the  coil  of  the  relay/,  and  through 
this  to  the  earth.  The  electro-magnet  of  the  relay 
I  attracts  an  annature,  whose  contact  completes  the 
I  circuit  through  the  local  battery  g,  in  which  the  coiJ 
,  that  operates  the  annature  h,  constituting  the  in- 
I  dicator,  is  included,     i  shows  that  part  of  the  appara- 
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Fig.  3225. 
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tus  by  wliiili  the  nies.sage  may  be  impressed  on  a  slip 
"f  i«]pi'i-.  if  i-er|uirej. 

Mor'tar.  1.  (Grindin//.)  A  vessel,  generally  in 
the  t'oim  of  a  bell  or  I'onical  frustum,  in  which  sub- 
.■stances  are  pounded  by  a  pestle.  When  large,  they 
lire  made  of  oast-iron  ;  a  simdler  size  is  made  of 
bronze,  and  those  for  more  delii?ate  pharinaeeutical 
o])erations  are  of  marble,  pottery,  porphyry,  or  agate. 
They  are  >ised  in  connection  with  a  pestle,  whieh  in 
the  larger  mortars  is  of  iron  and  in  the  smaller  is  of 
porcelain  or  agate.  The  Wedgew'ood  ware  has  long 
been  a  favorite  for  this  ymriiose. 

The  dilficulty  is  to  find  a  material  for  mortar  and 
pestle  which  will  not  scratcli.  Sci-atching  is  abrad- 
ing, and  adds  a  <lust  of  the  material  of  the  mortar  to 
the  ingredients  under  treatment.  This  may  be  un- 
important in  many  cises,  but  sometimes  may  fatally 
impair  the  chemical  purity  of  the  substance. 

In  the  accoiupanying  illnstration,  c.  Fig.  3226,  is 
from  the  tomb  of  Rameses  III.  at  Thebes,  and  rep- 
resents a  man  working  in  an  Egyptian  kitchen.  The 
man  is  pounding  something  to  be  used  in  cooking. 

In  ancient  Egypt,  as  in  modern,  pounding  sub- 
stances in  stone  mortars  in  the  public  streets  was  and 
is  an  ordinary  sight.  The  articles  are  brought  to 
them  by  the  inhabitants,  and  may  consist  of  grain, 
s.ilt,  etc.,  which  are  pounded,  sifted,  and  delivered. 
The  figures  d  fairly  represent  the  operation.  One 
man  appears  to  have  a  pan  of  the  crude  material 
in  his  hand  and  to  be  about  to  tip  it  into  his 
mortar.  In  another  place  two  men  are  using  the 
pestles,  giving  alternate  blows.  Another  man  is 
sifting  the  stutf,  whatever  it  is.  Overhead  is  a  piece 
of  perforated  metal  whicli  gives  an  indication  of  the 
nature  of  the  ]iroce.ss.  The  pestles  are  of  metal,  the 
mortars  of  gi-anite,  scooped  out  to  about  half  its 
depth.  The  ))ublic  practice  of  this  industry  is  stated 
by  Wilkinson  to  continue  to  this  day. 


The  upward  growth  of  the  soil  of  Egypt  by  the 
deposits  of  the  Nile  has  no  doubt  hidden  thousands 
of  these  heavy  tools,  which  were  too  heavy  to  move 
and  had  nothing  in  them  to  tempt  the  predatory 
bands  by  which  that  unfortunate  country  has  been 
overrun  at  and  si)ice  the  time  of  Cambyses. 

The  mortar  and  pestle  probably  constitute  the 
original  a))pliance  for  grinding  grain. 

In  many  parts  of  the  United  States,  and  doubtless 
in  foreign  countries,  remain  many  large,  hollowed 
stones  on  which  the  grain  ot  a  connnunity  or  tribe  was 
jiounded.  Among  the  North  American  Indians  the 
corn  was  reduced  ciy  this  means  to  hominy  or  coarse 
meal,  so  as  to  be  fit  for  making  into  cakes  or  mush. 
The  present  generation  yet  points  to  these  stones  in 
the  neighborhood  of  the  former  sitesof  Indian  villages. 
They  aie  usually  large  suiface  stones  of  the  bowlder 
type  of  rock,  and  probalily  had  an  incipient  hollow, 
of  which  advantage  was  taken  in  forming  the  mortar. 
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Besides  this,  or  in  ]ilace  of  it,  some  tribes  had  hol- 
lowed sections  of  tree-trunks,  as  among  the  Jajian- 
ese  of  the  present  time.  Throughout  that  country 
rice  is  hummrhd  in  a  wooden  mortar. 

JFcdfir.trood  ware  appears  to  fidfiU  the  requisitions 
for  a  good  mortar  better  than  any  other  substance, 
porjihyry  exceiitefl.  The  gi'eat  difficulty  in  working 
the  latter  has  been  a  bai'  to  their  introduction.  The 
French  have  made  them  as  large  as  29  inches  in 
diameter. 

A  mortar  should  be  able  to  resist  scratching  by 
steel,  i]uartz,  or  flint.  Should  not  be  stained  if 
suljihate  of  copper  or  muriate  of  iron  be  left  in  it  for 
t«-ci;ty-four  hours.  Should  not  be  abrad<-d  by  the 
nibbing  down  of  an  ounce  of  sharp  sand  to  a  fine 
jimvder.  The  pestle  should  po.ssess  the  .same  char- 
acter. 

Mortars  of  iron,  brass,  marble,  dolomite,  and  glass 
are  acted  on  by  particular  solvents,  especially  acids. 
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They  are  also  too  soft  tor  many  jmrposes.  The  color- 
mortar  b,  used  ill  tlie  poreelaiu  mauulaetory  of 
Sevres,  lias  a  projecting  conical  piece  in  the  center, 
which  forms  with  the  sides  of  the  mortar  a  i^ircular 
trough  in  which  the  pestle  rotates.  The  pestle  is  a 
cylinder  of  porcelain,  rounded  at  the  hottoni,  and 
weighted  with  a  disk  of  lead  at  the  top,  to  which 
the  handle  is  attached. 

The  colors  are  Hnislied  on  a  porphyry  slab. 

The  mortar  a  for  crushing  diamonds  for  lapidaries' 
use  is  of  h.ardened  steel  with  a  cylindrical  cavity, 
and  has  a  hardened  steel  pestle  fitting  neatly  there- 
in. The  pestle  is  pounded  with  the  hammer,  being 
partially  rotated  between  each  blow.  The  diamond, 
though  hard,  is  brittle,  and  is  reduced  to  powder  of 
the  re(|uired  fineness  l)y  this  means. 

A  machine  in  wliich  the  pestle  receives  a  motion 
similar  to  that  imparted  by  hand  is  shown  at  Fig. 


Fig.  3227. 
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322".  As  it  traverses  a  diHeri'nt  surface  each  rota- 
tion, no  scrapers  are  required  to  keep  the  powder 
constantly  under  action. 

A  weighted  lever  secures  the  pestle  at  the  top,  and 
gearing  from  which  it  derives  motion  is  driven  by 
bevel  gear  from  the  main  driving-shaft.  The  mor- 
tar is  in  front,  to  lie  out  of  the  way  of  dust  from  the 
moving  parts  of  the  machinery.  The  pestle  is  at- 
tached to  the  driving-shaft  by  a  screw,  and  may  be 
removed  when  rerpiired. 

£,  Plate  X.X.W. ,  OiiE-Mll.LS,  shows  a  form  of  mor- 
tar with  a  pestle  traveling  in  a  circular  groove  around 
a  central  ]iost  to  whose  horizontal  arm  the  upper 
end  of  the  inclined  pestle  axis  is  journaled.  This 
block  is  of  very  hard  stone,  preferably  porphyry,  and 
has  a  gi'inding  as  well  as  a  mashing  action. 

In  the  same  plate  is  also  a  form  of  pulverizer 
known  as  the  Chilian  mill,  having  a  stone  traveling 
around  its  circular  track  and  rotating  on  the  hori- 
zontal axis  rigged  out  from  the  vertical  axis  which 
is  stepped  into  the  middle  of  the  table.  See  also 
C'HiLi.\N  Mill. 

Fig.  3"228  is  a  view  of  a  stamp-iuill  for  silver  ores, 
in  which  a  is  the  stamp-stem,  b  the  mortar,  h  the 
hopper-car  with  the  argentiferous  rock,  the  feed  be- 
ing automatic  by  a  tap]iet  on  the  stamp-stem  when 
the  ore  has  become  reduced  to  slimes  and  has  fioated 
off.  The  cut  is  a  general  view  of  the  stamp,  frame, 
and  driving  machinery. 

Below  are  shown  on  a  larger  scale  the  socket  or 
stamp-head;  d  is  the  s/ioe  :  m  is  the  die  which  is 
placed  in  the  bottom  of  the  mortar.  The  shoe  and 
die  are  removable. 

2.  (Ceinent.)  A  calcareous  cement.  It  differs  in 
its  characteristics  according  to  the  nature,  propor- 


tions,ortreatment  Fig  3228. 
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The  Romans 
are  remarkable  for 
their  great  use  of 
calcareous  cem- 
ents, both  the  or- 
dinary lime  mor- 
tar audthat  mixed 
with  volcanic  mat- 
ter from  Puteoli, 
now  Pozzuoli.from 
whence  the  name 
pozzuolaiia,  com- 
j  nionly  known  as 
'  Roman  cement. 
This  material  con- 
sists of  porous, 
half-concreted 
volcanic  matter, 
which  is  mixed 
with  lime  or  com- 
mon mortar  to  give 
it  the  jiroperty  of 
hardening  under 
water.  It  is  meu- 
tioned  by  Vitru- 
vius  and  Pliny. 

The  use  of  lime 
in  England,  as  we 
gather  from  the 
accounts  of  Julius 
CiKsar,  was  not 
known  previous 
to  the  Roman  con- 
quest. The  oldest 
I  limi'Stone  quarry 
in  England  was 
,  opened  by  the  Ro- 
mans at  Tadcas- 
ter  in  Yorkshire, 
called  Calcariai  in 
the  Roman  itineraries.     The  quarry  is  still  used. 

Lime  most  commonly  occurs  in  the  state  of  car- 
bonate, such  as  marble,  calcareous  spar,  oolite,  lime- 
stone, or  chalk. 

Some  limestones  include  in  their  composition  so 
large  a  proportion  of  iron  and  clay  as  to  enable  them 
to  form  cements  which  have  the  property  of  harden- 
ing under  water,  and  are  called  hydraulic  limestones. 
The  proportions  of  clay  vary  in  diti'erent  quarrie.s, 
and  often  in  the  same  from  8  to  25  per  cent. 

The  pozzuolana  consists  of  oxide  of  iron  and  burnt 
clay,  and  performs  the  same  ortice  as  the  clay  in  the 
above-cited  limestones,  acting  with  gi-eat  energj'  in 
".setting"  under  water. 

Limestone  reduced  to  the  finest  powder  is  ineffi- 
cient in  the  composition  of  mortar,  but  rei[uires  that 
the  carbonic  acid  shall  be  eliminated  by  heat.  This 
begins  at  the  outside  and  proceeils  to  the  center  of 
the  masses  of  stone.  As  the  lime  grows  cold  it  com- 
mences to  absorb  carbonic  acid,  and,  if  time  permit, 
wUl  return  to  the  state  of  carbonate. 

When  cold  water  is  poured  on  a  piece  of  well- 
burned  lime,  a  large  quantity  is  rapidly  absorbed, 
the  lime  heats,  exhales  steam,  and  falls  into  dry 
powder.  The  weight  of  the  lune  is  increased  about 
24  per  cent,  and  it  becomes  a  hydrate,  or  slaked 
lime.  This  hydrate  is  the  ingredient  in  mortar. 
Carbonate  of  lime,  as  has  been  said,  is  not  efficient 
in  this  connection. 

Hydrate  of  lime  may  be  made  into  a  pa.ste,  tut 
will  powder  or  dissolve  when  dry.     The  admixture 
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(if  saml  gives  it  the  character  of  cement.  The  pro- 
]iortion  of  sand  to  lime,  cited  by  Pliny,  is  round 
grained  sand,  3  ;  lime,  1  ;  or  sharp  pit-sand,  4  ; 
lime,  1.  He  also  recommends  the  use  of  pounded 
tiles.  This  is  bringing  in  the  clay  element,  cited 
above. 

The  common  London  mortar  is  sharp  river  sand, 
2!,  ;  white  chalk-Iinie,  1. 

Tlie  cohesion  of  the  two  is  due  probably  to  some- 
thing more,  than  mere  mechanical  contact,  as  is 
proved  by  the  fact  that  while  a  paste  of  chalk  and 
sand  is  nearly  as  coherent  as  a  mass  of  hydrate  of 
lime  ami  sand,  the  former  will  not  harden  into  a  cem- 
ent and  the  latter  will. 

The  moles  and  other  marine  structures  of  the 
Romans  were  cemented  with  a  composition  of  lime, 
1  ;  pozzuolana,  2.  Smeaton  used,  in  building  the 
Eddystone  Lighthouse,  hydrate  hydraulic  lime,  1  ; 
pozzuolana,  1.  It  was  rendered  plastic  by  contin- 
ued beating. 

Aiken  states  the  general  theory  as  follows  :  In 
the  white  limes  or  nearly  yiure  carbonates  of  lime 
the  only  effect  of  burning  them  is  to  drive  oft'  the 
carbonic  acid.  By  slaking,  the  lime  becomes  a  hy- 
drate, and  in  this  state  is  capable  of  acting  chemi- 
cally, though  feebly,  on  the  surface  of  pure  siliceous 
sand.  This  combination  causes  the  first  setting  of 
the  mortar,  which  is  also  strengthened  by  the  mere 
mechanical  action  of  the  sand.  The  gi-eater  ])art, 
however,  of  the  lime  has  not  combined  with  the 
.sand,  but  I'emains  in  the  state  of  a  hydrate.  In  pro- 
portion as  this  latter  absorbs  carbonic  acid  from  the 
air,  it  gives  out  its  water  and  jiasses  to  the  state  of 
carbonate  ;  such  mortar,  tlierefore,  acijuires  its  final 
induration  and  dryness  when  the  whole  of  the  hydrate 
has  been  decomposed  and  the  water  has  been  replaced 
by  carbonic  acid.  In  losing  22  per  cent  of  water  it 
combines  with  -16  per  cent  of  carbonic  acid,  and, 
therefore,  the  mortar  becomes  the  more  solid  and 
strong. 

In  tlie  blue  limes,  part  of  tlie  calcai'eous  matter 
combines  during  the  burning  with  the  silica,  alu- 
mina, and  oxiile  of  iron  constituting  tlie  intimately 
mixed  ferruginous  clay,  forming  a  compound  that 
gives  to  the  cement  made  of  it  the  property  of  set- 
ting speedily  in  the  air  or  under  water.  The  rest  of 
the  lime  passes,  by  slaking,  into  the  state  of  hydrate  ; 
and,  if  only  siliceous  sand  is  present,  acts  on  it  in 
the  same  manner  that  white  lime  does  ;  but  if  ferru- 
ginous sand  or  burnt  ferruginoiis  clay  be  present,  the 
hydrate  acts  more  rapidly  and  powerfully  on  the 
clay,  sooner  gives  out  its  water  and  consolidates. 
Whether  this  latter  i-ompound  is  aftei'ward  decom- 
posable by  exposure  to  the  carbonic  acid  of  the  air, 
it  is  difficult  to  determine. 

In  t!io.se  limes  which  contain  naturally  so  much 
ferruginous  clay  as,  after  burning,  to  form  cements 
without  the  addition  of  sand  or  other  ingredient, 
the  greater  part  of  the  lime  is  prol>aldy  combined 
with  the  clay  in  the  act  of  burning,  a  very  small 
(juantity  of  hydrate  formed,  and  very  little  carbonic 
acid  reabsorbed. 

Dr.  Artus's  method  of  making  mortar  is  to  take 
well-slaked  lime,  1  ]iart,  and  mix  carefully  with  it 
finely  sifted  sand,  3  parts  ;  just  before  using  add 
one  quarter  as  much  line  unslaked  lime  as  there  has 
been  sand  used,  and  mix  thoroughly.  While  it  is 
being  mixed  the  mass  htlits  and  the  silicates  form 
through  which  it  ([uickly  stittens  and  becomes  very 
hard  in  a  short  time.  This  mortar  resists  all  action  \ 
of  water,  and  can  be  used  wherever  durability  is  an 
object. 

The  Egyptian  mortar,  in  some  instances,  was 
destitute  of  siliceous  sand,  its  place  being  occupied 


by  coarse  powdered  gypsum  or  native  sulphate  of 
lime. 

Stom  iiwrtar.  8  parts  cement,  3  parts  lime,  and  31 
parts  of  sand. 

Brick  mortar.  8  pails  cement,  3  parts  lime,  and  27 
parts  of  sand. 

Brown  mortar.  Lime,  1  part ;  .sand,  2  parts  ;  and 
a  small  quantity  of  liair. 

Khorassar,  or  Turkish  mortar,  used  for  the  con- 
struction of  buildings  requiring  great  solidity.  J 
powdered  brick  and  tiles,  §  fine  sifted  lime.  Mix 
with  water  to  the  reciuired  consistency,  an<l  lay  on 
layers  of  five  ami  six  in(thes  in  thickness  between  the 
courses  of  brick  or  stones. 

3.  (Ordnance.)  A  short  gun  with  a  large  bore, 
used  for  throwing  bomlis.  Said  to  have  been  used 
at  the  siege  of  Naples  in  1435,  and  to  have  been 
first  nuide  in  England  in  1543.  A  colossal  mortar 
constructed  liy  Mallet  was  tried  at  Woolwich,  Octo- 
ber 19,  1S57,  with  a  charge  of  70  jiounds  of  powder, 
and  it  threw  a  shell  weighing  2,550  pounds  1^  miles 
horizontally,  and  about  J  a  mile  in  hight. 

.Sliells  of  1,000  pounds  are  said  to  have  been  thrown 
into  the  citadel  of  Antwerp,  1832,  when  it  was  taken 
by  the  French  in  the  war  of  the  Revolution,  1830- 
32. 

Mortars  are  constiucted  with  a  chandler  of  .smaller 
diameter  than  the  bore,  for  containing  the  charge  of 
powder.  \\  liich  is  poured  in  loose.  Thin,  tapering 
slips  of  wood,  termed  splints,  are  used  for  fixing  the 
shell  accurately  in  the  bore,  no  sabot  being  em- 
ployed. 

Mortars  in  the  United  States  service  are  divided 
into  three  classes,  sea-coast,  siege,  and  coehorn.  To 
these  nuiy  be  nominally  added  the  stone  mortar, 
which  is,  however,  only  employed  in  regular  sieges  ; 
none,  we  believe,  were  ever  cast  in  this  country. 
This  and  the  Coehorn  are  of  brass  ;  the  sea-coast  and 
siege  mortars  of  cast-iron.  The  two  foimer  classes 
are  made  upon  the  same  general  model,  ditl'ering  only 
in  relative  length  and  thickness  of  metal.  The  cham- 
bers of  all  are  semi-ellipses,  having  their  minor  a.\es 
of  the  same  diameter  as  the  bore  of  the  mortar. 

The  13-inch  sea-coast  mortar  {a)  weighs  17,000 
pounds,  and  its  shell  about  200  pounds. 

The  10-inch  liglit  mortar  (b)  weighs  about  one 
ton,  and  throws  a  shell  of  88  pounds. 

The  Coehorn  (c)  weighs  165  pounds,  and  its  shell 
24  pounds. 

The  length  of  bore  of  mortars  seldom  exceeds  two 
or  three  calibers,  and  is  often  much  less.  They  are 
intended  for  firing  shells  at  high  angles  of  elevation, 
generally  45°,  the  crushing  and  explosive  power  of 
their  shells  falling  from  great  bights  being  relied  on 
for  destructive  eft'ect.  They  are  juincipally  used  in 
sieg(>s  for  destroying  building.s,  blowing  up  maga- 
zines, etc.,  and  for  keeping  an  enemy  under  cover 
within  his  bondi-proofs,  reaching  him  where  direct 
shots  wouhl  fail  to  penetrate.  Four  sizes  of  iron 
mortars  are  used  in  the  United  States  service,  8  and 
10  inch  "  light "  and  10  and  13  inch  "  heavy."  The 
two  former  can  be  readily  transported  on  wagons 
contrived  for  the  purpose,  and  may  accompany  an 
army  in  the  field  ;  but  the  latter,  in  consecjuence  of 
their  great  weight,  are  more  particularly  designed 
for  permanent  positions  or  for  use  on  shipboard.  The 
1 3-inch  was  nmeh  employed  in  this  way  during  the 
Rebellion,  and  on  board  the  mortar-schooners  fully 
demonstrated  its  efficiency,  uiuler  favorable  circum- 
stances, in  the  operations  against  the  forts  below 
New  Orleans.  For  firing,  mortars  are  mounted  on 
beds,  at  present  made  of  \vrought-iron  in  our  ser- 
vice, resting  on  platforms  of  stout  scantling  and 
plank,  no  ordinary  carriage  being  capable  of  resist- 
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iug  tlie  immense  downward  shock  of  eveu  a  light 
mortar  fired  at  a  great  angle  with  a  full  charge  of 
powder. 

Stone  mortars  are  of  large  caliber,  from  10  to  22 
inches,  and  have  a  small  chamber.  They  are  light 
iu  proportion  to  their  size,  to  admit  of  shifting  from 
one  part  of  a  fortification  to  another,  and  are  intend- 
ed for  firing  baskets  of  stones  at  veiy  short  ranges, 
or,  in  place  of  stones,  6-pounder  or  other  small 
spherical  case-shot  may  be  used.  They  are  spe- 
cially designed  for  use  in  the  attack  and  defense  of 
fortified  places  when  the  besiegers  have  .succeeded 
in  establishing  themselves  very  close  to  the  works. 
We  are  not  aware  of  any  instance  of  their  employ- 
ment in  recent  warfare. 

Coehonis  (<;>  are  small  mortars,  likewise  intended 
for  attacking  and  defending  fortifications.  They  are 
made  light  enough  to  be  carried  from  one  spot  to 
another  by  hand  as  required,  and  generally  carry  a 


24-pounder  shell  with  a  maximum  charge  of  i  pound 
of  ])Owder,  though  they  are  sometimes  smaller. 

That  employed  in  the  United  States  service  is  of 
brass,  24-pounder  caliber,  and  weighs  about  160 
pounds.  It  is  mounted  on  a  wooden  bed,  having 
four  handles  at  its  sides,  by  which  it  can  be  readily 
carried  by  four  men.  It  derives  its  name  from  the 
celebrated  Dutch  engineer  officer  Coehorn,  to  whom 
the  invention  is  attributed.     See  Coehorx. 

In  some  European  services  much  smaller  morters 
than  these  are  recognized,  weighing  no  more  than 
15J  pounds,  and  attached  to  a  stock. 

A  small  moitar  of  this  kind  was  invented  by 
Captain  Goodwin  of  the  United  States  service,  and 
threw  a  shell  with  great  effect  in  an  experiment  at 
the  Washington  Arsenal,  1864. 

Coehoms  are,  owing  to  their  lightness  and  porta- 
bility, very  efficacious  iu  dislodging  an  enemy  from 
covered  positions. 

During  a  war  waged  by  the  English  against  some 
of  the  Slaori  tribes  of  Xew  Zealand,  about  the 
year   1843-44,  one   of  the  narive  chiefs  with  his 


forces  intrenched  himself  iu  a  "  i>ah  "  or  corral  on  the 
top  of  a  hill,  whence  the  means  in  the  hands  of  the 
troops  failed  to  dislodge  him.  In  this  emergency 
an  engiueer  officer  was  dispatched  to  Sydney  and 
caused  twelve  small  mortars  to  be  constructed,  which 
efiectually  accomplished  the  desiiX'd  object. 

These  were  carried  by  men  to  within  a  few  hun- 
dred feet  of  the  "pah"  to  be  attacked,  and  pitched 
their  shells  into  the  heart  of  the  camp. 

With  a  charge  of  8  ounces  of  powder  these  mortars 
wei-e  found  capable  of  throwing  a  5-iuch  shell  550 
yards. 

The  mortar,  of  gun-metal,  weighed  65  pounds, 
and  the  bed,  of  cast-iron,  28  pounds  ;  this  was  fixed 
ou  a  piece  of  2-inch  plank,  24  x  16. 

When  loaded,  the  .shell  projected  half-way  beyond 
the  muzzle  of  the  piece. 

The  chase  of  Mallet's  great  mortar  {d.  Fig.  3229) 
Ls  formed  of  short  cylinders  or  compound  rings  ; 
the  chamber  being  of  wrought-iran  let  into  a  huge 
mass  of  cast-iron.  Each  of  the  two  lower  rings  is 
composed  of  seven  rings,  and  each  set  of  these  again 
of  three  smaller  rings  rabbeted  together  ;  the  top 
ring  consists  of  five  riug.s  each  composed  of  three 
smaller  rings  rabbeted  together. 

There  are  two  light  rings  acting  as  a  sort  of  key- 
ring for  the  six  bolts  or  staves,  the  bolt-head  resting 
on  the  muzzle-ring  and  secured  with  steel  collars  iu 
the  cast-iron  mass  around  the  breech-piece. 

The  weight  of  the  whole  without  bed  is  42  tons. 

W^ght  of  bed,  8  tons. 

Weight  of  shell,  24  cwt. 

Caliber,  36  inches. 

Charge  of  shell,  480  pounds  of  powder. 

Cost  of  shell,  charged,  about  £  25. 

Length  of  chamber,  2  feet  6  inches. 

Bore  at  top  of  chamber,  IS  inches. 

Bore  at  bottom,  14  inches. 

Length  to  top  of  chamber,  8  feet. 

With  a  charge  of  70  pounds  of  powder,  a  shell 
weighing  2,395  pounds  was  throwu  2,759  yards, 
burying  itself  eight  yards  in  the  ground  on  its  fall. 

The  monster  mortar  employed  by  the  French  at 
Antwerp  in  1832  had  a  total  length  of  4  feet  11 
inches ;  its  outside  diameter  was  39i  inches  ;  caliber, 
24^  inches  ;  length  from  top  of  chamber,  27  inches  ; 
depth  of  chamber,  19  inches  ;  diameter  of  chamber, 
9  inches.  The  weight  of  the  mortar  was  14,700 
pounds ;  that  of  the  bed,  16,000  pounds  ;  of  the 
empty  shell,  916  pounds ;  and  the  bursting-charge, 
99  pound-s. 

The  chamber  would  contain  about  30  pounds  of 
powder,  but  12  pounds  were  found  to  project  the 
shell  to  a  distance  of  800  or  900  yards. 

This  monster  affair  burst  with  a  charge  of  less 
than  20  pounds,  of  powder  after  a  few  rounds  firing. 

Among  the  largest  mortars  on  record  are  those  of 
the  island  of  Malta.  "  The  rocks  here  are  not  only 
scarped  into  fortifications,  but  likewise  into  fire- 
engines  or  artillery  to  defend  those  fortificiitions  ; 
being  hollowed  out  iu  many  places  into  the  form  of 
immense  mortars.  These  mortal's  they  fill  with 
cantars  of  cannon-balls,  shelLs,  stones,  and  other 
deadly  materials  ;  and  if  an  enemy's  .ship  should 
approach  with  a  design  to  land,  they  fire  the  whole 
into  the  air.  The  effect  of  this  tremendous  inven- 
tion must  be  very  great,  as  it  will  produce  a  shower 
for  200  or  300  yards  around,  and  would  make  great 
havoc  among  a  debarkation  of  boats.  A  cantar  is 
about  100  pounds  weight ;  and  as  the  mouths  of  some 
of  these  mortars  are  6  feet  wide,  they  will  throw,  ac- 
cording to  calculation,  100  cantars  each."  —  From 
an  account  written  just  before  the  submission  of  the 
island  to  General  Buonaparte,  1798. 
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4.   A  sliort,  tliick  candle. 

Mor'tar-bed.  The  frame  on  wliieli  a  mortar 
rests  tor  tiring. 

Mor'tetr-en'gine.  A  maeliine  for  grinding  and 
eonibining  materials   into   mortar.      See   MoKTAii- 

MILL. 

Mor'tar-mill.   In  the  mortar-mill  the  saud,  lime, 
Fig.  3230. 


Mortar-Miti. 

and  mortar  are  compounded  together  by  rakes  at- 
taelied  to  the  arms  of  a  revolving  wheel  that  moves 
round  in  a  circular  bed. 

In  the  examples  given,  — 

a  is  a  large  loam  and  mortar  mill  on  the  Chilian 
principle. 

6  is  a  mortar-tempering  machine  turned  by  hand- 
crank. 

c  is  a  moilar-mill  on  the  same  truck  with  the 
steam-engine  which  rotates  the  edge-stones  in  the 
bed. 

Fig.  3231. 


Fig.  3231  .shows  a  mortar-mill  on  a  large  scale,  oc- 
cupying several  floors  of  a  building.  The  lime  is 
slaked  in  a  revolving  barrel  A,  and  discharged  into 
a  settling-vat.  From  this  the  "paste"  passes  to 
the  curing-vat  Jt,  and  i.«  pumped  thence  into  the 
up[ier  one  of  three  mixing-cylinders  JJ  U  D.  These 
revolving  cylinders  are  slightly  tapering,  and  have 
teeth  on  their  inner  surfaces,  which  mix  the  materials 
and  gradually  forward  the  nioitar  to  the  discharge 
end.  It  passes  from  one  cylinder  to  another  in  the 
series,  and  from  the  lower  cylinder  D  into  the  dis- 
charge-chute. The  machine  occupies  three  floors  in 
a  building. 

Mor'tar-ves'sel.  (Vessel.)  A  small  vessel  hav- 
ing a  relatively  wide  beam  for  carrying  a  heavy  mor- 
tar amidships.  Formerly  the  vessel  used  was  a 
keteli  :  heme,  h<ii,ih-kck-h. 

Mor'tar-'wag'on.  A  vehicle  to  transport  a  mor- 
tar and  its  bed. 

Mor'tise.  A  cavity  (a  b  c  cl.  Fig.  3232)  bored 
and  cut  into  timber  or  other  material  to  receive  a 
town.  It  is  the  u.sual  mode  of  joining  the  timbers 
of  a  flame,  whether  of  a  house  or  a  machine. 

A  lock  made  to  slip  in  a  mortise  made  in  the  edge 
of  a  door  is  a  mui'lisc-lock. 

A  wheel  made  .with  holes  in  its  periphery  to  re- 
ceive wooden  cogs  is  a  mortise-wheel. 

Mortises  in  a  hub  are  said  to  be  dodging  when  they 
dudyc  in  and  out  alternately,  in  order  to  spread  the 
bases  of  the  spokes  and  thus  stiffen  the  wheel.  The 
spokes  are  then  said  to  be  staggered^  and  the  wheel 
is  a  stiiggered  wheel. 

Mor'tise-bolt.  One  let  into  a  mortise  in  a  door, 
instead  of  being  placed  thereon. 


Fig.  3232. 


J    J    U    U — 3 — J    U  U    U  J   Ll — U     J   U   J    II    U 
Pitchtr's  Mortar-Milt. 


Mor'tise-chis'el.      A    stout    chisel   {r.  f) 
.Iriven  by  a  mallet,  and  used  to  make  mortises 
TJTJj'  in  framing.      The  smaller  varieties  have  tangs, 
— ^  and  the  larger,  sockets.     The  firmer  and  liitii- 
ing  chisels,  m  to  s,  are  introduced  to  show  the 
difference.     ^  is  a  haud-ailze  used  in  dressing 
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Fig.  32.33. 


tenons,  g  h  are  two  views  of  the  chisel  of  the  mor- 
tising-macliine,  having  side-wings  wliich  cut  the 
siiies  of  the  mortise  a  little  in  advance  of  the  chisel 
edge.  It  is  the  invention  of  Brunei  or  Maudslay,  be- 
ing applied  in  the  niortising-niachine  invented  by  the 
former  and  constructed  bv  the  latter  in  Poitsniouth 
Dock-Yard,  England,  in  1802 -8.  (See  Fig.  3240.) 
i  j  are  mortising-niacliine  chisels  whose  lips  are  so 
formed  that  the  chisel,  on  being  withdrawn,  deal's 
the  mortise  of  the  core  or  chips. 

The  chi.^el  k  is  a  doul>le  one,  each  limb  having  two 
lips,  adapting  the  tool  to  cut  a  <loul>lc  mortise. 

Mor'tise-gage.  A  scribing-g.age  with  two  sharp, 
adjustable  points,  which  may  be  set  to  the  distance 
for  the  mortise  or  tenon  from  the  working-edge,  and 
also  the  width  of  the  mortise  and  size  of  tenon. 

Mor'tise-joint.  A  joint  made  by  a  mortise  and 
tenon. 

Mor'tise-lock.  (Locksniithing.)  A  lock  adapt- 
ed to  be  in.serted  into  a  mortise  in  the  edge  of  the 
door,  so  as  only  to  expose  I  he  scltitujc  or  edge-plate. 
Mor'tise-lock  Chis'el.  A  joiner's  chisel  for 
making  the  holes  in  door-stiles  to  hide  tlie  locks.  It 
has  a  peculiar  shajie,  in  older  to  pull  out  the  wood. 
Mor'tise-'w^lieel.  A  wheel  having  holes  to  re- 
ceive wooden  teeth,  either  on  the 
edge  or  face,  as  the  case  may  be. 
Such  a  tooth  is  specilically  known 
as  a  roij. 

Mor'tis-ing-ma-chine'.   The 
y  self-acting  uiorti.siug-miichine  wa-s 
invented  by  General  Bentham,  an<l 
'described   in    his  specification  of 
1793.     He  made  them  for  the  Brit- 
ish Admiralty  ]irevious  to  1800. 

His  description  includes  the 
operation  by  means  of  a  hole  pre- 
viously bored  and  then  elongated 
by  a  vertically  reciprocating  chisel  ;  and  also  the 
making  of  a  moi-tise  by  a  rotary  cutter  during  the 
traveling  of  the  work.  One  form  included  a  pivoted 
table.  He  also  invented  double  or  forked  mortise- 
chisels. 

Fig.  3234  is  a  hand  mortising-machine,  having  a 
vertically    sliding    bar 
Kg.  3234.  carrying  the  cutter  and 

moved  by  a  counterbal- 
anced lever.  The  work 
is  clamped  in  the  slid- 
ing table  l>eneath,  and 
is  a<lvanced  by  a  hand- 
feed. 

Fig.  3235  is  a  foot 
mortising-machine,  in 
which  the  treadle  a 
works  on  a  pin  in  the 
eross-brace,  being  con- 
nected to  the  wooden 
spring  6  by  an  iron  strap 
at  the  back,  and  with 
-.  the  spindle  d  by  the  rod 
c  in  front ;  the  chisel 
is  belli  in  a  socket  at  the 
bottom  end  of  the  spindle,  with  which  it  is  reversed 
by  the  handle  e  on  the  slide  ;  the  wooden  rest/  is 
screwed  to  an  iron  one  g,  which  slides  on  the  frame 
perpendicularly,  and  is  secured  to  it  by  a  bolt  ;  the 
guide-plate  is  moved  back  and  forward  to  adjust 
for  the  thickness  of  the  stuff,  and  has  stops  to  pre- 
vent the  work  from  rising  with  the  chisel. 

In  operating,  the  foot  is  pressed  upon  the  treadle, 
which  can-ies  the  chisel  into  the  stuff  to  the  requiied 
depth  ;  when  the  pressure  is  relieveil  by  raising  the 
foot,  it  is  withdrawn  by  the  spring,  and  being  lipped 


Fig.  3235. 
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Hand  Mortisin^-Machine. 


Foot-Mortiser. 


brings  the  chip  out ;  after  cutting  far  enough  one 
way,  reverse  the  chisel  and  finish  the  mortise  to  the 
reipiired  length. 

Fig.  3236  is  an  example  of  a  form  ot  mortising- 
machine  in  which. 


while  the  opera- 
tive shaft  runs 
constantly,  the 
chisel  is  brought 
into  operation 
when  needed, 
and  to  the  extent 
required,  and  in- 
stantly becomes 
(|uiescent  when 
the  means  em- 
ployed to  bring 
it  into  woik  is 
removed. 

In  the  example. 
Guild's   machine. 


Fig  3236. 


]8o2,  a  is  the 
shaft,  h.aving  a 
fly-wheel  4 ;  when 
tlie  sliiling  wrist 
c  is  over  the  axis 
of  oscillation  of 
the  arm  d,  no  mo- 
tion  is  transmit- 


GuilfTs  ^lortising-Mcicltine. 


MORTISINO-MACHINE. 


1482 


MOKTISING-MACHINE. 


ted  to  tlie  pitiiiiin  <■,  whii-h  operates  the  chisel-stock 
/.  Wlieii  the  treiidle  g  is  depressed,  the  sliding 
wrist  c  is  driven  out  on  tlie  aim  and  partakes  of  its 
motion,  the  cliisel  being  thejeby  reciproi'ated  to  a 
degi'ee  proportionate  to  the  depression  of  the  treadle, 
and  the  eonsei|nent  distance  of  the  wrist  from  its 
axis  of  oscillation.  The  spring  m  restores  the  wrist 
to  its  position  of  (juiescence. 

In  Fig.  3237,  the  working  parts  are  supported  upon 
a  strong  iron  li-ame,  at  the  top  or  upper  end  of 
which  are  guides  »,  upon  which  is  a  slide  having 
pivoted  in  it  a  collar  through  which  is  passed  the 
lever  b  that  operates  the  chisel-stock  m.  This  lever 
is  itself  operated  by  a  pitman  c  from  a  transverse 
crank-shaft  at  the  rear  end  of  the  frame,  and  rotated 
by  pulleys  d.  The  slide  is  connected  by  a  link  / 
with  the  upper  end  of  a  vertical  lever  rj,  the  lower 


Fig.  32.3- 


motion  of  the  crank-shaft  or  interfering  with  the 
belt  that  drives  the  machine. 

The  table  at  the  front  of  the  machine  for  holding 
tlie  stuff  under  the  chisel  is  made  coinpound,  so  that 
the  stuff  may  either  be  moved  along  by  hand  or  be 
held  lirmly  upon  the  table  and  fed  along  as  required 
liy  the  hand-wheel  operating  the  carriage  or  upper 
portion  of  the  latter.  The  table  is  made  adjustable 
vertically  by  means  of  a  screw,  and  is  pivoted  and 
attached  to  its  immediate  supporting  parts  in  such 
a  way  that  it  may  be  tilted,  with  one  end  or  the 
other  depressed  to  any  desired  angle,  and  there  re- 
tained ;  the  object  of  this  being  to  enable  the  ends 
of  the  mortise  to  be  cut  at  any  recjuired  bevel  or  an- 
gle to  suit  the  exigencies  of  various  kinds  of  work. 

Fig.  3238  is  a  gang  mortisiiig-niachine.  It  has  a 
set  of  chisel-holders  F  F,  adjustable  as  to  relative 
distance  on  a  horizontal  bar  E,  which  is  reciprocated 
by  the  wrist-wheel  r.     The  work  is  clamped  on  the 


rig.  3238. 
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extremity  of  which  is  attached  to  a  horizontal  chain 
k  passing  over  two  supporting  pulleys.  The  rear 
end  of  this  chain  has  a  weight  /(  secured  to  it,  and 
the  forward  end  being  i>assed  downward  is  connected 
to  a  treadle  /  in  such  manner  that  by  depressing  the 
treadle  the  vertical  lever  will  be  caused  to  move  the 
slide,  and  conse(|uently  the  fulcrum  of  the  chisel- 
Operating  lever,  farther  back,  of  course  increasing 
the  length  of  the  forward  arm  of  such  lever,  and  con- 
sequently the  stroke  of  the  chisel-stock  and  its  chisel. 
On  relea.sing  the  treadle,  the  weight  reverses  the 
movement  of  the  vertical  lever,  and  throws  the  slide 
forward  so  that  the  sti-oke  of  the  chisel-stock  is  re- 
duced to  almost  nothing.  By  thus  changing  at  will 
the  fulcrum  of  the  chisel-operating  lever,  the  chis(d 
may  at  any  time  be  made  to  cut  to  any  required  de])th, 
anil  when  desired  may  be  thrown  out  of  operation, 
by  the  agency  of  the  weight,  without  stopping  the 
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bed  B,  which  has  the  requisite  feed-motions.  The 
diisel-holders  are  provided  with  jirojections  that  tit 
in  a  slot  in  the  cross-head,  and  also  with  tongues 
fitting  into  grooves  on  the  lower  side  of  the  same. 
They  are  held  in  place  by  a  bolt  passing  through  the 
chisel-holders  and  the  slot  in  the  cro.ss-head,  whic'u 
is  secured  by  a  thumb-screw. 

The  mode  of  clamping  the  cliisel-liolders  to  the 
bar  is  shown  in  the  smaller  detached  figure. 

Buck's  machine  for  boring  and  mortising  the  stiles 
of  blinds  is  automatic  in  its  operation,  and  either 
bores  the  round  holes  for  the  reception  of  the  pivots 
of  turning  slats  or  mortises  the  recesses  for  the  re- 
(^eptioii  of  the  ends  of  those  slats  designed  to  be  per- 
manently fixed  at  a  certain  angle.  The  latter  are 
made  on  this  machine  by  means  similar  to  those  used 
in  boring  a  simple  round  hole,  the  tool  being  a  re- 
ciprocatory  or  traversing  burr  or  bit,  which  can  be 
used  on  knotty  pine  and  other  obstinate  ileseriptions 
of  wood  where  ordinary  machine-chisels  fail.     The 
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machine  is  self -operating  in  all  its  parts.    The  work- 
man puts  in  the  stiles  and  sets  the  machine  in  mo- 


Fig  3239 


Wtuhinefar  boring  and  mortisins  SlUes  o/BUmh. 

tion,  when  it  does  its  work,  and,  having  doiie  it, 
stops. 

Fig.  32i0  shows  Brunei's  mortising-maehine  made 
liy  JIaudslay  tor  the  British  Admiralty,  about  1804, 
for  mortising  the  shells  or8hi])s'  blocks.  The  series 
of  machines  for  making  blocks  is  described  under 
Block-m.\king.  M.^iHiNE.  In  the  mortising-ma- 
ehine represented,  the  blocks  of  wood  are 
clamped  in  a  .sliding  bed  and  tlie  mor- 
tises are  made  by  vertically  reciprocating 
chisels,  which  act  singly  or  in  pairs,  ac- 
cording to  the  character  of  the  block  oper- 
ated upon.  The  block  is  chucked  in  the 
carriage  if,  which  has  an  automatic  feed 
movement  by  means  of  a  screw  R.     The 
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chisels  are  attached  to  a  slider  E,  which  reciprocates 
vertically  in  guides  b  and  a  socket  F  on  the  summit 
of  the  frame.  The  slider  E  is  moved  by  a 
crank-arm  which  is  connected  thereto,  and 
attached  to  the  axis  7),  on  which  are  the  driv- 
ing and  fly  wheels.  In  starting,  the  block  is 
brought  to  the  right  position  by  turning  the  handle 
r  anil  shaft  A%  which  act  upon  the  cog-wheel  g  and 
screw  R  to  slide  the  carriage  H.  The  first  stroke  of 
the  chisel  is  into  the  hole  previously  bored,  and  the 
second  takes  a  shaving  in  the  direction  of  the  mor- 
tise, the  feed  having  commenced.  The  automatic 
feeii  consists  of  an  eccentric  /  acting  upon  an  arm  K 
which  turns  the  ratchet-wheel  on  the  screw-shaft  M ; 
the  ratchet  is  turned  one  tooth  at  a  time.  The  ma- 
chine is  thrown  into  action  by  the  lever  P,  which 
shifts  the  band  from  the  loose  to  the  fast  pulley. 

Mor'ton's  Slip.  (UydraiiUc  Engineering.)  A 
contrivance  for  hauling  ships  out  of  the  water  for 
repair.      Patented  in  England,  1819.     See  Slip. 

Mo-sa'ic.  1.  Ornamental  work  produced  by  im- 
beddiug  different  colored  stones,  glass,  or  gems  in  a 
cement. 

The  simplest  form  is  the  dice-shaped  pavement,  or 
opus  micsivuin,  of  the  Konians.  The  pictra  dura,  or 
Florentine  work,  is  an  amplification  of  the  idea.  The 
opus  tessclatum  was  a  tesselated  geometrical  pave- 
ment. The  opus  sectile  was  formed  of  slices  of  mar- 
ble, as  its  name  implies.  The  opus  rcnnicuhilum  is 
an  artistic  rendering  of  the  forni.s,  lights,  shades,  and 
i  coloi-s  of  pictures  by  the  selection,  shaping,  and  ap- 
j  position  of  pieces  of  stone  or  gems  of  the  right  color. 
A  traveler  in  Italy  relates  that  he  saw  a  Florentine 
mosaic  table  valued  at  two  hundred  thousand  dollars. 
It  w.as  less  than  six  feet  in  diameter,  but  had  re- 
quiied  the  work  of  a  large  nuniber  of  men  for  fifteen 
i  years.  It  was  ornamented  with  mosaic  work  com- 
posed of  stones  of  ditterent  colors  and  shades  matched 
I  together  so  as  to  form  pictures.  The  traveler  says  : 
"  Upon  entering  the  hall  where  this  kind  of  work 
is  done,  I  could  not  doubt  these  enormous  figures. 
Suppose,  for  instance,  a  thousand  of  the  hardest  and 
most  expensive  stones  which  will  take  on  a  high 
polish  to  be  cut  into  pieces  three  eighths  of  an  inch 
thick.  These  pieces  are  cut  the  other  way  into 
small  pieces  like  shoe-pegs,  and  where  the  shading 
from  one  color  to  another  is  sudden,  these  pegs  must 
not  be  larger  than  a  needle.  Now  the  artist  cuts 
and  puts  in  these,  selected  according  to  their  color, 
so  as  to  give  the  coloring  wanted  as  distinct  as 
though  painted. 

"These  pieces  or  pegs  uuist  be  fitted  so  closely 
that  lines  of  .separation  will  not  show,  and  set  upon 
end  side  by  side  like  types.  They  claim  that  ten 
thousand  different  sh.ndes  of  color  are  necessary  ;  and 
in  order  to  do  this  kind  of  work  a  man  m\ist  be  as 
skilled  in  colors  and  shades  as  a  painter,  in  order  to 
place  the  colors  properly,  and  then  be  the  most 
careful  and  accurate  of  mechanics,  in  order  to  fit 
the  pieces  ;  and  he  must  have  patience  enough  to 
work  on  cheap  pictures  one  year  and  on  a  fine  one 
from  ten  to  twenty  years." 

Some  wonderful  specimens  of  mosaic  are 
to  be  seen  at  the  Imperial  woiks,  St.  Pe- 
tersburg, Russia. 

Pioman  mosaic  consists  of  pieces  of  arti- 
ficial enamel,  in  place  of  natural  stone. 
The  enamel  is  drawn  out  into  rods  of  va- 
rious sizes,  cut  into  lengths,  and  arranged 
in  cases  something  after  the  manner  of 
printing  type,  the  boxes  containing  each 
a  different  shade  or  color. 

Glass  mosaic  is  made  of  rods,  shreds, 
or  Tiairs  of  glass  enamels  of  various  colors 
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arranged  side  by  si<le,  so  that  tlieir  ends  show  the 
pattern.  Tlie  bundle  of  glass  rods,  being  cemented 
by  heat,  may  be  cut  across,  and  each  section  sliow 
the  pattern.  Filigree  (jlass  and  milletiore  are  of  this 
character.  Some  of  the  ancient  Egyptian  beads  were 
thus  made. 

The  Tunbriilge  wood-mosaic  of  England  is  made 
of  colored  parailelopipeds  of  wood  glued  together  so  as 
to  show  a  pattern  at  their  ends  or  .sections. 

Mosaic  rug-work  is  made  by  a  careful  selection  of 
colored  wools,  which  arc  stretclied  in  a  frame,  so  that 
a  cross-section  at  any  point  will  show  the  design. 
About  800,000  threads  are  thus  lield  in  a  cast-iron 
box  with  a  movable  bottom.  The  top  surface,  foi-med 
by  the  ends  of  the  threads,  is  treated  with  a  solution 
of  caoutchouc,  and  a  backing  of  canv.is  similarly 
treated  is  laid  upon  it.  The  bundle  of  threails  is 
then  pushed  up  in  the  box  by  screwing  up  the  fal.sc 
bottoni  -|'y  of  au  inch.  A  section  of  the  threads  at 
this  depth  is  then  made  by  a  horizontally  revolving 
knife,  and  the  sections  of  thread  come  oft'  on  tlie 
backing,  to  which  theyadhere,  forming  a  nap  thereon. 
2.  A  pyrotechnic  device  consisting  of  a  surface 
with  diamond-sliaped  compartments,  formed  by  two 
series  of  parallel  lines  crossing  each  other.  The  ef- 
fect is  produced  by  placing  at  each  intersection  four 
jets  of  fire  which  run  into  the  adjoining  ones.  The 
intervals  between  the  jets  must  be  associated  with 
the  discharge  of  others,  so  as  to  keep  up  a  succession 
of  fires  in  the  s])aces. 

Mo-sa'ic  Floor.  One  laid  in  colored  woods, 
tiles,  or  ni  irblcs,  systematically  arranged,  either 
symui -trie  illy  or  pictorially. 

Mo-sa'ic  Glass.  Mosaic  glass  is  formed  by  the 
association  of  various  colored  opaque  or  transparent 
rods  of  glass,  so  arranged  that  the  ends  may  form 
patterns. 

Section.s  being  removed,  the  pieces  are  arranged 
for  the  production  of  a  recurring  pattern,  or  a  gen- 
eral combination  is  formed  by  the  association  of  a 
variety  of  separate  ornaments. 

A  section  imbedded  in  a  bulb  of  transparent  gl.ass 
forms  the  miUefiore  paper-weight. 

The  a>j(jr!i-he:ids  of  Ashantee  are  of  this  claSs,  and 
show  that  at  some  former  time  the  country  was  vis- 
ited by,  or  had  communication  with,  a  land  where 
glass-making  was  artistically  practiced. 

Another  form  of  glass  mosaic  consists  in  the  put- 
ting together  of  pieces  of  glass  enamel  of  varying 
colors,  and  sawing  them  into  rectangular  prisms. 
See  Glass  Mosaic. 

The  art  of  glass-making,  instead  of  being  compar- 
atively moderrj  in  the  time  of  I'liny,  had  long  been 
practiced  in  Egypt.  The  manner  in  which  thi;  mo- 
saic glass  was  made  is  thus  described  by  Dr.  Abbott, 
referring  to  specimens  in  his  collection  now  in  the 
Museum  of  the  Historical  Society,  New  York  City. 
'*  678.  Three  fragments  of  colored  glass  on  a  card. 
"No.  1  represents  a  star.  No.  2  a  lotus.  These 
pieces  arc  particularly  interesting  as  examjiles  of  a 
curious  manufacture.  No.  3  more  especially  deserves 
attention,  inasmuch  as  it  explains  the  ingenious 
manner  by  which  the  ancients  accomplished  the 
work.  Long  sticks  of  glass  of  the  desired  color  and 
form  were  welded  together,  side  by  side.  This  mass, 
bidng  well  united,  was  then  sawn  through  traiis- 
versely  at  regular  intervals,  thus  producing  a  supply 
of  perfectly  similar  patterns.  The  pieces  thus  ob- 
tained were  afterwanl  polished  and  inserted,  like 
mosaic  woi'k,  to  decorate  various  utensils.  Thus, 
for  example,  were  produced  a  series  of  stars  of  ex- 
actly similar  dimensions  atid  form  as  No.  1,  which 
were  inserted  side  by  side  in  a  ('avity  to  represent 
the  heavens  ;  or  the  ornament   No.  2,  representing 


the  lotus,  was  tlius  reproduced  with  an  exactness 
which  no  other  contrivance  could  guarantee.  The 
jiiece  No.  3  has  evidently  been  sawn  from  such  a 
stick  of  gliiss  as  above  described  and  broken  oft'. 
They  were  found  at  Sakkarah." 

Mo-sa'ic  Gold.  A  brass  used  for  making  cheap 
jewelry. 

Hamilton  and  Parker's :  copper,  32 ;  zinc,  33. 
Or,  copper,  4  ;  nine,  1. 

Hermstadt's  :  coppei-,  7  ;  zinc,  1  ;  platinum,  16. 
Resembles  gold  in  color  and  weight.  See  ALLOY  ; 
Muck  Gold. 

Mo-sa'ic  Pave'ment.  One  laid  in  coloied  tiles 
or  slabs  arranged  in  systematic  order. 

Mo-sa'ic  Tile.  A  tile  molded  with  different  col- 
ored clays,  airanged  in  patterns  in  imitation  of  the 
associated  jiieiu's  of  colored  stones  in  a  ti'ue  mosaic. 

Mo-sa'ic  'Wool.  A  form  of  rug  oi-  mat  made 
from  colored  wool,  arranged  so  that  the  ends  of  the 
wool  present  a  definite  ]iattern. 

Threads  of  wool  of  equal  length  are  placed  hori- 
zontally in  a  frame,  close  together,  to  form  a  com- 
pact mass  They  are  of  <lifferent  colors,  and  the 
colors  are  arranged  in  conformity  with  a  pattern. 
The  threads,  being  held  firmly  in  the  flame,  are  then 
cut  across  to  form  cubical  masses,  all  the  threads  in 
each  cube  being  kept  rigidly  in  their  places.  The 
cube  is  then  placed  in  a  frame  with  the  threads  ver- 
tical, and  a  clean  cut  made  across  the  top.  The 
smooth  surface  is  then  wetted  with  a  solution  of 
rubber,  and  a  piece  of  canvas  firmly  attached.  'V\'hen 
dry,  a  machine  cuts  ott'  a  slice  of  such  thickness  as 
is  desired  for  the  length  of  the  pile.  A  rug  or  mat 
of  a  velvety  finish  is  thus  produced.  Other  slices 
cini  be  cut  ott'  in  the  same  way  until  the  wool  is 
exhausted. 

Mo'ses-seam.  A  sailmaker's  seam,  as  the  sel- 
vages of  the  canvas  lap  jiast  each  other.     See  MoNK- 

SKAM. 

Mos'lings.  The  thin  shreds  oi-  scrapings  of  leather 
shaved  ott'  by  the  curlier  in  dressing  .skins. 

They  are  used  in  wiping  oft' metals  while  grinding 
and  polishing,  t'ottoii  waste  is  used  in  a  similar 
manner  when  ]>leiitii'ul. 

Moth'er-gate.  A  lateral  passage  where  a  shaft 
intersects  a  seam  of  coal. 

Moth'er-lye.  The  liquid  remaining  after  all  the 
.salts  that  will  regularly  crystallize  have  been  ex- 
tracted from  a  solution. 

Moth'er-of-pearl  Mi-crom'e-ter.  The  mi- 
crometer of  I'avallo.  A  thill  semi-transparent  slip 
of  mother-of-pearl,  -^^  of  an  inch  wide,  is  ruled 
with  fine  graduations,  and  mounted  within  the  tube 
at  the  ibcus  of  the  eye-lens  of  the  telescope,  where 
the  image  of  the  oliject  is  formed.  The  divided 
edge  is  brought  into  convenient  proximity  to  the 
image. 

Moth'er-of-pearl  'Work'ing.  Mother-of-penvl 
is  the  inner  coat  or  layer  of  some  .sea-shells,  the  beau- 
tiful tints  of  which  tlepeiid  upon  the  lamellar  struc- 
ture of  tlie  surface,  wliich  decomposes  and  reflects 
the  light. 

The  structure  of  the  pearl  shell  admits  of  its  be- 
ing split  into  laminae,  which  may  be  used  for  the 
handles  of  knives,  for  inlaying,  tlie  manufacture  of 
buttons,  etc.  ;  but  in  jn-actice,  the  difi'erent  parts  of 
the  shell  are  selected  of  a  thickness  to  suit  the  special 
purposes,  and  the  pieces  are  adapted  by  saws,  filing, 
or  by  the  grindstone.  Square  or  angular  pieces  are 
cut  with  tlie  circular  saw  or  the  back  saw  ;  in  the 
former  case,  the  shell  is  feil  up  as  the  saw  divides 
it,  and  in  the  other  the  shell  is  held  in  a  vise  and 
the  saw  operated  by  hand.  Circular  pieces  are  cut 
with  an  annular  or  crown  saw,  which  is  fixed  upon 
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a  mandrel.     In  .sawing  and  grinding,  water  is  plen- 
tit'iilly  supplied  to  the  instniment. 

After  the  pieces  of  pearl  shell  are  cut,  gi'ound,  or 
turned  to  the  proper  form,  they  are  finished  with 
pumice-stone  and  water,  while  tlie  work  is  held  fast  I 
in  a  form  of  clamp  as  it  is  revolved  in  a  lathe.  This  ' 
process  may  be  followed  by  an  application  of  ground 
pumice-stone  applied  with  a  piece  of  cork  or  a  cloth 
moistened  with  water.  The  polishing  is  with  rot- 
ten-.stone,  powdered  chalk,  or  Spanish  wliiting,  moist- 
ened with  dilute  sulphuric  acid,  which  may  be  ap- 
plied upon  a  piece  of  cork  or  a  bit  of  soft  wood. 
The  acid  tends  to  develop  finely  the  striated  structure 
of  the  shell.  In  .some  turned  works  fine  emery- 
paper  may  be  used,  and  followed  witli  rotten-stone 
moistened  with  the  acid,  or  some  limpid  oil  instead. 

The  grinding  or  polisliing  material  maybe  applied 
to    the    surface  of   wheels   covered  with   cloth   and 
moistened  with  water,  the  pumice-stone,  and  the  rot- 
ten-stone.     Sometimes  dry  powdered  chalk  or  Span-  ' 
ish  whiting  is  used  in  the  place  of  the  rotten-stone. 

Pearl  may  be  engraved  in  relief,  by  the  aid  of  cor- 
rosive acids  and  the  etching-point.  Tlie  designs  or 
patterns  are  drawn  upon  the  shell  with  asphaltum  var- 
nish ;  strong  nitric  acid  is  then  brushed  over  the 
plates  repeatedly,  until  the  parts  un<lefended  by  the 
varnish  are  sufficiently  eaten  away  hy  the  acid.  The 
varnish  being  washed  off  with  turpentine,  the  de- 
\-ice,  which  the  acid  has  not  touched,  is  found  in  I 
relief. 

Moth-trap.  An  attachment  to  a  beehive  to 
catch  the  moth,  —  miller,  as  it  is  familiarly  called, 
—  whose  larva  builds  its  web  in  the  hive,  and  de- 
stroys the  colony. 

Some  traps  have  slats,  with  intervals  which  are 
adapted  for  the  passage  of  the  moth,  but  too  small 
for  the  bees.  The  moth  runs  in  here  for  concealment, 
anil  Iience  their  eggs  are  taken  and  destroyed  l)ther 
traps  are  on  the  principle  of  the  citl-dc-sac,  and  are 
removable  for  the  destruction  of  the  tenants.  Others 
have  a  liquid  in  which  the  moth  or  larvre  are 
drowned. 

Mo'tion.  1.  The  train  of  wheels  in  a  watch  im- 
mediately concerned  in  the  moving  of  the  hands. 
See  Movement. 

2.  {Steam-engine.)  a.  The  cross-head  in  a  loco- 
motive. 

b.  The  slide,  slide-rod,  and  link  of  a  locomotive- 
engine. 

Mo'tion-bars.  (Steam-engine.)  Guide  bars  or 
rods. 

Mo'tor.  Properh'  speaking,  —  a  source  of  mo- 
tion, such  as  heat  derived  from  the  combustion  of 
coal  used  in  expanding  a  substance  such  as  water  or 
air ;  falling  water  ;  air  in  motion  ;  dynamic  elec- 
tricity produced  by  chemical  reactions  or  otherwise  ; 
animal  strength,  etc. 

Technically,  —  a  prime  mover  in  the  sense  of  a 
steam,  air,  or  electro-magnetic  machine  ;  a  water- 
wlieel.  horse-power,  etc.      See  under  those  heads. 

Moulde'baert.  The  Flemish  earth-scraper.  A 
large  shovel  drawn  hy  a  horse  and  guided  by  a  man. 
A  (irnding-scntper. 

Mou'line ;  Mou'li-net.  The  rope-winding  drum 
of  a  hoistiug-nuichine. 

Mound.  (Civil  Engituering.)  A  lump  of  origi- 
nal ground  left  at  intervals  to  show  the  depth  of 
gi'ound  excavated. 

Moun'tain-ba-rom'e-ter.  A  portable  barome- 
ter designed  for  measuring  vertical  bights  above  the 
sea.  It  is,  consequently,  more  carefully  made  and 
accurately  adjusted  than  the  common  barometer. 
That  of  Troughton,  which  is  most  generally  known 
and  probably  the  most  convenient,  is,  for  transpor- 


tation, inclosed  in  the  tri-  f'g-  3241. 

pod  which  forms  its  sup-  <  •  r 
port  when  an  observation   \ 
is  to  be  made,  as  shown  in 
Fig.  3241.    The  cistern  has 
a  Hexible  leathern  bottom 
resting  upon  the  tlat  upper 
extremity  of  a  screw,    by 
which  it  may  be  raised  or 
lowered  until  the  level  of 
the  mercury  in  the  cistern 
corresponds  with  the   zero 
of  the  scale.     The  tube  is 
inclosed  in  a  brass  case,  the 
upper  part  of  wliich  is  par- 
tially open,  so  as  to  expose 
to  view  the  mercurial  col- 
umn,  the  lower  part  con- 
taining    a     thermometer. 
Tlie  graduations  commence 
at  15  inclies,  are  carried  up 
to   33   inches,   above   tlie 
zero  point,  and  are  subdi- 
vided so   as   to   read   to 
thousandths  of  an  inch 
hy  means  of  a  veniier. 
'  M  o  u  n '  t  a  in-blue. 
Carbonate    of    copper. 
Malachite. 

Moun'tain-cork. 
A  spongy,  elastic  va- 
riety    of    asbestus  ; 
light  enough  to  tioat 
in  water. 

Moun'tain- 
gr^SQ'     -^   carbo- 
nate    of     copper 
combined  with 
white  earth. 

Moun'tain- 
hcw'it-zer.   A 
liglit  field-piece, 
of  large  caliber 

in  proportion  to  Moun,ain.Bara,mu,. 

Its  weight.     It 

is  mounted  on  a  light  carriage  which  ujay  be 
by  one  horse. 

Kg.  3242. 
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The  howitzer  and  its  carriage  may  each  be  packed 
on  the  hack  of  a  horse  or  mule. 

The  piece  shown  in  the  cut  is  a  gun  of  the  howit- 
zer battery  made  for  the  negro  contingent  in  the 
Ashantee  war,  just  concluded.  Sir  Garnet  \\'olseley's 
dasli  on  Coomassie  is  .something  of  which  to  be 
proud. 

Moun'tain-leath'er.  A  variety  of  leather  with 
interlacing  libers  jiroduciug  a  texture  resembling 
leather. 

Moun'tain-lime'stone.  A  series  of  marine 
limestone  stratu,  below  the  coal  measures  and  above 
the  old  red  sandstones. 

MouQt'ing.     1.  The  setting  of  a  gem. 

2.  The  frame  of  a  picture. 

3.  The  back  stiffening  or  support  of  a  print  or 
map. 

4.  The  harness  tackle  of  a  loom. 

5.  The  carriage  and  tackle  of  a  piece  of  ordnance. 

6.  The  ornamentation  of  the  stock  of  a  fowling- 
piece. 

7.  The  fastening  of  a  piece  to  be  turned  on  the 
mandrel  of  a  lathe. 

8.  (tSaddlcry.)     In  the  plural,  —  a  general  term 
given  to   the    metallic    trimmings   of  harness.     In  \ 
Englnnd  called  harness  furniture. 

Mouse.  1.  (Nautical.)  a.  A  ball,  knob,  or 
puddening  worked  on  a  rope. 

b.  A  turn  or  two  of  spun-yarn  uniting  the  point 
of  a  hook  to  the  shank  to  prevent  its  unhooking. 

2.  [Blasting.)  A  match  used  in  filing  guns  or 
mines. 

Mouse-trap.  A  small  trap  for  catching  mice. 
(See  AKl.M.tL  Trap.)  Pepys  in  his  Diary,  1661, 
mentions  purchasing  two  mouse-traps  on  his  way 
home. 

Mousing.  1.  (Loom.)  A  ratchet  movement  in 
a  loom. 

2.  (Nautical.)  A  lashing  or  latch  connecting  the 
bill  with  the  .shank  of.a  hook. 

Mous'ing-hook.  A'  hook  secured  by  a  mousing 
passing  around  its    two    branches   and   closing   its 

Fig.  3243. 


Moitsin^-Hook. 

mouth,  in  order  to  prevent  it  from  .straightening 
out  when  supporting  a  heavy  weight  or  to  obviate 
the  danger  of  unshipping. 

Fig.  32  i3  shows  several  forms  :  — 

One  has  a  mousing  of  cord,  by  which  the  bill  of  the 
hook  is  secured  to  the  shank. 

Next  to  it  isone  with  aretainingand  releasing  hook. 

Above  is  a  pair  of  hooks  engaging  in  different 
directions,  one  forming  a  mousing  for  the  other. 
Sister-hooks.     A  snap-hook. 

On  the  left,  below,  are  views  of  a  watch-chain  or 
brequet  hook,  having  portions  which  open  on  a  swivel. 

Also  a  hook  having  a  mou.sing-block  of  caoutchouc. 

Above  is  a  gravitating  niousing-link  which  throws 
off  from  the  point  when  the  load  on  the  hook  is 
suddenly  lightened,  as  in  the  case  of  the  hooks  of 
davit-fall  blocks. 


Mousse-line'.     French  muslin. 

Mouth.  1.  An  opening  by  which,  a  vessel  is 
filled  or  emptied  ;  if  it  have  a  turned-over  edge, 
such  is  called  a  lip. 

2.  The  muzzle  of  a  tire-arm. 

3.  The  opening  of  a  vice  between  its  chops,  chaps, 
cheeks,  mjaws,  as  they  are  inditlVrently  termed. 

4.  (Metallurgy.)  a.  The  charging  oijening  of  a 
furnace. 

b.  The  hole  in  a  furnace  out  of  which  melted  metal 
flows. 

5.  The  cross-bar  of  a  bridle-bit ;  uniting'  the 
branches  or  the  rings,  as  the  case  may  be. 

The  mouth  gives  character  to  the  bit  as  the  straight 
mouth-piece,  or  arched,  severe,  jointed,  wired,  clothed, 
or  leith  rollers,  as  the  case  may  be. 

6.  (Mtisic.)  a.  The  opening  in  an  organ  pipe 
whence  the  wind  emerges.  Being  directed  against 
the  lip  or  u:iiid-cuttcr,  it  acquires  a  vibration  which 
is  imparted  to  the  colunm  of  air  in  the  pijie,  produc- 
ing a  musical  sound.  The  principle  of  the  liageolet 
is  similar. 

b.  In  a  flute, — the  edge  of  the  opening  against 
which  the  air  from  the  mouth  of  the  performer  i.s 
cut,  the  vibration  thereby  imparted  being  communi- 
cated to  the  column  of  air  in  the  tube.  The  pitch 
de]>ends  ujton  the  length  of  the  tube  beyond  the 
mouth,  and  the  holes  allow  the  length  to  be  vaiieu 
so  as  to  produce  varying  notes.     See  Pipe. 

7.  (Fortification.)  a.  The  outer  or  widest  part  of 
an  embrasure.     The  nari'ow  part  is  the  ncclc. 

b.  The  ]iart  of  a  trench  most  remote  from  the  be- 
sieged place. 

8.  (Joinery.)  The  slot  in  a  jdane  to  receive  the 
bit. 

Mouth-gage.  (Saddlery.)  A  device  for  meas- 
uring a  horse's  mouth,  consisting  of  a  gage  which 
answers  as  the  mouth-piece,  a  stationary  cheek-piece 
on  one  end,  and  a  sliding  cheek  on  the  other,  with 
a  set  screw  to  hold  it  in  any  desired  jiosition.  On 
the  lower  arm  of  the  sliding  cheek  there  is  another 
slide  held  to  its  place  by  a  set  screw.  The  fii'st  slide 
is  used  to  obtain  the  exact  width  of  the  horse's 
mouth  ;  the  slide  on  the  lower  arm  of  the  sliding 
cheek  is  used  to  measure  the  bight  of  the  bar  of  the 
moutli,  each  of  the  bars  being  gaged  in  inches  and 
fractions. 

Mouth-glass.  (Dentistry.)  A  dentist's  small 
mirror  for  inspecting  the  teeth  and  gums. 

Mouth-piece.  (Music.)  1.  The  part  of  a  wind- 
instrument  applied  to  the  lips. 

2.  (Saddlery.)  That  part  of  the  bit  which  is  placed 
in  the  horse's  mouth. 

Mouth-pipe.  (Music.)  a.  The  part  of  a  musi- 
cal wind-instrument  to  wdiich  the  mouth  is  a|qdied. 

b.  An  organ  pipe  having  a  lip  to  cut  the  wind  es- 
caping through  an  aperture  in  a  diaphragm.     See 

FLUTE-ORr,.\N. 

The  mouth-pipe  is  similar  to  i\v  flageolet.  In  the 
wooden  mouth-jiipe  A  of  the  organ  it  is  a  cylinder 
or  a  parallelogram  ;  in  the  latter  case,  the  inside  sec- 
tional dimensions  are  as  4  to  5,  the  interior  surface 
being  smoothed  by  an  application  of  size.  Tlie  pitch 
of  the  note  depends  upon  the  length  of  the  pipe 
above  tlie  mouth.  The  upfier  end  may  be  open, 
or  stopped  by  a  tampion,  which  fits  air-tight.  The 
lower  end  is  closed  by  a  block  on  which  three  of  the 
walls  of  the  pipe  are  glued.  The  front  wall  terminates 
in  a  sharply  beveled  edge'  at  the  lower  end,  just 
above  the  block  b,  the  space  forming  the  mouth  »n, 
and  the  edge  itself  the  lip  or  wind-eatter.  The  wind- 
pil>e  /  from  the  bellows  is  attaelied  to  the  block  b. 
A  block  is  fastened  to  the  walls  of  the  pipe,  leaving 
an  intervening  space  between  which  the  wind  passes 
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Mouth-Pipes. 


to  the  mouth.  The  aper- 
ture is  called  the  plate  of 
wind,  and  the  sheet  of  air 
issuing  therefrom  is  cut  by 
the  sharp  edge  or  lip  at  the 
lower  end  of  the  front  wall, 
the  vibrations  caused  there- 
by being  communicated  to 
the  column  of  air  in  the 
tube  and  producing  a  musi- 
cal note.     See  Pipe. 

The  nutallic  mouth-pipe 
B  differs  from  the  wooden 
^i     L  pl^  f   ':  J   one,  not  alone  in  the  ma- 

ll        I  \i         ■  °fe"  I  ■  t'^'''''^'  ^"''  '"  ^'^  construc- 
(J-^        J-'  f    if   lion.      The   lower   end   is 

diminished  so  as  to  meet 
the  size  of  the  pipe  which 
conducts  the  wind  from  the 
bellows,  and  at  a  point  op- 
posite the  moiUh,  or  slit  in  the  front  of  the  tube,  a 
languettc,  or  platf,  is  placed,  nearly  closing  the  in- 
terior area  of  the  pipe.  Between  the  lanquelle  and 
the  under  lip  a  plate  of  loind  is  formed,  the  stream 
of  air  from  which  impinges  upon  the  upper  lip,  and 
the  ribration  thus  imparted  is  communicated  to  the 
column  of  air  in  the  pipe. 

At  each  end  of  the  slit  or  mouth  is  a  soft-metal 
lug  which  is  called  an  ear,  and  is  bent  more  or  less 
over  the  mouth  to  modify  and  qualify  the  tone. 

One  of  the  figures  shows  a  pipe  at  whose  upper 
end  is  a  smaller,  open  pipe ;  this  is  termed  the  chim- 
ney-top,  and  the  partial  opening  thus  afforded  has 
the  effect  of  sharping  the  note.  The  same  effect  in 
kind,  if  not  in  degree,  is  attained  by  making  a  hole 
in  the  I'lmplon. 

Mouth-spec'u-lum.   {Surgiaxl.)   a.  An  instru- 

Fig  3245. 
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ment  for  depressing  the  tongue  and  raising  the  soft 
palate  to  expose  the  posterior  fauces. 

b.  A  frame  to  keep  the  jaws  apart  while  operating 
in  the  mouth. 

Mov'a-ble  Lad'der.  A  form  of  ina.n-cngiiu  for 
ascending  and  tlescendiug  shafts.    See  Man-engixe. 

Move'ment.  {Horology.)  The  going  m(;chanism 
of  a  watch  or  clock.  The  motor,  train,  regulator, 
and  indicator  of  time. 

In  Fig.  3246,  ^  is  a  Tiew  of  a  watch-movement  with 
vertical  escapement,  the  barrel  containing  the  main- 
spring and  the  fusee  being  removed.  B  is  an  eleva- 
tion of  a  movement,  baiTcl  and  fusee  in  place.  In 
the  lower  right-hand  comer  (upper  figure)  is  the 
mainspring,  one  end  of  which  is  fast  to  a  pillar 
and  the  other  to  the  winding-stem,  which  carries 
a  ratchet-wheel  jirovided  with  a  click,  and  also  the 
spur-wheel  /.  "VVhen  the  watch  is  wound  uji,  the 
.«priug  is  condensed,  and  through  the  medium  of 
the  click  operates  to  rotate  the  winding-stem,  the 
wheel /on  which  turns  a  pinion  and  through  it  the 
wheel  «,  which  gears  with  a  pinion,  causing  the 
movement  of  the  wheel  d,  rotating  a  pinion  on  the 
shaft  of  the  crown-wheel  c,  which  turns  the  pinion 
of  the  scape-wheel  5.  The  teeth  of  this  are  alter- 
nately engaged  by  and  released  from  two  pallets  on 


the  axis  or  verge  of  the  balance-wheel  a,  causing  it 
to  oscillate  back  and  forth  to  an  amount  determined 
by  a  stop,  so  as  to  perform  a  uniform  number  of  os- 
cillations in  a  given  time,  thus  regulating  the  move- 
ment of  the  works.  The  shaft  of  the  wheel  e  is  pro- 
longed upwardly,  and,  passing  through  the  hollow 
shaft  of  the  wheel  A,  carries  the  minute-hand  at  its 

Fig.  3246. 
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upper  end.  It  also  carries  a  pinion  g,  which  en- 
gages a  wheel  on  an  upright  shaft,  turning  a  pinion 
wliich  gears  with  the  wheel  h  on  the  hollow  shaft 
that  carries  the  hcur-hand.  ■  The  number  of  teeth 
in  the  various  wheels  and  pinions  beai-  such  relations 
to  each  other,  that  when  the  balance-wheel  and  es- 
capement are  in  adjustment,  the  minute-hand  shall 
be  carried  around  the  dial  in  exactly  one  hour,  while 
the  hollow  shaft  of  the  wheel  h  rotates  but  -^  as 
fast,  carrying  the  hour-hand  round  but  once  in  12 
hours. 

Mo'w.  (ffushandry.)  A  baj-  or  large  compart- 
ment of  a  bam  in  which  hay  or  sheaves  of  grain  are 
stored  ready  for  thrashing. 

Mow'er.  (Husbandry.)  A  machiue  for  cutting 
graiu  or  clover.  A  great  many  devices  were  used 
before  a  satisfactory  conclusion  was  reached.  Plate 
XXX.  shows  a  large  number  of  distinct  inventions, 
involving  reciprocating  and  circular  movements  of 
single  knives  and  knives  working  in  apposition. 
The  illustrations  and  gioup  headings  will  be  readily 
understood,  and  the  dates  will  add  interest  to  the 
list,  showing  the  length  of  time  that  man  has  been 
hammering  at  the  problem.  The  harvester  used  in 
the  plains  of  Rhaetia,  in  the  time  of  Pliny,  had  no 
jiroper  motion,  but  was  simply  a  comb  whose  teeth 
had  sharp  edges  which  cut  and  tore  the  head  of  the 
grain  from  the  stalk  and  allowed  it  to  be  brushed 
into  the  box  of  the  machine.    See  Re.\pf.r  ;  Clover- 

HAKVESTER. 

Mowing  was  a  familiar  duty  in  Palestine,  and  the 
Scripture  references  to  it  show  that  the  ardent  s>in 
cured  the  grass  in  a  short  time,  as  with  us.  The 
sudden  wilting  and  quick  dn'ing  which  form  the 
basis  of  so  many  beautiful  comparisons  in  the  Bible 
are  more  descriptive  of  the  Syrian  or  .\merican  hay 
harvest  than  that  of  England,  where  persistent 
spreadings  and  turnings  are  the  order  of  the  day. 

Moses  and  David  use  the  sitnilitude  :  — 

"  In  the  morning  it  fiourisheth  and  groweth  up  ; 
iu  the  evening  it  is  cut  do«Ti  and  withereth." 

"  For  we  are  consumed  by  thine  anger." 
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"  My  heart  i.s  smiUeii,  and  withureth  liks  grass." 

Tlie  uses  of  liay  ill  I'nlestine  are  nearly  foigotten. 
The  tihi.  of  the  Arabs,  the  ordinary  fodder  for  cattle 
and  horse.s,  consists  of  straw.  It  is  sometimes  cut 
and  ini.\ed  with  barley.  Chati',  or  the  husks  of 
grain,  is  also  used. 

The  most  ordinary  classification  of  mowers  is  the 
apparent  one,  two-wheeled  or  mic-wheeled.  The 
former  of  these  is  shown  in  Fig.s.  5,  8,  9,  11,  14,  16, 
of  Plates  XXXI.,  XXXII. 

A  one-wheeled  mower  is  shown  at  Fig.  1,  Plate 
XXXI. 

Another  distinction  is  the  mode  of  attaching  the 
finger-l)ar  to  tlie  frame,  rigidly  or  by  a  hinge.  Tlie 
former  of  these  is  shown  in  Figs.  1,  2,  3,  4,  Plate 
XXXI.,  the  different  figures  having  distinguishing 
features.  Figs.  5  to  12  inclusive  show  various 
adaptations  of  the  hinged  tinger-bar. 

Another  distinction  common  among  those  who  use 
tlie  machine  is  the  position  of  the  cutter-bar  in  point 
of  degree  of  advancement  relatively  to  the  driving- 
wheels.  These  jiositions  are  known  as  fronl-cul, 
cciitar-cxU,  rear-cut ;  that  is,  before  the  driving-wheel, 
even  with  the  axle,  rearward  of  the  driving-wheel. 
Tlie  first  is  shown  in  Figs.  2,  5,  9,  10,  11,  15,  16, 
21,  of  Plates  XXXI.,  XXXII.,  XXXIII.;  the  sec- 
ond in  Fig.s.  1  and  7,  Plate  XXXI.;  the  last  in 
Figs.  4,  6,  S,  13,  19,  of  Plates  XXXI.,  XXXII. 

Several  modes  of  draft  also  furnish  peculiarities 
worthy  of  notice.  The  center-draft,  as  in  AVilber's 
patent,  in  which  the  cutter-bar  stretches  across  the 
Tlie  side-draft,  in  which 


the  cutter-bar  projects  laterally,  so  that  the  horses 
w'alk  in  the  swath  previously  cut,  not  tramping  in 
the  standing  grass.  This  feature  is  shown  in  most 
of  the  figures  in  the  Plates.     One  other  mode  of  draft 


Fig.  3247. 


Steam  Mowing  Mactiine 

is  to  be  noticed,  and  tliat  is  the  propeller,  in  which 
the  cutting  apparatus' is  ahead  of  the  horses,  which 
push  the  implement  before  them.  This  is  the  origi- 
nal form,  it  may  be  presumed,  and  was  used  in  Gaul 
eighteen  centuries  since  (see  figure  under  the  subject 
Reaper).  The  form  still  survives  in  the  Clovke- 
HE.4DER  (which  see).  Reapers  have  other  features, 
such  as  reels,  rakes,  dro]>pers,  etc.,  and  are  consid- 
ered under  Reaper. 


Classification  of  Mowers  by  Structural  Features. 
The  numbers  refer  to  correspondins  numbers  in  Plates  XXXI.,  XXXII.,  XXXIII. 


Connection    of  cutting 
apparatus  with  frame 


Finger-bar  rigidly  connected 


Finger-bar  ftiitged 


Mode  of  driving  cutters 


j  St>le  of  cutters 


Dividers 


Track-clearers. 


Draft 


Reciprocating 


Curvilinear 


Rotary  .... 

Rigid,  31. 
Adjustable 

Hinged  .... 
Rigid  with  cutter-frame. 
Jointed  . 
Independent  of  tongue. 


I  To  main  frame 
To  hinged  coupling-frame 
To  vertically  sliding  frame 

1  To  flexible  coupliog-arms 


To  arms  rigid  with  main  frame 

To  two  arms  ;  one  rigid,  the  other  jointed 

To  two  arms,  both  jointed 

To  ft  single  swiveled  bar     ...... 

To  a  coupling-frame  .iointed  to  main  frame  . 

To  coupIing-fran;c  j(  in'ed  to  sccond.-iry  hinged  frau'e 

To  coupling-frame  vibrating  on  main  axle   . 

To  sliding  arms 


By  simple  gearing 

By  friction  gearing     .         .         .         . 

By  planetary  gearing     . 

By  gyrating  gearing  .         .         .         . 

By  screw  gearing  .... 

By  changeable-speed  gearing    . 

By  cams 

By  belts 

By  piston  moved  by  compressed  air 


I  Single  blade 

Tnmsversely  divided  blade 
'  Double  blades    . 


Blade  hung  upon  hinged  amis 
Series  of  pivoted  knives     . 


Cutters  upon  single  vertical  shaft 
Cutters  upon  single  horizontal  shaft 
Cutters  upon  series  of  vertical  shafts 
Cutters  upon  endless  chain  or  belt   . 


Vertically 
Horizontally 


I  To  move  vertically 

To  move  horizontally 
I  To  move  axial  ly     . 


1 
2 
3 

4 

5 
6 

7 
8 
9 
10 
11 
12 

13 

14 
15 

Hi 
17 
IS 
19 
20 
21 


&3 
24 


25 
2tl 


28 
29 


32 


34 
35 
36 


Upon  main  axle. 

Upon  cutter-frame  in  rear  of  axle  |  „  .°^^' 

Upon  cutter-frame  in  front  of  axle. 
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Reciprocating  and  Advancing. 


A  ncicnt  Jioniofu 


BeZl,  1S26. 


Manning,  1831. 


Mc  Cormick,  1331. 


2^ 


»W^A^^^s/VlA,-JW^l/JV^rA1    yyK^ 


JiundcU,  1835. 


„,Mvwy\^vw)\.^ 


Jfc  Cormicl:,  ISoO. 


Stacey,  1852. 

]      o     o     o     o     o 


iJMJey,  1R52. 


b)    (O)    (O)    (0) 


IT 


Randell,  1852. 


Fouler,  1852, 


J/c  Cbmiicfr,  1852. 


^ 


jDrai/,  1852. 


^ 


TTrai/,  1832. 


mm%_ 


Uarkes,  1852. 


Gompertz,  1852. 

-//'A 


^^ 


FourUain,  1S49. 


^ 


Rotary  and  Advancing. 


PIU,  17SC. 


J^  .  $,iinv 1 


Boyce,  ,1799. 

>*— -1  o 


ira<A-«-«  P?ii7^/.'%^1799, 


Gladstone,  1805. 


Cuvtminff,  1811, 


i)ati.s,  1811. 


fito«,  1815. 


J&nn,  1820. 


Phillips,  1811. 


Gibl)on,  1816. 


Budding,  1830. 


UTirtttwOs,  1819. 


France,  1851. 


iT;j»-;fSS,  1811. 


y 


t 


Z7j;aiZ,  .  1851. 


Mac  Kay,  /  1851. 


Mason,  1852. 


r{^ 


"^^^      -4-Nl-<-^ 


SjiuW,  1852. 


Gomperte,  1852. 


GmnperU,  1852. 


Burcli,  1852. 


Trotter,  1851. 


Plate  XXX. 


CUTTING  APPARATUS  OF  HARVESTERS. 
Principles  of  Action. 
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Plate  XXXI. 


MOWERS. 

Slutwing  Modes  of  connecting  the  CuUinij  Apparatus  with  the  Frame. 
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Plate  XXXII.  MOWERS. 

Sliowimjin,  12)  Modes  of  Connection  of  the  Cutting  Apparatus  with  the  Frame;  (13-20)  Modes  of  driving  Cutters. 
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Plate  XXXIII.  MOWERS. 

Slwwing  {21)  Mmie  of  driving  Cutler  :  (22-30)  Stiiks  of  Cidkrs :  (31-36)  Trach-Clearers. 


MOWING-MACHIXE  CUTTER  GRINDER.  1493 


MUD-BOAT. 


In  Fig.  3247  a  steam-engine  is  sliown  as  adapted 
to  operating  the  iniiilement. 

In  some  parts  of  Solano  County,  Califoniia,  where 
the  grain  and  grass  are  very  short,  an  a)iron  is  htted 
under  the  sickle  of  the  mower,  which  catches  all  the 
grass,  and  when  full  dumjis  it  in  piles.  Gi-ass  and 
grain  not  over  three  inches  in  hight  are  thus  secured, 
in  some  cases  at  the  rate  of  a  ton  to  an  acre. 

The  smallest  description  of  mower  is  that  for  mow- 
ing lawns,  which  is  pushed  by  the  gardener  so  as  to 
cut  the  grass  before  it  is  tramped. 

It  weighs  about  30  pounds  and  cuts  a  swath  of 
10  inches.  The  cylinder  has  spiral  knives,  and  is 
rotated  by  gear  connection  to  the  wheels  of  the  ma- 
chine. These  spiral  blades  cut  against  the  rectilin- 
ear edge  of  a  stationary  knife,  which  is  set  at  a  tan- 
gent to  the  cylinder.  The  grivss  is  nipped  between 
the  blades  and  swept  into  a  trough  in  the  rear,  which 
carries  it  until  sufficient  has  accumulated  to  render 
it  advisable  to  empty.  The  grass  is  kept  short  by 
freiiuent  cuttings.     See  Lawn-mowkr. 

The  classification  just  given  concerns  many  parts 
common  to  inoiccrs  and  to  rcapsrs,  which  are  includ- 
ed under  the  generic  title  harvesters  ;  the  latter  also 
embraces  many  other  machines  for  cutting  crops, 
such  as  beans,  corn,  cotton,  hemp,  etc.     For  a  list, 

see  H.iKVESTER. 

The  features  appertaining  to  grain-harvesters  prop- 
er, such  as  rakes,  reels,  droppers,  binders,  etc.,  are 
classilied  and  considered  uniler  Rk.\per  (which  see). 

Mo^w'ing-ma-chine'  Cut'ter  Grind'er.  A 
grindstone  or  emeiy-whecl  arranged  and  adapted  for 
grinding  the  knives  of  mowing-machines.  The  ex- 
Fig.  3248. 


Mowing-Kni/e  Grinder. 

ample  is  a  portable  implement  to  be  placed  on  a 
bench  or  stool.  The  cutter-bar  is  clamped  to  the 
base-plate,  being  guided  to  position  by  the  angular 
projection  on  the  adjustable  lieil-piece,  and  the  em- 
ery-stone acts  upon  the  teeth  as  they  are  consecu- 
tively brought  into  position  beneath  it.  The  emery- 
stone  frame  has  oscillation  in  a  vertical  plane,  to 
bring  it  down  to  or  away  fi-om  its  work,  and  lias  also 
a  longitudinal  movement,  to  pass  along  the  edge  of 
the  cutter. 

Mox'a.  {Surgical.)  A  substance  burnt  on  the 
skin  to  form  an  ulcer.  The  soft,  woolly  leaves  of 
the  artemisia  are  used.  Dr.  Brown-Se- 
qiiai'd  repeatedly  applied  nio.xas  to  the 
liaek  of  our  late  Senator  Sumner.  He 
regarded  the  treatment  as  the  most  severe 
he  had  ever  applied  to  any  living  crea- 
ture, —  not  excepting  his  guinea-pigs, 
which,  in  various  states  of  dilapidation 
and  destitution  of  limlis  and  nerves,  were 
all  eaten  by  the  Parisians  during  the 
siege. 

Mo'zam-bique'.  {Fabric.)  An  open 
dress-goods  having  a  chain  in  which  the 
cotton  threads  are   associated  in  pairs, 


and  the  woolen  filling  is  soft  and  fleecy.  It  is  dyed 
in  the  wool,  self-colored,  or  striped  in  the  warp. 

Moz'ing.     Gigging  of  cloth. 

M-roof.  {t'arptidri/.)  A  double  roof  consisting 
of  two  ordinary  gable-roofs  and  a  valley  between 
them. 

M-teeth.     {Saw.)    Teeth  in  groups  of  two,  like 

the  letter  _M_M_. 

Mu'ci-Iage-bot'tle.  One  for  containing  muci- 
lage, a  solution  of  gums  tragacanth  and  acacia.  In 
the  example  (Fig.  3249),  an  elastic  band  is  applied 
to  the  stem  of  the  brush  and  the  cover  of  a  nuicilage, 
marking,  or  other  bottle,  for  the  purpose  of  always 


Fig.  3249. 


Fig.  3250. 


Mucilage-Bottle. 


Mucilage-Cup. 


keeping  the  brush  elevated  above  the  contents  of  the 
bottle,  except  when  forced  down  for  the  purjiose  of 
taking  up  some  of  the  fluid  for  use. 

Fig.  3250  has  a  supply  fountain. 

In  Fig.  3251,  a  water-tank  forms  a  receptacle  for 
the  brush.  The  lid  is  attached  to  a  rod  which  swings 
back  with  it  and  forms  a  wiper  for  the  brush. 

Muck-bar.  Bar-iron  which  has  passed  once 
through  the  rolls.  It  is  usually  cut  into  lengths, 
piled,  and  reroUed.  ■ 

Muck-fork.    {Agriculture.)    A  manure-fork. 

Muck-rake.  {Agriculture.)  A  drag  or  rake  for 
reniiiviiig  or  unloading  manure. 

Muck-roll.  The  roughing  or  first  roll  of  a  roll- 
ing-mill tiain. 

Mud-boat.  One  for  carrying  off  mud  dredged 
from  a  river-channel  or  bar,  and  having  convenient 
provision  for  ilischarge.  In  the  exam]ile,  the  mnd- 
boat  has  several  vats  resting  on  two  boats  which  are 
placed  parallel  and  connected  by  timbers.  The  floors, 
of  the  vats  have  sectional  drojis  for  discharge,  and 
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lever-catches  wliich  control  their  discharging  func- 
tions. 

Mud-drag.  A  inachine  for  raking  up  the  nnul 
of  -,1  river,  in  order  that  it  may  be  carried  off  by  the 
curifnt.      A  /ttdgc-hog. 

Mud-hole.  A  covered  opening  in  the  bottom  of 
a  hiiilcr  for  discliarging  the  dirt  and  sediment. 

Mud-pat'tens.  Broad  wooden  sole-boards  for 
traveling  on  mud-lands. 

Mud-plug.  (Stmm-enginc.)  A  tapered  stopper, 
renii'Ved  fmm  a  boiler  to  allow  the  mud  to  escape. 

Mud-sill.  The  lowest  sill  of  a  structure,  which 
mav  lie  in  tljc  uuul  or  on  the  surface  of  the  earth. 

Mud-valve.  (Steam.)  A  valve  by  which  mud 
is  discharged  from  a  steam-boiler. 

Mud-Twall.     One  of  earth  or  clay. 

line  of  materials  laid  in  clay  as  a  substitute  for 
mortar. 

Muff.  1.  (Glass.)  A  roller  or  cylinder  of  glass 
for  Hattening  out  into  a  glass  plate. 

2.  (JFcar.)  A  fur  pocket  tor  tlie  hands  held  in 
front  of  the  person. 

' '  This  day  1  did  first  wear  a  muffle,  being  my  wife's 
last  year's  muffle,  hut  now  I  have  bought  her  a  new 
one."  —  Pi;pYs's  Diary,  November  30,  1662. 

3.  A  joining  tube  driven  into  the  ends  of  two  ad- 
joining pipes. 

Muffle.  1.  (Metallurgy.)  An  oven-shaped  ves- 
sel (a)  of  baked  fire-clay,  used  in  assaying  for  con- 
taining the  cupels  or  cups  in  which  the  alloy  under 
investigation  is  fused.  It  is  open  at  one  end  and 
closed  at  the  other,  and  lias  slits  in  the  sides  to  per- 
mit a  draft  of  air  through  it.  Its  use  is  to  protect 
the  cupels  from  impurities  of  fuel  while  permitting 
access  of  air.  It  forms  a  chamber  in  the  midst  of 
the  incandescent  coals  of  tlie  furnace  b.     See  MUF- 

FLE-FURNACE  ;    As.s.W'IXG-CUPEL. 

2.   A  ]iulley-blo<-k  containing  several  sheaves. 
Muf' fle-fur^nace.   (Mdallurgy.)   A  furnace  with 
a  chamber  which  is  surrounded  by  incandescent  fuel, 

Fig.  3263. 


Mitffie-Famace. 


■  and  in  which  cupellation  or  fusion  of  metals  is  per- 
formed ;  the  former  especially.  (See Cupellation.) 
The  holes  in  the  sides  of  the  muffle  are  important, 
as  through  them  a  draft  is  established  which  oxi- 
dizes the  lead  and  some  other  associated  metals. 

a,  muffle.  c,  closed  muffle. 

6,  muffle-furnace.  d,  cupel-mold. 

In  the  process  of  assaying,  the  muffle  contains  the 
cupel  in  which  the  metal  is  ])laeed. 

Arsenic  is  sublimed  from  arsenical  pyrites  in  a 
muffle  whose  eduction-channel  leads  to  a  condensing 
chamber  where  the  arsenious  acid  is  deposited.     See 

ARSEXIC-FlItNACE  :    CUPELLATION. 


Muffler.   \.  (Miisic.)  A  soft  cushion  employed  to 

terminate  or  solten  a  note. 

2.   .\  knit  wrapper  for  the  head  or  throat. 

Mule.  A  spinning-machine  in  which  the  rovings 
are  delivered  from  a  series  of  sets  of  drawing  rollers 
to  spindles  placed  on  a  carriage,  which  travels  away 
from  the  rollers  while  the  thread  is  being  twisted, 
and  returns  toward  the  rollers  while  the  thread  is 
being  wound. 

It  was  invented  by  Sanmel  Crompton,  and  per- 
fected in  1779,  so  far  as  to  nnrke  it  an  excellent 
working  machine.  Subseiiuent  improvements  by 
Robots,  Mason,  and  others  have  brought  it  to  its 
present  state,  in  which  it  is  automatic,  and  is  known 
in  some  jiarts  of  England  as  the  "  iron  man,"  in  al- 
lusion to  its  singidarly  deft  and  delicate  action. 

The  combination  which  gave  rise  to  the  tenn  mule 
was  the  junction  of  the  drawing-rollers  of  Arkwright 
with  the  jenny  of  Hargreaves.  The  hybrid  scarcely 
came  within  the  definition  of  a  mule,  which  is  de- 
clared by  Senator  Nesmith  of  Oregon  to  be  "  a  being 
without  pride  of  ancestry  or  Iiope  of  posterity."  The 
object  of  the  niacliine  is  to  deliver  the  roving  with 
the  reipiiri'd  degree  of  attenuation  and  twist  it  as 
delivered.  For  this  .purpose,  the  spimlles,  instead 
of  being  stationary,  are  placed  on  a  movable  car- 
riage, winch  is  wheeled  out  to  twist  the  tlircads  and 
wheeled  in  again  to  wind  on  the  sjiindles. 

Mr.  Kennedy,  the  friend  and  biographer  of  Cromp- 
ton, states  :  — 

"  The  great  and  important  invention  of  Crompton 
was  his  spindle-carriage  and  the  jirinciple  of  tlie 
thread  having  no  strain  ujiou  it  till  it  was  completed. 
The  carriage  with  the  spindles  could,  by  tlie  move- 
ment of  the  hand  and  knee,  recede  just  as  the  roll- 
ers delivered  out  the  elongated  thread  in  a  soft  state, 
so  that  it  would  allow  of  a  considerable  .stretch  be- 
fore the  thread  had  to  encounter  the  stress  of  wind- 
ing on  the  s]iindle.  Tliis  was  the  corner-stone  of 
the  merits  of  his  invention." 

Crompton's  mule  was  also  termed  the  muslin  ma- 
chine, from  its  producing  yarn  finer  and  softer  than 
was  obtained  from  any  otlier  maclune  then  known, 
more  nearly  to  the  standard  of  the  India  muslins, 
which  are  yet  the  admiration  of  the  cotton-trade. 

Crompton  gave  up  his  invention  to  the  public 
in  1780.  Thirty-two  years  afterward  he  received 
£  5,000  from  government  as  a  comjiensation  for  his 
services.  This  was  unfortunately  frittered  away  in 
starting  his  sons  in  business,  and  the  father  was 
again  in  poverty.  A  subscription  was  raised  for 
him  which  supported  him  during  the  last  two  years 
of  his  life.     He  died  in  1827. 

Crompton  obtained  no  patent,  and  his  poverty  was 
not  rendered  additionally  miserable  by  vexatious  liti- 
gations and  hopes  deferred.  There  seems  to  have  been 
)io  consi\ience  among  manufacturers  as  to  the  right  of 
property  in  patents  during  the  period  marked  by 
the  inventions  of  Hargreaves,  Arkwright,  and  Watt. 
The  latter  two,  by  indomitable  energy  and  the  pos- 
session of  partners  of  skill,  capital,  and  business 
tact,  survived  the  attack  of  tlie  Ishmaelites,  and 
left  honored  names  and  good  estates.  (See  Spin- 
ning.) Crompton's  first  machine  contained  only  20 
or  30  siiindles,  and  was  built  to  su]iply  liis  own  loom 
with  good  yarn.  The  traverse  of  the  mule-carriage 
was  only  5  feet.  The  distance  traveled  is  now  much 
greater,  and  the  carriage  sometimes  carries  1,000 
.spindles. 

Previous  to  tire  invention  of  the  mule  few  spinners 
coidd  make  yarn  of  200  hanks  to  the  pound,  the 
hank  being  always  840  yards.  The  natives  of  India 
were  at  the  same  time  making  yarns  of  numbers 
ranging  from  300  to  400.    Houlusworth  of  Mauches- 
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ter,  England,  has  lately  succeeded  in  making  No. 
700,  wliicli  was  woven  in  France. 

Mr.  Roberts  invented  the  self-acting  mule  in 
1825.  By  this,  the  carriage,  after  the  thread  is 
spun,  is  automatically  returned  to  the  rollers,  re- 
quiring no  attendance,  except  for  the  purpose  of 
joining  threads  which  may  be  accidentally  broken. 
This  is  performed  by  chOdien. 

In  Fig.  3254,  a  is  the  triple  set  of  drawing  rolls, 
working  in  heads  fi.xed  on  the  roller-beam  b.  c  is 
the  creel  for  holding  the  bobbins  in  three  rows,  e  c 
is  the  carriage,  resting  on  wheels  y  g,  which  run  on  the 
railway  h.     Spindles  i  are  .set  in  a  nearly  upright  po- 


Fig.  32a4. 


Mute. 

sition.  /c  is  one  of  a  series  of  drum-cylinders  with 
grooves  around  the  upper  end  for  the  driving  band. 

This  machine  is  not  self-acting,  but  illustrates  the 
principle  of  action. 

The  drawing  and  .stretching  action  of  the  inidc- 
spiniur  makes  the  yam  finer  and  of  a  more  uniform 
tenuity  than  the  mere  drawing  and  twisting  action 
of  the  throstle.  As  delivered  b)'  the  rollers,  the 
thread  is  thicker  in  some  parts  than  in  others  ; 
these  thicker  parts,  not  being  so  effectually  twisted 
as  the  smaller  parts,  are  softer  and  yield  more  read- 
ily to  the  stretching  power  of  the  mule  ;  by  this 
means  the  twist  becomes  more  equable  throughout 
the  yarn.  Throstle-spinning  is  seldom  employed  for 
)mmbers  higher  than  40  or  50  hanks  to  the  pound, 
because  smaller  yarn  would  not  have  strength  to 
bear  the  drag  of  the  bobbin,  but  in  nmle-spinning 
the  yarn  is  built  upon  the  spindles  without  .subject- 
ing it  to  appreciable  strain. 

The  mule-carriage  carrying  the  spindles  recedes 
from  the  rollers  with  a  velocity  somewhat  greater 
than  the  rate  of  delivery  of  the  reduced  roving,  the 
rapid  revolution  of  the  spindles  giving  a  twist  to 
the  3'arn,  which  stretches  it  farther.  When  the 
rollers  cease  giving  out  the  rovings,  the  mule-spin- 
ner still  continues  to  recede,  its  spindles  still  revolv- 
ing, and  thus  tlie  stretching  is  effected. 

The  distance  to  which  the  spindles  recede  from 
the  rollers  while  both  are  in  action  is  called  a  stretch. 
This  is  usually  about  54  to  56  inches. 

The  space  over  which  the  carriage  moves  in  excess 
of  the  paying  out  of  the  rollers  is  called  the  gaining 
of  the  carriage. 

The  space  traversed  by  the  carriage  after  the  pay- 
ing-out action  of  the  rollers  is  stopped  is  called  the 
second  stre'ch;  during  this  latter  the  spindles  are 
revolved  very  rapidly,  to  save  time. 
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When  the  drawiiuj,  stretching,  and  twisting  of  the 
yarn  are  thus  accomplished,  the  mule  disengages 
itself  from  the  parts  of  the  machine  by  which  it  has 
been  driven,  and  the  carriage  is  returned  to  the  roll- 
ers, the  thread  being  wound  in  a  cojj  upon  the  spin- 
dle as  the  carriage  returns. 

The  specific  difference  between  the  action  of  the 
throstle  and  the  nmle  is,  that  the  former  has  a  con- 
tinuous action  upon  the  roving,  draicing,  licistiny, 
and  u-inding  it  upon  the  spindle  ;  while  the  mule 
draws  and  twists  at  one  operation  as  the  carriage 

runs     out,      and  . 

FJK-  32.5.5.    ^  y^i-^ 


then     winds     all 

the  lengths  upon  , 

the  spindles  as  thi'   '     ^"  >^ 

carriage  runs  in. 

Mu'let;  Mu'-        ^ 
lette.    A  Portu-  j^ffi*!-        ^ 

guese  vessel  with  ^^^■-       -'is 

three  lateen  sails.  '^^J/ 

Mu'ley-head.  e 

The  sliding  car- 
riage to  which 
the  muley-saw  is 
attached,  and 
which  moves  in 
guides  on  the 
frame  of  the  mill. 
The  saw  is  at- 
tached to  a  m  idey- 
hcad  at  each  end. 

Mu'ley-eaw. 
A  mill-saw  (Ger- 
man, viiihlsdgc, 
mill-saw)  which 
is  not  strained  in 
a  gate  or  sash,  but 
has  a  more  rapid 
reciprocating  mO; 
tion,  and  has 
guide-carriages 
above  and  below, 
called  mulcy- 
hcads. 

Mull.  (Fr. 
mollc.)  A  thin, 
soft,  cotton  goods. 
Varieties  are  | 
known  as  Swiss, 
India,  starched 
mull,  etc. 

Mul'lar.     A 
.stamp  with  an  in- 
taglio   ornament,  MuUy-Saw. 
forgivingasalient 
imjnession  to  metal  upon  which'  it  is  struck. 

Mul'ler.  A  grinding  apparatus  consisting  of  a 
stone  or  slab  with  a  fiat  surface,  which  is  moved 
upon  a  stone  table  or  slab  to  grind  and  mi.\  pig- 
ments, etc.  The  action  is  sometimes  called  porphyri- 
zation. 

A  painter's  stone  and  muller,  much  like  the  mod- 
em, were  disinterred  from  an  Egj'ptian  tomb,  and 
are  now  in  the  Abbott  collection. 

The  mulling  action  is  shown  in  the  mill  (Fig. 
3256).  This  is  a  form  of  amalgamating  pan  in 
which  the  mullcrs  are  attached  to  two  sets  of  arms, 
and  rotate  in  the  jian  in  different  directions  by 
means  of  gear-wheels  and  an  axial  shaft,  which 
passes  down  through  the  bottom  of  the  pan,  and 
is  put  in  motion  by  gearing.  See  list  of  allied  de- 
vices under  JIortak  ;  Hill;  Orf.-mill. 

Mul'lioD.  1.  A  vertical  bar  separating  the  com- 
partments of  a  window,  especially  used  in  the  Gothic 
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ami  double-casement  windows.     The  horizontal  bars 
are  traiusonis.     Muunion,  monycaU,  monial. 

Fig.  3266. 


w 


iMirrr- 


Mtitler. 

2.  A  style  or  upright  division  in  wainscoting. 

MuU-mus'lin.  (Fabric.)  A  thin,  soft,  trans- 
parent muslin.     Finest  quality. 

Mul'quf.  Perhajis  the  most  ancient  device  for 
ventilating,  specially  constructed  for  that  purpose,  is 
the  inidquf,  which  lia-s  been  in  useiiiEgypt  forat  least 
3,000  years,  and  is  still  to  be  seen  attached  to  the 
modern  houses  of  Cairo  and  other  towns.     The  name 

Fig.  3257. 


architecture,  where  their  presentation  is  usually 
N.  W.,  lieing  toward  the  prevailing  wind. 

Mui'ti-flue-boil'er.  A  steam-boiler  having  a 
large  nundier  of  moderate-sized  or  small  flues,  as 
that  of  a  locomotive. 

Mul'ti-ple  Bolt.  An  arrangement  by  which  a 
numlicr  of  liolts  are  sinmltaneously  moved.  It  was 
a  common  feature  on  the  strong-boxes  of  other  day.s, 
and  has  been  revived  upon  safe-doors. 

The  eiigiaving  represents  an  old  French  lock,  with 
four  corner  bolts,  six  others  on  the  sides,  and  two 


Fig.  3258. 


Mulqil/. 

is  Arabic,  and  means  uniuI-condHCtor.  It  is  open 
in  the  direction  of  the  {)revailing  wind,  which  is  con- 
ducted down  thedescendingehute  and  thence  dissemi- 
nated through  the  house.  The  illustiation  is  from 
an  ancient  drawing  in  a  tomb  at  Thebes.  Wilkin- 
son states  that  it  consists  of  a  strong  wooden  frame- 
work to  which  ]ilanks  are  nailed,  according  to  the 
length  and  breadth  desired.  If  cheap<'r  materials 
be  reiiuiri-il,  tin-  framework  is  covered  with  reeds  or 
mats,  ]ilastered.  Tlie  illustration  shows  two,  pre- 
sented respectively,  it  may  be  assumed,  up  and  down 
the  river.      They  are  common   features  in  Cairene 


Multiple  Bolts  of  an  old  Chest-Lock. 

on  the  ends.  Each  bolt  has  a  spring,  and  is  acted 
upon  by  a  lever,  operated  by  the  central  and  sub- 
sidiary bolts.  The  keyhole  in  front  of  the  box  is 
merely  a  deception,  the  real  keyhole  being  in  the 
middle  of  the  lid,  concealed  by  a  secret  door  opened 
by  a  spring. 

Mul'ti-ple  'Wheel.    The  rollers  on  the  arms  of 
the  smaller  wheel  traverse  in 
the  diametric  grooves  on  the  Fig.  3259. 

face  of  the  larger  wheel,  and 
impart  motion  to  the  latter. 

One  revolution  of  the  small- 
er wheel  gives  half  a  revolu- 
tion to  the  larger.  If  the 
larger  wheel  be  the  driver, 
two  revolutions  of  the  smaller 
wheel  are  obtained  for  one  of 
the  driver. 

It  is  substantially  the  same 
as  the  slosh-iohecl,  wliich  has         Multiple  Gearing. 
two   diametric    grooves    and 

two  slides.  The  relation  of  speed  is  the  same  in 
each.      See  .Si.o.sii-wilEF.L  ;  Tkammel. 

Mul'ti-pli-er.     1.   (Telegraphy.)    A  frame  with  a 
number  of  lejietitive  windings  of  the  same  wire,  in 
order  to  olitain  their  cumulative 
effect  in  deflecting  a  magnetized  Fig.  3200. 

needle,  when  the  wire  is  trav- 
ersed by  a  current.  An  inven- 
tion of  Schweiger. 

Unless  the  current  is  sensibly 
diminished  by  the  resistance  of 
the  wire,  each  convolution  exerts 
an  etiual  force  on  the  needle, 
thus  multiplying  the  deflective 
force  as  many  times  as  there  are  Multiplier. 

turns  in  the  wire.     Owing  to 
the  resistance,  however,  it  frecpiently  occurs  in  prac- 
tice that  a  few  turns  of  stout  wire  exert  a  greater 
influence  on  the  needle  than  numerous  convolutions 
of  unich  finer  wire. 

2.   An  arithmometer  for  performing  calculations 
in  multiplication.     See  Auithmombter. 
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Mul'ti-ply-ing-gear'ing.    An  arrangement  of 
cog-wheels  by  which  motion  is  imparted  from  wlieels 

of  relatively   larger 
Fig.  3261.  diameter    to    those 

of  smaller,  so  as 
to  increase  the  rate 
of  rotation.  This 
is  used  in  many 
kinds  of  machinery. 
The  example  shows 
a  nest  of  gearing  for 
increasing  the  rate 
of  motion  from  the 
driving-sha  ft  of  a 
harvester  to  the  rate 
The  motive  shaft  lias 
the  inner 
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required  by  the  cutter-bar 

amis  which  carry  spur-wheels  engagin_ 

gear  of  the  drum,  and  a  pinion  which  is  fast  to  the 

second  shaft,  having  similar  arms  and  spur-wheels 

engaging  a  pinion  on  the  third  shaft.     This  may  be 

extended  as  far  as  desired  ;  the  yiroportion  between 

the  planet-wheels  and  their  pinions  regulates  the 

increase  of  speed  gained. 

Multiplying-gearing  is  also  used  with  some  forms 
of  propeller-engines. 

Mul'ti-ply-ing-glass.  One  with  a  number  of 
facets  re))eating  tlic  object.     A  toy. 

Mul'ti-ply-ing-lens.  A  piano-con  ve.K  lens  whose 
curved  surface  is  divided  up  into  a  number  of  plane 
facets  which  give  separate  images. 

The  facets  of  a  multiplying-lens  or  a  cut  diamond 
resemble  those  of  the  comyjound  eye  of  some  in.sects. 
Each  little  facet  of  the  cornea  gathers  a  certain  .set 
of  pencils  of  light,  and  the  main  necessity  for  the 
motion  of  the  eyeball  is  avoided.  The  facets  in  the 
compound  eyes  of  the  insects  following  are  cited  as, 

Thebutterflv        .         .         .         .17,335 
The  dragon-flv  .         .         .         12,544 

The  house-fly"      ....      7,000 

The  eye  of  a  flea  has  been  so  mounted  with  the 
assistance  of  a  microscope  as  to  exhibit  a  flame  or 
other  object  as  a  gi-and  miniature  illumination  or 
assemblage.  • 

Mul'ti-ply-ing-nia-chine'.  One  form  of  calcu- 
lating-machine.   See  Fig.  32S,  AuiTHMOMETEK.    See 

al.SO  r.lLri'LATINO-MACHINE. 

Mul'ti-ply-ing-TvlieeL  One  which  increases 
the  numVier  of  movements  in  machinery.     See  JIuL- 

TIPLYINO-OF.AKING. 

Mul'ti-tu'bu-lar  Boil'er.  One  having  numer- 
ous tubes  in  which  water  circulates. 

Mun'gO.  (Fabric.)  A  woolen  cloth-  made  of 
second-hand  niateriah  Old  cloth  and  woolen  goods 
are  torn  to  pieces  by  cylindrical  machines,  and,  be- 
ing mixed  with  various  proportions  of  pure  wool, 
are  re-spun  and  woven.  Druggets  and  low-priced 
goods  of  but  little  strength  are  the  result.     Shoddy. 

Mun'nion.  1.  {Ship. )  A  piece  which  divides  the 
lights  in  a  window  of  a  stern  or  quarter  gallery. 

2.  A  bar  separating  the  compartments  of  a  Gothic 
or  casement  window.     A  mullion. 

Mun'tin.  (fiarjientrij.)  A  vertical  piece  between 
the  panels  of  a  double-panel  door.  The  name  is 
])robably derived  ixommunnion,  and  that  from  ?«»/- 
/i'oji,  a  pier  between  the  divisions  of  a  Gothic  win- 
dow. Mullion  is  from  molding  (Fr.  nwiilure),  signi- 
fying; the  form. 

Muntz's  Met'aL  An  alloy  for  (plates  for  sheath- 
ing the  bottom  of  ships.  Patented  in  England  in 
1832.  It  resembles  several  previously  jiatented  al- 
loys, all  of  which  were  designed  to  be  rolled  wliile 
red-hot,  and  to  be  used  for  the  purpose  stated. 

See  the  following ;  also  table  on  jjage  61. 


Copper . 

Zinc. 

Iron 


Kier,  1779.  Collins,  ISOO.  Muntz,  1832. 

.    54               55.5  50,  60,  63 

40               44.4  50,  40,  37 
.       5.4 


Mu'ral  Cir'cle.  An  astronomical  instrument 
consisting  of  a  graduated  circle,  furnished  with  a 
telescope  and  firmly  affixed  to  a  wall,  in  the  plane  of 
the  meridian.  It  is  used  for  deteripining  with  great 
accuracy  altitudes  and  zenith  distances,  from  which 
may  be  found  declinations  and  polar  distances,  and 
has  a  graduated  circle  secured  at  right  angles  to  its 
horizontal  axis.     See  Transit. 

The  old  Hindoo  instrument  forobtainingby  observa- 
tion the  sun's  altituile  and  zenith  distance  is  described 
in  the  Sanscrit  treatise  "  Surya  Siddhanta."  It  was 
a  wheel  suspended  bj'  a  string,  graduated  to  degrees, 
having  its  lowest  point  and  the  extremities  of  its 
horizontal  diameter  distinctly  marked,  and  with  a 
projecting  peg  at  the  center.  AVhen  u.sed,  its  edge 
is  turned  toward  the  sun,  so  that  the  shadow  of  the 
peg  falls  upon  the  graduated  perijihery,  and  the  dis- 
tances of  the  point  where  it  meets  the  latter  from  the 
horizontal  and  lowest  points  of  the  wheel  respective- 
ly are  the  required  altitude  and  zenith  distance  of 
the  sun. 

Among  celebrated  instraments  may  be  mentioned 
the  mural  circle  made  by  Graham,  for  H.alley,  at 
Greenwich,  and  those  made  by  Rimsden  in  1788, 
for  Piazzi,   at  Palermo,  and  one   for  Dublin.     See 

GBADUATING-INSTUrMEST.S. 

The  mural  circle  is  so  called  because  it  is  support- 
ed by  means  of  a  long  axis  passing  into  a  wall. 

The  mural  circle  of  the  National  Observatory  in 
AVashington  was  made  by  Mr.  'William  Simms  of 
London.  It  is  5  feet  in  diameter,  made  of  brass,  and 
east  in  a  single  jiiece.  It  is  divided  into  spaces  of 
5'  each,  upon  a  band  of  golil  inlaid  on  the  rim  and 
perpendicular  to  the  plane  of  the  circle.  Placed  at 
equal  distances  round  the  circle  are  six  micrometer 
microscopes,  with  an  acute  cross  of  wires  at  their 
foci  for  reading  angles  less  than  5'.  Five  revolutions 
of  the  micrometer  are  designed  to  measure  5' upon 
the  circle.  The  micrometer  heads  being  divided 
into  60  equal  jiarts,  each  division  represents  1"  of 
arc.  The  object-glass  of  the  telesco]ie  has  a  clear 
aperture  of  4  inches  and  a  focal  length  of  5  feet. 
At  its  focus  is  a  fixed  diaphragm  containing  seven 
vertical  wires  and  one  horizontal  wire.  There  is  also 
another  diajihragni,  movable  by  a  micrometer  screw, 
and  furnished  with  five  horizontal  and  equidistant 
wires,  by  which  the  distance  of  any  star  from  the 
fixed  horizontal  wii-e  is  measured  as  it  passes  through 
the  field.  The  niagnifjing  power  usually  employed 
is  125.     The  cost  of  the  mural  circle  was  $3,550. 

The  mural  circle  is  placed  in  the  meridian,  and  is 
used  for  determining  the  polar  or  zenith  distances 
of  celestial  objects. 

Mural  quitdrants  and  mural  sectors  are  instrimients 
of  lesser  arcs,  similarly  mounted. 

Mu'ral  Quad'rant.  DiH'ers  from  the  preceding 
in  the  merely  quadrantalcharacteroftlicgraduated arc. 

The  mural  quadrant  of  Tycho  Biahe  at  Uranibourg 
had  a  radius  of  five  cubits.  The  collection  of  as- 
tronomical instruments  at  this  observatory  was  by 
far  the  finest  that  had  ever  existed. 

Mu-rom'e-ter.  An  instrument  for  measuring 
small  spaces.  —  Weale. 

The  term  may  refer  to  a  mural  attachment,  as  in 
the  case  of  the  rnui'al  circle,  for  measuring  arcs  of 
the  meridian.  The  instrument  is  permanently  at- 
tached to  a  perpendicidar  wall. 

Mu-sette'.  (ihmc. )  A  name  by  whicl^  the  bag- 
pipes are  known  among  some  of  the  European  eonti- 
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iieiital   nations.     Named   from  a  mountebank  per- 
foi'inei'. 

Mush'room-an'chor.  An  anchor  with  a  central 
shank  and  a  head  Hke  a  nmshroom,  so  that  itcan  grasp 
the  soil  Iiowever  it  niaj'  happen  to  fall.  Invented  hy 
Heninian  of  Chatham,  England,  1809.     See  Anchou. 

That  used  hy  the  United  States  Lighthouse  Hoard 
for  anchoring  buoys  is  shaped  like  an 
inverted  saucer,  having  a  shackle  and 


which  they  were  to  be  sung.  Afterward,  a  little 
higher  or  lower  than  a  median  line,  as  an  assistance 
in  reading  the  notes.  At  a  later  peiiod,  on  seven 
lines,  in  imitation  of  the  strings  of  a  lyre.  Guido 
of  Arezzo,  a  Tn.scan  monk  (about  1022),  redueeil  the 
number  of  lines  to  five,  and  placed  the  points  of 
notes  on  lines  and  spaces.     He  also  introduced  sol- 

Fig.  3263. 


Fig.  3262. 
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chain  attached  to  the  center  of  its  con- 
vex side.  The  chain  is  just  long  enough 
to  give  the  liuoy  sufficient  prominence 
above  the  surface  and  allow  for  the 
rise  and  fall  of  tides. 

It  imbeds  itself  in  the  ground,  offer- 
ing a  strong  resistance  to  an  upward 
pull  and  not  a  little  to  a  lateral  one. 

a,  C((H-buoy  with  anchor. 

h,  9n(»-buiiy  with  anchor. 

Mu'si-cal  Box.  {.)fns!i:.)  A  small 
musical  instruuuiit  having  a  toothed 
barrel  operating  vilirating  tongues. 

Mu'si-cal  Clock.  One  which 
plays  tunes  at  the  hours.  It  may  con- 
sist of  a  musical-box  attachment  set 
in  motion  by  thi^  clock-work  at  the 
expiration  of  the  hours. 

One  of  late  construction  is  cited  as 
having  a  laige  bell  on  which  the  hours 
are  struck,  a  chime  of  eight  bells  for 
the  (piarters,  and  a  four-bell  chime  for 
"Cambridge  quarters."  It  will  also 
play  seventy  dirterent  tunes  upon  six- 
teen bells,  the  tune  being  selected  by 
turning  a  hand  on  a  dial  ;  and  by 
means  of  pushing  a  small  stud  the 
same  tune  may  be  repeated  any  num- 
ber of  tinu's.  There  are  ten  barrels, 
each  adapted  for  seven  tunes,  and 
readily  substituted  one  for  another. 
Other  musical  clocks  are  also  provided 
with  mechanical  movements,  dancing 
figures,  soldiers  marching  past  to  the 
tunes  played  on  the  liells,  all  automatic. 
See  al.so  Ci.ocK,  ]>]\  .108-71. 

Mu'si-cal  Com'pass.  (Musie.) 
The  range  of  notes  of  the  voice  or  of  a 
musical  instrument. 

Ptolemy  first  described  the  diatonic 
scale  now  in  \ise.  It  appears  that  the 
ancients  had  no  notation  for  time,  and 
no  music  in  parts  ;  even  their  melodies 
were  fonned  on  dill'erent  principles  from 
the  modem.  I'ope  Gregory  the  Great 
(a.  D.  5y0)  denoted  the  scale  by  seven  Roman  letters, 
which  represented  in  different  octaves  replicates  of 
the  same  sound.  Previous  to  this  the  sounds  in  the 
doubleoctave  had  been  denoted  by  fifteen  letters.  The 
letters  of  Gregory  were  placed  over  the  syllables  to 
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TiMe  of  the  Compass  ef  Voices  and  Tnstruments^shatping  the  Place  each  occupies 
in  the  Scale. 


mizafio7i,  or  singing  tiy  syllables,  a.s  in  the  do,  rCy 
mi,  fa^  yet  used,  though  not  exactly  so  called.  Bars 
were  first  used  in  the  beginning  of  the  seventeenth 
century. 

Tlie  original  compass  of  the  piano-forte  was  5  oc- 


MUSICAL  GLASSES. 


1499 


MUSICAL  INSTRUMENTS. 


tares.  This  was  gradually  e.xtenJecl  to  6h  and  7 
octaves,  the  latter  lieing  the  usual  rauge  ou  grand- 
pianos.      See  PlANO-FOKTE. 

Piano-fortes  were  exhibited  in  Loudon,  1851,  with 
7i  and  8  octaves. 

Mu'si-cal  Glass'es.  (Miisic.)  A  musical  in- 
strument consisting  of  a  number  of  goblets,  tuned 
by  filling  them  more  or  less  with  water,  and  played 
by  touching  their  rims  with  the  dampened  finger. 
The  size  of  the  glasses  being  eijual,  the  smaller 
quantity  of  water  produces  the  lower  note  in  the 
scale. 

The  instrument  was  revived  and  improved  by 
Benjamin  Franklin  in  ITtJO.     See  Haumoxiu.m. 

Mu'si-cal  In'stru-meats.  Devices  designed  to 
create  a  succession  of  harmonious  sounds  are  to  be 
found  at  the  earliest  historic  periods,  including  under 
that  term  the  times  when  men  wrote  by  pictures, 
long  before  phonetic  signs  and  syllables  were  in- 
vented. 

AVe  find  them  among  those  races  which  stand  low 
down  in  the  scale  of  humanity,  and  ancient  monu- 
ments show  that  at  a  very  distant  period  they  had 
advanced  to  a  considerable  degree  of  perfection. 

"  The  birds  instructed  man, 
And  taught  him  songs  before  his  art  l>e^n. 
And  wMle  soft  evening  galei  blew  o"er  the  plains, 
And  shook  the  sounding  reeds,  they  taught  the  swains; 
And  thua  the  pipe  was  framed,  and  tuneful  reed." 

LucRCTlus,  De  Rerum  Xaturee^  B.  V. 

The  musical  instruments  of  a  rude  jieople  are 
themselves  rude.  Those  of  the  Feejees  are  the  eonch- 
shell,  nose-flute,  pipes,  a  jew's-harp  made  of  a  strip  of 
bamboo,  and  drums. 

The  Maories  have  three  or  four  varieties  of  flutes, 
a  Ij're  with  three  or  four  strings,  and  conch-shells. 

The  Society- Islanders  have  wooden  drums  with 
shark-skin  heads  ;  shell  trumpets  having  holes  in 
the  small  ends  into  which  are  fitt.^d  bamboo  canes 
about  three  feet  long ;  bamboo  Antes  blown  through 
the  nose. 

A  greater  variety  aud  improved  construction  in- 
dicates a  more  advanced  civilization. 

In  the  sculptures  and  paintings  of  Kamak  are 
representations  of  musical  instruments  carried  in 
proces.sions.  They  consist  of  harps,  maces,  sistrums, 
lutes,  flutes,  and  drums. 

We  suppose  musical  science  and  art  to  have  origi- 
nated in  Egypt,  —  the  land  where,  over  all  other.s,  the 
husbandman  could  tell  when  he  sowed  his  grain  how 
much  he  was  to  reap  in  han'est  ;  w'here  the  chances 
were  reduced  to  the  minimum  ;  and  where,  first  of 
all  lands,  a  cultivated  leisure  was  possible. 

The  musical  instruments  of  Egypt  utterly  disprove 
the  statements  of  Diodorus  Siculus,  that  music  was 
unknown  in  that  country.  A  remarkable  instance, 
which  may  stand  as  a  complete  refutation,  is  found  in 
the  harps  discovered  by  Bruce  depicted  upon  a  tomb 
near  the  ruins  of  Thebes.  These  were  so  superior  to 
the  harps  of  100  }-e;\rs  since,  that  doubts  were  enter- 
tained of  the  fidelity  of  the  representation  ;  but 
Rosellini's  "  Jlonumenti  dell'  Egitto,"  and  Wilkin- 
son's "  Ancient  Egyptians,"  have  removed  all  doubts. 
(See  H.\RP.)  The  testimony  of  Herodotus,  Plato, 
and  others  also  enforces  the  statement,  that  music 
■  arose  in  Egypt  and  came  thence  to  Greece. 

When  the  Israelites  left  Egypt,  they  carried  away 
with  them  some  of  the  arts  with  which  they  had 
become  acquainted  in  their  at  first  voluntary  and  sub- 
sequently enforced  stay. 

According  to  Father  Kircher,  thirt}'-six  kinds  of 
instniments  played  by  striking  weiv  employed  by 
■the  Jews  in  the  service  of  the  Temple.  Others  reduce 
the  number  to  twenty-two.     Among  these,  the  class 


termed  neghinoth  included  stiinged  instruments  of 
a  long  oval  or  rounded  shajH;  with  perforated  bot- 
toms ;  the  strings,  three  in  number,  were  struck  by 
a  horse-hair  bow.  These  were  called  trichordcm  in 
Greek,  and  Irijidtum  in  Latin. 

Other  instruments  of  the  kind  were  the  psalter, 
nablium,  or  cithara,  denominated  by  the  Hebrews 
assiir,  luvcl,  i-iniwr,  maghu!,  ininnim. 

Of  these  no  intelligible  description  remains.  Some 
have  supposed  that  the  psnllcr  was  not  in  fact  an 
instrument,  but  that  the  teim  was  applied  merely  to 
hai-niony  produced  by  the  voice  in  conjunction  with 
instruments.  According  to  Josephus,  however,  it 
was  an  instrument  with  twelve  strings  jilayed  on  by 
the  fingers.  The  general  opinion  is  that  it  was  a 
species  of  harp. 

The  Hebrew  drum,  termed  thqph,  appears  to  have 
been  covered  at  one  end  only.  It  was  struck  with 
a  rod  of  wood  or  iron,  and  is  said  to  have  been  of 
Egyptian  origin.  (See  Di:i"5i.)  The  ynrslo  bcru- 
sim,  according  to  Eabbi  Hannase,  was  a  species  of 
wooden  mortar  struck  on  the  interior  with  a  rounded 
stick. 

The  maghul  is  Wieved  to  have  been  a  stringed 
instrument,  but  was,  perhaps,  a  circle  surrounded 
by  little  bells.     A  tambourine. 

The  mvighinim  has  been  confounded  with  the 
psalter  aud  the  cymbal,  but  Kircher  states  that  it 
was  a  quadrangidar  jdank,  having  a  handle,  to 
which  small  globes  of  wood  and  copper  were  at- 
tached by  chains  and  cords,  producing  a  clear  jing- 
ling sound  which  could  be  heard  at  a  cousiderable 
distance.     Perhaps  a  kind  of  sistrum. 

The  mngraphe  lemid  was  used  to  call  the  people 
to  the  Temple.  Kircher  supposes  it  to  have  been 
similar  to  a  bell,  but  as  no  description  remains  this 
is  a  mere  matter  of  inference. 

The  mafra  Icitlia,  according  to  Kircher,  was  com- 
posed of  a  series  of  i-eeds  of  ditferent  sizes  inserted 
into  a  hollow  piece  of  wood.  It  had  holes  opened 
and  stopjied  by  the  fingers  similarly  to  the  flute. 

The  Hebrews  employed  at  an  early  period  the 
horns  of  animals  as  mu-sieal  instruments,  and  also 
made  flutes  from  the  leg  bones  of  birds,  as  the  crane 
and  stork. 

According  to  Josephus,  no  less  than  40,000  in- 
struments were  collected  Ijy  Solomon  for  the  service 
of  the  sanctuarj',  divided  into  difl'ereut  classes  ap- 
propriate for  each  class  of  the  services. 

With  regard  to  the  form  and  use  of  many  in.stru- 
ments  employed  by  the  ancients,  no  authentic  ac- 
count remains.  In  many  instances  conjecture  ha.s 
been  substituted  for  fact. 

They  were  generally  used  at  festivals  and  religious 
ceremonies,  are  frequently  mentioned  by  Ovid  and 
other  poets,  and  some  are  shown  on  ancient  marbles. 

Athenaeus  states  that  in  the  triumphal  procession 
of  Ptolemy  Philadelphus  there  were  600  musicians 
in  the  chorus,  400  of  whom  played  on  the  cithara  or 

Then,  as  now,  musical  instruments  were  ranged  in 
three  great  classes,  —  wind,  string,  and  percussion. 
In  Numbers,  chap,  six,  the  Hebrews  are  directed  to 
sound  trumpets  on  going  into  battle,  and  the  walls 
of  Jericho  fell  at  the  sound  of  the  trumpet.  This 
has  been  the  warlike  instrument  of  all  nations  from 
the  earliest  ages,  except  the  Spartans,  who  employed 
pipes  and  soft  instruments  to  temj)er  rather  than  in- 
flame their  martial  ardor. 

Trumpets  with  two  tubes  were  sometimes  used  by 
I  the  ancients.  At  a  later  period  the  tube  was  re- 
,  curved,  as  in  the  modern  trump(^t,  of  which  the 
1  bugle  is  a  variation.  The  trumpet  used  in  Persia 
[  and  the  East  is  a  very  long  tapering  tube  with  flar- 
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ing  iiunith.     A  siniilnr  iiistniment  without  a  flaring 
moutli  is  ust'd  in  Turkey  and  India. 

Tlie  Cliincse  have  trumpets  of  wood. 

The  Florida  IndiaiLs,  according  to  the  history  of 
Jacf|Ues  Lc^  Moyne,  made  a  s[iecies  of  trumpet  by 
winding  the  bark  of  trees  spirally,  forming  a  tube 
wider  at  one  end  than  the  other,  to  which  oval 
plates  of  gold,  silver,  or  other  metal  were  attached 
by  strings,  intended  apparently  to  jingle  in  accord 
with  the  instrument. 

The  Greeks  ascribed  the  invention  of  the  three- 
stringed  lyre  to  Thoth,  the  Egyptian  Mercury  ;  and 
Terpander,  the  Greek,  is  credited  with  founding  the 
Greek  musi«,  and  with  the  invention  of  the  seven- 
stringed  lyre.  He  also  contrived  a  method  of  repre- 
senting musical  sounds,  writing  music.  Pythagoi-as 
added  an  eighth,  completing  the  octave.  The  Greeks 
excelled  in  the  use  of  the  flute,  using  a  variety  of 
instruments  of  ditferent  pitch,  but  probably  played 
in  unison,  not  in  harmony.  It  is  apparently  well 
settled  that  they  did  understand  counterpoint. 

The  Romans  seem  to  have  added  nothing  to  the 
art. 

Toward  the  end  of  the  fourth  century,  St.  Am- 
brose composed  a  musical  service  for  the  church  of 
Milan.  Previous  to  this  time,  the  Christian  service 
was  probably  various  in  ditlerent  parts  of  the  Em- 
pire :  in  some  it  doubtless  was  Oriental  and  noisy  ; 
in  lands  where  the  Grecian  civilization  prevailed, 
it  was  copied  from  the  dramatists,  and  consisted  of 
airs,  recitatives,  and  responses ;  in  other  regions\again 
it  probably  followed  the  chants  as  performed  at  the 
pagan  altars,  and  among  the  Christianized  Jews  it 
doubtless  long  followed  the  Hebrew  models. 

Two  tubes,  one  sliding  within  the  other,  a  form 
from  which  tlie  trombone  is  derived,  appear  to  have 
been  early  employed.  See  Plate  V.,  Bonanni's  "  Is- 
tromenti  Armonici,"  Koma,  MDCCLXXVI. 

From  being  at  iirst  straight,  the  tube  was  made 
curved,  slightly,  perhaps,  at  first,  afterwards  so  as 
form  a  sendcircle  or  more,  and  then  so  as  to  make 
one  or  more  convolutions  like  the  modern  French 
horn. 

Tyrrhenus,  son  of  Hercules,  it  is  said,  fir-st  em- 
ployed a  sea-shell,  perforated  at  the  smaller  end,  as 
an  instrument  of  music.  The  tritons  attendant  on 
Neptune  are  represented  as  blowing  sea-shells. 

The  flute  was  originally  sounded  by  a  mouth-piece 
at  the  end,  like  the  clarinet.  In  this  form  it  is  of 
great  antiipiity.  The  German  flute  is  a  compara- 
tively modern  invention.     See  Flute. 

The  ancient  flute  was  frequently  made  double,  the 
tubes  diverging  outwardly  from  the  mouth.  From 
an  instrument  of  this  kind  to  the  compound  or  pan- 
dean  pipes  the  transition  is  easy,  and  we  accordingly 
find  the  latter  in  vogue  at  a  very  early  period.  The 
Chinese  tam-kiia,  which  is  played  by  opening  and 
closing  the  ends  of  a  series  of  pipes  filled  liy  a  single 
mouth-piece,  is  an  analogous  device.  See  Plate 
XLIII.,  Honanni,  supra. 

The  bagiiipe  is  said  to  have  come  from  Lydia,  and 
is  mentioned  by  Suetonius  in  his  life  of  Nero.  See 
BAuriPE. 

The  organ  is  of  great  antiquity,  but  the  word  "or- 
gan "  is  aiqilied  in  the  Bible,  according  to  St.  Augus- 
tine, to  a  variety  of  instruments.  The  invention  of 
the  hydraulic  organ  is  attributed  to  the  Alexandrian 
Greeks.  (See  Organ.)  The  pneumatic  organ,  even 
in  its  most  primitive  form,  does  not  ajipear  to  have 
been  used  prior  to  the  seventh  century. 

The  citliara,  or  an  ei|uivalent  instrument,  is  the 
most  ancient  of  the  striiiged  class  known,  being 
mentioned  in  the  fourth  chapter  of  Genesis  ;  .Tubal 
having  been  the  progenitor  of  such  as  handle  the 


luirp  (or  cithara)  and  organ.  The  connection  be- 
tween instruments  of  this  kind,  as  the  lyre,  hai-p, 
and  others  on  the  same  principle,  is  so  close  that 
we  can  hardly  decide  positively  which  is  the 
primitive  form.  The  monuments  of  Egypt  illus- 
trate a  number  of  varieties.     See  Hakp  ;   Lyre  ; 

LUTR. 

The  violin,  guitar,  mandolin,  and  similar  instru- 
ments are  of  later  origin.  The  first  were  struck  by 
a  plectrum,  or  a  small  rod,  or  by  the  fingers.  See 
GUITAK. 

The  monocliord  and  tromha  maritm,  or  marine 
trumpet,  are  played  with  a  bow.  (See  Plate  LXIV., 
Bonanni. )  The  latter  has  merely  a  flat  sounding- 
board,  on  which  the  single  string  is  stretched. 

The  so-called  German  lyre  is  a  Imrdii-yurdii. 

The  Kaffirs  have  a  species  of  inonochord,  consist- 
ing of  a  string  stretched  on  a  bow  and  twanged  with 
an  ornamented  swan-quill,  and  a  sort  of  violin  formed 
by  sti'etching  a  string  over  a  kind  of  drum  with  a 
handle.     This  is  played  with  a  bow. 

Instruments  ])layed  by  percussion  seem  to  have 
been  among  the  first  known.  Miriam  is  represented 
as  jilaying  on  the  timbrel  after  the  passage  of  the  Isra- 
elites across  the  Red  Sea.  (Exodus,  chap,  xv.)  This 
appears  to  have  been  similar  to  the  tambourine,  and 
was  also  probably  surrounded  by  little  bells.  See 
Tambouiune. 

The  tam-tam,  formed  by  stretching  a  skin  over 
the  opening  of  a  hollow  hemisphere,  cylinder,  quad- 
rangular box,  or  even  a  gouid,  and  beaten  with  a 
stick,  has  been  found  among  all  races  and  tribes  of 
people.     See  Dr.UM. 

The  inaramha,  formed  by  thus  preparing  a  num- 
ber of  gourds  of  different  sizes  so  as  to  accord  with 
one  another,  is  in  use  alike  among  the  inhabitants 
of  Afru'a  and  Southern  America.  Bamboos  similarly 
attuned  and  arranged  are  also  employed  by  some 
African  trilies. 

Drums,  tam-tams,  and  gongs  are  much  in  vogue 
among  the  Chinese  and  other  imperfectly  civilized 
or  barbarous  nations,  with  whom  noise  and  music 
are  synonymous  terms.  With  nations  having  more 
aiiprceiation  of  harmony,  such  instruments  have 
been  more  sjiaringly  eni]iloyed,  for  the  purjiose  of 
marking  time  or  of  reinforcing  the  sound  of  a 
combination  of  other  instruments  at  proper  inter- 
vals. 

The  sistrurn  and  crotalns,  or  rattle,  jingling  de- 
vices caused  to  sound  by  shaking,  weie  used  in  for- 
mer times  with  this  view  ;  but  at  the  present  day, 
with  the  exception,  ]ieiha]is,  of  the  cymbals  and  tri- 
angle, instruments  of  the  jingling  .and  clashing  kind 
are  banished  from  the  orchestra.  See  Castanet; 
Cymbal  ;  Tuianiile  ;  Gong  ;  Bones. 

The  arrangement  of  bells  in  a  diatonic  series,  so 
as  to  jilay  tunes,  is  of  comparatively  modern  origin. 
See  Pavillon  Cminois  ;  Cauillon. 

For  a  list  of  the  more  generally  known  instruments, 
see  specific  index,  next  page. 

The  following  list  and  classification  of  musical 
instruments  is  given  in  Berlioz's  "Treatise  upon 
Modern  Instrumentation  and  Orchestration"  :  — 


Vibration  effected  by  the 
bow      .        .        .        . 


Played  by  the  baud 


With  Iteys 


VioHn. 

Viola 

Viole  d'amour. 

Violoncello. 

Double-bass. 

Ilarp. 

Cithern. 
Ouitir. 
Biinjn. 
Mandolin. 
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Without  reeds 


With  keys 


Brass  iustruments  with 
mouth-piece 


Of  definite  sonqrousness 


Variable  sonorousness, 
and  producing  charac- 
teristic Bounds    . 


I  Hautboy. 

I  Como  inglesi. 

j  Bassoon. 

I  Basson  de  quinte. 

I  Double- bassoon. 

Clarinet. 

Como  di  bassetto. 

Bass-clarinet. 

Saxophone. 

Flute. 
Octave-flute. 

Oi^n. 
Melodeon. 
Accorieon. 
Concertina. 

Horn. 

French-horn. 

Trumpet. 

Comet. 

Bugle. 

Trombone. 

Ophicleide. 

Bombardon. 

Bass-tuba. 

Men ,  women ,  children ,  and  arti- 
ficial soprani. 

Kettle-drum. 
Cvmbals  (ancient). 
Sets  of  bells. 
Glockenspiel. 
Dulcimer. 
Keyed  harmonica. 
Bells. 

Drum. 

Long  drum. 

Tambourine, 

Cymbal 

Triangle. 

Gong. 

Pavilion  chinois. 


See  under  the  following  heads  :  — 


Accordeon. 

■3i>3lian  attachment, 

JSolian  harp. 

Molina. 

Jiolophon. 

Angel  ot. 

Apollonicon. 

AtabeL 

Autuphon. 

Bagpipes. 

Balalaika. 

Bandore. 

Banjo. 

Baritone . 

Barrel-organ . 

Basset-born. 

Bassette. 

Bass-hom. 

Bassoon. 

Bass-viol. 

Bell. 

Bird-call. 

Bird  organ. 

Bombard. 

Bones. 

Bow-instrument. 

Bugle. 

Cabinet-organ. 

Call. 

Calliope, 

Carillon. 

Castanets. 

Chanter. 

Chime. 

Chronometer. 

Cithara. 

Claribella. 

Clarichord. 

Clarion. 

Clarinet. 

Clavecin. 

Clavichord. 

Clavicitheriom. 

Clavicymbal. 

Claviole. 

Concertina. 

Contra -bass. 


Comet. 

Corn  et-a- piston. 
Cornopean 
Coupler. 
Cremona. 
Cromoma. 
Crotalo. 
Crowle. 
Crwth. 
Cymbal. 
Decachnrdon. 
Double-bass. 
Double-iirum. 
Drone. 
Drum. 
Dulcimer. 
Echometer. 
Edlian. 
Fagotto. 
Fiddle. 
Fife. 

Flageolet. 
Flute. 

Flute-organ. 
French-horn. 
Gender- 
Gong. 
Guitar. 
Guitar-banjo. 
Hand-organ. 
Harmonica. 
Harmoniphon. 
Harmonium. 
Hamionometer. 
Harp. 

Harpsichord. 
Hautboy. 
Hexachord. 
Horn. 
Horn-pipe. 
Hunting-horn. 
Hurdy-gurdy. 
Hydraulicon. 
Jew's-harp. 
Kalidophone. 
KaUifthorgan. 
Kemengeh. 


Kent-bugle. 
Key. 

Key-bugle. 
Kin. 

Knec-swell. 
Krum-hom. 
Ku&sier. 
Lapideon. 
Lute. 
Lyre. 

Mandoline. 
Mandore. 
Manichord. 
Manual. 
Mararaba. 
Melodeon. 
Metronome. 
Monochord. 
Mouth-organ. 
Mu?ette 
Musical  box. 
Musical  glasses. 
Naker. 
Oboe. 

Octachord. 
Octave-flute. 
Ophieleide. 
Orpheon 
Organ. 

Organ-hamionicon . 
Orlo. 

Pandean -pipes. 
Pandore. 
■  Pedal. 
Percussion-stop. 
Piano-forte. 
Piccolo. 
Pipe. 

Pipe-organ. 
Pitch-pipe. 
Poly  chord. 
Psaltery. 
Reboe. 
Recorder. 
Reed. 

Reed -organ. 
Sackbut. 


Sax-hom.  Tabor.  Tuning-fork. 

Saxophone.  Tabret.  Tympano. 

Seraphine.  Tambourine.  Viola. 

Serpent.  Tam-tam.  Viole  d'amour. 

Side-drum.  Theorbo.  Violin. 

Sistrum.  Timbrel.  Violoncello. 

Snare-drum.  Tom-tom.  Violone. 

Spinet.  Triangle.  Virginal. 

Sticcato.  Trombone.  Wood-harmonic  on. 

Stop.  Trumpet.  Zithem. 
Syrinx. 

Mu%ic-boz.  {Music.)  An  automatic  playing 
in.strument  in  which  a  row  of  vibrating  tongues  are 
tripped  bj^  pins  on  a  barrel  rotated  by  a  spring. 
Bo.\es  are  made  on  a  small  scale  for  two"  tunes,  and 
of  many  other  sizes,  some  very  large,  expensive,  and 
having  a  capacity  for  playing  many  tunes.  The 
rapidity  of  the  successive  notes  is  such  that  it  is  im- 
possible to  make  one  tongue  make  the  requisite  num- 
ber of  notes  in  succession  without  striking  upon  the 
following  pin  ;  therefore,  there  are  two,  three,  or 
four  teeth  of  the  comb  having  the  same  tone  or 
pitch,  and  placed  contiguous,  which  allows  the  rapid 
recurrence  of  the  same  note  by  placing  the  pins  side 
by  side,  following,  instead  of  behind  each  other. 
The  regulator,  or/?/,  is  adjustable;  the  -wings which, 
impinge  against  the  air  are  capable  of  limited  exten- 
sion and  contraction,  thus  retarding  or  accelerating 
the  rate  of  revolution  of  the  cylinder. 

The  tones  of  the  tongues  are  regrilated  by  their 
length  and  thickness  ;  the  shorter  they  are,  the 
quicker  the  vibrations,  and  the  higher  in  the  scale 
is  the  pitch.  To  the  long  teeth,  wiiich  are  to  vibrate 
slowly  for  the  low  notes  of  the  scale,  are  attached 
masses  of  lead  of  sufficient  weight  to  give  the  requi- 
site tone.  The  tuning  of  these  teeth  is  accomplished 
by  altering  their  thickness  by  stoning,  filing,  or  scrap- 
ing, till  the  proper  pitch  is  obtained.  Tg  prevent 
too  long  -vibration  of  any  of  these  teeth,  a  system  of 
dampers  is  employed  ;  on  the  under  side  of  the 
longer  tongiTes  small  pieces  of  steel  spring  are  at- 
tached ;  to  the  middle  teeth  of  the  comb  .*mall  bits 
of  goose-quill  are  attached  by  cement,  the  short 
teeth,  having  a  short  vibration,  requiring  no  dampers. 


Fig.  3264. 


Fig.  3265. 


MkS'c  Leaf  Turner. 

Mu'sic-clamp.  A  temporary'  binder  or 
file  lor  holding  sheet  music  in  convenient 
form  for  use  and  preservation.     See  Paper- 

CL.\MP. 

Mu%ic-leaf  Tum'er.    The   arm  A   is 
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lu'ld  to  tlie  music-stand  liy  a  clamping  piece  ;  the- fin- 
gers are  inserted  between  the  pages  and  turned  by  the 
ratchet-phate  F,  wliieli  slides  freely  over  the  fingers 
wlien  turni'd  in  one  direction,  but  engages  them  one. 
by  one  when  it  is  moved  in  the  opposite  direction. 
It  is  fixed  on  tlie  spindle  C,  which  is  )iartially  rotated 
by  the  arm  /  connected  by  a  coid  with  a  treadle,  and 
is  restored  to  its  former  position  by  a  spring. 

Mu'sic-pa'per.  Paper  ruled  with  lines  forwriting 
music. 

Mu'sic-pen.  A  pen  maile  for  ruling  at  once 
the  five  lines  which,  witli  the  intervening  spaces, 
form  the  start" of  nm.sic.  The  instrument  has  a  brass 
head  and  five  parallel  pens  like  ruling  pens  ;  that  is, 
they  consist  of  bentstri|is  of  brass  whicli  form  spouts 
to  conduct  the  ink  from  the  reservoir  to  the  paper. 

Mu'sic-print'ing.  Music  was  first  printed  by 
types  on  which  the  ledger  lines  were  cast.  The  font 
displayed  all  possible  variations  of  character  and 
position.     In  1720,  music  was  engraved  on  plates. 

Breitkopf'.s  type,  1764,  had  tlie  ledger  lines  on  sepa- 
rate type.  Reinhard  printed  the  ledger  lines  from  en- 
graved plates,  and  the  notes  from  type  at  a  second  pull. 

Another  and  more  modern  plan  is  to  put  np  the 
ledger  lines  in  rules  and  cast  the  type  so  as  to  admit 
of  the  ledger  line  crossing  them  when  necessary. 

Music  has  been  for  a  long  time  engraved  by  cutters 
and  punches  ou  soft  metal  plates  and  printed  by  the 
copperplate  press. 

The  compositor,  having  the  manuscript  of  the 
music  before  him,  selects  a  thin  .sheet  of  soft  metal 
of  the  proper  siz;,  and  sinks,  by  the  use  of  a  ma- 
chine constructed  for  the  purpose,  the  staff-lines  into 
the  metal.  He  then  pi'oceeds  to  sink  in  the  notes, 
rests,  points,  bar.s,  slurs,  etc.,  by  the  use  of  suitable 
punches, 'each  musical  character  or  element  of  a 
character  having  its  appropriate  punch. 

The  plates  thus  prejiare  I  have  thus  produced  upon 
them  the  piece  of  music  in  sunken  characters,  which 
characters  are  next  filled  up  nearly  to  the  level  of 
the  plate  with  beeswax.  The  musical  notation  now 
appears  as  if  printed  in  wax  upon  the  plates,  the 
surfaces  of  which  are  highly  polished. 

To  print  fjo-u  these  jilates  the  ink  is  first  distrib- 
uted uniformly  over  the  entire  surface  by  a  hand- 
roller.  The  surfaces  are  then  wiped  ort"  with  a  cloth, 
which  removes  all  the  ink  from  the  polished  parts, 
while  it  still  adheres  to  the  wax  in  the  punched  de- 
pressions. 

The  pressman  lays  the  paper  upon  the  surface  of 
the  plates,  ami  then  passes  them  through  the  ordi- 
nary copperplate  D-press.  While  the  above  is  the 
usual  plan  adopted  for  preparing  plates  for  the  best 
music,  a  very  large  proportion  of  the  music  of  the 
pi'esent  day  admits  of  being  set  up  for  the  usual  let- 
terpress printing.  The  sortu  of  the  case  embrace 
all  the  various  possible  ri,'(|uirements  of  the  music. 

Mu'sic  Re-cord'ing-in'stru-ment.  A  ma- 
chine to  record  the  notes  played  upon  a  keyed  in- 
strument. 

The  organ  or  piano  is  connected  witli  the  record- 
ing apparatus  by  a  magnetic  telegraph.  Beneath 
each  nol«  of  the  three  manuals  and  of  the  pedals, 
and  connecteil  with  each  stop  of  the  organ,  is  a 
small  brass  spring,  which  is  pressed  down  whenever 
the  piece  to  which  it  is  attached  is  brought  into 
action.  From  each  spring  wires  run  to  a  galvanic 
battery,  and  to  the  recoriling  apparatus,  which  may 
be  situated  at  any  convenient  distance  from  the 
organ.  When  the  spring  is  pres.sed  down,  connec- 
tion between  the  battery  and  the  recording  appara- 
tus is  formed,  and  the  electric  current  passes  through. 
The  recording  apparatus  is  similar  to  that  used  in 
Morse's   telegraph.      Attached    to   clock-work,    by 


which  a  uniform  motion  is  jiroduci'd,  are  two  eylin- 
ders,  between  which  is  carried  a  sti'l)!  of  paper  divided 
into  about  250  longitudinal  divisions,  — one  for 
each  note  and  stop  in  the  organ.  Corresponding  to 
each  of  these  divisions  is  a  magnet,  whose-  armature 
carries  a  lever  armed  with  a  style,  which  inilents  the 
])aper  as  long  as  the  electric  current  is  passing 
through.  When,  any  note  or  .stop  is  brought  into 
action,  the  spring  connected  with  it  is  ]U-essed  down, 
the  circuit  is  completed,  the  corresponding  armature 
is  attracted  to  its  magnet,  and  the  division  of  the 
paper  belonging  to  the  note  struck  is  iiulented  with 
a  line  proportionate  in  length  to  the  time  during 
which  the  note  is  held  down.  A  staccato  touch  will 
be  represented  by  a  simple  dot,  while  a  lousier  tone 
will  be  recorded  by  a  more  prolonged  indentation. 
The  clock-work  is  so  geared  tliat  the  paper  is  carried 
forward  on  the  rollers  at  the  rate  of  about  one  half 
an  inch  per  second,  thus  recording  eaidi  note  in  the 
most  rapid  |daying,  at  the  rate  of  aliout  ten  notes  per 
second  by  a  line  one  twentieth  of  an  inch  in  length, 
and  longer  notes  by  lines  proportionally  extended. 

Mu'sic-stool.  A  stool  with  a  pillar  leg,  and  a 
revolving  seat  adjustable  as  to  hight  by  means  of  its 
screw-stem. 

Mu'aic-type.  Movable  types  for  setting  up 
music  to  be  printed  by  the  ordinary  printing-press. 

The  first  plan  was  tliat  of  C'owpcr,  who  printed  by 
two  operations  ;  the  first  printing  the  lines  and  the 
second  the  notes. 

The  second  plan  was  that  of  Branston,  who 
puiu'hed  the  notes  and  cut  the  lines  deeply  in  a 
plate  and  from  this  obtained  a  stereotype,  from  which 
he  ]  printed  in  the  usual  manner. 

The  present  plan  of  detached  types  was  intro- 
duced by  Hughes  of  London,  about  1840.  .See  pp. 
310,  311,  of  Ringwalt's  "Encyclo]iedia of  Printing." 

Mu'sic-'wire.  a.  A  steel  wire  employed  for  in- 
struments of  wire. 

b.  Wire  drawn  of  various  patterns  aiul  used  in 
some  kinds  of  music-printing. 

Mu'sic-writ'er.  Several  contrivances  were  sug- 
gested or  made  during  the  last  century  for  "  writing 
extempore  voluntaries  or  other  pieces  of  mn.sic,  as 
far  as  any  master  shall  be  able  to  play  them  upon 
the  organ,  harp.sichord,"  etc.  (Phil.  Tran.,  1747.) 
Creed  invented  a  macliine  for  this  ]iurpose  in  Eng- 
land in  1747  ;  Hennersdorf  of  Berlin,  one  in  the 
following  year.  John  Freke  in  England,  Unger  and 
Hohlfield  in  Prussia,  worked  at  the  idea.  Unger 
formed  a  part  of  the  harpsichord.  The  device  of 
Hohlfield  was  attachable  to  any  instrument.  De- 
scriptions were  transndtted  to  the  Academy  of  Ber- 
lin in  17.52,  and  published  in  Brun.swick  in  1774. 

Mus'ket.  (Fh'c-arms.)  The  fire-arm  of  the  in- 
fantry soldier.  It  supeiseded  the  anincbus,  on 
which  it  was  an  improvement.  Formerly,  smooth- 
bore and  muzzle-loading,  modern  progress  has  im- 
proved it  into  the  rifled  breech-loader  of  the  present. 
See  Fir,E-.\i;Ms. 

Mus'ket-oon.  A  short  musket  usi'd  by  cavalry 
and  artillery  luevious  to  the  introduction  of  breecli- 
loailers. 

Mus'lin.  (Fabric.)  A  bleached  or  unbleached 
thin  white  cotton  cloth,  nnprinted  and  nndyed  ; 
finer  than  calico.  Varieties  aie  known  as  Swiss, 
buke,  mull,  jaconet,  lawn,  saecharilla,  harness,  leno, 
nainsook,  seerhand,  foundation,  cambric,  cord, 
check,  figured,  long-cloth,  tandjourcd,  niuslinet, 
organdie. 

Muslins  are  so  called  from  Moussol  in  India.  First 
imported  into  England  in  1670.  Maile  in  England, 
1778-80.  Other  very  ditterent  styles  of  fabric  are 
now  indirt'erently  calleil  muslins,  and   the   term  is 
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used  differently  on  the  respective  sides  of  the  At- 
lantic. 

At  the  London  Exhibition  in  1862,  a  few  yards  of 
English  muslin  were  shown,  woven  from  a  thread 
.00216  of  an  inch  in  diameter,  but  the  finest  Dacca 
thread  is  only  one  quarter  the  size  ;  and  there  is 
this  essential  difference,  that  the  finest  European 
muslins  have  little  or  no  durability,  whereas  the 
Dacca  muslins,  of  far  finer  iiuality,  are  strong  and 
lasting.  This  is  in  part  explained  by  the  fact  that 
the  thread  of  the  India  fabric,  being  made  by  hand, 
is  more  closely  twisted  and  compressed,  — the  number 
of  twists  to  an  inch  in  the  best  English  being  68.8  ; 
the  Indian,  110.1. 

One  pound  of  the  finest  Dacca  thread  is  250  miles 
in  length.  The  most  delicate  pieces  are  transported 
in  bamboo  reeds,  and  a  tube  eighteen  inches  long 
and  one  inch  in  diameter  will  hohl  twenty-two 
S'piare  yards.  One  of  the  best  pieces  wliicli  found 
its  way  to  England  was  ten  yards  long  by  one  yard 
wide,  weighed  only  three  ounces  two  pennyweights, 
and  could  be  passed  through  a  very  small  ring.  A 
Persian  ambassador  to  India,  on  his  return  to  his 
native  country,  once  presented  the  king  with  a  cocoa- 
nut-shell  containing  a  turban  sash  sixty  cubits 
long.  The  warp  thread.s,  in  the  best  fjualities,  num- 
ber from  1,000  to  1,800  in  a  piece  one  yard  wide. 
Four  square  yards  of  some  specimens  weigh  only 
566  grains.  The  Emperor  Aurungzebe  reproved  his 
daughter  because,  on  a  certain  court  occasion,  the 
outline  of  her  form  could  be  distinctly  seen  through 
her  dress.  Her  defense  was  that  her  covering  con- 
sisted of  seven  garments. 

To  the  fine  and  delicate  Indian  mu.slins  the  names 
of  "  webs  of  woven  air,"  "dew  of  night,"  "running 
waters,"  etc. ,  are  given  by  the  natives.     They  use  j 
the  spinning-wheel  generally  f.ir  the  ordinary  fabrics,  I 
but  the  spindle  still  holds  its  place  in  the  hands  of  j 
the    Hindoo   woman   when   employed    in   spinning 
thread  for  the  liner  muslins.     For  these  the  Hindoo 
woman  first  cards  her  cotton  with  the  jawbone  of  the 
boa'ee  fish  ;  she  then  separates  the  seeds  by  means  ; 
of  a  small  iron  roller  worked  backwards   and  for-  ■ 
wards  upon  a  flat  board.     An  equally  small  bow  is 
used  for  bringing  it  to  the  state  of  a  downy  fleece, 
which  is  made  up  into  small  rolls  to  he  held  in  the  i 
hand  during  the  process  of  spinning.    The  apparatus 
required  for  this  consists  of  a  delicate  iron  spindle 
having  a  small  ball  of  clay  attached  to  it  in  order  to 
give  it  sufficient  weight   in  turning,    and   im- 
bedded in  a  little  clay  there  is  a  piece  of  hard  i 
shell,  on  which  the  spindle  turns  with  the  least    ' 
degree  of  friction. 

Attention  is  paid 
to  the  temperature 
of  theairduring  the 
processof  spinning, 
and  the  spinners  in 
the  dry  climate  of  r- 
the  northwest  of 
India  work  under 
ground  to  secure  a 
moist  and  uniform 
atmosphere. 
The  Hindoo's  loom 
has  a  yarn-beam,  a 
cloth-beam,  hcddle, 
swinging  lathe, 
shuttle  with  an  eye, 
treddles,  and  tem- 
ple. 

Mua'lin- de- 
laine. {Fabric.)  A 
Musquiio-Bar.  cotton  cliain  and  woolen 


filling,    or   an  all-wool  ladies'  dress-goods,   printed 
like  calicoes. 

Mus'U-net.  {Fabric.)  A  kind  of  muslin  of 
which  there  are  several  varieties,  as  single-cord,  fancy 
satin-stripes,  and  figured. 

Mus-qui'to-bar.  A  net  to  ward  off  musquitoes, 
gnats,  and  other  Hying  insects.  It  is  usually  a  cano- 
py which  surrounds  the  bed,  but  is  sometimes  applied 
to  the  windows  and  doors  to  exclude  outdoor  insects 
from  a  room. 

In  the  example,  it  is  applied  to  a  window.  The 
cords  are  attached  to  screws  fixed  to  the  casing,  and 
are  passed  once  around  the  pulleys,  so  that  the  act 
of  raising  or  lowering  the  sash  revolves  the  roller  and 
rolls  up  or  unrolls  the  bar  or  netting. 

Mus-qui'to-can'o-py.  A  netting  acting  as  a 
protection  against  musquitoes. 

The  coiwjxum,  or  muscinito-bar,  is  mentioned  by 
Horace.  It  was  of  linen  thread,  of  a  gauze  texture. 
Its  name  is  literally  Tendev(:d,(jnat-curtain,  and  sur- 
vives in  our  word  canopy. 

It  is  usually  supported  upon  a  tester  or  canopy, 
and  depends  all  around  the  bedstead.  In  Fig.  3267 
it  is  upheld  by  a  frame  laterally  expansible,  and  its 
parts  detachable  .so 

as  to  be    attached  Fig.  3267. 

to  any  bedstead,  or 
packed  in  a  trunk. 

In  Fig.  326S  the 
cot-bed  is  supjiort- 
ed  on  springs,  and 
the  musquito-net- 
ting  supported  by 
attachment  to  a 
wall  andafoot-re!3t. 

Fig.  3209  has  a 
calash-top. 

Mus'role.  (J/c- 
««(/(.)  The  nose- 
band of  a  bridle. 

Mute.  A  device 
to  deaden  the  sound 
of  a  musical  instru- 
ment, wind  or 
stringed.  Musquiio-Net. 

a.  Fig.  3270  is 
an  example  of  one  applied  to  the  pavilion  of  a  horn. 
A  plug  is  made  to  fit  the  bell  of  the  instrument, 
and  has  a  central  tube,   which  allows  only  a  part 

Fig.  3268. 


Fig.  3286. 
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Hot.pital  Cot  and  Musquito-Bar. 
of  the  sound  to  issue.     By  this  means  the  sound  is 
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deadcni'tl,  without 
tlirowing  the  iii- 
stnimi'iit  out  of 
tuTif,  and  jiujiils  are 
eniibU'd  to  [traetiee 
,  on  tlie  instruiueut 
witliout  annoying 
their  neighbors. 

The  mute  is  also 
used  to  iiroduce  echo 
etlects. 

b.  A  little  imple- 
ment placed  on  the 
bridge  of  a  stringed  instrument  to  d<'aden  its  so- 
norousness, and  give  it  a  mournful  sound.  A  sor- 
dine. 

Mu'ti-la-ted  Wheel.     A  wheel,  from  a  part  of 
the  perimeter  of  which  the  cogs  are  removed.     It  is 

Fig.  327(X 


Calash-Top  Miisijuito-Ba: 


usualh'  adapted  to  rotate  constantly  in  one  direction, 
andimpart  an  intermittent  motion  toother  cog-wheels 
or  a  reciprocating   motion 
Fig.  3271.  to  a  rack-bar,  by  alternate 

connections  to  one  or  the 
other  of  said  wheels,  or  the 
respective  racks  of  the 
bar. 

Mu'tule.  {Architecture.) 
A  projecting  block  worked 
under  the  corona  of  the 
Doric  cornice,  in  the  same 
situation  as  the  modillions 
in  the  Corinthian  and  Com- 
posite orders  ;  it  is  often 
made  to  slope  downward 
Mutilated  Gear.  toward  the  most  prominent 

pai't,  and  has  usually  a 
number  of  small  guttse  or  drops  worked  on  the  under 
side. 

Muz'zle.  1.  {Guns  and  Ordnance.)  The  mouth 
of  a  gun,  closed  by  the  tampion,  and,  in  ships,  se- 
cured by  muzzle-lashings  to  the  upper  part  of  a 
port. 

The  muzzle-ring,  around  the  mouth  of  a  cannon, 
has  been  suppressed  in  many  modern  styles  of  ord- 
nance. 

2.  A  gag  or  mask  placed  over  the  head  of  a  dog 
or  the  muzzle  of  a  calf  or  vicious  horse.  It  may 
be  made  of  heavy  leather,  galvanized  wire,  or  block- 
tin  covered  with  leatlier. 


One  of  the  heav-  t'ig.  3272. 

iest  descriptions 
of  niuzzle.-i  was 
used  upon  tile 
untameil  "  Cruis- 
er "  before  he  wa,s 
made  tractaljle  by 
Mr.  Karey.  The 
illustration  shows 
the  muzzle  and 
halter;  the  former 
was  of  iron  and  i 
leather,  a  bar  pass- 
ing in  front  of  the 
lips  which  com- 
pelled him  to  lick  "  Cruiier"  Muzzled. 
up  his  food. 

Fig.  3273  is  a  muzzle  to  prevent  biting  the  manger, 
but  allow  the  horse  to  pick  hay. 

3.  Tlie  piece  at  the  forward  end  of  the  plow- 
beam  by  which  the  draft 
is  attached.  Theckris.  Fig.  3273. 

Also  called  the  bridle, 
or  the  plow-head. 
Muz'zle-cap.  (Ord- 
H(tncc.)  The  cover  over 
the  muzzle  of  a  gun. 
Muz'zle-sight.  The 
front-sight,  screwed  in- 
to the  swell  of  the  muz- 
zle of  a  gun  or  the  muz- 
zle-band of  a  howitzer.  Crili-Biler's  Muzzle. 
It  is  made  of  iron  or 

steel,  and  is  equal  in  bight  to  the  dispart  or 
diti'erence  between    the   semi-diameters  of  the 
base-ring  and  muzzle. 
Muz'zle-stop'per.   {Ordnance.)  A  tampion, 
to  close  the  mouth  of  a  gun. 

Muz'zle-etrap.  {Afeiwge.)  A  broad  strap, 
which  is  buckled  around  the  horse's  mouth  to  pre- 
vent his  biting  ;  used  in  place  of  a  muzzle. 

My'o-dyn'a-mom'e-ter.  An  instrument  for 
measuring  tlie  strength  of  the  muscles. 

Myr'i-o-ra'ma.  An  c.\liibitional  picture  made 
of  a  number  of  separate  sections  which  are  capable 
of  being  associated  in  various  ways  so  as  to  form  dis- 
tinct scenes. 

Myr'i-o-scope'.     This  is  a  variation  of  the  ka- 
leidoscope,  and,  like  the  latter,  depends  upon  the 
multiplication         of 
images,    which    coa-  Fig-  3274. 

lesce  in  such  manner 
as  to  form  a  geomet- 
rical pattern. 

A  square  box  has  a 
sight-hole  in  front, 
and  at  the  rear  are 
two  plane  mirrors 
which  are  arranged  at 
a  suitable  angle.    On  Myrioscope. 

horizontal  rollers  is  a 

piece  of  embroidered  silk  or  other  ornate  fabric, 
which  is  caused  to  traverse  by  means  of  a  crank- 
handle  on  one  of  the  rollers.  This  I'auses  a  pretty 
display  when  the  ornamental  figures  are  multiplied 
and  thrown  into  geometrical  apposition. 

The  top  of  the  box  is  of  oiled  muslin  or  other 
translucent  material  which  admits  sufficient  light. 
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Nab.     1.  (Fire-arm.)    The  cock  of  a  gun-lock. 
2.   {Locksmitking.)     The  keeper  of  a  Joor-lock. 
Nac'a-rat.     {Fabric.)     Fine  linen  or  crape  dyed 
of  a  pale  red  color. 

Nail.  1.  A  sharp  narrow  piece  of  metal  for  at- 
taching objects  by  driving  it  into  or  through  them. 
It  diifers  from  a  Sjiikc  or  a  lack  in  being  smaller  than 
one  and  larger  than  the  other  ;  from  a  scrcic  in  that 
the  latter  is  not  driven  but  twisted  into  the  wood  ; 
from  a  brad  in  haring  a  head,  while  the  brad  has 
but  a  spur. 

The  naif  useil  by  Jael,  the  wife  of  Heber  the  Ken- 
ite,  when  she  smote  Sisera,  was  a  tent-pin  (waled). 
The  hammer  was  the  mallet  used  to  drive  in  the 
tent-pin.  The  nail  was  probably  of  hard  wood,  and 
when  "  fastened  in  a  sure  place"  was  useful  tlieu  as 
now.  It  is  not  all  ground  that  will  hold  a  tent-pin 
securely  when  a  wind-storm  comes  on.  Deborah's 
song  is  a  magnificent  jwan,  Ijut  we  must  agree  with 
Kitto  that  Jael's  was  "a  treacherous  and  cruel  act." 
Tlie  nails  of  ancient  Egj-pt  were  usually  of  bronze. 
Iron  nails  have  mostly  perished  with  rust. 

The  tools  of  the  Tahitians,  when  tii-st  discovered, 
were  made  of  stone,  hone,  shell,  or  wood.  They  had 
no  idea  of  metal.  Wlien  they  Krst  obtained  nails, 
they  mistook  them  for  the  young  shoots  of  some  very 
hard  wood,  and,  hoping  that  life  might  not  be  quite 
extinct,  planted  a  number  of  them  carefully  in  their 
gardens.  Eight  years  after  the  tii-st  voyage  of  Cap- 
tain Cook,  that  distinguished  navigator  says  irou 
had  quite  superseded  stone  and  bone. 

Until  eiglity  yeai-s  since  nails  were  always  forged. 
Before  the  introduction  of  mtichine-made  nails, 
60,000  persons  were  employed  in  forging  nails  in 
Birmingham,  England. 

One  authority  states  that  there  are  about  300 
varieties  of  nails  made  in  England,  and  10  sizes  of 
each  variety.     We  have  no  such  to  present. 

The  English  mode  of  numbering,  7  lb.,  S  lb.,  etc., 
denotes  that  1,000  of  the  respective  varieties  would 
have  those  weights. 

This  mode  of  enumeration  is  substantially  similar 
to  our  own,  but  mucli  variation  has  occurred. 

The  following  are  the  names,  lengtiis,  and  num- 
ber to  the  pound  of  the  several  sizes  of  nails  :  — 


2d. 

3d. 

3d. 

4d. 

5d. 

6d. 

6d. 

7d. 

7d. 

8d. 

Srf. 

9  J. 

9:1. 
10'/. 
10  d. 
12  d. 
16  d. 
20  d. 
3)d. 


Name.  Inches  long 

fine 1 

fine IJ 

common 1^ 

U 


common 
fencing 
commoj  . 


u 

2 

.  2 

.        .        .       .  2i 

fencing        ......  2i 

....  21 

2* 

•      ■      ■      •  ^5 

2* 

.  3 

3 

.        .        .        .  3t 

3i 

4 
4t 


common  , 
fencing 
common  . 
fencing 
common  . 
fencing 


No.  to  the 
pound 
RSO 
665 
400 
280 
195 
IS 

80 
120 

6-5 

90 

50 

70 

40 

55 

30 

45 

28 

20 

16 


Nails  are  ca.st  for  some  purposes,  but  their  qualitv 
is  inferior.  They  may  be  improved  bv  Annealing 
(which  see). 

Garden  nails  for  driving  into  brick  walls,  and 
nails  for  shoe-soles,  are  cast. 


In  1718  an  English  patent  was  gi-anted  to  Clement 
Dawlieny  for  cutting  iron  into  nail-rods  ;  it  was 
worked  by  water-power. 

Clifford",  1790  (England),  patented  a  process  of 
making  nails  by  swaging  between  rollers  whose  de- 
pressions agreed  with  the  shape  of  the  nail  ;  half  in 
each  roller.  The  heads  and  tails  joined  so  as  to 
make  them  in  a  string,  to  be  afterward  separated  by 
nippers.  It  was  proposed  to  treat  a  slieet  in  this 
way,  converting  it  into  strings  of  nails. 

Clifford's  next  machine  was  to  cut  the  nails  from 
a  bar  rolled  thicker  at  the  head-end.  The  nails  were 
made  at  another  operation,  in  a  swage. 

Tliirty  or  forty  patents  in  England  followed  these 
of  Clifford's,  but  the  American  nail-cutter  was  the 
first  to  cut  the  nails  and  swage  the  heads  at  one 
operation.     See  Xail-m.-vkino  JI.\chine. 

The  preliminaiT  operations  of  smelting,  puddling, 
squeezing,  rolling,  cutting,  fagoting,  re-heating,  and 
re-rolling  in  the  nail-plate  train  are  described  under 
their  appropriate  heads.  The  plate  thus  prepared 
is  taken  to  the  cutting-machine,  which  .shears  off 
pieces  as  long  as  the  width  of  the  plate,  the  strips 
having  a  width  to  suit  the  particular  size  of  nail  for 
which  they  are  intended.  This  is  a  little  longer  than 
the  destined  nail,  as  a  part  of  the  slip  cut  from  it  is 
to  be  upset  to  form  the  head.  The  nail-strips  are 
heated  by  being  placed  on  their  edges  on  red-hot 
coals,  whence  they  are  taken  one  by  one  by  the 
pinchei-s  of  the  boy  who  tends  the  nail-machine. 

It  will  be  un<lerstood  that  the  plate  as  it  comes 
from  the  nail-plate  train  has  libers  running  in  the 
direction  of  its  length.  This  is  cut  transversely  into 
strips  in  which  the  fibers  run  across.  A  transverse 
cut  on  this  strip  gives  a  nail  in  which  the  fibers  arc 
lengthwise.      See  diagi-am  b. 

The  cutting  jaws  of  the  nail-machine  are  presented 
somewhat  obliquely  to  the  line  of  direction  of  the 
nail-plate,  so  a.s 

to  remove  a  ta-  Fig.  3275. 

per  piece,  the 
wide  end  being 
swaged  into  a 
head  and  the 
sharper  end  re- 
maining as  a 
point,  and  the 
nail-]date  being  ^ 
turned  over  af-  ^ 
ter  each  cut. 

Sparables,  = 
sprigs,  brads 
without  heads, 
and  glazier's 
points  are  all 
of  them  of  a  tri- 
angular shape, 
and  are  merely  cnt  from  the  strip.  Brads  \vith  heads 
and  headed  nails  are  made  by  cutters  of  peculiar 
form,  which  leave  projections  upon  the  head-ends  of 
each  nail,  .a.s  seen  in  the  figure,  which  illustrates  the 
various  kinds  mentioned. 
Nails  are  assorted  as  to  — 

1.  Purpose;  a.^,  hurdle, pail,  deck, scupper,  sbealh- 
ing,  fencing,  slating. 

2.  Form  of  Ihe  heads ;  as,  rose,  clasp,  diamond, 
billed,  clout,  countersink;  dog,  etc. 

3.  Form  of  points  ;  as,  flat,  sharp,  spear,  clinch. 

4.  Thichness  ;  as,  fine,  bastard,  strong. 


^ 
l(l!l 


h     i     J 


Nail- Plate  and  Nails. 
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5.  Size;  fi-oni  U  lb.  to  40  lbs.  That  is,  1,000 
nails  of  a  given  size  will  weigh  so  many  poinuls. 

6.  Materia! ;  na' copper  nail,  for  sheathing  of  ships, 
metal  covering  of  roofs.  Galvanized,  plated  with 
zinc,  etc. 

7.  .\fmle  of  manufacture  ;  as,  wrowjht,  exit,  cast. 
Tlie  aceoiiipanying  cut  shows  some  of  the  peculiai'- 

ities  as  to  heads,  points,  and  thickness. 

c.  Bose-nail ;  sharp  point,  a  flat  head  showing  facets,  square 
shank. 

d.  Ro.sc-nail ;  flat  point,  squ.ire  shank. 

e    Ctop-nail;    ba>tard  (meilium)  thickness,  barbed  head, 

square  shank.  .      ,       ,         ,  ,    ,       , 

/.    C/oH(-nail;  fine  point, flatclrcular  head, androuudshank. 

g.  Caunlerdoul  mil;  countersunk  head,  flat  point,  round 
shank. 

h    flo^-nail ;  faceted  head,  round  shank,  fine  point. 

1.  Kent-liiiri/le  nail:  a  broad,  thin,  rose  head,  flat  shank, 
spear-point  for  clinching. 

_;'.  Rose'rlinclt  nuil  \  rose  head,  square  point,  either  chnched 
or  riveted  down  on  a  waslier  or  rove. 

k.  Hors^s/toi'-nail;  countersunk  head,  square  shank,  fine  point. 

/.  i>r/(//,-  billed  liead,  square  shank,  fine  point. 

To  which  may  be  added  spikes^  tacks,  and  other  varieties. 

Nichol's  nail  (1873)  is  a  strong,  light  nail  formed  of  sheet- 
metal  %vith  or  without  a  head,  and  stiffened  by  longitudinal 
grooves,  ridges,  or  corrugations. 

See  nnder  the  following  heads  :  — 


Nailer's  forge. 

Nail-hammer. 

Nail-machine. 

Nail-plate  feeder. 

Pail-nail 

Picture-nail. 

Ple-jshing-nail. 

Ribbing-nail. 

Rose-nail 

Screw. 

Screw-nail. 

Scupper-nail. 

Sharp  nail. 

Sheathiug-nail. 

Sparable. 

SiJear-nail. 

Spike. 

Spike-extractor. 

Spike- machine. 

Sprig. 

Tack. 

Tack-claw. 

Tack-driver. 

Tack-hammer. 

Tack-puller. 

Tin-tack. 

Tree-nail. 

Trunk-nail. 

Weight-n,ail. 

Wheelwright's  nail. 

Wire-nail. 


In  the  examjile,  the  steel  faces  of  the  clincher  are 
adj*istable,  being  hinged  to  the  jaws  so  as  to  con- 
form to  the  various  forms  of  hoofs,  one  face  £'  rest- 
ing below  the  shoe  and  the  other  A'  clinching  the 
nail. 

Nail-driv'er.  In  Fig.  3277,  the  point  of  the  in- 
strniiient  is  placed  at  the  spot  where  the  nail  is  to 
be  driven,  the  jilunger  is  raised,  and  a  nail  dropped 
through  the  feed-tube  ;  the  ]ilunger  being  then  al- 
lowed to  fall  drives  the  nail  home. 

Nail-ex-tract'or.  An  implement  with  nipjiing 
idaws  for  grasping  a  nail  and  withdrawing  it.     In 


Fig.  3278. 


Bastard-nail. 

Dr,ad. 

Brob. 

Bullen-nail. 

01.amp-nail. 

Clasp-nail. 

Clinch-nail. 

Clout-nail 

Counterclftst-nail. 

Countersink  -nail . 

Cut-nail, 

Deck-nail 

Di'imond-nail. 

Dog. 

Door-nail 

Doubling-nail. 

Fencing-nail. 

Fine  nail. 

Flat-head  nail. 

Flat  nail. 

Forge. 

Frost-nail 

Garden-nail. 

Gate-nail. 

Gimp-nail. 

Glazier's  point. 

Hob-nail. 

Horseshoe-nail. 

Hurdle-nail. 

Lead-nail. 

Mop-nail. 

Nail-clincher. 

2.  {Blasting.)  A  taper  copper  rod  useil  in  tamp- 
ing to  make  a  hole  by  which  the  fuse  or  train  may 
reach  the  charge. 

3.  A  stamping  instrument. 

4.  A  measurer  of 
Fig.  3276.  Fig.  3277.    length,  2|  inches  = 

"Tij  of  a  yard. 

Nail-ball.  (Ord- 
nance.) An  iron  ball 
with  a  tail-pin  pro- 
jecting from  it,  to 
keep  it  from  turn- 
ing in  the  bore  of  the 
jiieoe. 

Nail-brush.  A 
small  brush  for 
cleaning  the  finger- 
nails. 

Nail-cUnch'er. 
A  blacksmith's  tool 
for  clinching  the 
point  end  of  a  nail, 
—  orwhatremains  of 
Nail-Driver,  it — against  the  hoof. 


Nait-Extractor. 


the  example,  one  claw  is  upon  the  fulcrum-piece  to 
which  the  other  jaw  is  hinged. 

In  Fig.  3279  the  lever  and  fulcrum  are  pivoted 


Fig.  3279, 


Nail-Exlractor. 

together,  and  their  jaws  are  clamped  together  by  the 
act  of  lifting. 

Nail-file.  A  small,  flat,  single-cut  tile  for  trim- 
ming the  finger-nails.  It  is  a  part  of  tlie  furniture 
of  the  dressing-case,  or  is  cut  on  the  blades  of  the 
nail-scissors,  or  on  one  small  blade  of  a  pocket-knife. 

Nail-ham'mer.     One  for  driving  nails. 

Notably,  one  which  holds  a  nail  for  driving,  as  in 
the  example. 

Between  the  pccn  and  the  claws  is  a  recess  in 
which  a  nail  may  be  held  to  start  it  in  the  lumber ; 


Fig.  3280. 


Fig.  3281. 


Nail-Hammer. 


Nail-  Clincker. 


Nail-Hammer. 

the   other   ]iarts   are   eff'ective   for 
their  s]ieci(ic  duties. 

In  Fig.  32S0  the  nail  is  gently 
held  by  the  spring  under  the  poll 
of  the  hammer  till  it  is  stuck  into  place  ready  for 
driving  by  a  one-armed  carpenter. 

Nail-head  Tool  (Iron-turninij.) 
a  having  a  circular  expansion  with 
a  sharp  edge,  causing  it  to  resemble, 
in  a  degree,  a  nail-head.  One  edge  . 
is  supporteil  on  the  rest  h,  and  the 
other  is  applied  to  the  work  to  be 
turned. 

Nail'ing-ma-chine'.  1.  (Car- 
pentry.) A  machine  in  which,  the 
parts  of  a  box  being  placed  in  the   Nait-Heai  Tool. 


A  lathe-tool 
Fig  3282. 
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proi.er  relation,  iilungers  advance  and  drive  the  nails 
which  secure  the  sides  of  the  box  together,  and  the 
sides  to  the  bottom. 

Similar  machines  (see  Rice's  and  Holmes's  patents) 
are  used  for  driving  the  legs  of  a  wash-board  against 
the  sharpened  edges  of  the  corrugated  zinc  plate, 
sinking  the  zinc  into  the  legs  ;  an  immediately  suc- 
ceeding motion  forces  the  nails  which  secure  the  legs 
to  the  other  portions.  The  nails  are  fed  into  grooves 
from  hoppers,  and  the  drivers  advance  along  the 
grooves  and  complete  the  operation. 

2.  {Shocmakiiuj.)  A  machine  which  acts  auto- 
matically to  drive  the  nails  into  shoe-soles.  The 
nails  are  feil  from  a  hopper,  or  are  cut,  one  at  a  tune 
as  needed,  from  a  coil  of  wire,  and  driven  into  the  sole. 

In  Fig.  3283,  the  work  is  held  for  nailing  between 
the  presser-foot  h  and  horn/.     At  the  lower  part  of 


Fig.  3283 


Blake  and  Libby's  Nailing-Marhiue. 


the  nail-tube  i  is  suspended  a  pivoted  guide  s,  which 
is  vibrated  so  as  to  be  in  line  with  the  tube  for  re- 
ceiving a  nail  and  to  form  an  angle  therewith  when 
the  nail  is  diiven.  The  nail-tube  is  turned  half 
round  at  the  moment  of  driving,  so  that  each  nail  is 
driven  into  the  work  inclined  oppositely  to  the  pre- 
ceding one.  The  tube  i  and  nail-driver  are  recipro- 
cated by  an  eccentric  on  the  driving-shaft,  the  other 
motions  being  derived  from  cams  on  the  same  shaft. 
The  presser-foot  arm  is  adjustable  on  the  arc  m'  to 


regulate  the  feed  of  the  work,  and  devices  connected 
with  the  piesser-foot  are  provided,  by  which  the 
motion  of  the  driver-bar  is  adjusted  to  varying 
thickness  of  the  work. 

Tlie  mechanism  by  which  the  nails  are  cut  from 
the  continuous  coil  of  wire  is  adjustable,  so  that 
each  nail  may  be  allowed  to  project  entirely  through 
the  inner  sole  and  have  its  end  clinched  on  the  horn, 
or  may  only  penetrate  sufficiently  to  unite  the  work. 
The  nailing  mechanism  and  presser-foot  may  each 
be  lifted  away  from  the  horn  by  means  of  a  lever, 
when  it  is  desired  to  remove  the  work. 

In  Goddu's  machine  (Fig.  3284),  for  nailing 
shoe-soles  with  wire,  the  wire  from  a  reel  is  fed 
downward  through  a  tubular  opening  in  the  guide 
a  by  a  feed-wheel  b  advanced  by  means  of  a  ratchet 
and  pawl.  It  is  severed  by  a  cutter  c  on  the  upright 
lever  and  a  stationary  cutter,  and  driven  by  a  nail- 
driver  e  fixed  in  the  lower  part  of  the  vertical  shaft/. 

The  lever  g  is  operated  by  depressing  a  treadle 
acting  against  the  force  of  a  spring  which  tends  to 
keep  that  end  in  elevated  position. 

Its  upward  movement  causes  the  spring-catch  i  to 
bear  against  the  foot  I'  of  the  nail-driver  carrier  /, 
and  lift  it  until  the  ann  /  engages  a  notch  in  the  spring- 
catch,  retracting  the  catch  and  allowing  the  nail- 
driver  carrier  to  be  acted  on  by  its  spring  f.  A 
pivoted  clamp  or  binder  )/i  bears  against  the  carrier, 
preventing  its  descent  until  an  arm  on  the  binder 
is  struck  W  the  lever  g  at  the  end  of  its  upward 
movement,  so  that  ng  feed  will  take  place  unless  the 
lever  is  sufficiently  raised,  the  feed-wheel  ratchet 
and  pawl  being  operated  by  the  downward  motion 
of  the  carrier/. 

The  wire  from  the  feed-guide  being  severed  by  the 
fixed  and  stationary  knives  c'  n,  the  nail  cut  off 
jin.sses  into  a  jiassage  in  the  transferrer  o  ;  this  is 
pivoted,  and  is  moved  by  a  stud  entering  a  cam- 
groove  on  the  lever  g,  so  as  to  present  the  nail  in 
vertical  position  at  the  proper  moment  to  be  acted 
on  bv  the  driver. 

Fig.  3284 


See  also  patent  of  Tyson,  March  24,  1874,  for 
s(Tewing  the  uppers  upon  the  soles  and  heels  of 
boots. 
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Flir.  3285. 


Tlie  jack  or  work-sup])ortiiig  inechanisni  is  mount- 
ed on  a  sluil't  in  tin;  tubiiUir  standard  p,  conncctL'il 
by  a  spring  witli  the  lever  g,  .so  as  to  be  drawn  up 
to  the  nose-piece  q  when  a  nail  is  to  be  driven. 

In  Caralli's  niaeliine  two  wires  from  separate  reels 
are  simultaneously  fed  tlirou^li  two  tubes,  by  which 
they  are  conducted  to  a  plate  ha  vingdics  through  which 
they  are  passed,  being  at  the  same  time  rotated  by 
bevel-gearing,  by  which  screw-threads  are  cut  upon 
them.  As  they  are  screwecl  into  the  work,  held  by 
mechanism  on  an  arm  projecting  from  the  nuichine, 
they  are  severed  by  movable  jaws  acting  against 
stationary  cutters  and  operated  by  a  foot-levi-i-,  by 
whicli  the  end  next  to  be  inserted  is  cut  with  a  ta- 
pering point  to  facilitate  its  penetration. 

In  I'rosser's  machine,  wire  from  a  coil  is  drawn 
between  a  pair  of  serrated  rollers  which  indent  it 
and  also  press  it  into  a  hole  previously  punctured  by 
an  awl.  It  is  then  severed  by  a  [lair  of  shears.  Th(; 
rollers  are  intermittingly  advaneeil  by  a  ratchet  and 
pawl  actuated  by  a  cam  on  a  vertically  i-eci[uocating 
rod,  which  also  operates  a  lever  that  depresses  the 
awl  and  o]iens  and  clo.ses  the  shears.  One  arm  of 
the  shears  carries  a  pawl  en- 
gaging a  ratchet-wheel  which 
turns  a  wheel  by  which  the 
work  is  advanced  beneath  the 
nailing  meclianism. 

In  Fig.  3285,  the  cam- 
wheel  b,  through  the  medium 
of  a  rod  and  pivoted  lever  q, 
lifts  the  feed-foot  t;,  which, 
being  released,  is  swung  for- 
ward by  a  spring,  advancing 
the  work  the  due  interval 
between  two  nails.  The  cam- 
wheel  h  also  raises  the  awl- 
driver,  the  shaft  of  which 
has  a  cam  that  lifts  the  driv- 
ing-bar c,  and  also  operates  a 
pawl  intermittingly  turning 
a  ratchet  liy  which  the  two 
)  geared  wire  feed-wheels  n  u 
are  rotated.  The  awl  and  peg- 
driver  carriers  are  consec- 
nti\'ely  released  at  the  prop- 
er moments  and  forced  down- 
ward by  springs  on  their  re- 
spective shafts. 

The  wire  drawn  from  a  coil 
is  severed  into  proper  lengths 
by  a  cutter  operateil  from  the 
swing-bar  q  by  means  of  a 
ratchet-wheel  and  pawl,  with 
an  adjusting  device  for  vary- 
ing the  number  of  ti'cth  ad- 
vanced at  one  stroki'  of  the 
pawl  so  as  to  cut  ditt'erent 
lengths  of  wire. 

Nail-mak'ing  Ma- 
chine'. Nails  were  formerly 
forged  from  the  bar,  which 
was  reduced  by  hand  to  the 
proper  size.  In  1606,  Sir 
Uavis  F>ulmer  obtained  let- 
ters-patent for  a  machine  for 
cutting  nail-rods  by  water-power.  The  details  of 
liis  invention  are  unknown,  no  records  of  English 
patents  prior  to  1617  exi.sting. 

In  1618,  Clement  Dawbeny  pati'uted  an  imjirove- 
nient  on  I'nlmer's  machine,  its  object  being  to  rem- 
edy "th(.-  waste  that  conionly  grewe  and  happened 
of  the  iron  which  was  usually  cutt  into  tlie  said 
small  rodd  by  reason  of  the  often  heating,  vnapt  in- 


Sar^fanCx  Nailing- 
Machine. 


struments,  and  devises  then  vsed  and  practiseil  for 
the  cutting  thereol."  No  farther  description  is 
given. 

Neithei-  of  these  appear  to  have  been  brought  into 
practical  use,  and  were  probably  soon  forgotten. 

Machinery  for  splitting  rods  for  nail-making  was 
first  introduced  in  Sweden.  The  mode  of  construc- 
tion and  operation  was  ascertained  by  a  man  named 
Foley,  of  Stourbridge,  England,  who  traveled  to 
Sweden  and  liddled  his  way  into  the  atfeetions  of 
the  workmen  at  the  mills,  where  he  took  mental 
notes  of  th(j  machinery  and  brouglit  them  to  Eng- 
land, where  he  estaljlished  a  factory. 

In  .Inly,  1790,  Thonnis  Clillbrd  ]iatented  in  Eng- 
lanil  a  machine  I'or  making  nails  from  the  prepared 
rod  by  drawing  it  between  rollers  having  cavities 
corresjionding  to  the  shape  of  the  nail  ;  and  in  De- 
cember of  the  same  year  he  patented  a  process  for 
drawing  bars  or  jilates  to  a  varying  thickness  and 
cutting  the  nails  tlierefrom  by  a  punch.  Machines 
of  this  kind  were  in  operation  at  French's  factory, 
Wineburne,  Staffordshire,  England,  in  1792. 

Cut-nails  were  first  made  in  this  country. 

About  1775,  Jeremiah  Wilkinson  of  Cumberland, 
R.  I.,  cut  tacks  from  plates  of  .sheet-metal,  and  af- 
terward made  nails  and  spikes  in  a  similar  manner, 
forming  the  heads  in  a  vise. 

Ezekiel  Keed  of  Bridgewater,  Mass.,  in  1786,  in- 
vented a  machine  for  cutting  nails  from  the  plate, 
and  in  1798  obtained  a  patent  for  cutting  and  head- 
ing them  at  one  operation.  Benjamin  Cochran  had 
also  con.strncted  a  machine  of  this  kind  ;  and  Jo.siah 
Person  of  New  York,  in  1794,  patented  a  machine 
ibr  cutting  nails  from  the  slu'ct. 

Perkins's  machine,  invented  1790  and  patented  in 
1795,  is  said  to  have  been  capable  of  making  200,000 
n.ails  per  day. 

These,  and  Odiorne's,  which  embraced  some  im- 
provements upon  them,  attracted  great  attention 
in  England,  wdiere  they  soon  came  into  e.xteusive 
use. 

At  the  close  of  the  century,  23  jiatents  had  been 
granted  for  improvements  in  nail-machines. 

In  cutting  nails  from  the  plate,  it  is  an  object  of 
primary  importance  to  avoid  waste  of  metal.  This 
is  etl'ected  either  by  rotating  the  |ilate  180°,  or  by 
changing  the  angle  of  the  cutter  at  e.ach  stroke,  out- 
nails  universally  being  made  slightly  tapering  in  one 
direction.  For  this  purpose  many  varying  forms 
of  feeding-device  have  been  invented,  a  few  of  which 
are  illustrated. 

Fig.  3286. 


Nail-makins^  Machine. 
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In  Fig.  3286  the  feeding  is  doue  by  hand,  the  plate 
being  turned  by  the  openxtor.  A  lever  o])erated  by 
'au  eeceiitrie  on  the  shaft  works  the  cutter  inelosed 
in  the  box  <t,  forming  the  nail-blank,  which  is  then 


moved  sideways  and  presented  to  the  action  of  the 
lever  li,  bj'  which  the  head  is  formed. 

In  the  machine  (Fig.  32S7),  two  nails  are  cut  from 
the  sheet  at  once.     On  the  forward  movement  of 


the  punch  D  a  projection  is  made  to  come  in  contact 
with  an  inclined  block  on  the  spring  E,  so  as  to  force 
the  latter  against  the  blank  while  the  punch  is  oper- 
ating. The  spring  is  helil  in  position  by  a  locking 
lever  c  until  the  punch  is  withdrawn,  wlien  a  recip- 
rocating stud /comes  in  contact  with  an  arm  on  the 
locking  lever  and  releases  the  spring.  The  lingers 
j  J  which  push  the  blanks  between  the  grippei's  are 
held  in  reciprocating  boxes  t  by  springs,  so  as  to 
slide  if  any  undue  resistance  is  met.  The  grijipers 
m  m'  hold  the  cut  blanks  in  position  with  the  large 
ends  projecting  far  enough  for  the  headers  to  form 
the  heads. 

The  illustration  shows  two  plan  views  in  different 
positions  of  the  parts,  and  also  a  vertical  longitudi- 
nal section. 

In  Fig.  3288,  the  nail-plates  are  jjlaced  in  a  bo.x 
G,  from  which  they  are  delivered  to  the  liollow  cyl- 
inder C  C,  and  fed  forward  singly  by  the  band-car- 
rying rollers  p  q  to  the  cutters.  The  cylinder  is,  by 
means  of  gears,  moved  half  round  after 
each  cut,  being  withdrawn  from  tlie  cutters 
by  a  cam  movement. 

In  Fig.  3289,  the  nail-blanks,  previously 
headed,  are  feil  to  the  upper  pair  of  rolls, 
which  reduce  the  size  of  tlie  body.  The 
head  is  then  seized  by  the  second  pair,  ar- 
ranged transversely  to  tlie  first,  by  which 
it  is  still  farther  reduced,  and  so  on  suc- 
cessively, until  the  last  pair,  by  whicli  the 
nail  is  perfected,  is  readied.  Each  pair  is 
grooved  to  corresjioud  with  the  intended 
form  of  the  nail,  the  grooves  successively 
decreasing  in  size  from  rtrst  to  last.  The  successive 
pairs  of  rollers  act  upon  alternate  faces,  the  rolls 
a  a,  etc.,  being  at  right  angles  to  their  alternates. 

Fig.  3288. 


Wickersham's  ^ail-niacliine  produces  a  nail  point- 
ed like  a  chisel  and  tapered  throughout  its  whole 

Fig.  3289. 


Nail-Flate  Feeder. 


Nail-Rolling  Machine, 

length.     A  sheet  of  metal  from  20  to  25  inches  wide 
presents  its  edge   to  a   series   of  cutters   arranged 
around  the  periphery  of  a  cylinder  whicli  cut  simul- 
taneously a  row  of  nails  from  the  entire 
edge  of  the  sheet.     Tlie  nails  are  cut  and 
headed  at  one  operation. 

In  Ward's  machine  (Fig.  3290),  for  mak- 
ing horseshoe  or  other  wrought-imn  nails, 
the  rod  ]J  is  automatically  itrawn  by  roll- 
ers through  the  furnace  ^-1,  where  it  is 
brought  to  a  forging  lieat,  and  is  present- 
ed to  the  action  of  liammers  while  sup- 
ported by  an  anvil.  The  liammers  are 
ojierated  by  crank-arms  and  levers,  which 
withdraw  them  from  the  iron,  and  at  the 
proper  moment  permit  springs  to  act  upon 
them,    forcing  their  acting  faces,   which 
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Fig.  3290. 


Nail-Machine. 

are  grooved  to  suit  the  shape  of  the  iiiiil,  into  con- 
tact with  the  red-hot  rod,  whieli  is  thus  haunnered 
on  all  four  sides  at  once. 

Nail-plate  Shears.  A  machine  for  cutting 
nail-plates  into  suitable  lengths  to  form  nails.  The 
plate  is  laid  on  the  cutter-block  a,  and  fed  forward 
at  each  upward  movement  of  the  cutter  b  a  distamu; 
eii\ial  to  the  length  of  the  nail  to  be  cut,  from  2  d.  to 
60  d. 

Fig.  3291. 


Nnil-Plale  Shears. 

The  cutter  is  reciprocated  in  grooves  in  the  stand- 
ard 1-iy  crank  attachment  to  the  fly-wheel,  its  down- 
ward movement  taking  off  a  slip  from  the  end  of  the 
plate.      Tlie  strip  is  received  in  a  small  car  beneath. 

Nail-scis'sors.  Small  scissors  having  files  on 
the  siiles  and  used  for  trimming  the  finger-nails. 

Nain-sook'.  (Fnhric.)  A  thick  sort  of  jaconet 
muslin,  plain  or  striped,  formerly  made  in  India.  — 
"WF.nsTi'n. 

Na'ked  Floor'inj.  The  parallel  floor-joists,  un- 
boanlrd. 

Na'ker.     ( .l/'».s/c. )     A  kind  of  kettle-drum. 

Nan-keen'.  Originally  a  fiibric  made  from  cot- 
ton of  a  yellow  color  (goss!j2>iiom  rdigiosum)  and  ex- 


ported from  Nankin,  China.  It  is  jiow  made  of 
white  cotton,  dyed  by  oak  bark,  arnotto,  alum,  etc., 
ami  sent  from  England  to  China.  A  part  is,  no 
iloubt,  reshipped  in  curious  packages  with  the  name 
of  Li  uiion  it. 
Nap.    1.  The  ]iile  of  cloth. 

2.  The  down  of  a  hat. 

3.  Ncips.  The  loops  of  velvet  which  are 
cut  to  make  the  pile. 

Naph'tha-Iine.  A  substance  formed  dur- 
ing the  destructive  distillation  of  )iit-cual. 

Naph'tha-liz'ing.  The  enriching  of  poor 
gas,  or  carliureting  of  air,  by  passing  either 
tlirongh  naphtha  or  coal-oil. 

Napier's  Bones.  Instrunjents  invented 
y  Napier  tor  pert'orming  some  of  the  fundamental 
rules  of  arithmetic  by  a  mechanical  process.  Tlii'y 
may  be  made  of  bone,  ivory,  horn,  or  wood.  There 
are  five  of  them,  and  the  face  of  each  is  divided  into 
nine  equal  parts,  each  being  subdivided  by  a  diago- 
nal line  into  two  triangles.  In  these  comiiartmeuts 
or  squares  the  numbers  of  the  multiplication-table 
are  inserted,  the  units  or  right-hand  figures  being 
placed  in  the  right-hand  triangles,  and  the  tens  in 
the  left. 

"  Jonas  Moore  tells  me  the  mighty  use  of  Napier's 
bones,  so  that  I  will  have  a  pair  presently. "  —  Pe- 
PV.s's  Diarij,  1667. 

They  were  first  described  by  the  inventor,  John, 
Lord  Napier  of  Murcheston,  in  his  "Rabdologiie  sen 
Numerationes  per  virgulas,  Libri  duo,"  ed.  1617. 

**  A  moon  dial,  with  Napier's  bones. 
And  several  constellatiou  stones." 

HUDIBRAS. 

Na'pier's  Com'pass.  A  draftsman's  compass, 
to  one  leg  of  which  is  pivoted  a  plain 
point  an"d  pencil-holder,  and  to  the  Fig.  3292. 
other  a  plain  point  and  pen.  These 
fold  in  between  the  legs,  so  that  the  in- 
strunu'nt  may  be  carried  in  the  pocket 
without  inconvenience. 

Nap'ping.  (Hnt-mal-ing.)  A  sheet 
of  partially  felted  fur  in  a  stage  between 
the  operation  of  the  bow,  wdiich  first 
distributes  the  fur  in  a  light  layer,  and 
the  ballcry  at  which  it  is  uuited  to  the 
hat-body.  It  becomes  the  nap  of  the 
hat,  which  is  raised  by  carding  and 
shorn  to  a  length. 

Nap'ping-ma-chine'.  .\  machine 
for  raising  the  nap  or  pile  on  woolen  and 
cotton  fabrics. 

Fig.  329.3  illustrates  an  improved 
form.  In  this  the  cloth  a  a  a  is  drawn 
Ijetween  the  rollers  b  c,  passing  around 
the  roller  il,  then  between  the  rollers  c  c, 
and  over  the  small  roller/ to  a  recepta- 
cle. These  rollers,  as  well  as  the  nap- 
piu"-cyliuder  (/,  are  driven  by  the  shaft  Ifapier^s  Com- 
h,  which  carries  two  eccentrics  running  '"''''• 
loose  upon  it.  The  inner  one  of  these  is  attached  to 
the  gear-wheel  i  on  the  napping-cylinder,  which 
nu'shes  with  the  internal  gear  j,  causing  an  inter- 
mittent rotary  motion,  'i'his  movement  causes  a 
reei])rooating  motion  of  the  arm  k  slotted  at  k", 
the  latter  ot  these  slots  receiving  the  pivoted  rod  I, 
which  is  adjustably  attached  to  a  lever  m  (indicated 
by  dotted  lines)  provideil  with  a  spring-pawl  that 
engages  with  teeth  on  the  central  roller  c. 

In  the  operation  of  the  machine,  at  each  revolu- 
tion of  the  driving-shaft  the  najiping-cylinder  is 
moved  slightly  forward,  remaining  ummentarily  sta- 
tionary while  the  roller  d,  which  presents  the  cloth 
to  the  napping-cards  or   teasels   on   the   periphery 
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g,  is  moved  eccentrically  back  and  forth  toward  and 
from  them,  the  ratchet  device  causing  at  the  same 

Fig.  3293. 


time  a  partial  revolutioa  of  the  roller  c,  and  present- 
ing to  the  action  of  tlie  cards  a  width  of  cloth  equal 


Fis  3201. 


In  Fig.  3294,  the  rolls  C  B  carry  an  endless  band 
of  thin  sheet-metal  stenciled  with  figures  of  any  de- 
sired pattern.  The  fabiic,  which  passes  between  the 
roller  B  and  the  endle.ss  band,  is  only  exposed  to 
the  action  of  the  napping-cards  or  teasels  on  the 
surface  of  the  cylinder  Jj  at  those  jjoints  where  the 
metal  has  been  removed  from  the  band ;  conse- 
quently, those  parts  only  are  napped,  the  rest  of 
its  surface  remaining  plain. 

A  shearing-device  G  of  the  ordinary  kind  may 
also  lie  attached  to  the  machine. 

Nap-wrarp.  (ll'cai-iiig.)  Pile-warp.  In  fustian 
weaving,  the  upper  warp  covering  the  main  warp  or 
nap. 

Nar-cot'ic-spray  Ap'pa-ra'tus.  A  device  for 
producing  local  anaisthesia.  It  consists  of  a  bot- 
tle stopped  by  a  perforated  cork,  through  which 
passes  a  double  tube,  one  of  whose  extremities 
reaches  to  the  bottom  of  the  bottle.  Above  the 
cork,  a  tube  connected  with  a  hollow  sphere  of  india- 
rubber  acting  as  a  bellows  jienetrates  the  double 
tube  and  communicates  through  an  aperture  in  the 
cork  with  tlie  interior  of  the  vessel.     8ee  page  93. 

The  operation  of  the  bellows  causes  a  current  of 
air  to  descend  through  the  aperture  in  the  cork  last 
mentioned,  Ibrcing  the  ether  or  other  anesthetic, 
with  which  the  bottle  is  partially  tilled,  to  ascend 
through  the  inner  branch  of  the  tiibe,  at  the  same 
time  causing  a  current  to  pass  through  the  outer 
tube,  driving  the  ascending  Huid  before  it,  and  de- 
positing it  in  the  form  of  spray  upon  the  part  under 
treatment.     .See  Atu.mizkr. 

Nar'row  Cloth.  Woolen  cloth  under  52  inches 
wiilth. 

NaT 'ro'wr-fab'ric  Loom.  Or,  narmiO-ware\oom. 
One  adapted  specifically  for  weaving  ribbons,  tapes, 
bindings,  etc.  They  are  sometinu-s  shuttle-looms, 
but  usually  have  an  eye-pointed  needle  whicli  trav- 
erses the  shed  and  back  again  between  each  move- 
ment of  the  harness.  In  the  example,  the  filling- 
thread  is  carried  double  across  the  shed  by  a  recip- 

Fig.  3295. 


Nappin^-Mac/iinc       ^ 

to  that  which  is  at  the  same  mo- 
ment withdrawn  therefrom  by  the 
rollers  c  e. 

The  roller  d  admits  of  delicate 
adjustment  to  regulate  the  depth 
of  nap  raised. 

n  is  a  revolving  clearer  for  remov- 
ing fibers  from  the  napping-cards. 

Four  series  of  the  rollers  ai'e 
actuated  at  the  same  time  by  the 
movement  of  the  shaft,  so  "that 
four  pieces  of  cloth  are  napped 
simultaneouslv. 


Narrow-Ware  Loom. 
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rocatiiig  eye-pointcil  thiL-ad-carrier,  ami  tlipu  lockcil 
at  the  opposite  selvagu  liy  passing  a  sluittle  ami  its 
thn-ail  through  a  loop  of  siK.'h  liriiiig-thi-fad.  The 
loop  is  spread  by  the  luovumetit  uf  the  thread-carrier 
aeross  the  web. 

n  is  tlie  needle,  receiving  its  weft-tliread  from  the 
bobbin  above,  d  d  are  tlie  frames  of  the  harness, 
operated  by  the  cams  shown  at  the  lower  left-hand 
corner  of  the  figure.  The  picker  motion  is  shown 
at  the  right,  and  consists  of  a  bell-crank  lever  with 
connections  to  a  cam-wheel  and  tlie  needle-bar  at  its 
respective  ends,  c'  and  the  rollers  below  it  are  the 
take-up.  b  is  the  band-wheel,  through  which  mo- 
tion is  connnuniciited  by  a  belt  from  a  prime  motor. 
See  also  Xf.ei>i,e-uiom. 

Nar'row  Gage.  (Railrocul-emjiuccrin'j.)  One 
less  than  4  feet  8i  inches  in  width  between  the  rails, 
which  is  the  usual  <iistancB  between  the  wheels  of 
locomotives  and  railroad-cars,  as  well  as  those  of 
ordinary  vehicles. 

Railways  of  this  description  have  been  in  opera- 
tion iu  the  Pennsylvania  coal-region  for  moi'c  than 
thirty  years,  and  have  attracted  great  attention 
within  the  past  few  years,  their  advocates  claiming 
for  them  much  greater  cheapness  of  construction, 
both  of  road  and  rolling  stock,  and  greater  economy 
of  running  e.\pen.ses  than  can  be  attained  on  roads 
of  the  ordinary  gage.  Less  excavation  and  embank- 
ment is  necessary,  a  lighter  rail  is  employed,  and  the 
cars  are  made  much  lighter  iu  proportion  to  the 
weight  they  are  capable  of  transporting.  The  nar- 
row gages  actually  in  use  vary  from  3  feet  6  inches 
to  2  feet. 

The  Mauch  Chunk  road  has  a  gage  of  3  feet ;  this, 
the  Nesiiuehoning,  and  the  Carbondale  roads,  all 
narrow  gage,  were  among  the  first  of  such  gage 
constructeil  in  this  country. 

Three  feet  six  inches  appears  to  be  a  favorite  gage, 
those  of  Queensland,  .-Vustralia,  India,  and  Norway 
being  all  constructed  of  this  width,  the  rails  weighing 
from  35  to  40  po\inds  [ler  yard.  ' 

Many  engiueers  advocate  a  3-feet  gage  or  one  even 
narrower  for  some  purposes  or  localities.  The  nar- 
rowest in  actual  operation,  so  far  as  we  are  aware,  only 
two  feet,  is  the  Portmadoc  and  Festiniog  Railway  iii 
North  Wales,  through  a  very  difficult  country.  This 
was  originally  designed  as  a  tramway  for  the  transpor- 
tation of  slate,  stone,  and  other  minerals  from  the 
hills  of  Merionethshire  to  the  sea,  but  has  since  been 
used  for  passengers  and  general  freight. 

Fig.  32yii  represents  an  engine,  called  the  "  Little 
Wonder,"  employed  on  this  road.  It  weighs  19J 
tons,  and  was  first  tested  by  a  train  854  feet  in 
Fig.  3296 


'  Little  iro/i'/fr"  (Portma-Joc  ttn'l  Festiniog  Hallway^  South 
Wales). 


length,  consisting  of  90  slate  aiid  7  passenger  cars, 
weighing  75  tons,  constituting  in  all  a  load  of  94i 
tons,  which  it  drew  at  a  speed  varying  from  14J  to 
26,^  miles  an  hour.  Some  of  the  curves  on  this  road 
have  a  ladius  of  but  1 J  chains.  It  is  stated  that  an 
engine  and  tender  weighing  together  only  10  tons  is 
also  used.  The  passenger-cars  weigh  30  hundred- 
weight each,  and  carry  12  passengers. 

This  is  an  e-xtreme  example.  Most  of  those  of 
more  recent  date  iu  this  country  are  3-leet  gage. 
The  locomotives  and  cars  are  similar  in  general  con- 
struction to  those  employed  on  wide-gage  roads, 
but  much  lighter  and  of  greater  capacity  in  pro- 
portion to  their  weight ;  a  four-wheeled  house-car  on 
some  \Vi\stern  loads  weighing  4, 000  and  carrying  8,000 
pounds,  and  costing  .$185  to  .§200.  The  passenger- 
cars  .seat  30  passengers,  cost  $1,000  and  upward,  ac- 
cording to  style  and  finish.  The  locomotives  weigh 
from  8,000  to  12,000  pounds,  and  cost  .? 4,500  to 
S  7,000.     The  rail  weighs  32  pounds  to  the  j-ard. 

It  seems  to  be  conceded  that  for  sliort  roads  and 
those  rei|uiied  to  accomniodate  lint  a  moderate 
amount  of  trattic,  the  narrow  gage  possesses  a  de- 
cided advantage  in  point  of  economy,  but  for  long 
roads  transporting  a  large  amount  of  freight  and 
passengers  and  reiiuiiing  high  speed,  4  feet  8J  inches 
is  by  no  means  too  wide  a  gage. 

Nar'rcw-ipg.  (Knitfing.)  Contracting  the  fab- 
ric liv  throwing  two  stitclies  into  cuie. 

Nar'tbez.  ^Archilcdurc.)  The  first  section  iu 
the  Roman  basilicas,  set  apart  for  monks  and  women, 
and  devoted  to  certain  religious  ceremonies. 

Na'sal  Ir'ri-ga'tor.  A  syringe  for  nasal  douches. 
In    the   illustra- 

Fig.  3297. 

Cite 


tion,  the  induc- 
tion stem  is 
shown  detached, 
and  the  ejection 
end  has  a  colloi- 
dal nozzle  to  fit 
the  nostril. 

Na'salSpec'- 
u-lum.  {Siiryi- 
atl.)  An  instru- 
ment lordisteiid- 
iug  the  nostrils 
to  expose  the 
mucous  mem- 
brane of  the 
nose,  and  enable 
explorations  and 
operations  in 
eases  of  polypus, 
etc.      See  SpECrnuf 

Nas-cale'.    (Sunjkal.) 
cotton   impregnated  with 
dnction  into  the  vagina. 

Nat'u-ral  Steel.  A  steel  obtained  directly  from 
the  riclier  and  ]nirer  kinds  of  ore  by  reducing  them 
with  charcoal  and  refining  the  cast-iron  thus  ]iro- 
duced,  so  as  to  deprive  it  of  a  part  of  its  carbon. 

It  is  principally  used  for  making  files  and  otl;er 
tools. 

It  is  frequently  termed  German  steel,  being  largely 
produced  in  Germany. 

Na'ture-print'ing.  A  process  in  which  ini])res- 
sious  which  may  be  printed  from  are  obtained  from 
objects,  such  as  leaves,  fibers,  lace,  etc. 

Ill  one  method  the  object,  such  as  a  fern  frond, 
is  )ilaced  between  a  steel  ]ilate  and  one  of  heated 
lead  and  subjected  to  a  strong  ]iressure,  forming  an 
exact  intaglio  copy  in  the  lead  from  which  impres- 
sions are  taken.  This  process  was  introduced  by 
jVuer  of  Vienna. 


A  pessary  of  wool  or 
a  medicament  for  intro- 


NAUROPOMETER, 


1513 


XAUTICAL  APPLIANCES. 


A  process  allied  to  the  above  consists  in  the  ap- 
plication of  successive  layers  of  gutta-percha,  —  to 
fossil  fishes,  for  instance,  —  and  a  mold  obtained, 
which,  being  submitted  to  the  action  of  a  voltaic 
battery,  is  coated  with  copper,  forming  a  j)late  on 
which  all  tlie  markings  of  the  tish  are  obtained  in 
relief,  tlie  plate  being  used  to  obtain  impressions  by 
tlie  ordinary  typographic  printing  process. 

By  a  third  method  the  gi-ain  or  markings  of  wood 
are  transferred  directly  from  the  wood  itself  to  paper, 
cotton  tloth,  etc.  The  wood  is  wetted  with  dilute 
acid  and  laid  on  the  material ;  pressure  transfers  tlie 
markings  of  the  wood  to  it,  and  it  is  then  moderately 
heated,  bringing  out  the  colors. 

One  wetting  suffices  for  twenty  or  thirty  impres- 
sions. 

Nau-ro-pom'e-ter.  {XatdicaJ.)  An  instru- 
ment for  measuring  the  amount  of  a  ship's  heel  or 
inclination  at  sea. 

Nau'ti-cal  A-Iarm'.  See  Fog-al.\km  ;  Bilgb- 
WATEi:  Alai;m  ;   !i.ebii:ug-alar.m  ;  Shoal-alakm. 

Nau'ti-cal  Ap-pli'an-ces.     See  — 


Accommodation  ladder- 

After-sail. 

Alarm. 

Anchor. 

Anchor-ball. 

Anchor.     Drag 

Anchor.     Drilt 

Anchor.     Mushroom 

Anchor-tripper. 

Apostles. 

Apparel. 

Arming. 

Back-rope. 

Back-stay. 

Bj^-reel 

Bails. 

Balance-reef. 

Ballast-shoveL 

Balloon-jib. 

Bangles. 

Barking. 

Beacon. 

Bear. 

Bearing-binoacle. 

BeckeL 

Bee-block. 

Bees. 

Belajing-pin. 

Bell-buoy. 

Belly -band. 

Bend. 

Berth,   - 

Bibbs. 

Bight. 

Bilge-water  discharger. 

Billet-head. 

Binnacle. 

Bird"s-nest. 

Bitter-end. 

Bitts. 

Bitt-stopper. 

Blare 

Blast-engine. 

Blind. 

Block. 

Block  and  tackle. 

Blubber-guy. 

Blubber-spade. 

Boarding- nettings. 

Boat. 

Boat-detaching  apparatus. 

Boat-book 

Boat-lowering  apparatus. 

Bob-stay. 

Body-hoops. 

Bollard. 

Bolster. 

Bolt-rope. 

Bonaventure-mizzen . 

Bon-grace. 

Bonnet. 

Booby-hatch. 

Booni. 

Boom-iron. 

Booin-ji^ger. 

Boomkiu. 


Boot-topping. 

Bower. 

Eo-.T-fast. 

Bo  .v-grace. 

Bowline 

Bo '.v  line-bridle. 

B  .wsprit        ' 

Brace. 

Brace-pendent. 

Brail 

Breast-raiL 

Breaming- 

Breast-Ci5t 

BriJIe. 

Bridle-port. 

Broadside. 

Bucklers. 

Built-up. 

Bull's-eye. 

Bumkiu. 

Bunker. 

Buntlines. 

Buoy. 

Buoy -rope. 

Burgee 

Burr-pump. 

Burton, 

Cable. 

Cable-gripper. 

Cable-hook. 

Cable-nipper. 

Cable-shackle. 

Cable-stopper. 

Cabums. 

Cant-block. 

Can  lick-quoin. 

Canvas. 

Cap. 

Capstan. 

Card. 

Careening. 

Cargo-jack. 

Cargo-port. 

Carrick-bend. 

Carrick-bitt. 

Cat. 

Cat -block. 

Cat-fall. 

Cat-harping. 

Cathead. 

Cat-hook. 

Cat"  s- paw. 

Center-board. 

Chating-trear. 

Chain-cable. 

Chain-hook. 

Chain-lifter. 

Chain-pump. 

Chain-stopper. 

Cheeks 

Chpss-tree. 

Chest- rope. 

Chin.*e. 

Chinsing-iron. 

Cleat 

Clew.     ■ 


Clew-garnet. 

Clew- line. 

Clinch. 

Clinching. 

Clove-hitch. 

Coat. 

Collar 

Commander. 

Compass 

Compres.<!or. 

Concluding-line. 

Controller. 

Cork-jacket. 

Counter, 

Counter-brace. 

Courses. 

Crane. 

Creeper. 

Cringle. 

Cra«s- chocks. 

Cross-jack  yard. 

Cra^s-tree. 

Crotch. 

Crow-foot. 

Crow's-nest. 

Crupper-chain. 

Cuddy. 

Cup. 

Davit. 

Dead-eje. 

Dead-head. 

Dead-light. 

Dead-sheave. 

Deck. 

Deep. 

Deep-sea  line. 

Dog-stopper. 

Dolphin- 

Dolphin-striker. 

Down ha  uL 

Drabler. 

Drag. 

Drag-anchor. 

Drift -anchor. 

D:ift-sail. 

Driver. 

Drog 

Drum-head 

Dunnage. 

Earing 

Electric  buoy. 

Electric  log. 

Euphroe. 

Eye. 

Eye-spiice. 

Fair-leader. 

Fake. 

Fall. 

Fall  and  tackle. 

Fancy -line. 

Fang. 

Fast. 

Fender 

Fid. 

Fid -hammer. 

Fife-raiL 

Filling. 

Fish-davit 

Fish-feli 

Flake. 

Fleet 

Flemish  eye. 

Flemish  horse. 

Floating-anchor. 

Flying-jib. 

Flying-jib  boom. 

Fog- alarm. 

Foot. 

Foot-rope. 

Fore-iioU-aft  sail. 

Fore-ganger. 

Forerunner. 

Pothering. 

Fox. 

Frapping. 

Furling. 

Gaff. 

Gallows-bitt. 

Gammoning. 

Gang-board. 

Gang-cask. 

Gangway. 

Garland. 

Garnet 

Gasket. 

Girtline. 


Gooseneck. 

Goose-wings. 

Gore. 

Oralting. 

Grapnel. 

Grappling-irons. 

G  raving- 
Gripes. 

Gronimet. 

Ground-tackle. 

Guest-rope. 

Gutter- ledge. 

Guy. 

Halser. 

Halyard. 

Hammock. 

Hand-lead. 

Hank. 

Harne.<s-cask. 

Harping. 

Hawse. 

Hawse-block. 

Hawser. 

Hawser-clan;  p. 

Head 

Head-fast, 

Head-rope. 

Head-sail. 

Heart. 

Heel-chain. 
Heel- rope- 
Hitch. 

Hog-frame. 

Holystone. 

Hood. 

Hoop. 

Horse. 

Horseshoe-rack. 

Hor^ing-iron. 

Houuding- 

Hounds. 

Housing. 

House-tine. 

Ice-anchor. 

Ice -beam. 

Inhaul. 

Jack-block . 

Jack-cross-tree. 

Jack-ladJer. 

Jack-staff. 

Jack-stay. 

Jaw. 

Jeer. 

Jewel-block. 

Jew's-harp. 

Jib. 

Jib-boom. 

Jigger. 

Jury-mast. 

Heckling. 

Hedge. 

Ken  net 

Kentledge. 

HcveL 

Kite. 

Knights. 

Knittle. 

Knot. 

Lacing. 

Ladder. 

Ladder- way. 

Lanyard. 

Larboard. 

Lashing. 

Lasket. 

Latching. 

Lateen-sail. 

Lazy-jack. 

Lead. 

Leading- part. 

Leak-indicator. 

Leak-signal. 

Lee-board. 

Leech. 

Leech-line 

Lee(?b-rope. 

Lee -fang. 

Lee-fiiunce. 

Leeway -indicator. 

Life-buoy. 

Life-car. 

Life-line. 

Life-preserver. 

Lift. 

Link-worming. 

lizard. 
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Log. 
Log-board. 

Log-book, 

Log-chip. 

LoggerUeaiA. 

Log-glass. 

Log-line. 

Log-reel. 

Loom. 

Lubber's  hole. 

Luff. 

Lu  IT- tackle 

Luff  upou  luff. 

Lug-sail. 

Made-uiast. 

Main. 

Making-iron. 

Mallet. 

Man -rope. 

Murks  and  deeps. 

Marline. 

Marline-spike. 

Martinet. 

Martingale 

Mast. 

MiL9t-hoop. 

Mast-scraper. 

Mat 

Messenger. 

Mizzen. 

Monkey-rail. 

Moon -sail. 

Mooring-swivel. 

Mou.se. 

Nautical  signals. 

N'.'cklace. 

Nipper. 

Nock-oar. 

Norman. 

Nun-buoy. 

Oar-lock. 

Outhaul. 

Outrigger. 

Oyster-dredge. 

Oyster- rake. 

Oyster-tongs. 

Painter. 

Pala. 

Palm. 

Parceling. 

Parceli  ng-mac  h  i  ne. 

Parclose. 

Parral. 

Parral-rope. 

Partner. 

Paunch. 

Pawl-bitt. 

Pawl-rim. 

Paying. 

Peak. 

Pennant. 

Piu-nick. 

Plummet. 

Point. 

Pole-mast.  ' 

Port. 

Port-tackle. 

Poy. 

Preventer. 

Prow. 

Puddening. 

Puoy. 

Purchase. 

Puttock-shrouds. 

Pyx, 

Quant. 

Quarter. 

Quarter-block. 

Rack. 

Raddle. 

Rafting  and  booming  logs. 

Raising-iron. 

Ratline. 

Rare-hook. 

Reef. 

Reef-band. 

Reef-point. 

Reef-tackle. 

Reeming. 

Reeminj;-beetle. 

Relieving- tackle. 

Rhodings. 

Rhumb. 

Kidge-rope. 

Riding-bitts. 

Rig. 


Rigginc- 

Ring-bolt. 

Ring-sail. 

Ring -tail. 

Ripping-iron. 

Koach. 

Roband. 

Rolling-tackle. 

Rope. 

Rope-yarn. 

RuugU-tree. 

Hounding. 

Roffl. 

Rowlock. 

Rowport. 

Royal. 

Rubber. 

Rubbiiig-paunch. 

Rudder. 

Rudder-chains 

Rudder-pendant. 

Runner. 

Running- rigging. 

Saddle. 

Sail. 

Suil-clutch. 

Siiil-hook 

Sail- hoop. 

Saucer. 

Save^all. 

Score. 

Scotsman. 

Scraper 

Screw-mooring. 

Screw -steering  apparatus. 

Scull. 

Scupper. 

Scupper-hose. 

Scupper-leather. 

Scupper-shoot. 

Seam. 

Seaway-measurer. 

Seizing. 

Selvage. 

Selvagee. 

Sennit. 

Serving 

Serving-mallet. 

Settee-sail 

Setting-pole. 

Shackle. 

Shackle-crow* 

Shears. 

Sheep-shank. 

Sheer-batter. 

Sheer  la.shing. 

Sheer-mast. 

Sheet. 

Sheet-anchor. 

Ship's  pendulum. 

Shoal-indicator. 

Shot-plug. 

Shoukler-of-rautton  sail. 

Shroud-hawser-laid  rope. 

Shrouds. 

Shroud-plate. 

Shroud-truck. 

Skeet. 

Skipsail. 

Skysail. 

Sky-scraper. 

Slab-line. 

Slice. 

Sliding-gunter. 

Sling*;. 

Slip-hook. 

Slip-shackle. 

Slip-stopper. 

Smiting-line. 

Smoke-sail. 

Snaking. 

Sn  otter. 

Sounding. 

Sounding-apparatus. 

Sounding-line. 

Sounding-rod. 

Span. 

Span-block. 

Spanish  burton. 

Spanish  windlass. 

Spanker. 

Spar. 

Speck-block. 

Speed-indicator. 

Spencer. 

Spider. 


Spike-tackle. 
Spilling-lino. 

Splice. 

Splicing-fid. 

Splicing-shackle. 

Spring. 

Sprit. 

Sprit-sail. 

Sprit-jyiil  yard. 

Spun-yarn. 

Spurling-line. 

Squai-e-sail. 

Standing-rigging. 

Starboard. 

Stay. 

Stjty-sail. 

Stay-tackle. 

Steam-steering  apparatus. 

Steering-apparatus. 

Steering-wheel. 

Steeve. 

Stern. 

Stern-fast. 

Stern-sheets. 

Stirrup. 

Stop. 

Stopper.     Cable 

Stopper.    Rigging 

Storm-sail. 

Strand. 

Strap. 

Stray -line. 

Stream-anchor. 

Stream-cable. 

Streamer. 

Stretcher. 

Studding-sail. 

Stump-mast. 

Submarine  thermometer. 

Supporter. 

Surge. 

Swab. 

Sweep. 

Swinging-boom. 

Tabling. 

Tack. 

Tackle. 

Tack-tackle. 

Tail-tackle. 

Tell  tale. 

Thimble. 

Thimble-eye. 

Thole. 

Throat. 

Thrum. 

Thumb-cleat, 

Thwart. 

Tie. 

Tier. 

Tiller. 


Tiller- rope. 

Tilt. 

Toggle. 

Top. 

Top-chain. 

Top-gallant. 

Top-hamper. 

Top-mx-;t. 

Topping-lift. 

Towing-bridle. 

Train -tackle. 

Trap- net. 

Travcr?e-board. 

Traverse-table. 

Trawl. 

Ti"ee-nail. 

Trestle-tree. 

Tricing-line. 

Triatic  stay. 

Trigger. 

Tripping-Une. 

Truck. 

Trundle -head. 

Truss. 

Try -sail. 

Tuck. 

Tumbler. 

Turk's  bead. 

Tye. 

Undocking- 

Uphroe. 

Vang. 

Velocimcter. 

Vessel. 

Voyol. 

AVaft.     • 

Wall-knot. 

Wapp . 

Warp. 

Watch-tackle. 

Water-anchor. 

Water-line. 

Waterman's  knot. 

Water-sail. 

Wheel. 

Wheel- rope. 

Whelp. 

Whip. 

Whip-oc- 

Whisker. 

Winch. 

Windlass. 

Wind-sail. 

Wire-rope. 

Wooden-wing 

Wood-lock. 

W'orming. 

Yard. 

Yard-tackle, 

Yoke. 


.vhip. 


Nau'ti-cal  In'di-ca-tor.  An  instrument  in- 
vented and  tints  named  by  Hunter. 

It  consists  of  a  stand  supporting  a  circular  plate 
of  polished  bra.ss,  about  1-i  inches  in  diameter,  rep- 
resenting the  horizon,  and  marked  and  numbered  ac- 
cordingly with  the  proper  divisions.  The  horizon  is 
surmounted  by  a  semicircular  plate,  as  a  meridian,  set 
at  right  angles  to  the  plane  of  the  horizontal  plate, 
properly  divided  and  furnished  with  an  index  attached 
to  a  nonius  indicating  minutes.  This  meriilian  plate 
is  cut  out  at  the  center,  to  allow  room  for  a  pivot  or 
hinge  for  titiu'v  jiarts  of  the  indicator.  On  one  side 
of  the  meridian  are  ]tlaced  two  quadrants,  and  at  the 
other  side  one,  similarly  divided  as  the  meridian  and 
furnished  with  a  similar  index  and  nonius.  The 
(piadrants  are  movable  on  a  pivot  or  hinge,  rising 
perpendiculai-ly  Irom  the  center  of  the  horizontal 
l>late,  or  agrcVing  to  this  center  ;  they  are  singly 
movable  on  the  jiivot,  but  capable  of  being  attached 
at  any  relalivf  distance,  and  retained  in  that  posi- 
tion by  a  screw,  binding  together  tails  attached  for 
that  purpose.  To  the  east  and  west  points  of  the 
horizontal  plate  is  attached  a  Iiorary  circle  divided 
into  ho\irs,  etc.  This  horary  circle  represents  the 
path  of  the  sun,  and  it  may  be  furnished  with  a 
nonius,  as  tlie  other  parts  are.  This  circle  is  so  at- 
tached to  tiie  horizontal  plate  that  it  can  be  moved 
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parallel  to  it,  to  suit  the  sun's  declination.  This  is 
effected  by  the  circle  being  attached  to  two  tangent 
plates,  which,  by  giooves,  slide  on  the  projections 
front  the  horizontal  plate  by  means  of  screws  passing 
through  and  working  in  these  projections,  and  car- 
rying the  tangent  plates,  and  witli  them  the  horary 
circle,  to  the  degree  of  the  sun's  declination.  This 
degree  is  indicated  ou  a  scale  of  tangent  divisions  on 
the  tangent  plates  ;  and  as  such  tangents  are  of  vari- 
ous lengths,  an  expandiug  vernier  is  used  to  adjust- 
theni. 

Nau'ti-cal  Sig'nals.  Signals  for  affording  com- 
munication between  vessels  at  sea  or  between  vessels 
and  the  shore,  consist  of  a  system  of  flags  of  various 
colors  for  use  by  day  or  of  lanterns  at  night,  each 
separate  combination  and  arrangement  of  which  in- 
dicates some  phrase  or  sentence  that  is  or  may  be 
repiired  in  directing  the  evolutions  of  a  fleet,  the 
movements  of  a  single  vessel,  making  known  the 
wants  of  the  ship  which  (lis|)lays  it.  Or  in  replying 
to  signals  made  by  other  parties.  A  more  limited 
number  of  signals,  sufficing  for  making  known  the 
most  pressing  necessities  and  for  guiiling  a  vessel 
into  port  wIil'u  unprovided  with  a  pilot,  are  maile  liy 
the  use  of  a  single  flag,  attached  to  a  staff,  which  is 
waved  to  the  right  or  left,  held  vertically,  or  re- 
versed, to  express  different  meanings. 

These  combinations  are  depicted  in  books  and 
numbered,  so  that,  on  seeing  a  particular  signal 
hoisted,  a  party  in  possession  of  a  similar  book  can, 
by  reference  thereto,  ascertain  the  number  of  the 
signal  and  its  meaning. 

Those  used  by  war-vessels  differ  with  each  nation, 
and  the  books  containing  them  are  covered  with 
canvas  lined  with  sheet-lead,  so  that  in  case  of  cap- 
ture by  an  enemy  they  may  be  thrown  overboard 
and  sunk.  The  code  of  signals  ailopfed  by  the 
British  Admiralty  requires  tlie  use  of  fifty  flags. 

For  the  merchant  service  the  number  of  combina- 
tions required  is  much  less.  Tlie  code  introduced  by 
the  late  Captain  llarryatt,  R.  N. ,  was  in  general  use 
until  1857,  but  is  now  superseded  l)y  that  adopted 
by  the  British  Board  of  Trade.  This  requires  the 
use  of  only  eighteen  flags,  by  which  20,000  signals 
may  be  made,  and  nnraliers  up  to  70,000  -represented. 
These  numbers  are  printed  in  a  book,  and  to  each 
a  word  or  sentence  is  attached. 

Nau'ti-lus.  A  European  form  of  diving-bell. 
It  requires  no  suspension.     AVater  admitted  through 

Fig.  3298. 


tlie  cock  a  into  the  pipes  b  b  flows  into  the  exterior 
chambers  c  c,  causing  the  apparatus  to  sink.  The 
workmen  enter  through  an  aperture  at  tlie  top,  closed 
by  an  air-tight  cover,  and  can  in  still  water  move 
the  maohiiie  in  any  required  direction  by  stepping 
on  the  ground  and  pushing.  Air  is  condensed  in  a 
reservoir  at  the  surface  to  a  degree  somewhat  greater 


than  the  condensation  due  to  the  depth,  and  passes 
through  a  jiipe  into  the  chambers  c  c,  remleriiig  the 
machine  specitically  lighter  than  water  aud  enabling 
it  to  lift  stones  or  other  objects  below.  A  gage 
indicates  the  amount  of  lifting  jiower  attained  as  the 
air  is  admitted,  so  that  the  supply  may  be  cut  off 
I  when  the  requisite  power  is  attained., 

Nau'ti-lus-pro-pel'ler.    A  device  for  propelling 
ships,   so  named   by   Mr.    Uuthven.      A   lai-ge   iron 
j  chamber  conlaining   water  is  jilaced  in  a   suitable 
part  of  the  ship.    Tliis  contains  a  horizontal  turbine- 
wheel  rotated  by  a  vertical  shaft  from  the  engine. 
I  The  rotation  of  the  wheel  impels  the  water  thnnigh 
I  two  pipes  outwardly  to  eacli  side  of  the  .ship,  where 
j  it  escapes  through  two  nozzles  which  may  be  dircct- 
t  ed  either  toward  the  stern  or  bow  of  tlie  vessel,  caus- 
;  ing  her  either  to  go  ahead  or  back,  as  the  case  may 
!  be.     This  motion  of  the  nozzle  is  rapidly  efl'ected  by 
means  of  a  handle  on  deck.     The  two  nozzles  may 
be  pointed  in  ditterent  directions,  so  as  to  cause  the 
ship  to  turn  on  her  center.     The  motion  of  the  tur- 
bine does  not  reipiire  to  be  reversed,  the  backward  or 
forward   motion  of  the  vessel    being   entirely  con- 
trolled from  the  deck. 

The  apparatus  has  been  tried  by  the  British  Board 
of  Admiralty  on  the  "Water  Witch,"  a  vessel  of 
800  tons.  'The  result  was  a  success  so  far  as  a  rea- 
sonable speed  was  concerned,  but  the  de^'ice  was  not 
regarded  as  equal  to  the  paddle  or  propeller  as  a 
means  of  propulsion. 

The  idea  is  very  old,  has  been  tried  a  number  of 
times,    and  proposed  much  more  often.     See  Hy- 

D!;.M'L1C  PnuPELLER. 

Nave.  1.  [J'ehiclc.)  The  central  portion  of  a 
wheel  frcnn  which  the  spokes  ladiate.     See  HtJB. 

2.    (.-irehitcclurc.)     The  main  body  of  a  church. 

Na'vel.  (Ordnance.)  A  ]ierf orated  lug  on  the 
under  side  of  a  carronade  wliicli  is  engaged  by  a 
through  liolt  and  thereby  secured  to  the  carriage. 

Na'vel-hood.  (ShipvTujhling.)  A  hood  wrought 
above  the  exterior  opening  of  a  hawse-hole. 

Neb'ule-mold'ing.  {Architcduvc.)  An  orna- 
ment of  the  zigzag  form,  but  without  angles  ;  it  is 
chiefly  found  in  the  remains  of  Saxon  arcliitecture, 
in  the  archivolts  of  doors  and  windows. 

Neck.  1.  A  narrowed  portion  of  an  object  rela- 
tively near  to  the  end  ;  as  of  a  bottle,  an  axle. 

2.  (Chemistry.)     The  beak  or  rostrum  of  a  retort. 

3.  (Ordnance.)  a.  The  part  joining  the  knob  of 
the  cascabel  to  the  base  of  the  breech  ;  called  the 
neck  of  the  ca.icabel. 

b.  The  small  part  of  a  gun  where  the  chase  meets 
the  swell  of  the  muzzle. 

4.  (Music.)  The  finger-board  between  the  head 
and  the  body  of  a  violin,  guitar,  banjo.  Upon  the 
neck  the  strings  are  pressed  by  the  fingers  in  play- 
ing. Some  necks  have  frets ;  the  guitar,  for  in- 
stance. 

5.  (ArcMtcclure.)  The  narrow  part  between  the 
astragal  of  the  column  aud  the  annulet  of  the  cajiital. 

6.  The  jib  of  a  crane. 

7.  A  tulnilar  projection  to  receive  a  collar,  as  that 
on  a  stove  which  receives  a  pipe. 

8.  A  short  sliaft. 

A  diminished  portion  of  a  shaft  where  it  rests  in 
the  bearing. 

9.  An  intervening  and  connecting  portion;  as, 
the  nei-k  of  a  bayonet  connecting  the  blade  and 
socket. 

10.  A  goose-neck ;  a  flexible  joint  between  a  hose 
or  ])ipe  and  a  nozzle. 

11.  {Xaiitical.)  A  portion  connecting  the  collar 
on  the  yard-arm  and  the  iron  of  the  studding-saU 
boom. 
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12.  The  uan-owLT  jiart  of  an  enibiasme.  Tlie 
mouth  is  the  outer  or  wider  part. 

13.  (Mctalhmfij.)  The  contracted  jiortiou  of  a 
furiiaee  between' tlie  heating  or  melting  chamber  ami 
tlie  stink,  passing  over  tlie  bridije. 

Necklace.  {XuH/ieil.)  a.  A  strap  round  a 
mast  canyiug  lejiding-blocks. 

b.  A  chain  to  wliicli  tlie  lower  ends  of  the  futtock- 
shrouds  are  secured. 

Neck-mold.  (Arcldhxiiire.)  A  small  convex 
nioldiiig  surriiunding  a  column  at  the  junction  of 
the  shiilt  and  caiiital. 

Neck-Strap.  (Harness.)  a.  Astraji  round  the 
neck  of  a  draft  horse  ;  a  temporary  expedient. 

b.  A  halter  strap  around  the  neck.     A  part  of  a 
martingale. 
Neck-tie  Re-tain'er.    A  clasp  to  attach  the  tie 

to  tlie  neck  or 
Fig.  3299.  to    the    button 

of  the  neck- 
band of  the 
shirt. 

Neek-ties  are 
usually  of  rib- 
bon or  .some 
1  a  b  r  i  e ,  b  u  t 
sometimes  of 
vulcanite,  as  in 
Fig.  3299. 

In  Fig.  3300,  the  tie  is  sewn  to  an  elastic  [date, 
which  passes  beneath  the  collar  and  has  a  p;ur  of 


Rubber  Neck-  Tie. 


Fig  3300. 


Fig.  3301. 


Neck-Tie  Supporter. 
straddle  tli 

Fig.  3302. 


elastic  jaws  projecting  down- 
ward from  its  lower  edge  to 
embrace  the  button. 

In    Fig.    3301,    the    forks 

button  attachment,  and  the  wings  slip 

under  the  lap- 


pel  of  the  col- 
lar. 

In  Fig.  3302, 
the  slotted  re- 
tainer is  se- 
cured to  the 
.shirt  collar  or 
button,  and 
the  pin  at- 
tached to  the 

bow  or  scarf  is  caused  to  interlock  therewith. 
Neck-twines.     (Weaviny.)     In  fancy  weaving, 

small  strings  by  wliich  the  vutils  are  connected  with 

the  compass-board. 

Fig.  3303. 


Neck-  Tie. 


Draft  Neck-Yoke. 


Neck  Yoke  and  Straps. 


Neck-yoke.  A  bar,  usually  of  wood,  by  which 
the  cud  ot  tlu'  tongue  of  a  wagon  or  carriage  is  sup- 
]iorted.  The  brcast-stnips  or  cimins  pass  through 
the  rings  on  the  hames,  or,  in  the  case  of  taiiiages, 
the  straps  pass  around  the  lower  part  of  the  collar. 

Animals  in  ancient  Egypt  were  univer.sally  at- 
tached to  their  work  by  yokes.  This  w.as  the  case 
with  horses,  asses,  or  oxen,  to  wagons,  chariots,  or 
fanning  implements. 

.  In  a  modified  form,  hinged  plates  are  clasped 
around  the  neck-yoke,  and  the  central  clasp  has 
[dates  perforated  to 

receive  the  end  of  ri..-.  Fig.  3304. 
tlie  tongue.  Leath- 
er is  inclosed  be- 
tween the  two  plates. 
Tlu^  end  straps  are 
secured  to  the  neck- 
yoke  by  metallic 
straps. 

The  cut  shows  the 
several  parts. 

Fig.  3304  shows  a 
draft  neck-yoke  in  which  the  collars  are  braced  to- 
gether and  to  a  rod  which  is  secured  to  the  tongue, 
so  that  the  draft  is  by  the  latter,  dispensing  with 
traces. 

Nee'dle.  1.  A  pointed  in.strumeut  for  carrying 
a  threail  tlirough  a  fabric,  leather,  or  ])aper.  It 
usually  passes  through  the  fabric  and  drags  the 
thread'  after  it,  but  it  is  otherwise  with  eyi'-pointed 
needles,  .such  as  packing-needles,  and  those  in  sew- 
ing-machines.    The  last-mentioned  are  really  awls. 

Needles  of  bone  are  found  in  the  caves  occupied 
by  the  ancient  inhabitants  of  France  during  the 
stone  period,  and  the  same  material  is  in  use  among 
uncivilized  tribes  at  the  present  day. 

The  needles  of  ancient  Egypt,  as  described  by 
AVilkinson,  are  iff  bronze,  and  no  eye  is  apparent  in 
his  illustration  of  them.  It  would  rather  seem  that 
the  thread  is  attached  to  a  circular  depression  near 
the  blunt  end.  It  would  lie  hardly  reasonable  to 
doubt  that  they  had  needles  with  eyes.  "\Ve  know 
from  .Scrijitiire  and  secular  history  and  from  the  tajies- 
tiy  that  has  survived  thirty  centuries  that  they  were 
skillful  and  painstaking  seamstresses. 

*'A  woman  must  not  go  out  on  the  sabbath 
With  a  needle  that  has  an  eye." 

MiSHNA. 

The  Phrygians  and  Hebrews  held  fine  needlework 
in  high  estimation.  Needles  of  bronze  were  used 
by  the  Greeks  and  Romans,  are  described  by  Pliny, 
and,have  been  found  in  Herculaneum. 

The  history  of  art  progress  during  the  Middle 
Ages  is  a  bliiuk,  but  we  find  that  needles  were  luaii- 
nfactured  at  Nuremberg  in  1370.  The  history  of 
their  manufacture  in  England  is  involved  in  doubt, 
but  it  is  said  to  have  been  introduced  about  1543- 
45,  either  by  a  Spanish  negro  or  a  native  of  India, 
who  died  without  disclosing  the  secret  of  his  pro- 
cess. It  was  recovered  during  the  reign  of  Elizabeth, 
by  Growse,  a  German. 

In  1650,  Christopher  Greening  and  a  Mr.  Damer 
established  needle-factories  at  Long  Crendon,   near  ■ 
Keilditeh,  and  were  soon  followed  by  other  needle- 
makers  from  London. 

Kedditcli  is  yet  the  great  center  of  the  English 
needle  manufacture. 

The  earliest  needles  were  "square-eyed,"  that 
shape  being  most  readily  produced.  "Drill-eyed" 
needles,  after  many  unsuccessful  attempts,  were  first 
brought  out  in  182lJ.  Tlie  burnishing  m.aehine,  in 
which  the  needles  are  strung  on  a  steel  wire  to  which 
rapid   revolution  is  imparted,   was   introduced  two 
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years  later.  By  this,  a  beautiful  finish  is  imparted 
to  the  eye.  Tlie  process  ot  hardening  them  in  oil 
was  introdueed  in  1S40,  water  having  been  previous- 
ly used  for  tliis  purpose,  which  caused  a  large  pro- 
portion of  them  to  become  crooked,  requiring  the 
services  of  a  large  number  of  workmen  to  straighten 
tl\em.  Tliese  being  tliromi  out  of  employment  by 
the  new  process  made  a  I'iot  and  drove  its  introducer 
out  of  town,  but  it  was  finally  generally  adopted. 
A  similar  disturbance  had  taken  )ilace  in  1S30,  on 
the  introduction  of  the  stamping-machine.  The  ma- 
chine for  pointing  is  of  still  more  recent  introduction. 

A  needle  with  a  point  at  each  end  and  an  eye  at 
the  middle  of  its  length  was  patented  in  England  in 
the  year  1755,  for  hand-sewing  or  embroidering,  the 
jiatentee  describing  it  as  used  by  holding  it  with  the 
lingers  at  the  middle  of  its  length,  so  that  it  will 
not  reiiuire  turning.  In  1829  it  was  successfully  in- 
troduced into  an  embroidering-machine,  which  isstill 
in  extensive  use.  As  many  as  one  hundred  and  thirty 
such  needles,  worked  by  pincers  on  opposite  sides 
of  the  fabric  to  be  embroidered,  are  used  in  a  single 
machine.  In  18i2  a  sewing-machine  inventor 
adopted  the  same  kind  of  needle,  and  some  others 
have  made  sewing-machines  with  such  needles,  but 
no  such  machines  have  ever  been  successful. 

The  accompanying  cut  shows  a  number  of  pat- 
ented needles,  some  with  eyes  near  their  points,  some 


Fig.  3305, 


Needles. 


having  means  of  slipping  the  thread  into  the  eye 
without  reeving. 

Needles  are  known  as  sluirps,  hctwecns,  blunts,  ac- 
cording to  the  relative  fineness  of  their  points. 

The  so-called  cjoklen-eycd  needles  are  tinted  by 
dipping  in  an  ethereal  solution  of  gold. 

The  silver-eyed  needles  are  not  really  silvered,  but 
the  silvery  hue  is  given  by  a  peculiar  polish. 

The  blue-pointing  is  a  ilark  polish  ell'ected  by  ap- 
plying the  needles  to  a  revolving  stone  of  a  bluish 
color. 

The  dnlled-eycd  needles  have  the  eyes  finished  by 
a  counter.sink  drill,  the  eye  end  being  previously 
softened. 

Bell's  needles,  English  patent,  are  made  of  steel, 
caM  in  sand  molds. 

The  mode  is  particularly  intended  for  bodkins, 
fish-hooks,  knitting,  netting,  packing,  and  sail  nee- 
dles. 

2.  (Surgienl.)  The  rt«e;)M»<;i!(rc-needle  is  a  gold  or 
silver  needle,  four  inches  long,  with  a  handle.     See 

ACUPUNCTURATOR. 

The  catorarf-needle  is  a  steel,  inflexible  needle,  15 
to  24  lines  long,  and  is  employed  to  depress  or  tear  the 
opaque  crystalline  lens.  The  extremity  may  lie  as 
in  Scarpa's  and  Langenbeck's,  pointed,  prismatic,  tri- 


angular, and  curved.  In  Duputren's  and  Walther's, 
Hat,  curved,  and  sharp-edged.  In  Hey's,  flat,  with 
a  sharp  end.  In  Beer's,  Siebold'.s,  Schmidt's,  Him- 
ly's.  Von  Grafe's,  straight  and  spear-pointed.  A 
mark  is  placed  on  the  handle  to  indicate  the  side 
corresponding  to  the  crystalline  when  the  instrument 
is  in  the  eye. 

The  counter-opening  needle,  or  ncus  invaginata,  is 
a  long,  narrow  steed  needle  with  a  point  sliarpened 
on  both  sides.  The  heel  has  an  aperture  to  receive 
a  thread  or  tape.  It  has  a  sheath  to  cover  the  point 
in  passing  criti<;al  places. 

The  yfs^it/a-needle  is  a  flat,  flexible  silver  instru- 
ment, with  a  point  at  one  end  and  an  eyo  at  the 
other  to  lead  in  a  seton.  Its  side  is  grooved  to  form 
a  leader  for  a  bistouri.  Also  a  steel  instrument  like 
a  trocar. 

The  hare-lip  needle  is  a  small  silver  canula  with 
a  s]iear-point.  , 

Tire  ligature-w^p.iWG  has  a  point  and  eye,  and  was 
formeily  used  to  pass  a  ligature  around  the  artery 
and  a  portion  of  the  integuments  to  su.speml  circula- 
tion prior  to  amputation.  Or  a  steel  curved  needle 
with  a  lance-point  and  long  eye  to  pass  a  ligatitre 
around  a  vessel.     See  LiGATrnE-c.\KRlEii. 

The  seton-nairiXe,  a  long,  nan-ow  steel  blade  with 
a  point  and  eye. 

A  Sif^wrf-needle.  For  a  twisted  suture  the  hare- 
lip needle;  a  straight  needle  for  stitching  np  after 
di.ssection  ;  or  a  curved  needle,  flat  on  one  side  and 
with  a  sharp  ridge  on  the  other. 

See  ahso  Aci'.s. 

3.  (Xautical.)  a.  The  seaman's  and  sailmaker's 
needles  are  srnming,  boJt-rojje,  and  roping  needles  ; 
they  are  three-sided. 

b.  The  polarized  steel  of  a  mariner's  compass. 

4.  (Sciring-maehine.)  The  eye-pointed  instru- 
ment for  carn-ing  threail  through  the  cloth. 

3.  {Wearing.)  A  horizontal  piece  of  wire  with 
an  eye  to  receive  the  lifting-wire  in  a  Jaciiuardloom. 
See  Jacquaep  ;  Pattern-card. 

6.  (Hydraulie.)  One  of  a  set  of  vertical  square 
bars  of  wood  in  a  timber  frame  in  a  weir.  These 
needles  stand  close  together,  and  close  the  opening 
which  forms  a  shiice-way.  They  are  capable  of  be- 
ing removed  separately  to  open  a  way  for  the  water. 

7.  (Hoisting.)  A  beam  projecting  from  a  build- 
ing, with  a  pulley  at  its  outer  end,  the  full  worked 
by  a  crab  placed  inside  the  building. 

8.  A  tool  for  pricking  the  cartridge  to  make  con- 
nection between  the  charge  and  the  priming.  See 
Blasting-tools. 

See  under  the  following  heads  :  — 


Aneurism-needle. 

Astatic  needle. 

Betweens. 

Blasting-needle. 

Blunts. 

Bolt-rope  needle 

Cataract-needle. 

Crochet-needle. 

Darning  needle. 

Dipping-needle. 

Epinglette. 

Etching-nccdle. 

Fissure-needle. 

Knitting-machine. 

Ligature-carrier. 

Magnetic  neeJle. 

Mariner's-compass  needle. 

Needle. 


Needle-beam. 

Needle-case. 

Needle-forceps. 

Needle-guard. 

Needle-gun. 

Needle-maliiug  machine 

Needle-telegraph. 

Nccdle-threader. 

Needle-wrapper. 

Nerve-needle. 

Netting-needle. 

Roping-needla 

Sewing-machine  needle. 

Sharps. 

Surgical  needle. 

Tiig. 

Tatting-shuttle. 

Threader. 


Nee'dle-bar.  1.  {Knitting.)  In  a  stocking-frame, 
a  bar  in  which  the  needles  are  fitted  with  their 
leads. 

2.  {Sewing -machine.)  The  reciprocating  bar  to 
whose  en<l  the  needle  is  attached. 

Nee'dle-beam.     {Civil  Engineering.)     A  trans- 
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verse  lloor-beam  of  a  .bridge,  resting  on  the  chord  or 
girilcrs,  iiceonling  to  the  construction  of  the  bridge. 

Nee'dle-bear'er.  (Swnjtcal.)  A  porle-aiyaille 
forming  :i  hanilie  tor  a  needle. 

Nee'dle-car'ri-er.    (Sanjkal.)    Aportc-aiguille. 

Nee'dle-case.  A  book  or  wiapper  in  which 
neeiUi'-s  iire  ke|it  in  the  pocket  or  the  work-table. 

Nee'dle-file.  A  long,  round,  narrow  lile  used 
by  jewelers. 

Nee'dle-for'ceps.  An  iiistrujnent  to  hold  a 
needle  to  sew  up  wounds  that  cannot  be  reached  by 
the  hand,  such  as  in  vesico-vaginal  listula  or  uterine 
operations,  or  to  hold  very  minute  needles  in  oper- 
ations about  the  eye  or  ill  staphyloraphy. 

Sands's  and  Siins's,  late  American  iuveutions,  rank 
among  the  best. 

a  is  a  locking  forceps. 

bed  are  forjns  used  for  general  purposes  of  driv- 

• 

Fig.  3306. 


Needle- Forceps  and  other  Instruments. 

ing  and  holding  needles,  catching  and  twisting  sil- 
ver wii-es,  applying  and  moving  sponge-tents,  etc. 

c  is  a  draftsman's  needle-holder. 

/is  a  modification  of  Koux's  needle-holder,  which 
may  be  used  in  the  operations  of  vesico-vaginal  fis- 
tula, cleft  palate,  etc.,  and  is  made  to  serve  as  a 
handle  to  the  instruments  accompanying  it,  and 
which  are  manufactured  one  half  theii-  full  length. 
When  the  handle  is  applied  to  either  one  it  gives  it 
its  full  length. 

(I  combines  the  applicator  with  the  sponge-tent 
e.xpeller. 

h  is  a  sponge-holder  and  ligating  forceps. 

i,  a  lead  sound,  which  easily  follows  the  curve  of 
the  uterus. 

/,  intra-uterine  scarifying  knife,  blunt  point. 

k,  Simpson's  .sound. 

/,  uterine  ]n'obe  of  silver. 

Nee'dle-guard.  (Seu-iiiq-machinc.)  A  sliding 
piece  which  moves  with  the  needle  and  keeps  it  in 


line  during  rapid  movement,  so  Fig  3307. 

that  it  shall  not  strike  wide  of 
the  hole  in  the  eloth-phite. 

That  in  the  example  is  a  sup- 
porting brace  or  bar  JJ,  which 
slides  vertically.  In  this  in- 
stance, as  the  feed  is  effected  by 
the  needle,  the  bar  has  a  lateral 
movement  coincident  with  that 
of  the  needle. 

Nee'dle-gun.  (German,  Zwiiti- 
nadi/i/ewvhr.)  A  tire-arm  which 
is  loaded  at  the  breech  with  a 
cartridge  carrying  its  own  ful- 
minate, and  which  is  ignited  by 
a  needle  or  pin  traversing  the 
breech-block  and  struck  by  ;he 
hammer. 

There  are  many  guns  of  this 
construction,  such  as  the  con- 
verted Enfield  (see  CuNVEIiting); 
but  the  one  wliicli  has  attained 
so  great  celebrity,  though  by  no  means  the  best  of  its 
class,  is  the  Prussian  needle-gun,  which  pei'fiirmed 
so  effective  a  part  in  the  Prusso- Austrian  war  of  1866. 
See  FiiiE-AiiM,  cut  C,  Plate  XVI.  The  French  cliasse- 
pot-gun  is  shown  at  B,  same  plate. 

The  Prussian  piece  was  invented  by  Mr.  Dreyse, 
who  is  said  to  have  spent  over  thirty  years  in  trying 
to  constriict  a  perfect  breech-loailing  tire-arm. 

It  was  introduced  to  some  extent  into  the  Pnis- 
sian  service  about  1846,  but  was  much  improved 
afterward.  It  has  since  been  superseded  in  the 
North  German  army  by  the  Mauser  rifle  (Fig.  3308). 
A  shows  the  breech  mechanism  in  position  for  load- 
ing, and  £  at  half-cock. 

The  breech-piece  a  is  perforated  to  receive  the 
needle  b,  and  is  operated  by  the  lever  c,  by  which 
it  is  turned  quarter  round  and  drawn  backward, 

Fig.  3308. 


Needle-  Guard. 


Mauser  Rifle. 


retracting  the  needle  until  a  catch  thereon  drops 
into  a  notch  by  which  it  is  retained  until  released 
by  the  action  of  the  trigger,  when  it  is  driven  for- 
ward by  a  spiral  sjjring. 

An  extractor  works  in  a  groove  at  the  side  of  the 
shoe  d,   withdrawing  the  cartridge-case  when  the 
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breech-piece  is  drawn  backward.  This  move- 
ment brings  the  (rase  in  violent  contact  with  the 
ejector  c,  by  which  it  is  thrown  out. 

A  Berlin  corres2)ondentof  the  London  "Times" 
gives  an  account  of  the  performance  of  this  new 
arm:  "On  a  distance  of  1,500  metres  (1,640 
yards),  out  of  480  shots,  399  hits  were  effected 
in  five  targets  pljced  behind  each  other  ;  and 
on  1,400  metres  (1,564  yards),  out  of  480  shots, 
460  hits  are  riiportcd." 

Nee'dle-hold'er.  1.  A  draftsman's  in- 
strument for  liolding  a  pricking-through  nee- 
dle,   (c.  Fig.  3306.)  ). 

2.  A  surgeon's  appliance  for  holding  nee-  ■* 
dies  during  operations.   See  Needle-fouceps. 

Nee'dle-in'stru-ment.  {Surreying.)  One 
which  owes  its  accuracy  and  value  to  the  mag- 
netic needle  only,  such  as  the  plain  or  the  Ver- 
nier compass  or  the  Vernier  transit. 

Nee'dle-loom.  One  in  which  the  weft  is  car- 
ried liy  a  needle  instead  of  a  sliuttle.  The  usual 
form  of  loom  for  narrow  wares,  such  as  ribbons, 
tapes,  bindings,  etc.  In  the  example,  the  filling  is 
carried  tlirough  the  shed  by  a  reci[irocating  eye- 
pointed  needle,  and  the  loop  of  the  weft  locked  at 
the  selvage  by  the  pa-ssage  through  it  of  a  shuttle 
and  its  thread.  The  weft-retractor  swings  freely  ou 
a  pin  ;  its  shorter  arm,  when  thrown  fully  back  by  a 
projection,  rests  in  a  notch  on  the  needle-guide,  until 
the  pull  of  the  needle  passing  through  the  shed  de- 
taches it  and  draws  the  reti'actor  forward,  taking  up 
j'arn  from  the  bobbin, 

The  shuttle  operates  in  an  arc  of  a  circle  parallel 
to  the  ]dane  of  the  warji,  so  that  in  approaching 
to  enter  the  loop  of  the  weft-yarn  it  moves  nearly 
parallel  with  ami  close  to  the  selvage  of  the  web 
being  woven,  and  afterward  gradually  moves  away 

Fig.  3309. 


Fig.  3310. 


^  Aeedle-Loom, 


from  the  warp,  so  that  in  completing  its  movement 
at  the  same  time  as  the  needle  completes  its  letiring 
movement  it  pvdls  its  yarn  or  thread  tight  in  a  di- 
rection transverse  to  the  warp. 

In  Fig.  3310,  the  nc'edle  is  eye-pointed  and  the 
weft-thread  is  carried  by  it  in  lieu  of  a  shuttle.  A 
shuttle-thread  engages  the  loop,  and  the  rod  is  re- 
tracted, leaving  two  fdling-threads  in  the  shed. 
The  needle-stock  D  slides  on  bars  a  n  projecting  from 
the  side  of  the  loom,  and  is  actuated  by  a  rocker- 
shaft  E,  a  vibrating  arm  e,  and  connections.  The 
ordinary  cap-piece  of  the  reed  is  removed  to  permit 


Eamshaw's  Needle-Loom, 

free  manipulation  of  the  warp.  The  shuttle  c  has 
a  segmental  guide  groove,  and  is  operated  by  a  divar- 
icated arm  upon  a  rucker-sliaft  n,  its  two  horns  en- 
gaging the  back  end  of  the  shuttle  alternately. 

In  Jackson  and  Merrill's  needlc-looni,  the  weft- 
thread  is  carried  Ijy  a  needle  tlirough  the  shed  and 
is  interlocked  by  a  shuttle-thread,  returning  to  its 
normal  position  before  the  shed  changes.  The  nee- 
dle is  passed  through  the  tinder  part  of  the  shed 
near  the  reeds,  so  as  to  preserve  it  from  contact  with 
the  warps.  The  needle  then  receives  a  swinging 
movement  that  passes  its  end  around  a  standing 
shuttle  or  bobbin,  the  needle  returning  through  the 
shed  near  the  point  of  weaving,  so  that  the  lay  has 
to  move  the  weft-thread  hut  a  short  distance. 
See  also  RiBroN-i.ooM  ;  NAHROW-iVAnE  Loom. 
Nee'dle-mak'ing.  Needles  aie  made  from  soft 
steel  wire,  which  is  received  from  the  manufactory 
in  coils.  Tlie  wire  is  cut  by  fixed  shears  into  lengths 
.sufficient  to  make  two  needles  ;  these  blanks,  being 
bent,  require  stiaightening,  which  is  done  by  pla- 
cing several  thousands  of  them  between  two  broad 
heavy  rings  and  heating  them  to  redness  in  a  fur- 
nace. Tliey  are  then  removed,  and  placed,  still  in 
jiosition  within  the  rings,  on  a  flat  iron  plate,  and 
by  means  of  a  curved  bar,  teimed  a  smvoth  file,  rolled 
back  and  foith  until  jierlectly  straight. 

Each  piece  is  then  sharpened  at  both  ends.  The 
workman  takes  up  a  number  at  a  time  and  holds  the 
ends  against  a  grindstone,  forming  the  points.  Bj' 
means  of  a  die  and  counter-die,  two  grooves  are 
stamped  by  a  press  on  eacli  side  of  the  wire,  which 
is  next  pierced  under  a  jiress  with  two  holes,  form- 
ing the  eyes.  A  number  of  pieces  are  then 
strung  on  Xvco  fine  wires  and  bioken  each  in  two 
by  filing  and  bending.  The  roughness  about  the 
head  is  removed  by  filings,  several  at  a  time  be- 
ing placed  in  a  small  vise.  Dining  these  processes  the 
needles,  having  become  somewhat  bent,  are  straight- 
ened by  rolling  on  a  flat  plate,  as  before.  They  are 
now  brought  to  a  red  heat,  and  tempered  Ijy  jplunging 
them  into  oil.  50,000  at  a  time  are  then  put  in  a 
canvas  bag  with  enierj',  oil,  putty-powder,  and  soft- 
soap,  and  rolled  to  and  fro  under  jiressure  until  they 
become  bright. 

The  better  class  of  needles  have  their  eyes  drilled. 
The  final  process  is  polishing  the  points,  which  is 
eff"ected  first  by  a  rotating  hone  and  afterward  by  a 
butt'-wheel. 

Nee'dle-mak'iug  Ma-chine'.  Of  late  years 
machines  have  been  introduced  by  which  needles 
are  formed  from  the  roll  of  wire  without  the  interven- 
tion of  hand  labor. 

Fig.  3311  illustrates  Barton's  machine.  In  this, 
the  wire  is  fed  forward  to  a  rack  M,  and  cut  to 
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length  by  the  cutter  //,  being  received  in  a  groove 
of  the  beil-piece  below  the  racl<.  The  rack  has  a  re- 
ciprocating movement  both  longitudinally  and  ver- 
tically ;  the  latter  serving  to  pick  up  the  blank  from 
each  groove  in  the  bed-plate,  and  the  former  to  ad- 
vance it  to  the  next  groove.     At  each  groove  it  is 

Fig.  3311. 


Needle-Making  Machine. 

subjected  to  the  action  of  a  die  or  punch,  which  dies 
successively  form  the  groove  for  the  eye  and  punch 
the  eye.  These  are  operated  by  the  cams  C  C-,  etc. 
It  is  then  in  the  same  way  advanced,  so  as  to  be 
milled  by  the  milling-tool  Y,  after  which  it  is 
brought  back,  and  while  partially  held  by  the  recip- 
rocating rack  its  point  is  finished  by  the  revolving 
sharpeners  Q  Q'. 

Nee'dle-pa'per-iiig  Ma-chine'.  (Metal -loork- 
ing.)  The  needles  arc  placed  point  foremost  in  a 
hopper  whose  bottom  is  divided  by  partitions  form- 
ing spaces  corresponding  in  width  to  the  length  of 
the  needles.  The  hopper  has  a  traversing  motion 
by  which  the  needles  are  arranged  in  rows,  and  on 
arriving  at  the  proper  point  a  pusher  is  caused  to 
.strike  the  end  of  each  row,  sticking  the  needles  in 
the  paper,  which  is  advanced  and  crimped  as  they 
are  ]>resented  to  it. 

Nee'dle-point'ing  Ma-chine'.  This  comprises 
a  grooved  grindstone,  to  wliicli  the  wires,  cut  to  the 
de.sired  length,  are  applied  by  an  inclined  plane.  A 
disk  covered  with  rubber  revolves  transversely  to 
the  grindstone,  turning  the  needles  round  so  as  to 
present  each  point  of 
their  circumference  to 
the  stone,  at  the  same 
time  co]itinuously  fur- 
nishing a  fresh  supply 
for  its  action. 

Nee'dle-aet'ter. 
An  attachment  to  a  sew- 
ing-machine to  allow  the 
needle  to  be  set  in  its 
bar,  so  that  the  eye  of 
the  needle  shall  be  at 
t  be  proper  distance  from 
the  end  of  the  bar,  in 
order  that  the  loop  may 
be  iiroperly  formed  and 
at  tlie  right  jilaee  for 
the  hook  or  shuttle  be- 
neath the  fabric.  Fig. 
3312  shows  several 
fonns. 

rt  is  a  trial  bar,  whose 
upper  end  rests  against 


Fig.  3312. 


the   neodle-bar  and  its  lower  point  in   the  eye  of 
the  needle. 

i  is  a  shield  which  fits  against  the  eye  of  the 
needle  and  has  a  channel  to  lead  the  thread. 

c  is  a  clasp  to  hold  the  needle,  a  point  determining 
the  position  of  the  latter  in  the  clasp  which  is  placed 
against  the  needle-bar  in  adjusting  the 
needle. 

d  has  a  bar  with  a  hook  to  draw  the 
thread  through  the  needle-eye. 

c  has  a  latch  which  is  brought  down 
~~\  when  required  to  indicate  the  adjust- 
ment of  tlie  needle  in  the  stock. 
Nee'dle-sharp'en-er.     1.    An   emery   cake   or 
cushion         for 

sharpening  nee-  Fig.  3313 

dies. 

2.  An 
emery- 
wheel 
driven  by 
a  band  or  by 
frictional  con- 
tact witli  a 
wheel  on  a  sew- 
i  n  g  -  m  a  c  Ii  i  ne, 
and  used  for 
pointing  nee- 
lUes. 

Nee'dle-tel'e-graph.  A  telegraph  in  which  the 
indications  are  given  by  the  deflections  of  a  magnetic 
needle  whose  normal  position  is  p.irallel  to  a  wire 
through  which  a  current  of  electricity  is  passed  at 
will  by  the  operator. 

In  practice,  the  needle  is  rendered  astatic  (see 
Astatic  Needle),  and  inclosed  by  a  coil  by  which 
the  effect  of  the  electric  current  is  multiplied.  This 
is  the  i)rinciple  of  the  (jalvanomcter  and  of  the  elec- 
tric telegraph  of  Cooke  and  Wheatstone,  which  is 
used  in  Kngland.      See  iNDICATOIt-TELF.GKAPH. 

Nee'dle-thread'er.  A  device  to  assist  iu  pass- 
ing a  thread  throngh  the  eye  of  a  needle.  There  are 
two  kinds,  and  many  varieties  of  a  kind. 

a  is  a  form  in  which  the  thread  is  caught  in  a 


Sewing-Machine  Netdle- Skarpening 
Auacliment. 


Needle  Setters  and  Threaders. 


Fig.  8314. 
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Needle-  Threaders. 

crotch  and  pushed  through  the  eye  of  the  needle. 

In  b  it  is  caught  by  barbs  and  drawn  through  the 
eye. 

In  c  and  d  the  needle  is  adjusted  opposite  to  a 
cone  which  directs  the  thread. 

Nee'dle-wrap'per.  A  case  or  housewife  to 
hold  needles  for  the  pocket  or  work-table. 

Neg'a-tive.  1.  (Pholograplvi.)  A  picture  upon 
glass,  in  which  the  lights  and  shades  are  exactly  I'e- 
versed  ;  the  actual  shades  being  re]nesented  liy  the 
transparent  glass,   the  lights   of  the  object  show- 


NEOATIVE-BATH. 
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ing  (lark  by  the  opaciue  material  (reduced  silver)  on 
the  glass. 

The  ncgatirc  is  used  to  obtain  positives,  being  laid 
upon  the  sensitized  paper  whii'h  is  acted  upon  by 
the  sun's  rays  passing  tlirougli  the  gla.ss.  The  rays 
being  but  little  impeded  by  the  transparent  portions 
make  the  darks  of  the  jiositirc.  and  being  intercepted 
by  the  opaque  silver  make  the  lights  and  light  shades 
of  the  positive  picture. 

Negatives  are  usually  taken  on  glass  coated  with  a 
film  of  collodion,  which  is  sensitized  for  the  pur- 
poses of  tlie  camera.  The  principal  use. of  negatives 
is  for  obtaining  positive  prints. 

2.  (Electricity.)  The  metal  or  equivalent  placed 
in  opposition  to  \\\e  positive  in  the  voltaic  battery. 

The  negative  may  be  coke,  carbon,  silver,  platinum, 
or  copper,  and  forms  the  cathode. 

The  positive  is  usually  zinc,  and  its  pole  is  the 
anode. 

In  the  following  order  of  metals  the  most  negative 
is  at  the  head  of  the  list  :  — 


Platinum. 
Gold. 

Antimony. 
Silver. 
Nickel. 
Bismuth. 


Copper. 

Lead, 

Iron. 

Tin. 

Cadmium. 

Zinc. 


Neg'a-tive-bath.  (Photography.)  The  bath- 
holder,  also  known  as  the  "bath,"  is  a  vessel  used 
to  contain  the  nitrate  of  silver  solution,  or  bath  used 
by  ])hotographers  for  making  negatives.  It  is  made 
most  commonly  of  glass,  but  also  of  hard  rubber  and 
porcelain,  and  sometimes  wood  covered  with  asphal- 
tum  and  other  substances.  Formerly,  horizontal 
baths  were  used  for  large  plates  ;  these  were  tilted 
so  as  to  throw  the  fluid  to  one  end,  the  plate  was 
then  introduced  with  the  collodion  side  upward, 
and  the  fluid  allowed  to  return  in  an  even  wave  over 
its  surface  by  restoring  the  bath-holder  to  the  liori- 
zontal  position.  Upright  bath-holders  are  now  al- 
most always  used.  The  liest  are  made  of  glass, 
blown  and  pressed  for  negative  plates  of  moderate 
dimensions,  and  constructed  of  pieces  of  thick  plate- 
glass  cemented  together  for  larger  sizes,  protected 
externally  with  a  strong  covering  of  wood.  The 
length  and  depth  of  such  a  vessel  must  suit  the 
negative  plate  which  is  to  be  immersed  in  the  up- 
right column  of  solution  ;  its  width  may  vary  from 
three  quarters  of  an  inch  to  two  or  even  thiee  inch- 
es. The  latter,  though  less  economical  of  solution 
in  the  first  instance,  are  more  so  in  the  long  run. 

Neg'a-tive  Eye-piece.      The  Hiojglieuian,  or 
negative  ci/c-piece,   n,    is  tlie   usual  combination  of 
lenses   at   the   eye-end   of  a 
Fig.  3315.  telescope  or  microscope.     It 

n     '  '  was  designed  by  its  inventor 

*  to  diminish  the  spherical 
aberration  by  producing  the 
refractions  at  two  glasses  in- 
steail  of  one,  and  also  to  in- 
crease the  field  of  view.  It 
consists  of  two  ]dano-couvex 
lenses,  the  eye-glass  and  the 
^'cW-glass,  each  of  which  pre- 
sents its  convex  .side  towards 
a.  Huygkenian  Eye-Piece  the  object-glass. 

{.Neganve).  rpj^,;  j^i^^^^es   are  separated 

from  each  other  by  about  half  the  sum  of  their  focal 
distances,  the  image  viewed  by  the  eye  being  formed 
between  the  two  lenses. 

h  shows  the  positive  eye-piece,  in  which  the  convex 
sides  of  the  lenses  are  turned  toward  each  other. 
See  Positive  Evk-piece. 

Neg'a-tive-'VTell.     A  name  for  an  absorbing  or 


draining  shaft,  bored  or  dug  in  the  ground  and  used 
to  carry  water  through  a  retentive  to  a  porous  stra- 
tum in  which  it  may  escape.     See  Absorbing- well  ; 

Dl!.\I.V-\VEI,I,. 

Nei-gel'li-cloth.  .\n  Indian  fabric  made  oi}m.t 
or  sit  ml  liemp.      Crotalaria  jiincca. 

Ne-o-mon'o-scope.  An  instrument  for  magni- 
fying photographs,      invented  1862. 

Ne-paul'-pa'per.  A  .strong,  unsized  paper  made 
in  Nepaul  I'lom  the  pulverized  bark  of  the  Daphne 
pajii/vacetc.     Made  many  yanls  square. 

Ne'phel-o-dom'e-ter.  An  instrument  for  as- 
certaining the  distaii.-es  of  the  clouds. 

Ne'phel-o-rom'e-ter.  An  instrument  for  as- 
certaining the  .-.jiecd  and  direction  of  motion  of  the 
clouds. 

Ne-phel'o-scope.  An  instrument  contrived  by 
Professor  Espy  to  illustrate  the  law  of  the  formation 
of  aqueous  vapor  into  clouds. 

Nerve  In'stru-ments.  Dentists'  instruments 
for  obliterating  or  extracting  the  nerve  in  the  root 
of  a  tooth. 

Instruments  for  excavating  and  filling  nerve-cavi- 
ties are  burs,  drills,  excavators,  and  phtggers. 

Fang-fillers,  canal -pluggers,  pulp-canal  reamers, 
probes,  are  also  used  about  the  nerve-canal,  their 
purposes  being  indicated  by  their  names.  .See 
BuK-np.iLL. 
,  Nerve-nee'dle.  1.  {Dental.)  A  tool  used  for 
broai'hing  out  the  nerve-canal  to  enable  it  to  hold 
a  dowel-pin  which  secures  an  artificial  crown  to  the 
root  of  a  natural  tooth.     .See  Buo.iCH. 

2.  (Surgical.)  An  csthcsimneter  is  an  in.strument, 
with  a  pair  of  needles,  to  ascertain  the  tactile  sensi-' 
bility  of  different  parts  of  the  body.  It  has  two 
points,  adjustable  as  to  distance,  and  the  object  is 
to  ascertain  the  nearest  proximity  at  which  the 
points  give  distinct  sensations.  The  distances  vary 
much  at  difl'ercnt  parts  of  the  body.  See  Esthesi- 
o.METER.     See  also  Neurotome. 

Nest.  1.  (Gearing,  etc.)  A  connected  series  of 
cog-wheels  or  pulleys. 

A  set  of  articles  of  diminishing  sizes,  each  envel- 
oping the  one  next  smaller  in  size  ;  as  a  nest  of  cru- 
cibles, tubs,  or  the  like. 

2.  a.  A  pl.ace  for  hens  to  lay.  The  ingenuity  is 
scarcely  ajipreciated  by  the  hens,  who  have  a  modest 
preference  Ibr  hiding  upon  such  occasions. 

The  same  may  be  said  of  the  elaborate  preparations 
for  canaries  during  confinement. 

b.  A  box  for  martins  or  sjiarrows  on  a  post  or  in 
a  tree. 

Net  1.  A  device  for  catching  fish,  birds,  or 
other  animals.  It  is  made  from  a  texture  woven  or 
knotted  with  large  interstices  or  meshes. 

.lohnson  defines  network  to  be  "anything  reticu- 
lated or  decussated  with  interstices  between  the  in- 
tersections." The  fabric  is  also  used  for  securing 
or  containing  articles  of  various  kinds.  The  dip- 
net  is  made  in  tlie  form  of  a  bag,  the  mouth  of 
which  is  distended  by  a  hooj),  and  is  proviiled  with 
a  handle. 

When  long  and  narrow,  having  floats  on  one  side 
and  sinkers  on  the  other,  so  as  to  prevent  the  escape 
of  fish  in  shoal  water,  it  is  called  a  ,«««. 

Nets  were  used  by  the  ancients  for  fowling,  hunt- 
ing, and  fishing.  They  were  usually  made  of  flax 
or  hemp,  and  were  large  or  small  according  to  tlie 
purpose  intended. 

Nets  extended  on  stakes  and  forming  a  corral  are 
mentioned  by  the  Roman  writers. 

A  purse  or  tunnel  net  was  used  at  the  end  of 
wing-nets. 

Six  kinds  of  fishing-nets  are  mentioned  by  Oppiau. 
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Three  of  these  were  casting,  landing,  and  drsig 
nets. 

The  seine  {Sagcim)  is  a  Greek  net  in  name  ami  in 
form. 

Corks  or  wooden  blocks,  to  float  the  upper  edge  of 
a  net,  and  weights  to  depress  its  lower  edge,  are 
seen  in  Egyjitian  jiaintings  ;  e.xist  on  an  old  Egyptian 
net  now  in  the  Berlin  Museum ;  and  are  mentioned 
liy  Pliny,  Ovid,  and  other  writers. 

The  Grecian  lishing-nets  also  had  corks  and  leaden 
weights. 

Fishing  was  a  great  business  in  Egypt,  and  a 
|iainting  in  a  tomb  near  the  Pyramids  represents  a 
large  drag-net,  with  Hoats  and  sinkers,  in  the  act  of 
being  hauled  by  seven  men,  who  stand  on  a  decked 
boat  and  act  under  the  direction  of  an  overseer,  h 
is  a  portion  of  a  net  with  sinkers,  from  the  Berlin 
Museum. 

a.  Fig.  3316,  is  an  illustration  from  a  painting  in 

Fig.  3316. 


:s 


Egyptian  Nets  and  Nfttine 

a  tomb  at  Thebes,  showing  the  mode  of  trapping  the 
wild  goose,  which  is  still  common  on  the  banks  of 
the  Nile.  It  is  similar  to  the  common  rlap-net,  and 
the  rope  was  pulled  by  men  secreted  behind  the 
reeds.  The  view  .shows  the  birds  .settling  in  the 
net,  and  a  man  standing  behind  the  reeds  enjoining 
silence.  Another  man  stands  directing  the  men. 
The  reed  represented  is  intended  for  tlie  papyrus. 

The  ancient  Egyptians  made  bird-nets  of  .split 
reeds.  Such  were  used  in  catching  ijuails  by  the 
imfortnnate  outcasts  on  the  edge  of  the  desert  form- 
ing the  boundary  between  Egyjrt  and  Syria.  This 
community,  if  it  can  be  so  calleil,  was  made  up  of 
robbers  who  were  banished  by  Actisanes  the  Etiiio- 
pian,  who  was  then  on  the  throne  of  Egypt.  Ac^ti- 
saues  had  a  scruple  on  the  subject  of  the  death  pen- 
alty, and  adopted  the  practice  of  cutting  off  the 
noses  of  robbers  and  banisliing  them  to  a  land  where 
they  had  very  hanl  work  to  obtain  a  living,  and 
could  di.sturb  nobody. 

c  .shows  an  ancient  Egyptian  netting-needle,  found 
in  Thebes,  and  now  in  Mr.  Salt's  collection.  Their 
netting-needles  were  of  wood,  very  like  our  own, 
split  at  each  end,  and  between  10  and  11  inches 
in  length.  Others  were  of  bronze,  and  the  slightly 
elastic  prongs  would  close  except  when  the  twine 
passed.    Their  nets  were  of  flax  twine.     Pieces  have 


come  down  to  our  day,  and  are  preserved  in  the 
Euiopean  museums. 

A  nettiug-needle  of  wood,  charged  with  the  origi- 
nal thread,  was  found  among  other  articles  in  a 
lady's  work-basket. 

In  netting,  the  threads  or  cords  are  tied  into  hard 
knots  at  their  intersections,  so  as  to  form  meshes, 
which  always  continue  of  the  same  size. 

The  French  government,  in  1802,  offered  a  reward 
of  55 10,000  to  the  person  who  would  invent  a  machine 
for  making  knotted  nets.  It  was  adjudged  to  M. 
Buron,  but  the  machine  has  not  come  into  general 
use. 

Fig.  3317  illustrates  a  device  for  casting  a  circular 


Fig.  3317. 


Drnp-Nct. 


net.     The  net  is  extended  upon  a  bolt  beneath  « 
boom  F,  and  is  cast  by  withdrawing  the  bolt. 

In  Fig.  3318,  the  net  is  suspended  by  booms  from 
the  vessel's  side,  and  has  a  flanged  edge  D,  which  is 


Fig.  3318, 


Bag-Net. 

raised  when  the  net  is  "drawn,"  to  prevent  the  es- 
cape  of  fish. 

2.   A  kind  of  lace  made  by  machinery. 

In  the  last  century  various  kinds  of  these  fabrics 
were  made  ;  called  vrhip-jie/.,  mnii-nct,  patent-net, 
drop-net,  spider-net,  ballnnn-net.  The  present  varie- 
ties, deriving  their  name  from  the  kind  of  mesh,  are 
Point-net,  Warp-net,  and  Bobbinet  (which 
see). 

Several  varieties  of  machine-made  net  are  named 
from  some  jieculiarity  of  fabrication. 

Broad-net  is  woven  the  whole  ^vidth  of  the  ma- 
chine. 

Quillings  are  narrow  strips,  of  which  many  may 
be  made  simultaneously  in  the  breadth  of  the  ma- 
chine. 


NET-MASONRY. 
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Fig.  3319. 


Machine  for  cutting  Fly-Nets. 
mittinglv  movin"  cuttin 


Fancij-nrt  has 
a  pattern  worked 
ill  with  gimp  by 
the  Jaequaiil  : 
or  l>y  hand, 
called  lace-run- 
ning. 

3.  A  covering 
lor  horses  in 
harness,  to  deter 
or  dislodge  Hies. 
Such  nets  are 
made  by  a  snc- 
cession  of  short 
slits  in  quincun.x 
order,  so  thai 
when  the  piece 
of  leather  is 
stretched  out, 
the  slits  e.xpand 
into  wide  open- 
ings. 

In    Fig.  3319, 

the  leather  is  fed 

u]>oii    an    inter- 

;-board  underneath  a   pair 

guillotine  sash  ;  a  sjjring- 


of  knives  arranged  in 

block   steadies   the   leather  and    prevents   its   being 

drawn  up  when  the  kni%'es  rise. 

In  Fig.  3320  the  cutters  are  confined  in  a  lozenge- 
shaped  cavity  by  wedge-blocks  and  a  set-screw.  The 
cutters  have  metallic  blocks  between  them  by  which 


Fig.  3330 


Fly-Net  Mackm, 

the  breadth  of  the  laces  is  governed.  The  knives 
are  depressed  upon  the  leather  by  a  lever,  and  the 
leather  is  then  drawn  through  beneath  them. 

Other  nets  are  of  cord,  made  in  the  manner  of 
fishing-nets  by  shuttle  and  mesh-.stick. 

A  substitute  for  nets  for  horses  consists  of  leather 
strings,  with  a  few  bands  to  keep  them  in  place  at 
their  proper  distance  apart. 

Net-ma'son-ry.  Reticulated  bond,  the  joints  of 
which  resemble  in  appearance  the  meshes  of  a  net. 

Net'ting.  Openwork  fabric  for  curtains  or 
screens.      See  Mcsm-iTu-c.VNoPY,  etc. 

Net'tlng-ma-ohine'.  Lace  is  said  to  have  been 
first  made  by  machinery  in  1768  by  Hammond,  a 
stocking-weaver  of  Nottingham,  England,  wlio  in- 
vented wliat  was  known  as  the  pin-machinp^  for 
making  single-press  point-lace  in  imitation  of  Brus- 
s;-Is  ground. 

The  wrrp-frnme  for  making  warp-lace  was  intro- 
duced in  1782.  The  first  attempt  to  make  bobbin- 
et  by  machinery  was  in  1799,  but  no  successful 
machine  was  prodiueil  prior  to  1S09,  when  Heath- 
cote  patented  his  machine,  in  whicdi,  by  means  of 
bobbins,  a  seties  of  diagonal  weft-threads  are  passed 
around  and  intertwisted  with  the  parallel  threads  of 
the  warp.  Many  subsei)nent  improvements  were 
made  on   this  machine,  which  has  been  variously 


Traverse-warp  machine. 
TwisUmachioe. 
Pusher-mac  hine. 


modified  to  produce  different  kinds  of  netted  fabrics, 
among  which  we  may  enumerate  — 

The  bobbinet-raachine. 
Lever -mac  bine. 
Straiglit-bolt  machine. 
Circular-bolt  machine. 

The  icarfi-machine,  based  on  the  stocking-frame, 
was  invented  about  1795,  and  is  employed  in  mak- 
ing lace,  and  also  knit  jackets,  "  Berlin  "  gloves,  and 
similar  articles.  See  Bobbi.net-machine  ;  Lace- 
.M.iKiNi;  Machines. 

Net'ting-nee'dle.  A  shuttle  used  in  netting. 
One  from  tlie  tombs  of  ancient  Egypt  is  of  the  same 
form  as  used  at  the  present  day.     (c.  Fig.  3316.)    See 

also  TATTING-SHUTrLE. 

Net'tings.  (A'aiUical.)  Nets  of  small  rope  used 
on  board  ship  for  various  jnirposes,  such  as  liolding 
the  hammocks  when  on  deck,  or  for  stowing  sails. 
Also  for  hanging  Ijetween  the  bulwarks  and  the  rig- 
ging to  repel  boarders. 

Net'tle-oloth.  (Fabric.)  A  thick  cotton  stuff, 
japanned,  and  used  as  a  substitute  for  leather. 

Net'tling.  {Hope- making.)  a.  A  process  where- 
by two  ropes  are  joined  end  to  end,  so  as  to  appear 
as  one.  The  ends  are  scutched  or  beaten  out,  and 
spun  or  twisted  together. 

b.  The  tying  of  the  yarns  in  pairs  to  prevent  their 
becoming  entangled  or  confused  when  laid  upon  the 
posts  in  the  lopewalk. 

Neu-rot'o-me.  (Surgical.)  A  long,  narrow 
scalpel,  used  by  anatomists  to  dissect  the  nerves. 
Neurcctome. 

Ei-asistratus  of  the  Alexandrian  College  of  Sur- 
geons, in  the  Ptoleniaian  period,  wrote  upon  the 
nerves,  and  knew  the  distinction  between  those  of 
motion  and  those  of  sensation. — Ency.  Brit.,  II. 
751.  Rufus  of  Ephesus,  who  was  probably  con- 
temiiorary  with  Trajan,  in  his  works  on  anatomy, 
divided  the  nerves  into  those  of  sensation  and  of 
motion .  —  Nouvclh  Biographic  Ginira,le,  Tomi- 
XLII.  p.  882. 

Nevertheless,  Sir  Charles  Bell  and  Mr.  Mayo  are 
credited  by  Whewell  (History  of  the  Inductive  Sci- 
ences, 111.  425)  with  the  discovery  "that  the  two 
offices  of  conducting  the  motive  impressions  from 
the  central  seat  of  the  will  to  the  muscles,  and  of 
propagating  sensations  from  the  surface  of  the  body 
and  the  external  organs  of  sense  to  the  sentient 
mind,  reside  in  two  distinct  portions  of  the  nervous 
substance." 

H'ew'eL  1.  (Carpentry.)  The  pest  at  the  head 
or  foot  of  a  .staii-s,  supporting  the  hand-rail. 

The  center-post  of  a  winding  stairs  is  a  solid  newel. 

Winding  stairs  around  a  central  well  are  said  to 
have  an  open  newel  or  hollmv  neivel. 

2.  (Sliipwrighling.)  An  uiiright  piece  of  timber 
to  receive  the  tenons  of  the  rails  that  lead  from  the 
bi-eastwoik  of  the  gangway. 

Ne^w-sand.     (Founding.)     Facing-sand. 

Ne'ws'pa-per.  The  newspaper,  like  many  other 
useful  inventions,  seems  to  have  originated  in  China. 
The  Pekin  "  Gazette,"  the  oldest  daily  in  the  world, 
was  first  is.sued  about  A.  D.  1350.  this  is  still  in 
e:dstence,  and  is  an  official  journal,  containing  such 
information  as  the  government  chooses  to  make 
known.  It  is  composed  of  three  parts :  1.  The 
court  journal,  or  "copy  of  the  door  of  the  palace," 
which  announces  day  by  day  the  list  of  functionaricB 
on  duty,  the  actions  of  the  emperor,  the  presenta- 
tions, visits,  departures,  etc.  ;  2.  The  imperial  de- 
crees ;  3.  The  reports  of  the  great  officers  of  the 
crown.  It  forms  a  pamphlet  of  20  to  40  pages  of 
coarse  paper,  printed  from  wooden  tyj»es  on  one 
side  only,  and  having  a  paper  cover.     It  has  a  cir- 
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cuiatioii  ol'  many  thousand  (;oj)ies,  wliii^h  are  distrib- 
uted to  sulisciil)f'rs  in  the  eity  or  sent  in  paekages 
to  tile  provinces.  Tlie  subscription  price  is  about 
$C  jier  year,  but  many  copies  are  liired  I'or  the  day 
and  returned  in  the  evenint;. 

In  tlie  last  century  the  Jesuits  introduced  copper 
types,  rendering  the  ]iaper  much  neater  in  appear- 
ance, as  well  as  saving  labor  ;  Ijut  in  1820  the  wooden 
type  previously  used  was  again  brought  into  re(j[ui- 
sition. 

Its  contents  are  often  oC  a  curious  natures  Re- 
cently a  jiytition  appeaivd,  praying  the  emperor  to 
confer  a  title  of  honor  upon  a  female  s]iirit  who  had 
performed  various  services,  such  as  tilling  with  wa- 
ter the  channel  of  a  river  in  a  dry  season,  and  de- 
stroying or  dis]>ersiug  bands  of  rebels.  The  I'age  for 
obtaining  ottic",  and  the  practice  of  stealing  after 
ol)taining  it,  indicate  that  China  is  not,  in  some 
respects,  behind  countries  claiming  a  higlier  degi'ee 
of  civilization.  The  oldest  applicant  recently  gazet- 
ted, aged  102  years,  passed  his  civil-service  exami- 
nation with  eclat,  and  numerous  othe?"s  are  over  90, 
none  of  the  juniors  owning  uji  to  less  than  70  years. 
A  general  is  denounced  for  conducting  but  3,000 
men  against  the  rebels  instead  of  5,000,  the  number 
for  which  lu^  drew  pay,  pocketing  the  ditference. 

The  origin  of  newspapers  in  Europe  may  be  traced 
to  the  "  Notizie  Scritte  "  of  Venice,  written  .sheets, 
containing  news  item's  etc.,  wliicli  still  maintained 
their  circulation  at  a  comparativ(dy  rec^'ut  ]«u'ioii, 
owing  to  the  restrictions  placed  on  the  press  in 
Italy. 

To  Germany  ami  England  are  due  the  first  printed 
periodical  publications. 

The  first  English  newspaper  authentically  known 
was  entitled  "  News  out  of  Hollaiul "  ;  it  was  estab- 
lislied  in  1619,  and  puldished  at  irregular  intervals. 
This  was  succeeded  by  "  Certaine  News  of  the  pres- 
ent Week,"  the  first  number  of  which  was  is.sued 
May  23,  l(i22,  and  was  followed  within  the  ne.\t  five 
years  by  a  number  of  other  regularly  published  jour- 
nals. 

During  the  period  of  the  Commonwealth  and  the 
Restoration  their  number  multiplied,  lint  none  ap- 
pear to  have  been  published  ol'teuer  than  once  a 
week  until  about  the  reign  of  CJneen  Anne,  when 
the  demand  for  news  from  the  Duke  of  Marlbo- 
rough's army  led  to  their  being  issued  tri-weekly. 

The  first  London  daily  was  the  "Courant,"  pub- 
lished by  Samuel  Buckley  in  1703.  The  first  estab- 
lished newspaper  in  England,  outside  of  London,  is 
believed  to  have  been  the  "  Norwi(di  Postman,"  1706. 
The  first  actually  published  in  Scotland  was  at 
Edinburgh  in  16.54. 

The  "Dublin  News-letter,"  the  earliest  Irish  pa- 
per, was  established  in  1685. 

In  the  United  States  a  newspaper  was  attempted 
as  early  as  1690.  The  first  number  was  dated  Sep- 
tember 25  of  that  year,  but  its  farther  issue  was 
prevented  by  the  colonial  government,  it  being 
"published  contrary  to  law,  and  containing  reflec- 
tions of  a  very  high  nature."  In  1704  the  "  Boston 
News-letter,"  pul>lishcd  "  by  authority,"  was  estab- 
lished by  John  Campbell,  and  in  1719  the  "  Boston 
Gazette,"  also  "  by  authority."  To  these  succeedeil 
the  "  New  Englauil  Courant,"  by  .lames  Franklin,  a 
brother  of  tlie  Doctor.  Andrew  Bradford  fonmled  a 
jiaper  at  Philadelphia  in  1719,  and  his  father,  Wil- 
liam Bradford,  issued  the  first  newspaper  published 
in  New  York,  the  "  New  York  Gazette,"  in  1725. 
From  this  period  they  multiplied  rapidly  in  the 
Colonies. 

The  common  name  "  Gazette  "  is  derived  from  the 
name  of  a  Venetian  coin,  worth  about  a  e(Mit  and  a 


I  half,  ami  wliicli  was  the  price  of  the  Venetian  news- 
paper first  published. 

The  "  Marvland  Gazette  "  was  established  in  1727 
orl728;  the""  Virginia  Gazette,"  1736  ;  the  "Rhode 
Island  Gazette,"  1732;  "South  Carolina  Gazette," 
1731  or  1732  ;    "  (Jeorgia  (iazette,"  1763. 

The  first  paiier  in  New  Haniiishire  was  published 
in  1756,  but  in  the  adjacent  State  of  Vermont  none 
existeil  prior  to  17S1. 

After  the  Revolution,  the  history  of  newspaper 
progress  becomes  identical  with  that  of  the  nation, 
the  printing-press  keeping  closely  in  the  van  of 
Anglo-American  civilization. 

The  honor  of  pulilishing  the  first  )in]ier  west  of  the 
AUeghanies  is  cUuuicd  for  .lohn  .Scull  of  Pittsburgh, 
who,  it  is  stated,  founded  tln^  "  Pittslinrgh  Gazette" 
in  1783. 

The  first  north  of  the  Ohio  River,  being  the  thinl 
or  fourth  west  of  the  AUeghanies,  is  said  to  have 
been  the  "Centinel  of  the  Northwest  Territory,"  by 
William  Maxwell,  1793. 

According  to  De  Saint  Foix,  the  earliest  French 
newspaper,  called  the  "(Jiizette  de  France,"  was  es- 
tablished by  Rennudot,  a  physician,  who  obtained 
a  royal  grant  of  the  exclusive  privilege  of  publishing 
the  same  for  himself  and  family.  He  had  previously 
been  in  the  habit  of  collecting  information  and  cir- 
culating news-sheets  among  his  patients. 

The  first  German  newspa]ici'  was  established  at 
Frankfort  in  1615.  An  illnstrated  war  gazette,  the 
"  Nicwtijdinge,"  published  in  the  Low  Countrie.s, 
had,  however,  yu-eceded  this  by  ten  years. 

In  Sweden,  a  newspaper  was  ]iubUslied  as  early  as 
1643,  entitled  the  "  Ordinarie  Post  Tidende." 

Journalism  in  Spain  and  Italy,  owing  to  the  lack 
of  general  education,  and  resti'ictions  on  the  liberty 
of  the  press,  has,  until  recently  at  least,  remained 
in  rather  a  backward  state.  In  the  former  country 
newsjiapers  is.sued  at  irregular  intervals  were  ]uib- 
lislied  during  the  seventeenth  century,  but  those 
appearing  regularly  do  not  seem  to  have  been  intro- 
duced until  the  next ;  and  in  Italy,  though  never 
entirely  suppressed,  their  continuance  under  the  de- 
pressing influences  by  which  they  were  surioumled, 
produced  no  one  of  extensive  circulation  or  influ- 
ence. 

The  same  may  be  said  of  Russia,  where  the  Fig.  3321. 
periodical  press  was  first  introduced  under 
the  auspices  of  Peter  the  Great ;  and  of  Tur- 
key, whose  first  newspa)ier  only  dates  back 
to 'l  795. 

Newrs'pa-per  Ad-dress'ing-ma- 
chine'.  A  machine  for  luinling  addresses 
on  newspaper  wrappers  or  attaching  printed 
labels  to  newspapers  or  their  wrappers.     See 

AllDRESSINC-MAlHINK. 

News'pa-per-clamp.  A  means  for  fas- 
tening ncw.s]>a|>ers  to  a  back,  in  tem|iorary 
cover,  or  on  a  desk,  so  as  to  preserve  them 
in  a  convenient  condition  for  reference.    See 

P.V1'E[!-FII,F.. 

Ne'ws'pa-per-ille.  A  clamp  to  hold 
newspapers  by  the  folded  edge  in  convenient 
condition  for  reference  and  preservation. 
Tlu;  two  rods  s]iring  aiiart,  but  are  retained 
by  a  hook.     Sci'  Papick-i'I.amc. 

Ne-ws'pa-per  Fold'ing-ma-chiue'.  A 
machine  for  folding  newspapers  for  mailing. 
Sec  Foi.piNO-MAcniNE. 

New-to'ni-an  Tel'e-scope.    A  form  of 
the    refiecting-telcscope,   in  which  the  rays 
are  reflected  from  the  surface  of  the  object- 
mirror  and  intercepted  by  a  small  oval  mir-  ff„„^„„. 
ror  placed  in  the  axis  of  the  tube  at  an  an-  per-File. 
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gl(?  of  45°.  The  image  which  would  have  been  formed 
in  the  a.vis  is  thereby  deflected  and  is  viewed  by  an 
eye-jiiece  attached  at  a  right  angle  to  the  side  of  the 
tul)e.     See  Reflecting-telescoi'E. 

The  small  mirror  is  fixed  on  the  end  of  a  slender 
arm  connected  to  a  slide,  by  which  it  is  made  to 
approach  or  recede  from  the  large  speculum,  as  may 
be  required.     See  Telescope. 

Nib.  1.  (Husbmidry.)  The  handle  of  a  scythe- 
snath.  It  has  a  ring  slipping  on  the  snath  and 
tightened  liy  a  bolt  or  wedge. 

2.  (LocksiaMtiiig.)  A  separate  adjustable  limb  of 
a  permutation  key. 

3.  a.  One  of  the  points  of  a  pen.  Pens  have  usu- 
ally two  nibs,  but  Perry's  have  three. 

b.  A  small  pen  ailapted  to  be  placed  in  a  holder 
for  use.  The  usual  form  of  steel  pens.  Quill  nibs 
are  also  made  and  similarly  held  for  writing.  Such 
gui/l  nibs  have  no  barrel,  as  the  cylinder  of  the  r|uill 
is  called.  Steel  j)ens  having  a  cylindrical  shape  to 
hold  on  to  a  round  stick  ai-e  called  barrel-pens. 

■4.   The  point  of  a  crow-bar. 

Nib'bling.  (Lens-makincj.)  Reducing  a  blank 
of  glass  to  roundne.ss  preparatory  to  grinding  it  for 
a  lens.  The  operation  is  performed  by  a  pair  of  Hat 
pliers  of  soft  iron,  called  shanks,  which  crumble 
away  the  edge  of  the  glass  and  do  not  slip,  as  tools 
with  steel  jaws  would  be  apt  to  do. 

Niche.  (Architecture.)  A  hollow  or  alcove  in 
the  I'mcc  of  a  wall  for  a  statue,  clock,  etc. 

Nick.  1.  (Printing.)  The  notch  on  the  bottom 
edge  of  the  shank  of  a  type,  forming  a  guide  to  the 
compositor  in  sctlin'j. 

2.  The  slit  in  the  head  of  a  screw  at  which  the 
screw-driver  is  applied. 

3.  A  notch  or  incision  at  a  measured  distance  on 
an  object.     A  cut  to  form  a  starting-point  for  a  kerf. 

Nick'el.  Equivalent,  29.0  ;  symbol,  Ni.  ;  spe- 
cific gravitv,  8.279,  which  is  increased  by  hammer- 
ing to  8.82.  Fuzes  at  about  2,800°  F.  A  brilliant, 
silver-white,  ductile  metal  discovered  by  Croiistedt 
in  a  mineral  densively  termed  by  the  miners  nick  or 
copjjt'r-nick,  on  account  of  its  resembling  copper  ore 
in  appearance,  but  disappointing  them  by  yielding 
no  copper. 

Its  ores  are  found  in  many  parts  of  the  world  ; 
in  America  they  have  been  discovered  in  Mass.ichu- 
setts.  New  York,  New  Jersey,  Pennsylvauia,  (,'on- 
necticut,  Tennessee,  Missouri,  and  Canada.  The  i 
jirincipal  are  smaltine  or  smaltite,  from  which  t 
smalts,  zalfre,  and  cobalt  arc  also  e.xtracted  ;  the 
residue  after  calcination,  called  spciss,  yields  some 
50  per  cent  of  nickel.  Co[)per  nickel  contains  about 
45  per  cent  of  nickel  and  a  large  amount  of  arsenic. 

Millerite,  a  sulpliide  of  nickel,  containing  65  ])er 
cent  of  nickel  and  35  per  cent  of  sulphur,  is  found 
in  New  York  and  Pennsylvania,  ami  is  largely 
mined  in  the  latter  .State. 

Pyrrhotite,  a  species  of  sulphide  of  nickel,  though 
containing  but  a  small  percentage,  from  3  to  6  per 
cent  of  the  pure  metal,  is  .so  abundant  and  wiilely 
distributed  as  to  constitute  a  principal  source  of 
supply. 

The  metal  is  also  found  in  meteorites  in  propor- 
tions varying  from  1  to  20  ]>er  cent.  I 

Nickel  acts  upon  the  magnet,  but  more  feebly  than 
iron  ;   when  heated  to  350'  F.  it  loses  this  power. 

Its  chief  use  is  in  alloys  and  for  plating.  It  enters 
into  the  composition  of  albata,  packfong,  or  tutenag, 
German-silver,  and  numerous  other  alloys  having 
specific  names  confeiTcd  by  their  compounders. 

The  common  varieties  have  3  to  4  parts  nickel  ; 
20  copper  ;  and  16  zinc. 

The  finer  varieties,  5  to  6  parts  nickel ;  20  copper ; , 


8  to  10  zinc.  (See  Alloy.)  The  pure  metal  is 
used  for  plating,  and  some  ol  its  alloys,  containing 
a  large  proportion  of  the  metal,  for  small  coin. 

In  the  ordinary  process  of  reducing  nickel,  the 
ore  is  coarsely  ground  and  roasted,  mi.xed  with 
ground  fiuor-siiar,  and  treated  with  three  times  its 
weight  of  sulphuric  acid,  being  at  the  .same  time 
gently  heated  and  agitated  in  a  leaden  vat.  Any 
hard  mass  resulting  is  broken  into  small  [lieces,  cal- 
cined in  a  reverberatory  furnace,  and  dissolved  in  hot 
water,  extricating  the  sulphate  of  lime.  The  soliil 
residuum  contains  several  metals,  which  are  sepa- 
rated by  first  dissolving  it  in  a  mixture  of  nitric  and 
sulphuric  acids,  and  allowing  it  to  stand  until  erys- 
taUization  ensues  ;  the  crystals  are  now  dissolved 
in  water,  and  the  iron  precipitated  by  carbonate 
of  soda  ;  copper  is  jirecipitated  by  a  current  of  sul- 
phureted  hydrogen  gas,  and  cobalt  is  se|)arAted  by 
chlorine,  which  forms  a  chloride  of  nickel,  leaving 
the  cobalt  free.  The  chloride  is  then  treated  with 
bicarbonate  of  soda  in  solution,  evaporated  and  dried 
and  calcined.  The  carbonate  of  nickel  thus  formed 
is  mixed  with  charcoal  and  Huor-spar  or  other  tlux, 
and  exposed  to  intense  heat,  which  ])roduces  the 
metal  in  a  state  suHicieutly  pure  for  orilinary  pur- 
poses. It  may  be  obtained  chemically  pure  by  the 
ap))lication  of  a  jet  of  hydrogen  gas  to  the  carbonate 
in  process  of  reduction. 

Nick'el-plat'ing.  The  surfacing  of  mi'tals  with 
nickel  to  render  them  less  liable  to  oxidation  by  heat 
or  moisture.  The  ojteration  is  effected  by  a  heated 
solution  or  in  the  electro-bath.  It  has  been  applied 
to  many  articles,  such  as  gas-tips,  barrels,  and  other 
metallic  portions  of  fire-arms,  sieves  exposed  to 
water,  culinary  vessels,  type-facing,  buckles,  and 
other  hardware,  buttons,  etc. ,  etc. 

Kirwan.  in  1782,  precipitated  nickel  ftxjm  its  solutions.  He 
says:  '' Zinc- precipitates  nickel  from  the  marine  acid.  Iron 
clearly  precipit,ates  nickel  from  the  nitrous  acid.^'  {PJiit. 
Trans  ,  Vol,  LXXVII.  pp.  73-84.) 

Golding  Bird  in  1837  describes  the  electro  deposition  of  nickel 
and  other  metals  by  the  action  of  long-continued  currents  of 
low  tension.     {Phil.  Tr,im  ,  Vol.  CX.XVII.  pp.  37-45.) 

Shore.  1840,  used  a  solution  of  nitrate  of  nickel  in  one  com- 
partment of  battery,  and  weak  sulphuric  acid  and  zinc  in  the 
other,  for  deposition  of  nickel. 

An  alloy  of  nickel  and  tin  made  by  melting  under  borax  and 
glass  was  used  forcoating  iron  plates  by  Richardson  and  Braith- 
waite,  184t)      The  alloy  was  applied  melted,  a.s  in  tinning  iron. 

Alfred  ?mee  made  an  electro  deposition  of  nickel  in  1841. 
[Syftff^s  Eifrntnts  of' Eifctro-Mf(al'nrsy.) 

Bbttger,  in  the  "Journal  fTirPraktische  Ohemie.'' Vol  XXX. 
p  267,  1843,  says  that  among  all  the  salts  of  nickel  the  animonio 
sulphate  of  protoxyde  of  nickel  is  especially  useful  in  plating 
brass  and  copper,  and  is  much  superior  to  cyanide  nickel  of 
potash,  a.s  recommended  by  Kuolz  He  proceeds  at  some  length 
to  Stat*-  the  effectiveness  of  the  battery  in  producing  a  deposit 
of  nickel  on  copper  in  half  an  hour,  which  would  deflect  the 
needle,  and  preserve  the  lower  metal  frx)m  the  effect  of  nitric 
acid  more  perfectly  than  a  coating  of  gold  deposited  in  the 
same  time. 

Parkes,  1845,  melted  an  alloy  of  nickel  with  a  flux  for  coating 
metal  plates. 

.Tunot,  1852.  alloyed  silicum,  titunium,  tungsten,  etc.,  with 
nickel  for  electro  deposition. 

Thomafl,  18a4,  used  ferro-cyanide  of  potassium  and  nitro- 
muriatic  acid  to  obtain  a  nickel  solution  for  the  battery.  In 
1855  he  used  the  i^ame,  with  carbonate  of  ammonia  and  oxide 
of  alumina. 

Cheatley.  1855,  deposited  alloys  of  nickel  by  a  batterj-  (Brit- 
ish patent  1543.  of  1855). 

An  alloy  of  nickel  waiJ  applied  to  iron  plates  by  friction  and 
heat  by  Barron  in  1856 

Shepar^l,  1858,  deposited  an  alloy  of  silver  and  nickel  The 
solution  is  miide  by  adding  carbonate  of  ammonia  to  a  solution 
of  nitrate  of  silver,  then  a  similar  solution  of  carbonate  of  nickel 
in  carbonate  of  ammonia,  .\n  anode  of  one  part  silver  and  two 
parts  nickel  is  used  Cyanide  of  potassium  may  be  used  in  the 
battery. 

Adains,  United  States  pitent  No.  57,271,  1866,  coats  gas- 
tips  with  nickel.  Same.  1869,  uses  solution  of  sulphate  of 
nickel  in  solution  of  sulphite  or  bisulphite  of  ammonia.  Same, 
1869.  effects  electro  deposition  by  a  solution  of  double  sulphate 
of  nickel  and  ammonia,  frw  from  acid  or  alkaline  reaction.     Ue 
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uses  a  tiickei  nnd  iron  anoUc  His  patent,  No.  102,748,  claims 
the  ust>  of  a  nickel  anode  combiued  with  carbon.  Patent  of 
1871  uses  a  heated  battery 

Dr  Adam's  process  consists  in  the  deposition  by  electro-mag- 
netic agency  of  metallic  nickel  from  cither  of  three  solutions  :  — • 

1,  one  formed  of  the  double  sulphate  of  nickel  and  alumina  ; 
2,  of  the  doulik-  sulphate  of  nickel  and  potash  ;  3,  of  the  double 
sulphate  of  nickel  and  magnesia. 

These  solutions  are  preferably  used  at  a  temperature  above 
100'*  Fah.,  and  must  be  so  prepared  and  used  as  to  be  free  from 
auy  acid  or  alkaline  leaction.  For  this  purpose  care  must  be 
taken  to  avoid  the  use  of  too  high  a  battery  power  or  the  in- 
troduction of  any  foreign  matter  into  the  solution. 

In  Nagel's  process,  two  parts  of  sulphide  of  the  protoxide  of 
nickel  and  one  of  ammonia  are  combined  to  form  a  double  salt: 
this  is  dissolved  in  water,  and  a  solution  of  ammonia  jiddeii. 
The  deposition  is  effected  by  a  battery  having  a  platinum  posi- 
tive po.e,  the  solution  being  heated  to  about  100°  Fah.  Coating 
with  cobalt  is  effected  in  an  analogous  way. 

It  h-n*  been  p.oposed  to  color  the  nickel  during  deposition 
from  a  similar  solution  by  using  two  anodes,  one  of  iron,  the 
other  of  nickel.  If  the  coating  indicates  an  excess  of  either 
metal,  the  .corresponding  anode  is  r^iised  partially  or  wholly 
from  the  solution  until  the  proper  combination  is  produced. 

Nickeling.  Professor  Sharpies  says  :  '"The  double  sulphate 
of  nickel  and  anunouium,  which  is  the  salt  that  is  generally  used, 
nuiy  now  be  had  in  commerce  almost  pure-  C;ist-nickel  plates 
for  anodes  may  also  be  obtained.  Theanodes  should  considera- 
bly exceed  in  size  the  articles  to  be  covered  with  nickel.  Any 
common  form  of  battery  may  he  used  Three  Daniell's  or  Sraee's 
cells, or  two  Uun.sen's, connected  for  intensity,  will  be  found  to 
bo  sufficient  Tne  battery  power  must  not  be  too  strong,  or 
the  depositeJ  nickel  will  be  black  A  strong  solution  of  the 
B-  Iphate  is  made  and  pi  iced  in  any  suitable  vessel:  a  glazed 
stoneware  pot  answer^  very  well,  if  the  articles  to  be  covered 
are  sinnll.  Across  the  top  of  this  are  placed  two  heavy  copper 
wires,  to  one  of  which  the  articles  to  be  covereii  are  suspended, 
to  the  other  the  anode.  The  wire  leading  from  the  zinc  of  the 
battery  must  then  be  connected  with  the  wire  from  which  the 
article'i  are  suspended,  the  other  battery  wire  being  connected 
with  the  anode. 

"  In  order  to  prepare  the  articles  for  coating,  they  must  be 
well  cleaned  by  first  scrubbing  them  with  caustic  soda  or  pot- 
ash, to  remove  any  grease,  and  then  dipping  them  for  an  iu- 
fitant  in  nt/i/a  regin  and  afterward  washing  thoroughly  with 
water,  taking  care  that  the  hand  does  not  come  in  contact  with 
any  part  of  them  This  is  accomplished  by  fastening  a  flexible 
copper  wire  around  them,  and  handling  them  by  means  of  it 
The  wire  serve-s  afterward  to  suspend  them  in  the  bath. 

"  If  the  articles  are  made  of  iron  or  steel,  they  must  be  first 
covered  witli  a  thi.i  coat  of  copper.  This  is  best  done  by  the 
cyanide  bath,  which  if  prepared  by  dissolving  precipitated 
oxide  of  copper  iu  cyanide  of  potassium.  A  copper  plate  is  used 
as  an  anode.  After  they  are  removed  from  tlic  copper  bath, 
they  must  be  washed  quickly  with  water  and  placed  in  the 
nickel  bath  ;  if  allowed  to  dry  or  become  tarnished,  the  nickel 
will  not  adhere 

'*  Great  care  must  be  used  through  the  whole  process  to  keep 
all  grease,  dust,  or  other  dirt  from  the  articles  to  be  covered, 
or  else  the  result  will  be  unsatisfxctory.  The  whole  process  is 
one  of  the  most  difficult  that  is  used  in  the  arts,  it  being  far 
easier  to  gild,  plate,  or  copper  an  article  than  to  nickel  it; 
but  if  due  care  be  taken,  the  results  will  amply  pay  for  the 
trouble." —  Boston  Journal  of  Ckemi&lry. 

Martin  and  Delamotte  propo.se  to  use  nickel  salts  with  organic 
acids  instead  of  those  generally  employed.  The  bath  is  pre- 
pared by  dissolving  1,250  grams  citric  acid,  500  grams  sal-am- 
moniac (or  sulpliateof  ammonia), and  500  grams  nitrate  of  am- 
monia in  15  liters  of  water.  The  solution  is  heated  to  80°  C, 
and  gradually  saturated  with  freshly  precipitated  liydrated 
protoxiile  of  nickel .  The  heat  is  then  removed,  2i  liters  of  am- 
monia added,  and  water  enough  to  make  25  liters,  so  that  each 
liter  of  the  bath  contains  about  50  grams  of  nickel.  When 
cold,  5(X)  grams  carbonate  of  ammonia  is  added,  the  sediment 
allowed  to  settle,  and  filtered.  The  hath  has  a  blue-black  color, 
stands  at  11°  B.,  and  is  used  at  a  temperature  of  about  50°  0. 
Caustic  potash  or  soda  gives  a  thicker  deposit. 

Iu  Professor  Stolba's  process,  a  quantity  of  concentrated 
chloride  of  zinc  solution  is  placed  in  a  clean  metallic  vessel,  and 
to  tliis  is  added  an  equal  volume  of  water.  This  is  heated  to 
boiling,  and  liydrochioric  acid  is  added  drop  by  drop  until  the 
precipitate  which  has  formed  on  adding  water  has  dis;ippeared, 
A  small  quantity  of  ziuc  powder  is  now  a«.ldcd,  which  produces 
a  zinc  coating  on  the  metal  as  far  as  the  liquid  extends.  Kiiough 
of  the  nickel  salt  (chloride  or  sulphate)  is  then  added  to  color 
the  liquid  distinctly  green  ;  the  objects  to  be  plated  arc  placed 
in  it,  together  with  some  zinc  clippings,  and  the  liquid  is 
brought  to  boiling.  The  nickel  is  precipitated  in  the  course  of 
fifteen  minutes,  and  the  objects  will  be  found  to  be  completely 
coated,  The  coating  varies  in  luster  with  the  character  of  the 
metallic  surface  ;  where  tliis  is  polished,  the  plating  i.s  likewise 
lustrous,  and  vhf  rt-rsa 
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Nick'er.  The  outting-li])  at  the  i-ircumfereinie 
of  a  center-hit,  which  cut.s  in  the  wood  the  uirele  of 
the  hole  to  be  bored.  The  lip  which  removes  the 
wood  is  tlie  router. 

Nick'ing-bud'dle.  {Metal lanjij.)  A  form  oi 
biithlh'  usi'd  ill  wa.shin;^  h'ad  ore. 

Nick'iug-file.  A  thin  lile  for  making  nicka  in 
heads  of  sm-ws. 

Nick'iug-trunk.  {Metallurgy.)  A  tub  in 
which  metalliferous  slimes  are  washed.  At  the  up- 
per end  is  a  trough  wliich  dis<'har^es  a*  gentle  sheet 
of  water  over  a  nick hnj -board,  whii  h  divides  the 
water  into  rills  and  gradually  washes  otf  the  slimes, 
.settlintt  them  on  the  ilat  surface  of  the  table  in  the 
order  of  their  respective  gravities. 

Nidged.     Kigged  ;  as  ashlar. 

Ni-el'lo.  A  method  of  engraving  on  gold  or  sil- 
ver, which  con.sists  in  running  in  along  the  engraved 
lines,  while  hot,  a  composition  called  niello,  com- 
pobfd  of  silver  and  other  niet:ds  more  fusible  than 
silver,  as  lead,  copper,  etc.  Tliis  compound  is  of 
a  black  color.  This  ancient  art  was  revived  by  the 
Italians  alioul  four  centuries  .sinee,  and  in  the  practice 
of  taking  proofs  of  the  work  the  art  of  copperi)Iate 
printing  was  liiscovered.  The  suggestion  seems  lirst 
to  have  been  improved  by  Tomusso  Kiniguerra. 

Tlie  art  is  still  i-racticed  as  a  mode  of  ornament- 
ing metal  ware,  but  its  ]ninci]ial  use  is  in  tloor- 
plates,  plates  for  shop  fronts,  etc.,  in  which  the 
bra.ss  or  zinc  ]>lates  aie  engraved  and  the  dejuession.s 
tilled  with  wax. 

Nig'ged  Ashlar.  {Masmirij.)  A  building  .stone 
roughly  iircbsed  with  a  pointed  hammer. 

Tlie  tool  is  called  a  scahhling-hammcr,  and  the 
operation  nigging  or  nidging. 

Nig'ger.  {Stcam-mginc.)  A  steam-engine  em- 
jiloved  in  hoisting  ;  especially  on  shipboard  and  on 
the  Westi'rn  and  Southern  rivers. 

Night-bolt,  A  spring-bolt  in  a  lock,  ojiened  by 
a  knob  from  the  inside  of  the  door,  l)y  a  key  from  the 
outside,  but  capable  of  being  fastened  so  as  to  be 
immovable  from  either  side. 

Night-cart.  One  employed  in  carrying  away  the 
contents  of  cesspools  and  privies.  The  example  is 
the  box  of  a  cart  with  tightly  fitting  shutters  at  the 
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Night'Cart. 

rear  part  of  the  box.  The  ui)per  shutter  is  held 
down  by  levers  and  holding  chains.  The  disrharge- 
sbuiter  is  pivoted  at  the  upper  edge  and  is  operated 
by  segmental  racks  and  pinions  turned  by  a  hand- 
lever.  The  joints  are  packed  to  prevent  leakage  and 
confine  the  odor. 

Some  forms  of  carts  are  loaded  by  means  of  pipe.i 
and  an  air-exlianst.  I>arrels,  in  some  cases,  are 
substituted  for  cart-boxes,  and  are  tilled  by  means 
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of  the  pressure  induced  by  the  condensation  of  steam 
which  has  ]ireviously  driven  the  air  from  tlie  barrels. 
Night-chair.  A  Commode  or  E.\rth-closet 
(which  see)  for  the 
sick-room.  It  is  usu- 
ally made  like  a  chair 
with  a  pan  in  the  seat 
and  means  for  per- 
fectly inclosing  the 
contents,  so  as  to  pre- 
vent the  emission  of 
odor.  A  coniinon 
form  has  a  lid  whose 
edge  dips  into  a  cir- 
cular trough  around 
the  seat. 

In  the  example,  the 
covered  pail  contains 
a  pan  Iter  the  feces 
and  one  for  the  dis- 
infectant which  deo- 
dorizes the  mephitic 
vajjors. 

Night-latch.  A 
form  of  door-lock  in 
which     the     spring- 


Disin/'^cting  Night-Chair, 


latch  may  be  opened  b}'  a  key  from  the  outside,  or 
may  be  fastened  shut  so  as  to  be  immovable  from  the 
exterior  of  til?  door. 

Night-light.  A  .short  thick  candle  with  a  small 
wick  so  proiJiirtioned  as  to  burn  in  a  little  pudille 
oil  of  melted  tallow  without  burning  the  paper  en- 
velope of  the  cylinder  of  tallow. 

When  made  of  spermaceti  or  stearino  it  has  no 
envelope,  and  the  wick  is  made  to  bend  over  in 
buruing,  being  totally  consumed  so  as  not  to  drop 
ashes  in  the  tallow.      A  mortar. 

Nill.     Scales  of  hot  iron  from  the  forge. 

Ni-loni'e-ter.  An  instrument  similar  to  a  tide- 
gage  for  measuring  the  rise  of  the  Nile  (luring  its 
periodical  floods.  One  is  situated  on  the  island  of 
Er-R6dah,  and  con.sists  of  a  graduated  pillar,  upon 
which  the  hight  of  the  wat;'r  is  read  off.  The  pillar 
stands  in  a  well  which  communicates  with  the  river. 

The  rise  of  the  Nile  has  always  been  a  subject  of 
great  an.xiety  in  Egypt,  as  upcni  the  periodical  sat- 
uration of  the  ground  and  the  coating  of  soil  which 
is  lelt  upon  it,  the  success  of  the  year's  husbandry 
depends. 

From  the  earliest  historic  period  nilometers  have 
been  placed  in  prominent  positions  in  Egypt,  to 
enable  th  •  olfijers  to  watch  the  rise,  which  was  pro- 
claimed by  criers. 

Asama  (a  governor  of  Egypt  under  the  Khalif 
Suleiman)  erected  the  nilometer  in  the  vicinity  of 
what  was  afterward  Grand  Cairo,  year  Hegira  97. 

"Citizen  Langles  has  been  employed  in  examin- 
ing the  various  nilometers  from  Alouyah,  above  the 
cataracts,  to  Lower  Egypt.  He  linds  15  between 
the  isle  of  Elephantina  and  the  mouth  of  the  Nile." 
—  Xat.  Lis' ilute  of  France,  1800. 

The  rise  seems  to  have  been  less  in  former  times 
than  now.  lu  the  days  of  McEris  it  is  s.aid  that  8 
cubits  were  sufficient ;  1.5  or  16  were  required  in  tbe 
time  of  Herodotus,  453  B.  c.  At  the  present  day  18 
cubits  is  considered  the  lowest  inundation  at  Cairo. 

Hear  the  "  Father  of  History  "  :  — 

"  One  facu  which  I  learnt  of  the  priests  is  to  me 
a  strong  e\adence  of  the  origin  of  the  country.  They 
.  said  to  me  that,  when  Mceris  wa,s  king,  the  Nile 
overflowed  all  Egypt  below  Memphis,  as  soon  as  it 
rose  so  little  as  8  c\ibits.  Now  Mceris  had  not  been 
dead  900  year's  at  the  time  when  I  heard  this  of  the 
priests  ;  yet  at  the  present  day,  unless  the  river  rise 


15  or  16  cubits,  it  does  not  overflow  the  lands.     It 

seems  to  me,  therefore,  if  the  land  goes  oh  rising  and 
growing  at  this  rate,  the  Egyjitians  who  dwell  upon 
Lake  Mceiis,  in  the  Delta  (as  it  is  called),  and  else- 
where, will  one  day,  by  the  stoppage  of  the  inunda- 
tions, sutt'er  permanently  the  fate  which  they  told 
me  they  expected  would  some  day  or  other  befall  the 
Greeks.  On  hearing  that  the  whole  land  of  Greece 
is  watered  by  rain  trom  heaven,  and  not.  like  their 
own,  inundateil  by  rivers,  they  observed,  '  Some  day 
the  Greeks  will  be  disappointed  of  their  grand  hope, 
and  then  they  will  be  wretchedly  hungi^,'  as  much 
as  to  say,  '  If  God  shall  some  day  see  fit  not  to 
grant  the  Greeks  rain,  but  sliall  afflict  them  with  a 
long  drought,  the  Greeks  will  be  swept  away  by  a 
famine,  .since  they  have  nothing  to  rely  on  but  rain 
from  Jove,  and  have  no  other  resource  for  water.'  "  — 
Heuodotus,  II.  13. 

Wilkinson,  very  unreasonably  as  it  would  appear, 
combats  the  idea  of  Herodotus,  and  states  that  the 
rise  at  Memphis  has  always  aver.aged  about  16  cubits  ;  ■ 
say  40  at  Assouan,  36  at  Thebes,  25  at  Cairo,  and 
4  at  the  mouth  of  the  river.  See  Wilkinson's 
"  Herodotus,"  Am.  ed.,  2d  Vol.,  pp.  252  -  254. 

In  the  time  of  Pliny  12  cubits  were  a  fanune,  13 
a  scarcity,  15  was  safety,  16  plenty.  At  the  present 
day,  18  cubits  is  the  lowest,  and  at  this  hight  the 
canals  are  cut  and  distribution  commences  ;  19  cu- 
bits are  tolerable,  20  adequate,  21  excellent,  22 
abundant,  and  24  ruinous,  as  invading  the  houses 
and  stores  of  the  country. 

The  nilometer  at  Cairo  has  been  erected  for  many 
centuries,  but  it  is  not  nearly  so  ancient  as  that  at 
Elephanta,  which  consists  of  a  stairca.se  between  two 
walls  descending  to  the  Nile.  One  wall  has  engraved 
upon  it  a  series  of  marks  representing  the  hight  to 
which  the  water  has  risen  on  certain  occasions. 
The  cubits  hi-re  are  divided  into  14ths,  or  double 
digits,  and  measure  1  foot  8.625  inches.  This  ni- 
lometer was  described  by  Strabo,  54  E.  c. 

The  nilometer  at  Memphis  was  transferred  by 
Constantine  to  a  church  in  the  vicinity  of  the  Sera- 
peum  of  Alexandria  ;  .lulian  sent  it  back  to  the 
building  at  Jli'nipbis,  where  it  remained  till  its  de- 
struction by  Theodosius. 
j  At  the  jiresent  day  the  rise  is  watched  for  with 
I  anxiety,  and  proclaimed  by  4  criers. 

The  object  of  the  nilometers  formerly  was  to  settle 
the  amount  of  taxation  to  be  imposed  upon  the 
country.  It  may  still  be  the  basis  of  the  impost  of 
taxes  in  that  overridden  country.  Eminent  domain 
there  includes  the  land,  the  poor  fellahs  upon  it,  and 
the  water. 

The  effect  of  the  rise  is  agradual  elevation  of  the  soil 
of  the  countr}',  amounting  to  about  6  inches  in  a  cent- 
ury .at  Elephanta.  The  land  at  that  point  has  been 
raised  9  feet  in  1,700  years  ;  at  Thebes  about  7  feet, 
and  less  toward  the  Delta,  where  the  periodical  rise 
is  aliout  4  feet.  Many  of  the  sites  of  antiquity  are 
buried  beneath  the  surface,  and  some  of  the  ancient 
buildings  yet  remaining,  which  were  originally 
placed  outside  of  the  cultivatable  land,  are  now  sur- 
rounded by  arable  tracts. 

The  cause  of  the  inundation  is  the  water  that  falls 
in  Abyssinia  in  the  rainy  season.  Homer  and  the 
Koran  arc  right  in  ascribing  it  to  water  sent  by  God 
from  heaven. 

Calisthenes,  the  pupil  of  Aristotle,  and  afterward 
Agatharcides  of  Cnidus  (2d  century  B.  c),  and  Stra- 
bo, ascribed  it  to  the  same  true  source,  —  the  rainy 
season  in  Ethiopia. 

The  rainy  season  in  Ethiopia  commences  (Ken- 
rick)  about  the  spring  equinox  and  prevails  ti'.l  cftcr 
the  summer  solstice.     The  Upper  Nile  of  course  first 
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feels  the  rise  ;  at  Khartooni  early  in  May  ;  at  the 
Cataracts  about  the  tirst  iif  June.  It  becomes  visi- 
hle  in  Efjypt  about  the  niiiUUe  of  June.  About  the 
luidiUe  of  August  half  the  lise  is  attained,  and  the 
dikes  are  then  cut  ;  the  rise  occupies  about  100 
(lays,  as  stated  by  Herodotus.  The  niaxiniuni  is 
about  the  25th  of  September.  After  remaining  sta- 
tionary for  12  or  14  days,  it  commences  sinking,  and 
is  within  its  banks  again  about,  the  10th  of  Novem- 
ber. Its  niiniuunn  stage  is  about  the  middle  of  May  ; 
the  depth  at  Cairo  is  then  about  6  feet. 

The  increase  of  the  Nile  during  inundation  is 
9-fold  its  rjuantity  during  an  ordinary  stage.  The 
rate  of  How  during  irumdation  is  6  feet  per  second 
at  E'  Siuout,  about  the  middle  of  Egyjjt  ;  during 
low  water  the  rate  of  How  is  from  1^  to  2  knots  per 
hour.  The  iunnediate  banks  of  the  river  are  seldom 
covered,  and  sjrve  as  highways.  Tile  general 
breadth  of  the  river  is  about  4  of  a  mile.  It  receives 
lio  tributaries  after  leaving  Aliyssinia,  and  conse- 
quently does  not  increase  in  size. 

A  loiv  Nile  causes  famine.  We  read  of  such  in 
Genesis ;  one  A.  i).  1200,  cited  in  AbdoUatiph's 
History  of  Egypt;  two  in  1784-85,  mentioned  by 
Volney.  The  latter  was  very  destructive,  and  was 
caused  by  light  rainfall  in  Ethiopia.  Multitudes 
sought  food  in  Palestine  and  Syria. 

Nine-pill  Block.  (Nautiail.)  A  block  whose 
.shell  is  spindle-shaped,  resembling  one 
of  a  set  of  nine-pins.  Its  ends  are 
]  swiveled  in  an  upper  and  lower  bar, 
so  that  the  plane  of  the  sheave  may 
be  presented  in  any  direction.  It 
acts  as  a  fair-leader  under  the  eross- 
Ninr-Piii  Block,  pieces  of  the  liitts. 

Ni-o'bi-um.  Symbol,  Nb.  A  rare 
metal,  not  specially  useful  in  the  arts.  Once  called 
colambiutii. 

Nip.  (Miniiui.)  The  gradual  approach  of  the 
strata  above  and  below  a  seam  and  termiu.ating  it. 

Nip'per.     {Nautical.)     Strong  seizings  for  bind- 
ing the  messenger  to  the  cable,  to  form  slings,  etc. 
They  are  made   from  clean  unchafed  yarns  drawn  | 
from  uidaid  rojie.  1 

Nip'per-gage.     (Printiwi.)     A  ledge  adjustable 
on  the  tongue  of  the  feed-hoird  of  a  power-press.   ! 
Used  in  kee|iing  the  rcipiircil  margin  uniform. 

Nip'pera.  1.  A  grasping  tool  with  cutting  jaws. 
b  c  d  c  /  show  several  forms  with  various  presenta- 
tions of  the  blades. 

2.  {Dentistry,  etc.)  The  mechanical  forceps  or 
nippers  used  by  dentists  are  for  operating  on  the 
plates.  The  following  cuts  of  the  operative  portions 
will  explain  their  construction. 

g,  nipper  for  cutting  oft'  chambers  and  cutting  off 
backings  from  plates. 

h,  nipper  for  cutting  out  plates, 
■t,  punch  for  rivet-holes. 
j,  plate-bender  for  upper  plate. 
k,  plate-bender  for  lower  plate. 
/,  clasp-bender. 

3.  {Hi/draulic  Engineering.)  Nippers  (a)  for  cut- 
ting off  the  heads  of  piles  under  water  consist  of  two 
serrated  jaws  m  n,  one  attached  to  the  small  .sector 
II,  and  the  other  to  the  large  sector  r.  On  each  sec- 
tor is  a  cogged  arc  engaged  by  two  ])inions  on  an 
axis  which  is  perpendicular  to  the  plaui'  of  o.scilla- 
tion  of  the  nip])ers.  A  rotary  reeiprocatiou  is  im- 
parted to  the  nip]iers,  which  cuts  oti'  the  ])ile,  the 
jaws  being  gracinally  approached  by  rotation  of  the 
axis  and  pinions  as  the  teeth  bury  themselves  in  the 
wood. 

4.  (Printing.)  The  clasps  which  catch  the  sheet 
.md  conduct  it  to  the  form. 


Fig.  3325 


Nippers. 


5.  {Wirc-dmwiHg.)   The  tool  for  pulling  the  wire 
through  the  plate. 

6.  Hand-cuffs  or  foot-shackles  for  prisoners. 


Fig.  3326. 


Pulicf  Nippers. 

Nip'ple.  1.  {Machiiierif.)  A  small,  rounded, 
perforated  protuberance  ;  as  the  nipple  of  a  gun  on 
whicli  the  percussion-cap  is  placed.     A  teat. 

So/id,  it  is  a  stud,  boss,  knob,  button. 

2.    The  teat  of  a  nur.sing-bottle. 

Nip'ple,  Arti-fi'cial.  1 .  A  concave  shield  of 
hard  wood,  ivory,  or  india-rubber,  fitted  to  the 
breast.  Inserted'in  its  center  is  a  cup  to  cover  the 
nipple,  made  of  india-iubber  or  prepared  cow's  teat. 
It  is  used  by  women  with 
sore  breasts  as  a  protection,  FiB  S227 

to  prevent  babies  biting  the  ^ .„ 

nipple  while  sucking.    A  nip-  '■■  '      '^,  '  '  ° 
ph-.shie/d. 

2.    A  nipple  attached  to  a     Nursing-Nip, 
milk-bottle   for   the    infant. 

The  ni)>ple  J,  shown  in  the  example,  has  a  stop- 
flange  b  to  keep  it  from  jia-ssing  too  far  into  the  in- 
fant's mouth.  A  perforated  button  is  a  means  of 
atTachiu:r  tl)e  india-rubber  tube  0  to  the  niiiple. 

Nip'ple-seat.     (Fire-arm.)     The  hump  on    the 
side  of  a  barrel  on  which  the  nipple  is  screwed  and  . 
throufjli  which  the  fire  is  carried  to  the  charge. 

Nip'ple-shield.  One  for  the  protection  of  the 
mother's  nipple,  that  it  may  not  be  bitten  by  the 
nursing  infant.     It  has  a  cap  of  horn  or  vulcanite. 


NIPPLE-WRENCH. 
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Fig  3328. 


Fig.  3329. 


Nipple- Shield. 


Artijicia!  Nipplf  and  Shield. 

liellbrated 


and  tlie  nipple-shield  is  a  line,   elastii 
membrane  of  india-rubber. 

-  Or,  as  in  Fig.  3329,  the  interior  adjustable  sliding 
screen  limits  the  elongation  of  the  nipple  when  suc- 
tion is  applied. 

Nip'ple-w^rench.  {Fire-arm.)  The  spanner 
with  sides  wliicli  ht  the  sijuare  of  the  nipple,  and 
which  is  used  for  screwing  it  to  and  unscrewing  it 
from  the  barrel. 

Ni'riL  The  vibration  or  cliattering  of  a  turning- 
tool  not  accurately  centereil  or  fitted. 

Ni'tric-ac'id  Fuj'nace.  The  nitrii-acid  fur- 
nace consists  of  a  number  of  parallel  horizontal 
ca.st-iron  retorts,  arranged  in  pairs,  which  connect 
by  luted  tubes  with  a  series  of  receivers  and  two- 
necked  Woulfe-bottles,  wherein  the  fumes  are  con- 
densed and  collected. 

The  retorts  are  charged  vdth  nitrate  of  pota.sh  or 


then  ea-sily  exiilode  it.  —  Journal  of  .Applied  Chem- 
i.'itry. 

It  is  prepared  by  successively  adding  small  quan- 
tities of  glycerine  to  a  mi.xture  of  nitric  and  sul- 
phuric acids  and  pouring  the  compound  into  water, 
when  the  nitroleum,  which  is  insoluble  in  and  heavier 
than  water,  falls  to  the  bottom  of  the  vessel. 

The  acids  used  should  be  of  the  purest  quality, 
and  great  care  taken  to  avoid  the  introduction  of 
foreign  matters  ;  otherwise  slow  decoui  position,  which 
may  hnalh*  result  in  spontaneous  explosion,  occurs. 
For  this  reason  it  is  better  to  have  it  made  on  the 
.spot  and  used  soon  after  making. 

It  may  be  purified  by  dissolving  it,  very  gradually 
and  at  a  temperature  not  exceeding  50°  F.,  in  sul- 
phuric acid,  and  separating  the  nitroleum  by  the 
gradual  addition  of  nitric  acid,  and  then  pouring,  in 
a  tine  stream,  into  jiure  cold  water  from  which  the 
air  has  been  expelled  by  boiling  ;  in  the  preparation 
the  temperature  of  50°  shouhl  in  no  case  be  exceeded. 

In  Mowbray's  process,  a  current  of  cold,  dry  air  is 
passed  through  the  vessels  in  which  the  compound 
is  made,  for  carrying  otf  the  hypo-nitruus  aciil  and 
to  cool  and  agitate  the  mi.xture. 

The  vessels  are  lined  with  glass. 

This  substance  has  been  extensively  used  for 
blasting  purposes  ;  in  the  Mt.  C'enis  and  Hoosac 
tunnels,  the  operations  at  Blossom  Kock,  harbor  of 
San  Francisco,  in  the  impi'ovements  of  the  East  River, 
New  York,  and  elsewhere.     (See  Blasting  ;  TuN- 


soda  and  sulphuric  acid.  The  resulting  sulphate  is  !  J>el.)  Developing  about  ten  times  the  explosive 
scraped  out  after  removing  the  end  of  the  retort.         '  power  of  giinpowder,  it  requires  far  less  drilling  and 

In  the  ijallcry-funwff  the  retorts  are  .sunk  in  sand-  operates  so  as  to  lilt  the  rock  liom  its  bed  without 
pots  whose  lower  stirfaces  are  exposed  to  the  heat  of  '  shattering  it  to  such  an  extent.  The  number  of 
the  furnace  fire. 

Ni-trine'.     An  ex-  ^V-  3330. 

plosive  compound  pat- 
ented by  Xobel,  Au- 
gust 14,  1866  ;  formed 
of  glycerine,  sulphuric 
and  nitric  acids,  free  of 
hypo-nitric  aciil. 

Ni'tro-gly'cer- 
ine.  yifro/ctan,  (jlo- 
iwin,  or  blasling-oil. 
Discovered  by  Sobreso, 
professor  of  applied 
chemistry  at  Turin,  in 
1847,  and  introduced 
into  this  country  in 
1864by  Xobel,  a  Swed- 
ish engineer. 

An  oily  liquid  of  a 
specific  gravity  of  1.6, 
having  a  sweet  aro- 
matic taste,  colorless 
when  pure,  but,  as  man- 
ufactured, it  is  us*ially  light  yellow.  If  heated  up  to  j  fatal  explosions  resulting  from  it  have  been  an  ob- 
100',  no  change  takes  place  ;  heated  gradually  to  stacle  to  its  more  general  use,  but  these  are  ilainjed 
193",  it  is  decomposed,  losing  its  explosive  ])0wer.  i  to  have  resulted  generally  from  improper  manufac- 
When  not  under  pressure  it  burns  quietly.  Heating  I  ture,  expo.sure  to  too  great  heat  in  transportation,  or 
when  confined  may  eieate  a  partial  decomposition,  !  carelessness  in  handling. 

and  an  explosion  from  the  pressure  thus  generated.  I  Among  the  most  prominent  accidents  occurring 
An  electric  spark  will  pass  tlirough  it  without  cans-  from  these  sources  -were  the  explosions  at  Aspinwall 
ing  explosion  unless  a  series  of  sparks  are  passed  and  in  the  office  of  Wells,  Fargo,  &  Co.  at  San  Fran- 
through  it  until  decomposition  is  caused  and  heat  cisco,  by  the  former  of  which  forty-five  and  by  the 
generated.     Fire  alone  ordinarily  will  not  explode  it.  i  latter  six  lives  were  destroyed.      In  the  case  of  the 


Moworay's  Nitro-Gtyctnne  Appaia.m 


Jarring  nitro-glycerine,  even  wlien  at  a  temperature 
of  50°  C,  will  not  explode  it.  Explosions  occur: 
1.  When  confined  and  heated  to  180"  C.  ;  2.  If 
struck  so  as  to  create  heat  and  pressure  ;  percussion 
causes  it  to  explode  with  difficulty  when  frozen, 
which  takes  place  at  S°,  but  striking  it  when  in  that 


.isjiinwall  cli.saster  the  nitroleum  had  been  shipped 
from  Hamburg,  where  the  temperature  was  55°  or  60° 
to  a  tro]iical  climate  where  the  temperature  in  the 
hold  of  the  steamer  was  probably  more  than  double 
this.  It  was  inclosed  in  cork-stopped  vessels, 
jtacked  in  cases  with  sawdust.      The  explosion  has 


state  with  a  sharp  hard  substance,  as  a  pick,  will  I  been  attributed  to  the  disengagement  of  gas,  which, 


NITROLEUM. 
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by  the  conosioii  of  t)io  corks,  escaped  into  the  sur- 
rounding sawdust,  forming  a  new  and  easily  ignit<'d 
couipound,  wliic-li,  becoming  mixed  with  the  unde- 
comiiosed  nitroleum  which  escaped,  was  easily  ex- 
jiloded  at  sucli  a  high  teniiierature  by  the  rough 
liandling  to  which  it  was  subjected  by  the  steve- 
dores. The  sheritf,  surveyor,  and  four  other  per- 
sons were  killed  by  an  explosion  at  Newcastle  on 
Tyne,  England,  while  engaged  in  burying  some 
c:ises  of  this  compound  in  a  pit  beyond  the  city 
limits  for  safety. 

It  is  noticealile  that  most  of  the  accidents  recorded 
have  occurred  in  moving,  traTisiiorting,  or  lifiuefying 
the  compound  after  congelation,  and  not  in  blasting. 

I''or  farther  infbnnation  sec;  the  following  patents:  — 


No.  50,617.  Nobel,  1865;  re- 
issued, 186'J. 

No.  56,620,  Shaffiicr,  1860. 

No.  ,57,175,  Noliel,  ISIili 

No.6ll,5ii;,  .^liiilTucr,  ISiK 

No  60,572,  S)i:ilTni-r,  1SH8. 

No.  6U,57S,  Sliiilf.ior,  1S)6. 

No.  76,109,  Mo.vbr.av,  1888. 

No.  78,.317,  Nobel,  1868. 

No.  85,906,  Chester  and  Bur- 
stenbinder,  1869 

No.  86,701,  SlmfTner,  1869. 

No.  87 ,.372,  .SliaffiicT,  1869. 

No.  93,752,  SlialTiuT,  1869. 

No.  93,75;j,  sliairiKT,  1S69. 

No.  93,754,  .ShairiRT,  1S6'J. 


No.    93,756,  Shaffner,  1869. 
No.    98,382,  llorsley,  1869 
No.    98,425,  ShafTner,  1869. 
No.    98,426,  Shiffner,  1869. 
No.    98,427,  ShafTner,  1869. 
No.    98,854,  Ditniar,  1870. 
No.    99,069,  Dilmar,  1870. 
No.    99,070,  Ditmar,  1870. 
No.  106,606,  Mowbray,  1870. 
No.  106,607,  Mo.vbray,  1870. 
No.  112,848,  Roberts,  1871. 
No.  112,849,  Roberts,  1871. 
No.  112,850   Roberts,  1871. 
No.  117,577,  Tiivlor,  1871. 
No  120,776,  Roberts,  1871. 


A  name   for   Nitro-glycehine 
An   instrument    for    detecting 


Ni-tro'le-um. 

^\vllicll  .SCI'). 

Ni-trom'e-ter. 
the  quality  of  niter. 

Ni'trous-ox'ide    Ap'pa-ra'tus.     Nitrous    ox 
ide   (N   0),    commonly   called  laughing-gas,   is   fre 

Fig  3331. 


S.  S.  Wiite's  NUrotts-Oxide  Apparatus, 

quently  employed  in  dental  surgsry  as  an  ansesthetic. 
It  may  be  procured  by  snnply  heating 'nitrate  of 
ammonia,  or  by  the  action  of  nitric  acid  on  copjior 
or  mercury. 


The  apparatus  shown  in  Fig.  3331  is  designed  for 
the  production  and  retention  of  this  gas  on  a  large 
scale,  for  the  ]iurpose  of  inlialation. 

It  consists  of  a  retort  and  heater  a,  purifier  b,  gas- 
ometer c,  which  may  contain  40  to  50  gallons,  and 
inhaler  d.  The  gas  generated  in  the  retort  passes 
through  the  pipe  c  to  the  purifier  b  containing  a 
solution  for  removing  impurities  ;  in  this  are  ar- 
ranged seven  inverted  tumblers,  shown  in  plan  at  B, 
through  wliich  the  gas  successively  passes  from  one 
to  another  by  the  pipes  f  g  ;  on  leaving  the  la.st 
tumbler  it  is  received  into  the  gasometer  c. 

The  inhaler  d,  shown  in  section  at  C,  is  connected 
by  pipe  h  with  the  gasometer,  and  has  two  valves 
k  I  o|ieiiing  in  o))po.site  directions.  On  a]iplying  the 
mouth  to  the  cud  jn  and  making  an  inhalation,  the 
valve  k  opens,  while  during  the  act  of  expiration  it 
closes  ;  t)ie  valve  I  is  at  the  same  time  opened,  allow- 
ing the  ga.s,  wliich  has  )ias.sed  through  the  lungs,  to 
escape  through  tlic  opening  n.  o  is  a  pipe  convey- 
ing gas  to  a  burner  which  heats  the  retort. 

The  general  arrangement  of  the  apparatus  shown 
in  Fig.  3332  is  identical  with  the  foregoing,  but  the 
puriher  B  consists  of  a  glass  dome  a  covering  the: 


Fig.  3332 


Nitrons-  Oxide  Apparatus. 

cylinder  /),  which  has  several  disks  c  d  r.  of  wire- 
gauze  on  which  Imie  is  yilaced  for  absorbing  hnpuri- 
ties.  The  gas  enters  through  the  pipe  /  opening 
above  the  diaphragm  (/,  and  circulates,  as  indicated 
by  the  arrows,  througli  the  cylinder  b,  finally  pass- 
ing into  the  ga.someter  by  the  pipe  /). 

Johnston  Brothers  of  New  York  furnish  liquefied, 
nitrous-oxide  gas  for  dental  puijioses.  They  com- 
press 1,200  gallons  of  gas  into  a  cylinder  24  inches 
long  and  6  inelies  in  iliameter  ;  or  over  100  gallons 
into  a  cylinder  12  inches  long,  3i  in  diameter.  The 
)n'essure  is  about  800  pounds  to  the  square  inch  at 
60°.  It  is  shipped  In  chilled  wrought-iron  bottles 
witli  steel  faucets. 

Nob.     A  head  ;  a  knob. 

(ArlWcry.)  The  plate  under  the  swing-bed  for 
the  head  of  an  elevating  screw. 


NOBERT'S  TEST-PLATE. 
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NOBEUrs  TEST-PLATE. 


No'bert's  Test-plate. 

*'  F.  Xubcrt,  a  manuf;wturfr  of  optical  instruments,  residing 
at  Barth,  I'ouierania,  his,  during  the  last  twenty-five  years, 
been  renowned  for  producing  the  finest  rulings  on  glass  which 
have  hitherto  been  executed.  These  rulings  are  used  for  two 
purposes  ;  as  a  test  of  the  defining  power  of  microscopic  objec- 
tives, and  as  a  means  of  determining  the  wave-lengths  of  the 
undulations  of  the  several  portions  of  the  solar  spectrum. 

*'  Those  intended  for  microscopic  use  are  known  as  Nobert's 
test-fditles.  They  are  executed  on  the  under  surface  of  a  piece  of 
exceedingly  thin  glass  (1  200  of  an  inch  thick  or  less),  which  is 
either  reuientcd  to  a  slip  of  ordinary  plate-glass  such  a^  is  ufcd  in 
mounting  microscopic  objects,  or,  in  exceptional  cases,  toanoth- 
er  piece  of  thin  glas.^,  about  1  100  of  an  iuch  thick,  the  two  being 
mounted  over  a  circular  hole  drilled  in  a  thin  plate  of  brass.  The 
latter  arningement  is  intended  to  permit  the  ruling  to  be  illumi- 
nated from  below  by  achromatic  combinations  of  short  focus. 

"  When  one  of  these  test-plates  is  examined  with  the  naked 
eye,  it  looks  as  if  a  single  straight  line  not  wider  than  a  hair 
had  been  engraved  beneath  the  glass  cover,  and  this  when  held 
in  the  light  glows  with  spectral  colors  as  the  plate  is  moved. 
If  this  apparent  line  bcexamined  with  a  microscope  of  adequate 
power,  it  is  found  to  be  composed  of  a  number  of  bands,  each 
consisting  of  a  group  of  fine  lines,  the  distances  between  whicli 
vary  according. to  a  fixed  rule.  Nobert  ha.s  issued  a  number  of 
kinds  of  these  plates,  which  differ  in  the  number  of  bailds  and 
in  the  distance  of  the  lines  of  the  finest  baud  from  center  to 
center.  The  following  are  the  best-kno.vn  varieties,  an-anged 
in  the  order  of  the  date  of  their  issue  :  — 


Designation  of  Plate. 


Ten-band  plate 
Fifleou-b:ind  plate 
Twenty-band  plate 
Thirty-band  plate     . 
Ninetecn-band  plate 
New  twenty-baud  plate 


Distance  of  the  lines 
from  center  to  cen- 
ter in  fractions  of 
a  Paris  line.* 


In  the 

coarsest 

band. 


1/1000 
11000 
1/1000 
11000 
1/1000 
1  1000 


In  the 
finest 
band. 


14500 

1/5000 

1/6000 

1/8000 

1/10000 

1/200OO 


*  The  Paris  line  is  rather  longer  than  the  EngUsh  line. 
One  English  inch  equals  11.2593-i  Paris  lines. 


"  Of  these,  the  nineteen-band  plate  has  been  most  used  during 
the  last  ten  years.  The  new  twenty-band  piate  haa  only  re- 
cently appeared,  as  will  be  explained  hereafter. 

"  The  following  table  gives  the  number  of  lines  in  each  band 
of  the  nineteen-band  plate  and  of  the  ne.v  twenty-band  plate, 
so  far  as  known,  with  the  distance  of  the  lines  of  each  band 
from  center  to  center,  in  fractions  of  a  Paris  line,  and  the  num- 
ber of  times  this  distance  would  be  contained  in  an  English 
inch. 


23   . 

Distantia 

linearum 

in  fractions 

of  Paris  line. 

No.  of  spaces 
to  the  Eng- 

In the  niue- 

In  the  new 

teea-bacd 
plate. 

twenty-band 
plate. 

6.SM 

lish  inch. 

I. 

I. 

7 

11000 

11,269 

II. 

10 

11500 

16,889 

III. 

II. 

13 

12000 

22,519 

IV. 

15 

12500 

28,148 

V. 

III. 

17 

13000 

33,778 

VI. 

ao 

13500 

39,408 

VII. 

IV. 

•2ii 

14000 

46,037 

VIII. 

25 

14500 

50,667 

IX. 

V. 

27 

15000 

56,297 

X. 

St) 

15500 

61,926 

XI. 

VI. 

34 

16000 

67,656 

XII. 

37 

16600 

73,186 

XIII. 

VII. 

40 

17000 

78,816      i 

XIV. 

43 

17500 

84,445 

XV. 

vni. 

45 

1  8000 

90,075      1 

XVI 

48 

18500 

95 ,71 '5 

XVII 

IX. 

51 

19000 

101.3.34 

XVIII. 

54 

19500 

106,964 

XIX. 

X. 

57 

1  ICOOO 

112,694 

XI. 

1 

1 IICOO 

1S3853 

XII. 

1 12000 

136,112 

XIII. 

1  13000 

146,372 

XIV. 

* 

1  14000 

1.57,631 

XV. 

s 

115000 

168,890 

XVI. 

'  ^ 

1  16000 

180,160 

XVII. 

1 17000 

191,409 

XVIII. 

z 

1  18000 

202,668 

XIX. 

1  19000 

213,928 

XX. 

120000 

225,187      1 

"  It  will  be  seen  by  this  table  that  the  first  ten  bands  of  tho 
new  twenty -band  plate  corre-;pond  to  the  alternate  bands  of  the 
ninetten-band  plate,  and  that  the  ten  remaining  bands  arc  all 
clo-er  than  its  nineteenth  band,  the  linesof  the  twentieth  band 
being  just  twice  as  close. 

"  Long  after  copies  cftlie  nineteen-band  plate  had  found  their 
way  to  all  parts  of  the  civilized  world ,  the  lines  of  the  finer  bands 
remained  invisible  to  the  most  skillful  micro:  copists.  This  re- 
sulted not  merely  from  the  closeness  of  the  lines,  but  also  from 
their  extreuie  delicacy  and  paleness.  Nobert,  who  was  himself 
unable  to  see  them,  supposed  that  there  was  a  physical  reason 
why  lines  separated  by  a  distance  less  than  the  shortest  wave- 
length of  visible  ligbt,  would  forever  resist  resolution;  an 
opinion  which  has  since  been  shown  to  rest  upon  a  misinter- 
pretation of  the  phy&ical  law  invoked.  In  1869,  however,  the 
lines  of  the  sixteenth,  seventeenth,  eighteenth,  and  nineteenth 
bands  were  not  only  seen  and  counted,  but  they  were  photo- 
graphed by  Dr.  J.  J.  Woodward  and  one  of  his  assistants  in  the 
Army  Medical  Museum  at  Washington,  and  the  feasibility  of  re- 
solving them  was  thus  placed  beyond  doubt.  Prior  to  this, 
various  microscopista  had  believed  that  they  had  resolved  these 
bands,  but  as  they  had  not  suciccdcd  in  as-certaiuing  the  num- 
ber if  lines  in  each  individual  baud  their  claims  were  not  uni- 
versally accepted. 

''  On  the  receipt  of  the  Museum  photographs,  Nobert  for  the 
first  time  acknowledged  that  the  higliestfour  bands  had  been  re- 
rolvcd,  and  promised  that  he  would  endeavor  to  rule  still  finer 
Hues.  The  new  twenty-band  plate  wa-;  the  result  of  hissubscqnent 
efforts.  One  of  thef^e  plates  was  furnished  by  him  to  President 
Barnard  of  ColumtiaColUge  in  1872,  and  in  the  spring  of  1873  an- 
other was  received  at  the  Army  Medical  Museum.  Systematic 
endeavors  with  the  best  modern  objectives  have  failed  as  yet  to 
resolve  any  of  the  bands  of  this  plate  beyond  the  tenth,  and 
hence  perhaps  fon.ewill  be  disposed  to  deny  tl  at  they  have 
actually  been  ruled  as  stated,  but  it  must  be  lemembered  that 
similar  doubts  were  raised  with  regard  to  the  finer  bands  of  the 
nineteen-band  plate  before  they  were  rei-olved  ;  and  the  appear- 
ances presented  by  the  new  bands  are  so  similar  to  those  of  the 
higher  bands  of  the  old  plate,  when  viewed  by  a  power  inade- 
quate to  resolve  them,  that  it  seems  probable  that  Nobert  has 
again  succeeded  in  outstripping  the  present  resolving  power  of 
our  best  microscopes,  as  he  did  in  former  times  ;  that  the  new 
bands  arc  actually  ruled  as  claimed,  and  that  they  will  serve,  as 
the  higher  bands  of  the  old  plate  did,  a  most  uyelu!  purpose  by 
stimulating  practical  optitiaus  to  still  farther  improvements  in 
the  construction  of  objectives. 

"  The  method  by  which  Nobert  prepares  tbe^e  rulings  has 
been  kept  secret.  Various  attempts  have  been  made  to  imi- 
tate them,  but  without  success,  because  no  one  else  lias  been 
able  to  construct  a  point  suitable  for  executing  such  work  ;  the 
best  diamond  splints  make  marks  which  are  nigged  and  uneven 
when  examined  by  high  powers,  and  diamond-points,  prepared 
by  grinding  with  diamond-dust  in  the  most  careful  manner,  are 
.\et  too  coarse  to  imitate  tlie  beauty  and  regularity  ol  even  the 
lines  of  the  coarsest  bands  of  Nobert's  plates.  Could  a  suitable 
point  be  prepared,  there  would  appear  to  be  no  serious  difficulty 
in  constructing  a  machine  to  execute  the  rulings. 

"  Used,  with  suitable  precautions,  as  a  test  of  the  resolving 
power  of  microscopic  objectives,  the  plates  of  Nobert  appear  to 
offer  great  advar.tages  over  diatoms  and  other  natural  objects; 
In  the  case  of  the  latter,  individuals  of  the  same  species  vary 
greatly  in  dimensions  and  in  difficulty  of  resolution,  while  in 
Nobert's  plates  the  variation  is  reduced  to  a  minimum.  The 
ruling  is  executed  with  such  marvelous  precision  that  no  per- 
ceptible differences  can  be  detected  in  the  dimensions  or  diffi- 
culty of  similar  bands  on  dilferent  plates,  and  they  afford  also 
a  convenient  means  of  assigning  numerical  values  to  the  resolv- 
ing power  of  the  objectives  tested. 

"  To  resolve  the  highest  bands  of  the  nineteen-band  plate  or 
the  corresponding  on4's  of  the  twenty-band  plate,  objectives  of 
the  best  quality  are  required,  and  should  be  u.'^ed  with  oblique 
illumination.  A  coal-oil  lamp  may  be  employed  as  the  source 
of  light,  but  the  most  satisfactory  results  are  attained  by  using 
monochromatic  (blue)  sunlight,  which  may  be  obtained  by 
means  of  a  suitable  prism,  or  by  reflecting  the  sunlight  from  a 
mirror  through  a  thin  lajer  of  a  saturatecl  solution  of  the  am- 
monio-sulphate  of  copper. 

"  Any  of  the  test-plates  of  Xobert  can  also  be  used  for  deter- 
mining the  wave-lengths  of  light.  Nobert  has,  besides,  pre- 
pared a  variety  of  plates  especially  for  this  purpose  When 
closely  ruled  lines  on  glass  are  illuminated  by  an  oblique  pen- 
cil of  light,  and  viewed  with  a  low  power  of  very  small  aper- 
ture, the  line  of  vision  being  perpenclicular  to  the  plane  of  the 
ruling,  the  latter  will  appear  as  a  colored  band,  the  color  vary- 
ing with  the  angle  which  the  luminous  pencil  forms  with  the 
plane  of  the  ruling.  Now  it  has  been  shown  that  this  angle, 
the  wave-length  of  the  color  seen,  and  the  distance  of  the  lines 
apart,  stand  in  a  fixed  mathematical  relation  to  each  other;  so 
that  if  the  distance  of  the  lines  is  precisely  known  and  the  an- 
gle carefully  measured,  the  wave-length  of  the  color  seen  can 
readily  be  computed.  The  fidelity  with  which  Nobert's  rulings 
are  executed  at  the  distances  stat^^d  by  their  maker  gives  them 
a  high  value  for  this  purpose.  One  of  the  most  ingenious  of 
these  plates  is  the  so-called  wave-plale,  in  which  there  are 
seven  bands,  the  lines  of  which  stand  in  such  a  relation  to  each 
other  as  to  distance,  that  when  they  are  illuminated  with  light 
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thrown  with  such  obliquity  that  the  flreit  or  coarsest  baDd  ap- 
pears red,  the  second  is  orange,  the  third  yellow,  the  fourth 
green,  the  filth  blue,  the  sixth  indigo,  and  the  seventh  violet. 
Viewed  with  a  suitably  high  power  these  bands  are  seen  simply 
OS  groups  of  line  blat^k  lines,  the  distances  of  which  from  center 
to  center  can  readily  be  mejisured  by  a  micrometer. 

''  For  farther  details  witli  regard  to  Nobert's  plates,  the 
reader  may  consult  F.  Nobert  in  '  Poggendorlf 's  Annalen,' 
Bd.  .58, 1852  The  treatises  of  Carpenter  and  Harting  on  the 
Miero-scope,  and  a  number  of  papers  published  in  the  '  Quar- 
terly Journal  of  Microscopical  Science,'  and  the  '  Monthly  Mi- 
croscopical .lournal.'  since  1803." 

Kiniibf  furnished  for  this  tvorh  by  Colonel  J.  J.  Woodward, 
M.  D. ,  United  States  Army. 

Nock.  (JVautical.)  The  upper  front  corner  of 
a  4-i'.uriierecl,  fore-antl-aft  sail  ;  such  as  a  span/cct\  a 
tnjs'iil.      Also  calli'd  the  throat. 

Noc'to-graph.    a.  A  writing-frame  lor  tlie  blind. 

b.  A  niglitly  account  or  report.  The  converse  of 
tile  diary. 

c.  An  instrument  or  register  which  records  the 
presence  of  watchnirn  on  their  licats. 

Noc-tur'nal ;  Noc'tur-la'bi-um.  (Nautkal.) 
An  instrument  to  take  the;  altitude  or  de|)ressiou  of 
some  of  the  stars  about  the  pole,  in  order  to  find 
the  latitude  and  the  hour  of  the  night.  —  Admiral 

SMYrilE. 

Nod'dy.  A  small,  two-wheeled,  one-horse  vehicle. 

Node.  A  small  hole  in  the  gnomon  of  a  ilial  to 
indicitte  the  hour  liy  its  light,  as  the  gnomon  itself 
does  Ijy  its  shadow. 

Nog.  1.  {Minimi.)  One  of  the  square  blocks  of 
wood  which  are  piled  on  one  another  to  support  the 
roof  of  a  mine. 

2.  (Building.)  A  wooden  block  of  the  size  of  a 
brick,  built  into  a  wall  as  a  hold  for  the  nails  of  the 
finisliing  work  which  is  nailed  tliereto. 

3.  {SliipbiUldiifj.)  A  treenail  driven  through  the 
heel  of  a  shore  which  supports  a  ship  on  the  xlip. 

Nog'ging.  (Btiilding.)  A  wall  or  partition  of 
soantling  witli  the  interstices  filled  in  with  brick. 
Brickwork  cai-ried  n[i  in  panels  between  quarters. 

Nog'ging-piece.  Horizontal  scanthng  laid  be- 
tween courses  oi--casiouallv. 

Noils.  Combing.s,  waste,  tangles,  and  knots  of 
wool  removed  by  the  comb. 

Non-cir'cu-lar  Wheel.  A  wheel  whose  perim- 
eter is  not  circular  ;  a  pair  of  such  being  used  to 
transmit  a  variable  velocity  ratio  between  a  pair  of 
parallel  a.xes.  Such  wheels  may  be  elliptical,  scroll, 
liyperbolar,  etc. 

Non-con-dens'ing  Steam-eu'giue.  A  steam- 
engine,  usually  liigh-pressun',  in  whii'li  the  steam  on 
the  non-elfective  side  of  the  jtiston  is  allowed  to  es- 
ca[)e  into  the  atmosphere.  In  contradistinction  to 
an  engine  in  wliich  the  steam  in  advance  of  the  pis- 
ton is  condenseil,  to  create  a  partial  vacuum  and 
thus  add  to  the  etl'ective  value  of  the  steam  which 
im])els  it. 

Non-condensinri  engines  are  lighter  than  condensing 
engines  of  equal  power,  as  the  latter  contain,  a  large 
number  of  bulky  and  heavy  parts  of  which  the  other  is 
destitute.  Condensing  engines  are  generally  more 
economical  of  fuel. 

The  comparative  lightness  and  compactness  ren- 
der the  non-condensing  engine  suitable  for  locomo- 
tives and  steamboats  of  light  draft.  The  Western 
and  Southern  rivers  are  comparatively  shallow  at 
certain  points  or  seasons,  and  non-condensing  engines 
are  used  in  those  sections  of  the  country.  The 
Eastern  rivers  and  Northern  lakes  are  deep,  and  the 
condensing  engine  is  used  thereon. 

•Pitinping  andfadorg  fngincs  of  large  size  are  usu- 
ally condensing.  A  notable  example  to  the  contrary 
is  George  Shield's  pair  of  horizontal  puniping-en- 
gines  at  the  Cincinnati  Water- Works.  They  were 
put  ill  operation  about  1816. 


The  escaping  steam  of  non-condensing  engines  is 
usually  made  to  heat  the  J'eed-water.  In  locomo- 
tives it  is  exhausted  into  the  chimney  to  increase 
the  draft.  This  was  first  done  by  Trevethick  in 
1S02.  It  was  at  first  designed  probably  to  put  out 
the  sparks,  avoid  noise,  and  get  rid  of  the  steam 
without  the  addition  of  a  second  pipe. 

Tile  following  from  Haswcll  is  ba.scd  upon  a  uni- 
form steam  pressure  of  60  jiounds  per  square  inch 
(steam  gage),  cut  oH'  at  one  half  the  stroke,  deduct- 
ing one  sixth  for  friction  and  losses,  with  a  mean 
velocity  of  piston  of  250  feet  per  minute  ;  — 

Nominal  Horsc-Powcr  of  several  Non-condensing  En- 
gines. 
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Non'i-us.  A  sliding  graduated  scale  on  a  grad- 
uated ]ilatc  adapted  to  subdiviile  the  divisions  of  the 
scale  on  which  it  moves.  So  called  from  Peter  Nonnez 
or  Nonnius  (his  Latinized  name),  a  Portuguese  math- 
ematician of  Alcazar,  born  in  1497.     See  Vehxieh. 

The  nonius  scale  of  a  quadrant  or  .sextant  is  fixed 
to  the  oblong  opening  near  the  lower  end  of  the  in- 
dex-bar. It  divides  degrees  into  minutes  and  these 
into  seconds. 

Non-pa-reil'.    {Printing.)     A  size  of  type  be- 
tween agate  and  minion. 
Agate. 

N.Miiiareil.  143  ems  to  the  foot. 
Minion,  128  ems  to  the  foot. 

Noo'dle.  (Domestic.)  A  strip  of  rolled  dough, 
used  in  soup. 

A  noodle-making  mm'hini',  i>;itentfd  January  13, 
1874,  has  a  frame  in  whieli  two  rollers  revolve,  with 
a  plate  between  them,  which  roll  out  a  sheet  of 
dough.  Above  the  upper  roller  is  another,  armed 
with  a  series  of  circular  disk-cutters  that  project  be- 
low slots  in  a  metallic  guard.  The  meteillic  plate,  with 
the  sheet  of  dough  upon  it,  is  passed  between  the 
u))per  plain  roller  and  the  I'cdler  with  the  cutters, 
thus  forming  the  dough  into  stri]is. 

No'ri-a.  .A,  water-raising  device  (Arabic,  Na' 
Ura),  whii'h  has  traveling  pots  or  buckets,  sub- 
merged below  and  discharging  at  their  point  of 
greatest  elevation. 
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The  modes  of  constructing  and  operating  are  va- 
rious :  — 

1.  The  original  form  seems  to  be  a  wheel  with 
buckets  or  pots  each  pivoted  to  the  rim  at  a  point  above 
its  center  of  gravity,  so  as  to  liang  perpendicularly. 
These  are  submergeil  in  the  water  at  t!ieir  lowest  point, 
and,  rising,  are  upset  Ijy  contact  with  a  fixed  obsta- 
cle at  their  highest  point,  discliarging  into  a  chute 
or  trough  which  conducts  the  water  to  a  reservoir. 
a  h.  Fig.  3333,  show  two  lorms  of  the  device,  —  a 
wheel  with  boxes  in  its  rim,  and  one  with  susiiended 
buckets. 

The  Cliiuese  noria  c  is  made  of  bamboo,  excepting 
the  hub  of  tlie  wheel  and  the  posts  on  which  it 
rests.  The  buckets  are  liainboo  tulies,  inclined  so  as 
to  hold  nearly  to  their  capacity  till  they  reach  their 
culminating-point.  The  wheels  are  from  20  to  40 
feet  in  diameter,  according  to  situation,  and  are 
driven  by  the  impinging  of  the  stream  upon  periph- 
eral  Hoat-boards.     One    described    by   Sir  George 


Fig.  3333. 


Norias^  or  Bucket-  Wheels. 

Staunton  was  30  feet  in  diameter  ;  had  20  buckets, 
4  feet  long  and  2  inches  diameter  in  the  clear,  hold- 
ing ycT  of  a  gallon  ;  12  gallons  to  a  revolution,  4 
revolutions  and  48  gallons  per  minute  ;  over  300 
tons  per  day. 

The  reference  to  water,  and  to  means  for  obtain- 
ing it,  are  very  frequent  in  the  Bible.  In  the  much- 
misunderstood  text  in  Ecclesiastes  we  find  a  refer- 
ence to  tlie  nor  in  :  — 

"  Or  ever  the  silver  cord  be  loosed,  or  the  golden 
howl  broken,  or  the  pitcher  be  broken  at  the  foun- 
tain, or  the  irhccl  broken  at  the  cistern." 

These  wheels  have  been  used  from  time  immemo- 
rial in  raising  water  for  irrigation,  in  Assyria,  Egypt, 
Pereia,  Syria,  Arabia,  and  Palestine,  and  no  doubt 
in  China  and  India,  but  have  undergone  many  modi- 
fications. 

Thompson,  in  his  "The  Land  and  the  Book," 
says:  "This  s^-stem  of  water-wheels  is  seen  on  a 
grand  scale  at  Hums  Hamath  and  all  along  the 
Orontes.  The  wheels  tliere  are  of  enormous  size,  80 
or  90  feet.     They  are  driven  by  the  river  itself,  pad- 


dles being  attached  to  the  rim,  upon  which  the 
stream  is  turned  by  means  of  a  low  dam,  carrying 
the  huge  wheel  around  with  its  load  of  ascending 
buckets.  There  is  perhaps  no  hydraulic  machinery 
in  the  world  by  whicli  so  nuich  water  is  raised  to  so 
great  an  elevation  at  so  small  an  expense.  With 
their  loads  they  slowly  revolve  on  their  groaning 
a.xles,  each  singing  a  different  tune,  —  a  concert 
wholly  unique  and  half  infernal,  which,  once  heard, 
will  never  be  forgotten." 

The  wheel  with  jars  attached  is  one  form  of  the 
Roman  antlia,  known  by  the  same  name  also  in 
Greek. 

A  substantially  similar  form  of  wheel  is  used  on 
the  river  Eisbach,  in  the  Tyrol  ;  it  also  is  rotated 
by  the  force  of  the  current  impinging  on  radial  Hoats 
on  or  near  the  periphery  of  the  wheel. 

In  other  places  in  the  East  the  wheel  is  driven  bj- 
manual  or  animal  power. 

Another  form  of  the  noria  is  much  used  in  Syria 
and  Palestine,  in  raising  water  for  irrigation  {a,  Kig. 
3334).  A  central  po.st  has  a  circular  sweep-pole,  to 
which  a  mule  is  attached.  Cogs  on  the  central 
shaft  engage  others  on  a  horizontal  shaft,  and  oper- 
ate the  wheel  u)ion  which  traverses  a  continuous 
rope  furnished  at  intervals  with  jars  or  wooden 
buckets.  The  rope  descends  on  one  side  with  emjity 
buckets  and  rises  on  the  other  side  with  full  ones, 
which  discharge  into  a  chute  leading  to  the  ci.stern. 
Tliese  wheels  are  kept  going  day  and  night  by  relays 
of  men  and  mules  ;  in  some  cases  being  the  joint 
property  and  care  of  the  inhabitants  of  a  whole 
village. 

The  great  bucket-wheel  (b,  Fig.  3334)  employed 
by  Perronet  at  the  construction  of  the  Bridge  of 

Fig.  3334. 


Bucket-Wheels. 

Neuilly,  France,  was  16J  feet  in  diameter,  4i  feet 
in  width,  and  had  16  buckets  and  118  cogs."  The 
water-wheel  by  which  the  bucket-wheel  was  driven 
was  18  feet  in  diameter  and  had  128  cogs.  The  float- 
boards  were  20  feet  long,  3  feet  wide,  and  were  set  at 
an  angle  of  15°  with  the  radius.  The  lantern-wheels 
which  acted  as  pinions  to  the  large  cog-wheels  of  the 
bucket-wheel  and  water-wheel  were  4  feet  in  dianj- 
eter  and  had  30  trundles.  The  axle  of  the  trundles 
was  12  inches  in  diameter,  and  varied  in  length  ac- 
cording to  the  relative  proximity  of  the  water-wheel 
and  the  bucket-wheel.     The  former  was  in  the  Seine, 
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anil  was  rotated  hy  the  ciiiTont  of  the  river  ;  the  lat- 
ter was  in  one  of  the  cotier-(ianis  which  were  con- 
structed for  the  purpose  of  establisliing  foundations 
for  the  piers  of  the  bridge.  The  axles  of  the  lantern- 
wheels  varied  in  length  from  38  and  54  to  108  feet. 

The  term  noria,  having  been  a|iplied  generally  to 
traveling  water-raising  buckets,  has  included  the 
chain-pump,  which  in  some  treatises  is  called  the 
Spanish  noria.  A  new  feature,  however,  is  found 
in  this,  namely,  a  tube  up  which  the  pistons  —  no 
longer  buckets  —  ascend. 

The  true  Spanish  noria  has  earthen  pitchers  se- 
cured between  two  ropes  which  pass  over  a  wheel 
above  and  are  submerged  bi'low.     See  Chain-pump. 

No'ri-um.  A  metal  discovered  iti  combination 
or  in  company  with  zircon,  and  but  little  known 

Nor'ma.  1.  A  scpiare  used  by  carpenters,  ma- 
sons, and  others  to  lay  otf  and  test  their  work. 

2.   A  [lattern,  templet,  gage,  or  model. 

Nor'man.  (Nautical.)  A  bar  or  pin  in  a  hole 
of  a  windlass  or  'Capstan,  or  on  the  cross-]>iece  of  tin; 
bitts,  whereon  to  fasten  or  veer  a  rope  or  cable. 

Nor-Twe'gi-an  Stove.  An  apparatus  which  may 
be  used  either  to  retain  heat  derived  from  other 
sources  or  serve  as  a  refrigerator.  It  consists  of  a 
S(iuare  wooden  box  lined  with  a  soft,  non-conduct- 
ing substance  ;  cows'  hair  is  the  substance  actually 
employed.  The  lid  is  similarly  lined.  The  interior 
is  arranged  for  one  or  more  saucepans,  which,  when 
inserted  in  the  stove,  are  completely  surrounded  by 
the  material.  The  meat  or  other  substance  in  the 
saucepan  being  brought  to  the  boiling-point  in  the 
ordinary  manner,  the  pan  is  inserted  in  place  in  the 
stove,  where,  the  radiation  of  heat  being  prevented 
by  the  lining,  the  contents  remain  at  a  boiling  heat 
a  sufficient  time  to  insure  their  being  thoroughly 
cooked. 

When  used  as  a  refrigeratoi',  the  lining  prevents 
the  access  of  warm  air  to  the  cooler  oliject  within. 
No  heat  is  of  course  ever  applii'.l  to  the  apparatus, 
which  is  designed  merely  to  maintain  the  tempera- 
ture of  an  object  already  heated. 

It  is  only  adapted  for  articles  cooked  by  water  or 
steam. 

Nose.  1.  (Machinery.)  A  pointed  or  tapering 
projection  in  front  of  an  object. 

2.  A  nozzle,  as  of  a  bellows,  a  pipe,  a  tuyere. 

3.  The  beak  or  rostrum  of  a  still. 

4.  (Lathe.)  The  end  of  a  mandrel  on  which  the 
chuck  is  secui'ed. 

Nose,  Ar'ti-fi'cial.  X  prosthetic  nose,  made  of 
india-rubber  or  gutta-percha,  (colored  in  imitation  of 
nature  and  applied  in  place  of  the  organ  removed 
by  disease  or  accident. 

The  taliiicotian  operation  makes  an  artificial  nose 
of  the  natural  tlesh  and  skin,  which  adhere  to  the  pre- 
pared ba.se  and  grow  there.     See  Rhinoplastio  Pin'. 

Nose-bag.  A  bag  of  stout  canvas  with  a  leather 
bottom,  and  having  strajis  at  its  upper,  open  end, 
by  which  it  may  be  fastened  to  a  horse's  head  while 
he  is  eating  the  contained  provender. 

Nose-band.  (Saddlery.)  The  lower  band  of 
the  military  bridle,  passing  over  in  front  and  attached 
to  the  cheek-straps.     A  inusrolr.. 

Collapsible  nose-bands  and  similar  devices  to  check 
runaway  horses  by  stopping  respiration  are  described 
in  English  jmtents  :  — 

No.  1,676  of  1853. 

No  l,ni4  of  18")3  ;  pallets  to  stop  nostrils. 

No.  2,697  of  1858  ;   pallets  to  atop  nostrils. 

No.     529  of  1859 

No.  1,184  of  18.5i) ;  pallets  to  stop  nostrils 

No.  1,881  of  IS'iO  ;  pallets  to  atop  nostrils. 

No.       1.3  of  18(51. 

No.  I,'i24  of  13J1 ;  closing  the  blinkers. 


Double  Nftff- Piece. 


Nose-bit.  Another  name  for  the  pump-bit  or 
shrll-awjcr,  used  in  boring  out  timbers  for  pump- 
stocks  or  woollen  pipes.     (See  Bit.)     A  slit-nusc  bit. 

Nose-hole.  (Glass-inaking.)  The  open  mouth 
of  a  furnace  at  which  a  globe  oi  crown-glass  is  exposed 
duiing  the  progress  of  manufacture,  in  order  to  soften 
the  thick  jiortion  at 

the  neck,  which  has  ►''S  3335. 

just  been  detached 
from  the  blowin^j- 
lube. 

Nose-key.  (Car- 
pentry.) A  •  fox- 
wedge. 

Nose-piece.    1. 
(Optics.)  Tliat which 

holds  the  object-glass  of  a  micro.scope.  Double,  triple, 
or  quadruple  nose-pieces  are  sometimes  attached  to 
the  nose  of  a  microsco]ie,  and  hold  as  many  object- 
glasses  of  varying  jiower,  which  are  brought  into 
requisition  as  desired. 

2.   (Harness.)     The  no.se-band  of  a  bridle. 

Nose-pipe.  The  section  of  pi])e  containing  the 
contracted  orifice  attached  to  the  end  of  the  blast- 
]iipe,  anil  ))laced  within  the  tuyeie  of  a  blast-furnace. 

The  nose-pijies,  through  which  the  air  issues  into 
the  furnace,  vary  in  size  with  the  nature  of  the  coke 
and  the  ore.  In  Stalfoid.shire  they  are  usually  from 
2-|^[  to  2-]%  inches  in  diameter. 

Nos'ing.  (Carpentry.)  a.  The  rounded  front 
edge  of  a  tread  which  projects  ovei'  the  riser  of  a 
stair. 

b.  The  prominent  edge  of  a  molding  or  drip. 
Notch.     An  indentation  cut  in   an   object.      A 

croze,  for  instance. 

Notch-board.  (Ca.rjxntry.)  The  board  which 
receives  the  ends  of  the  steps  and  risers  in  a  stair- 
case. 

Notch'ing.  1.  (Railroad  Knyineering.)  A  .sys- 
tem of  carrying  forward  excavations  for  railroads  by 
a  series  of  steps,  upon  which  the  work  is  simultane- 
ously proceeding.     Also  called  yullcting. 

2.  (Carpentry.)  A  mode  of  joining  timbers  or 
scantling  in  a  frame.  It  is  either  squaie  or  dove- 
tailed, and  is  made  u.se  of  for  connecting  the  ends 
of  wall-plates  and  bond-timbers  at  the  angles,  let- 
ting joists  down  on  girders,  binders,  sills,  plates,  or 
purlins. 

Halving,  scarfing,  and  cauking  are  forms  of  notch- 
ing, and  form  a  /np-joint. 

Notch'ing-adze.  (Cnrpentry.)  A  light  adze 
with  a  bit  of  large  curvature  or  nearly  straight  for 
notching  into  timbers  in  making  gains,  etc. 

Note.  1.  (Printing.)    These  are  of  three  kinds  :  — 

a.  Shoulder-notes.  At  thi^  top  of  the  page,  giving 
book,  chapter,  and  date,  as  in  reference  Bibles. 

h.  Side-notes.  Marginal  or  set-in  notes,  contain- 
ing abstracts  of  the  text,  as  in  law-books,  or  refer- 
ence notes  to  parallel  passages. 

c.  Bottom-notes.  Containing  commentaries  and 
annotations. 

2.  A  size  of  paper. 

3.  (Music.)  A  character  whose  shape  indicates 
its  duration,  and  whose  place  on  the  staff  indicates 
its  pitch. 

Nou-e'.  (Surgical.)  A  bandage  with  knots  to 
press  upon  the  parotid  region  after  extirpation  of 
the  parotid  gland. 

Now'el.  {Founding.)  The  inner  ])oition  of  the 
mold  for  ca.sting  of  large  hollow  articles,  such  as 
tanks,  cisterns,  and  steam-engine  cylimlei-s  of  large 
size.  It  answers  to  the  core  of  smaller  castings. 
See  loam-work,  under  Molding. 

NoyL    The  short  refuse  left  upon  the  teeth  of 
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Fig  3338. 


the  combs  in  jireparing  long-stapled  wool  for  draw- 
ing and  spinning.     See  Worsted. 

Noz'zle.  1.  (Hydraulics,  etc.)  A  spout  or  pro- 
jecting ventage,  as  of  — 

«.  The  fireman's  pipe  at  the  end  of  the  hose. 

h.  The  snout  of  a  pair  of  bellows  or  a  tuyere. 

c.  Tlie  projecting  ventage  of  a  faucet,  of  rain-water 
spouting,  any  discharge-pipe,  etc.,  etc. 

2.  (Steam-engine.)  a.  The  steam-port  of  a  cylin- 
der. 

b.  In  English  practice  the  rwz:?c  includes  those 
portions  of  a  sti'am-engine  in  which  are  placed  the 
valves  that  open  and  close  the  communication  be- 
tween the  cylinder  and  the  boiler  and  condenser  in 
low-pressure  or  condensing  engines,  and  between 
the  cylinder  and  boiler  and  atmosphere  in  liigh- 
pressare  or  non-condeusing  engines. 

c.  The  exhaust  of  locomotives  and  some  other  en- 
gines, such  as  the  agricul- 
tural and  saw-mill  engine.?, 
known  as  portable,  is  di- 
rected into  the  chimney, 
the  original  purpose  of 
which  was  to  urge  the 
draft.  This  was  adopted 
in  the  locomotive  of  Trevc- 
thick  in  1802,  by  Helley 
in  his  locomotive  of  ISla", 
and  by  several  of  the  com- 
petitors at  the  great  triil 
of  locomotives  on  the  Liv- 
erpool and  Manchester  R;iil- 
way  in  1S29.  It  is  a  val- 
uable featurein  agricultural 
engines,  besides  its  function 
as  a  blast,  in  dampening 
the  sparks  which  might 
set  buildings  or  straw  on 
fire. 

The  locomotive  engineer 
governs  his  blast  by  means 
of  a  variable  exhaust-noz- 
^zle,  which  he  opens  or 
partially  closes  according 
to  the  requirements  of  the 
engine,  its  immediate  duty, 
and  the  state  of  the  fire. 
In  the  illustration  the  nozzle  is  shown  as  liaWng 
two  leaves  a  a,  on  axes  b  b,  which  are  moved  simul- 
taneously by  means  of  the  link  c  c,  one  of  the  axes  b 
being  connected  to  a  hand-lever  in  the  cab  of  the 
locomotive. 
CO.iT-PIPE. 

Noz'zle-block. 

zles  unite. 

Noz'zle-mouth.    The  aperture. 

Noz'zle-plate.     {Steim-cnyiiu:. ) 
slide-valve  of  a  steam-engine. 

Nulled-'work.  Turned  work  resembling  a  se- 
ries of  beads  strung  on  a  rod.  Much  used  iu  spin- 
dles and  rolls  for  bedsteads,  chairs,  cribs,  and  other 
articles  of  furniture. 

It  is  made  in  lathes  whose  cutter  is  automatically 
raised  and  depressed  as  the  feed-screw  draws  it  along 
on  the  bed.  Fig.  3337  shows  Alcott's  lathe  with 
Rennie's  attachment.  This  consists  of  the  lever  a, 
with  the  adjustable  knife-holders  b  b  and  attached 
arm  c,  back-rest  d  and  rack  c,  with  which  the  arm  c 
engages. 

In  operating  the  machine,  the  lever  a  is  turned  up 
and  the  carriage  propelled  forward,  the  stick  being 
rounded  by  the  knife  g  ;  the  carriage  is  then  brought 
ba;k  to  its  first  position,  and  by  moving  the  lever 
up  and  down,  the  carriage  is,  through  the  arm  c  eu- 


EzJtaust- XozzU  of  Loco- 
motives. 


For  position  of  the  nozzle,  see  Petti- 

One  in  wliich  two  bellows-noz- 

A  tuyere. 
A  seat  for  a 


gaging  with  the   rack  e,  advanced  the  proper  dis- 
tance and  the  nulls  or  beads  formed  by  the  cutter  h. 


Fig,  333' 


SuUea  Work  and  Lathe. 


A  device  for  forming  tenons  on  the  ends  of  the  piece 
may  also  be  attached. 

Num'ber-ing-ma-chme'.  A  machine  for  im- 
pressing consecutive  numbers  on  account  or  record 
books  (a  paging-machinc),  coupons,  railway  certifi- 
cates, bank-notes,  railway  tickets,  etc. 

The  notes  of  the  Bank  of  England  were  numbered 
by  a  machine  invented  by  Bramah,  1S06.  It  print- 
ed the  numbers  upon  them  consecutively  at  a  rate 
which  dispensed  with  the  labor  of  100  clerks  out  of 
120  who  were  detailed  for  that  duty  during  the  issue 
of  £  1  notes. 

The  foundation  idea  is  that  of  Blaise  Pascal  (16501, 
and  consists  of  disks  or  wheels  decimally  numbered 
on  their  peripheries,  the  whole  mounted  on  one 
axle,  upon  which  they  turn  freely,  acting  upon  each 
other  in  serial  order,  as  explained  under  Akithmomk- 
TER.  The  first  wheel  of  the  series  containing  the 
units  is  moved  one  figure  between  each  impact,  and 
when  the  units  are  exhausted  the  tens  come  into 
action,  and  act  in  coincidence  with  the  units,  which 
continue  theiraction.    Soon  of  the  100s,  1,000s,  etc. 

Bramah's  numbering-machine,  improved  by  Old- 
ham, had  5  brass  circles  with  studs  carrying  the 
numerals,  so  as  to  be  able  to  number  up  to  99,999. 
The  bank-note  was  presented  on  a  table  above,  and 
the  tympan  brought  down  upon  it,  forcing  the  paper 
against  the  numbered  studs,  which  were  presented 
through  openings  in  the  bed.  After  each  impression 
the  first  wheel  of  the  train  was  rotated  one  spoke, 
bringing  the  next  unit  into  presentation.  The  unit- 
wheel  acted  upon  the  10-wheel  as  soon  as  the  num- 
ber 9  was  reached  and  printed  ;  the  10-wheel  acted 
upon  the  100-whecI,  and  so  on,  as  seen  in  Watt's 
rcgttferin/jf-mackine,  gas-7netcrs,  arithmometers,  and 
numiMous  analogous  machines  and  contrivances. 
The  type-wheels  were  inked  by  a  dabber.  The  ma- 
chine had  several  crude  movements,  but  is  interest- 
ing as  among  the  first  of  the  automatic  shifting 
instruments  for  serial  indications  or  work,  including 
the  modem  numbering  and  paging  machiups,  calcu- 
lating-machines and  registei-s,  the  indicating-appa- 
ratns  of  meters,  etc. 

Trouillet's  numbering-machine  (French)  is  adapted 
either  for  hand  or  for  use  in  a  press.  It  consists  of 
an  axle  containing  a  number  of  wheels,  having  on 
t"heir  peiimeters  the  ten  numerals  separated  by 
spaces.  An  instrumeut  mth  6  wheels  will  number 
from  000,001  to  999,999.  The  po.sition,  after  ever)- 
impact,  is  changed  by  means  of  a  small  lever  that 
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rises  alonf,'siile  of  th.c  wooden  haudle,  tlie  immediate 
change  being  on  the  unit-wheel,  and  tliat  acting  upon 
the  10-whecl  as  its  own  numerals  become  exhausted, 
and  it  prejjares  to  commence  again  at  1.  So  on 
witli  the  10  and  100  wheels  to  the  end  of  the 
series. 

In  the  machine  used  in  the  Bank  of  France  each 
note  receives  five  impressions  from  the  machine  at 
once,  distinctive  of  its  relations  to  the  remainder  of 
the  issue.  One  of  these  is  its  number  of  order,  and 
increases  from  note  to  note  ;  the  others  are  signifi- 
cant of  the  class  or  of  the  particular  series  to  which 
the  note  belongs,  and  change  with  the  commence- 
ment of  each  new  .series. .  It  is  entirely  automatic,- 
taking  up  each  note  separately  from  the  supply  on 
one  side,  transporting  it  to  the  printing-table  to  be 
stamped,  and  subseijneutly  removing  it  and  deposit- 
ing it  in  the  rei'eptacle  for  finished  notes.  The 
notes  are  lifted  by  a  gentle  force  of  aspiration  pro- 
duced by  aTi  air-pump,  and  acting  through  a  hollow 
plate  perforated  on  the  under  side,  and  Iiaving  a 
regular  succession  of  movements. 

Bailey's  machine  is  designed  for  imprinting  suc- 
cessive numbers  on  railway-tickets  and  their  coupons 
atone  operation.  It  also  partially  separates  the  cou- 
pons from  each  other  and  from  the  ticket,  so  that 
they  may  be  readily  torn  apart. 

Edmonson's  prints  the  names  of  places  on  tickets, 
at  the  sama  time  numbering  them  consecutively. 
The  cards  are  fed  singly  to  a  horizontal  table  under 
a  type-box  containing  the  form,  wliich  is  vertically 
reciprocated  to  receive  ink  from  the  rollers  and  to 
print  the  canls,  which  are  held  in  place  by  guides 
extending  from  the  feeding-tube  to  the  receiving- 
tube.  The  numbers  are  engraved  on  the  peripheries 
of  wheels  by  which  they  are  impressed  on  the  cards. 
Hoe's  machine  has  peculiar  mechanism  for  rotating 
the  registering 
disks  and  a  sepa- 
)ate  apparatus  for 
inking  them. 

In  Hill's  ma- 
chine (Fig.  3338) 
the  numbering-ap- 
paratus  moves  with 
the  bed  of  a  press 
operated  in  the  or- 
dinary manner,  the 
inward  movement 
of  the  bed-plate 
causing  a  spring- 
pawl  to  engage  with 
a  ratchet,  and  pre- 
senting the  re- 
quired number. 
A  cross-head  H  is 
arranged  to  slide 
in  vertical  guides 
formed  in  the  side- 
frames.  In  the  lon- 
gitudinal opening 
in  the  cross-head 
are  fitted  the  stems 
of  a  number  of 
hangers,  each  of  which  cariies  a  numbering-wheel, 
and  each  wheel  has  a  number  of  pi'ojecting  types  for 
imprinting  the  numerals.  The  desired  movement  is 
imparted  to  the  numbering-wheels  by  rods,  one  of 
which  is  arranged  to  slide  vertically  in  a  bracket 
attached  to  each  hanger.  These  rods  have  bent  lower 
ends,  which  are  made  to  engage  with  the  teeth  of  a 
ratchet-wheel  adjacent  to  the  numbering-wheels,  and 
thus  impart  the  desired  motion  to  the  latter.  See 
also  Paging-machink. 


Facing'  Mach  tne. 


I     Nuin'ber-ing-pres3.  SeeNuMBERiNG-MACHiNE. 
Num'ber-ing-stamp.     One  for  delivering  con- 
secutive numbers  by 

successive     impres-  Fig.  3339. 

sion.s.  A  series  ofp 
wheels  have  the  se- 
ries of  figures  from 
0  to  9,  and  these 
have  the  usual  con- 
nection by  which 
ju'essure  a])plied  to 
an  object  sets  in 
motion  the  tinit- 
wheel.  This  is  com- 
municated to  the 
ne.xt,  carrying  the 
tens,  hundreds,  and 
so  on  throughout  the 
series.       See    Ni'M- 

nEr.IXG-MArlUNE. 

Num'ber-print'- 
ing.  The  process 
whereby  successive 
numbers  are  printed 
automatically  on 
tickets,  bank-notes, 
etc. 

Various  machines 
have  been  invented 
for  this  pur|iose, 
prominent      among 

which  are  Bramah's,  Sliaw's,  Edmon.son's,  and  Trou- 
illet's.     See  Ni'MDERiNG-.MACHlNE.    Called  a  nttm- 


Numbering-  Stajnp. 


or 


Nurllng-  Tool  and 
Nurlfd  Head. 


bering-mnch inc  or  jmgiiuj-machhic. 

Nun-buoy.      A    buoy   of  a   spindle   shape, 
formed  of  two  cones  joined  at  their  bases. 

Nurl'ing.  The  indentations  or  Huting  on  the 
edges  of  coins,  the  heads  of  tem- 
per and  set  screws,  and  similar 
objects.  It  is  sometimes  called 
milliiuj,  and  in  the  mint  is  called 
reeding.  The  orenatcd  edge  on 
coin  is  intended  to  jirevent  clip- 
ping or  filing  the  edges  of  the 
c'oin,  which  might  otherwise  be 
done  to  some  extent  without  dis- 
covery, except  by  careful  weighing. 

Nurling  applied  to  the  edges  of  temper-screws  is 
to  make  them  mori'  easy  to  giasp  by  the  fingers  and 
thumb.  It  is  very  common  in  surveying-instru- 
ments, on  compasses,  dividers,  calipers,  etc.,  and 
generally  upon  all  instruments  where  a  screw  is  to 
be  loosened  or  tightened,  in  the  ordinary  uses  of  the 
instrunu'nt. 

A  nnrting-tool  has  a  roller  whose  periphery  has  a 
sunken  groove,  indented  so  as  to  form  the  counter- 
part of  the  bead  which  is  to  be  nurled  on  the  liead 
of  the  temper-screw.  It  is  held  against  the  portion 
of  thi'  object  to  be  nurled,  while  the  said  object  is 
rotated  in  a  lathe. 

The  nurling  en  the  edge  of  a  coin  is  made  in  the 
coining-press.  By  the  great  pressure  (from  40  to 
7.T  tons>,  the  metal  of  the  blank  is  forced  outward 
into  the  indentations  of  the  collai',  which  holds  it 
while  pressed  between  the  two  dies,  forming  the  ob- 
ver.se  and  reverse  respectively. 

Nurl'ing-tool.  {Turning.)  A  milling- tool.  One 
for  indenting  the  heads  of  temper  and  tangent 
screws,  etc. 

Nurs'er-y-chair.  One  for  nureery  uses  ;  the 
exam|ile  is  convertible  into  a  high-chair  for  table 
vise,  or  with  shelf  in  front  for  toys  ;  or,  when  tlie 
upper  part  is  removed,  the  lower  forms  a  [lan-i'haii'. 

Nurs'ing-bot'tle.     One  arranged  to  cMiable  an 
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infant  to  draw  milk  from 
it  by  tlie  natural  action 
of  sucking.  Fig.  3342 
is  adapted  to  be  used 
both  as  a  breast-pump 
and  a  nursing-bottle. 
In  Fig.  3313  the  tubular 
stopper  has  a  flexible 
leather  tube  extending 
up  from  the  bottom  of 
the  bottle,  so  that  it  may 
nearly  empty  the  bottle 
without  drawing  air.  A 
nipple  is  attached  to  the 
projected  end. 
Nurs'ing-lamp. 
One  for  heating  infants'  food  at  night.  The  lamp- 
case  is  water-tight,  and  is  submerged  to  heat  the 
water  in  a  bath.  Pipes 
Fig.  3342.  and  chinmeys  afford  a 

circulation  of  air. 


Nursery-  Chair. 


Breast-Pump  and  yursin^-Botlle, 


Nut.    1.  (Machinery.)    A  piece  of  metal  a  tapped 
and  adapted  to  be  screwed  on  the  end  of  a  butt  b. 


Fig.  3343 


Fig.  3344. 


Nursing.BotlJe. 


NuTsinq-Lamp- 


A  second  nut  (j,  screwed  down  upon  the  first,  is 
called  a  jam-nut,  ehcck-niU,  pinchintj-yiut,  or  lock- 
nut.  (See  NrT-L'>CK.)  A  nut-lock  is  a  device  of 
any  kind  for  fastening  a  nut ;  a  lock-nut  is  a  nut  or 
bur  which  fa.stens  another  nut. 

B  shows  a  shaft  and  sleeve  with  two  bushes  c  d, 
one  drawn  by  a  drawing-nut  e,  the  other  driven  by 
a  forcing-nut  f. 

C  D  rfre  forms  of  ela.stic  nuts.  One  has  an  open- 
ing which  permits  expansion,  and  the  other  screws 
down  upon  a  spiral  spring. 

2.  (Vrhich.)  Axle-nuts  are  screwed  on  to  the 
ends  of  the  spindles  or  arms  of  carriage-axles,  to 
97 


Fig.334o. 


Bolts  and  NvM. 

hold  the  wheels  on  the  spindles.  The  exercise  of 
ingenuity  in  this  line  has  been  in  devices  to  prevent 
the  nuts  from  becoming  unscrewed,  and  thus  allow- 
ing the  wheels  to  roll  off.  In  the  ordinary  method, 
a  closely  fitting  nut  is  screwed  on  the  threaded  end 
of  the  spindle,  the  threads  on  the  near  side  of  the 
carriage  being  left-hand  threads,  and  those  on  the 
off  side,  right-hand  threads,  so  that  the  ordinary 
motion  of  the  wheels  tends  to  roll  the  nuts  on,  and 
not  off. 

Sometimes  the  nut  is  fastened  by  a  key  of  metal 
or  leather,  sometimes  by  a  jam-nnt.  In  the  exam- 
ples, a  has  a  flanged  ca(i  instead  of  a  screw-nut,  and 
this  is  held  by  a  transverse  key  slipped  througli  a  hole 
in   the   hub-band,     b  V  are   views   of  an   axle-nut 

Fig.  S346. 


Axle-Nuts. 


which  is  seciired  on  the  axle  by  combining  with  it  a 
.spring  friction-brake,  which  acts  on  the  thread  of 
the  screw.  The  lever  or  arm  of  the  brake  extends 
beyond  one  of  the  faces  of  the  nut,  so  that  the  brake 
may  be  withdrawn  from  the  thread  of  the  screw  by 
the  act  of  putting  on  the  screw-wrench,  to  take  off  or 
put  on  the  nut.  » 

In  c  c',  when  the  nut  is  screwed  up  to  its  place, 
the  lever-key  is  thrown  into  such  po.sition  as  to  pre- 
vent the  nut  becoming  unscrewed.  To  unsc-rew  the 
nut,  the  lever-key  is  turned  to  a  horizontal  position 
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by  entering  a  small  iron  pin  thvongh  a  hole  and 
causing  it  to  bear  upon  the  key  while  the  nut  is 
staiteifbaek.  The  two  figures  illustrate  the  respec- 
tive positions  of  the  lever-key. 

In  (/  d'  the  divided  nut  is  clamped  in  a  groove  of 
the  spindle,  the  shoulders  of  the  groove  being  formed 
respeetively  of  the  enlarged,  bearing  portion  of  the 
spindle  and  of  the  outer  boss.  One  portion  of  the 
nut  niuy  be  hinged  to  the  other,  and  the  jaws 
opened  to  enable  it  to  be  placed  in  its  seat  ;  or  the 
two  jiieces  may  be  locked  together  in  any  convenient 
manner. 

In  Fig.  3347,  a  cap  covers  in  the  outer  end  of  the 
hub,  and  is  not  removed  for  the  purpose  of  taking 


Fig.  3350. 


fig.  8347. 


rig.  3-348. 


Young^s  Axle-Nut. 

off  the  wheel.  A  pin  is  thrust  in  from  the  outside 
through  a  hole  in  the  cap,  and  engages  with  a  groove 
in  the"  axle-nut,  so  as  to  lock  the  two  together.  The 
wheel  being  then  rotated  in  the  proper  direction,  the 
cap  and  nut  revolve,  and  the  latter  is  unscrewed  from 
the  end  of  the  spindle,  releasing  the  wheel  without 
soiling  the  fingers  by  handling  the  nut. 

Many  devices  to  prevent  nuts  from  becoming  un- 
screwed are  found  in  machinery  sub- 
ject to  jar,  and  particularly  in  railroai' 
rail  fastenings  and  fish-plates.     See 
Nut-lock. 

3.  The  screwed  sleeve  which  oper- 
ates the  movable  jaw  of  a  monkey- 
wrench. 

4.  One  of  the  rollers  or  crushing- 
cylinders  of  a  eider-mill. 

5.  {Kaiitiad.)  A  projection  on  the 
shank  of  an  anchor  to  hold  the  stock 
in  place. 

6.  (Fire-arm.)  The  tumbler  of  a 
gun-lock. 

Nut-crack'er.  An  implement 
with  jaws  for  cracking  hard-shell 
nuts,  such  as  hiclcory,  walnut,  Bra- 
zil, etc.     The  short  arm  of  the  lever 

is  pivoted  to  the  moving  jaw,  and  it 

Mankey-Wmick.  has  fulcrum  bearing  in  shackles  wdiiel: 
are   pivoted   to   the    fixed  jaw    anc: 
curved  backward  to  give  access  to  the  jaws. 
Nut-fas'ten-ing.    See  Nut- lock. 

Fig.  3349. 


Nut-  Cracker. 

Nut-lock.  (Machinery.)  A  means  for  fasten- 
ing a  bolt-nut  in  place,  preventing  its  becoming 
ioo.se  by  the  jaiTing  or  tremulous  motion  of  the  ma- 
chinery.    Such  are  used  upon  fish-bars  of  railways, 
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upon  harvesters,  and  in  many  other  places.  In  rail- 
ways especially  there  lias  been  a  great  demand  to 
hold  the  nuts  from  being  loosened  by  the  sliocks  of 
the  passing  trains. 

Fig.  3350  shows  a  number  of  these  deWces,  some 
of  which  are  American,  others  foreign.  They  reijuire 
but  little  descrii)tion,  being  simple  and  readily  rep- 
resented by  drawing. 

a  has  a  washer  cut  obliquely  so  as  to  present  cutting  edges 
which  sink  iuto  the  nut  and  bar  respectively. 
b  has  a  plate  which  fits  between  the  two  nuts  of  a  fish-bar. 
c  has  a  plate  which  fits  over  the  nuts,  and  is  held  by  a  staple 
and  key.  ^ 

^  e  are  forms  of  jam-nuts,  ri^ht  and  left  handed,  the  outer 
one  being  of  smaller  diameter  and  allowing  the  lower  nut  to  be 
slipped  over  it.     They  also  have  exteriijr  set-screws. 

In  /"the  left-hand  screw  is  interior,  and  its  head  jams  against 
the  face  of  the  lower  nut. 

g  has  a  conical  screw  portion,  having  longitudinal  slits  which 
allow  it  to  be  pinched  down  upon  the  bolt-screw  by  the  outer 
nut. 
h  h!  has  a  through-pin  which  transfixes  the  nuts, 
i  has  a  feather  which  lies  iu  a  longitudinal  groove  In  the 
bolt  and  a  spline- way  in  the  nut. 

j  has  a  ratchet- washer  and  a  click ;  the  nut  is  partially 
imbedded  in  the  washer. 

k  has  plus  which  enter  opposite  grooves  iu  the  contact- 
ing faces  of  the  wa.«her  and  nut. 
/has  a  split  bolt  and  sprexiding  wedge. 
m  has  an  unequal-sided  washer,  which  causes  one  side  to 
jam  against  the  object  and  partially  imbed  iL^lf. 

n  has  a  concave-faced  nut  which  slips  on  to  a  seat  on 
the  washer  or  fish-bar. 

0  o'  show  a  bifurcated  washer,  the  legs  of  which  are  bent 
up  against  the  nut. 

p  p'  has  a  split  washer,  one  part  of  which  springs  up 
against  the  side  of  the  nut. 

9  is  a  gravitating  nut,  being  heavier  on  one  side. 
r  has  a  washer  with  mngs  which  spring  up  against  the 
sides  of  the  nut. 
s  has  a  notched  plate  which  shps  over  recesses  in  the  nuts. 
t  t'  has  spring  wings  on  the  washer  to  hold  the  nut. 
j(  u'  pre  two  views  of  a  washer  with  a  hinged  section  which 
holds  the  nut. 
V  v'  show  forms  of  flexible  washer-strips. 
M'  has  a  nut  with  a  gravitating  extension-piece. 
X  has  a  cam  which  jams  against  the  nut. 
y  is  a  bolt  ^vith  groove  for  spline,  and  a  corresponding 
groove  on  each  side  of  the  nut. 

z  is  a  nut  which  jams  down  upon  a  yieUing  washer. 
a-  shows  two  views  of  one  having'  a  split  bolt,  and  a 
wedge  held  by  a  key. 

6-  shows  two  views  of  anut  with  internal  ratchet  and  a  sprinc- 
chck  on  the  bolt. 

c2  c'i  c^  are  the  Xoblet  washer,  which  has  a  portion  to  turn  up 
against  the  nut,  and  a  farther  portion  which  may  be  turned 
down  against  the  object,  if  desired. 

rf-  is  the  Xicholson  (l!?o2)  bolt  with  a  semi-spherical  bearing 
surface,  and  nut  made  to  suit.  ° 

e-  is  Adam's  wedge-formed  washer  (1856). 
f"'  has  a  right  and  left  double-ended  screw-bolt. 
g2  o-:i  are  two  views  of  a  form  in  which  a  w.isher  beneath  the 
nnt  has  a  lip  which  projects  iuto  a  slot  in  the  fish-bar. 

A2  has  a  long  washer-slip  with  a  piece  turned  up  to  form  a  key. 
A3  shows  the  grooved  nut. 

Nut-ma-chine'.  A  machine  for  forming  nuts 
from  the  .solid  bar  by  cutting  or  swaging. 

In  Fig.  3351,  the  heated  bar  is  placed  at^ainst  a 
gage,  the  slide  /is  forced  forward  and  the  blank  is  cut 
from  the  bar  ;  the  blank  is  forced  into  the  die  T,  to 
which  the  rouuded  header  has  been  advanced  by  the 
movement  of  the  slide  L.     The  advance  of  the  punch 


perforates  the  nut  and  forces  the  piece  into  the  hollow 
left  by  the  recession  of  the  slide  /,  whose  second  for- 
ward movement  discharges  the  nut. 

In  Fig.  3352,  the  blank  is  cut  from  the  heated  rod 
by  the  punch  V.  The  rani  C  moves  forward,  carry- 
ing the  lioHiig-punch  F,  which  is  advanced,  making 
the  hole  in  the  nut,  after  which  thev  recede  from  each 
other,  allowing  the  nut  to  be  piished  out  by  the 
follower  /.  The  swaging  and  holding  punches  are  ac- 
tuated by  toggle-joint  connection  with  the  levers  F 
ir,  producing  a  hammering  action  rather  than  a 
positive  limited  pressure. 

In  Fig.  3353,  the  sliding  caniage  B  caaiies  the 
cutter  H  (the  cutting  edge  of  which  is  bevtded  to 
cause^any  desired  chamfer),  and  the  borer  J.  The 
rod  £*,  of  hexagonal  or  other  shape  adapted  to  the 
kind  of  nut  retiuired,  jiasses  through  similarly 
shaped  rings,  which  prevent  it  from  slipping  dui'ing 


Fig.  3352. 


Nut-MacJiine. 


rotation.     When  6  or  8  blanks  have  been  cut  by 
advancing  the  carriage,  this  is  drawn  back,  the  bar 


Fig.  3353. 


^^"^. 


Fig.  3351. 


NtU-Machine, 

is  fed  forwarri,  and  a  new  series  of  turning  and  drill- 
ing operations  commences. 

In  the  machine  (Fig.  3354)  the  dies  are 
arranged  around  the  bed-roller  B,  which 
is  intermittingly  mored  by  the  curved 
arms  P  P',  etc.,  so  as  to  bring  each  die  at 
the  proper  moment  under  a  corresponding 
punch,  actuated  by  the  levers  U  U\ 
which  cut  out  the  nuts  from  the  heated 
bar.  They  are  then  delivered  from  the 
die  by  plungers  c.  Punches,  operated  by 
cams,  jici-forate  the  nut. 

Nut'meg-grat'er.  The  largest  four 
Banda  islands  are  exclusively  devoted  to 
the  giowth  of  nutmegs,  producing  yearly 
400,000  pounds  of  nutmegs  and  130,000 
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pounds  of  mace.  Tlie  nutnipg-tree  grows  30  feet 
high,  ami  resembles  the  orange,  the  pale  yellow 
flowers  and  fruit,  in  various  stages  of  maturity,  be- 

Fig.  3^5 


Aiitine^-  Grater, 

ing  all  together  on  the  tree.  The  fruit  is  at  first  of 
a  liglit  green  color,  becoming  yellow  when  ripe,  with 
a  longitudinal  i'orni.  The  external  covering,  at  tirst 
tliick  and  lieshy,  and  tilled  witli  acrid 
astringent  juice,  subserinently  becomes 
dry  and  separates  into  two  valves,  dis- 
closing the  scarlet  network  known  as 
mace.  Within  the  latter  is  a  tliin  brown 
shell  containing  the  nutmeg.  Tlie  fruit 
i    gathered    and 


Nut  -  roast'er. 

A  ri>tary  cylinder 
is    con  lined    in    a 
liot-air    case,    and 
proviiled  with  gas- 
burners.    A  warm- 
ing-apparatus,   to 
whicli     tlie     tube 
that   supjilics    gas 
to  tlie  roa.-,ting-ap- 
paratus      is      con- 
nected for  supply- 
ing  heat    thereto, 
is  so  arranged  that, 
after  the    nuts 
have  been  roast- 
ed  and    placed 
in      the      said 
warming- appa- 
ratus,  the  How 
to  the  roasting- 
burner  may  be 
stopped,    while 
that      to      the 
warming- appa- 
ratus     contin- 
ues. 

Nut-shap'- 
rngMa-chiue'.  i>«.-r,«,,e.. 

A  machine  for  the  purpose  of  shaping  the  external 
faces  of  hexagonal  nuts.  Six  hoiizontal  revolving 
cutters  are  arranged  radially  at  the  same  level,  and 

Fig  3358. 


US 
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Fig.  a356. 
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divested  of  its 
outer  coverings, 
the  mace  being 
carefully  collected 
and  dried  in  the 
sun.  The  nuts 
are  dried  in  the 
sun,  or  in  an 
oven,  and  smoked 
rattles.     The  shells  are 


Ntitmii^-  Grater. 

until  the  kerne' 

then  broken  open  and  the  kernels,  hav- 
ing been  steeped  in  lime-water,  are 
packed  in  chests  for  exportation.  The 
tree  is  produced  from  tlie  seed,  tlowers 
in  the  ninth  year,  and  continues  liearing 
fruit  and  llowers  all  the  year  round  for 
seventy  years. 

Besides  the  old-f\ishioned  grater,  in  which  the  nut 
and  the  knuckles  are  iinpartially  rasped,  may  be 
mentioned  two  other  kinds.  In  Fig.  3355,  the  nut- 
meg A'  in  the  tube  of  the  stock  A  is  pressed  by  the 
spring  against  the  gi'ater  C,  wliich  is  reciprocated 
in  the  transverse  opening. 

In  Fig.  3356,  the  grater  revolves  in  a  stock,  and 
the  nutmeg  is  pressed  against  it  by  a  spiral  spring 
which  bears  against  a  removable  cap,  covering  the 
opening  by  whicli  it  and  the  spice  are  introduced. 

Nut-pian'er.  A  series  of  nuts  of  difTerent  sizes 
are  screwed  to  tlie  mandrel,  and  one  side  of  the  latter 
is  a  sliding  tool-rest,  to  which  are  screwed  a  series  of 
tools,  having  each  two  cutting  edges,  by  which  a  num- 
ber of  nuts  can  be  simultaneously  faced  and  beveled. 


Peanut-Roaster. 


driven  by  a  single  bevel-wheel  gearing  into  the 
six  bevel-pinions  that  carry  the  cutter-spindles. 
The  cutters  are  so  fixed  in  their  spindles  that 
when  the  cutting  edges  of  one  tool  are  horizontal, 
those  of  the  adjoining  one  are  vertical,  and  they 
consei|uently  miss  one  another  in  revolving,  and 
can  thus  operate  on  work  the  faces  of  which  are 
narrower  than  the  breadth  of  the  cutters  ;  by  this 
means  the  contiguous  faces  of  hexagonal  nuts  are 
all  shajied  simultaneously  by  the  revolving  cutters. 
The  nuts  to  be  shapeil  are  threaded  ujion  a  ver- 
tical center  mandrel,  to  which  a  vertical  feed-mo- 
tion is  given,  traversing  the  nuts  upward  or  down- 
ward in  the  middle  of  the  revolving  cuttei's  ;  and 
the  shaping  of  the  six  faces  of  the  whole  row  of  nuts 
on  the  mandrel  is  completed  in  a  .single  traverse  of 
the  marhine. 

Nut-tap'ping  Ma-chine'.  For  cutting  screw- 
threads  in  pum-hed  nut-blanks.  A  machine  resem- 
bling a  drill-bench,  with  taps  mounted  on  the  ends 
of  its  mandrels. 

Nut-TArrench.  A  spanner  for  rotating  nuts. 
See  MuXKEY-WKENCH,  and  list  under  Wke.vch. 
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Oak'um.  (Anglo-Saxon,  acumia.)  1.  The  coarse 

poition  sf-'parated  IVoiii  5/ /"/ci' (strike  :  A.S.,  stricccn) 
of  Hax  or  liem]i  iu  hackling.  1 

2.   Untwisted  rope  ;  u.sed  for  calking  the  searns  of 
a  slajp's  i)lank,  being  forced  thereinto  by  chisel  and  { 
mallet.     A  lirst-rate   ship  of  war  retiiiires   67,000 
pounds  of  oakum  to  close  tlie  seams.  j 

Oar.  1.  (Xautical.)  An  instrument  for  rowing. 
A  long  paddle  which  rests  in  tholes  on  the  gunwale 
ill  vowing. 

A  long  oar,  used  occasionally  to  assist  a  vessel  in  a 
calm,  is  a  sweep,  and  is  operated  by  two  or  more 
men. 

Small  oars  are  sculls ;  one  roner  wielding  a  pair,  ; 
sitting  midlength  of  the  thwart.     Hculliiirj  a  boat  is 
performed  by  an  oar  shipped  in  a  half-round  liole  at  , 
the  stern,  the  oar  being  moved  with  a  twisting  action 
from  side  to  .side. 

A  rujijcd  oar  is  one  in  which  the  oar  is  pivoted  to 
the  gunwale  and  moved  by  a  rod,  or  otherwise  by  a 
rower  sitting  abaft  it,  so  that  he  may  face  forw.ard. 

The  b/fulc  of  tlie  oar,  also  known  as  tlie  wash,  is 
the  broad  flat  part  wliich  is  dipped  into  the  water 
in  rowing.  The  blade  was  formerly  known  as  tlie 
pala,  wliich  survives  in  the  term  peel,  yet  applied 
to  it.  The  term /ire^a  meant  a  spade  ;  the  older  forms 
of  ])addk'S  might  be  used  for  digging. 

The  liioiii  of  the  oar  is  the  shaft,  beginning  at  the 
blade,  and  terminating  in  the  handle,  which  is  of 
rather  smaller  diameter  than  the  loom,  in  order  to 
allbrd  a  good  hand-hold  to  the  rower. 

The  oar  when  in  use  rests  in  roirlocks  in  the  gun- 
wale of  the  boat  or  between  tho'e-pin.9,  which  are 
round  t>egs,  inserted  in  holes  bored  in  the  gunwale. 

To  boiit  oars  means  to  cease  rowing  and  lay  the 
oars  in  the  boat. 

To  fcallter  oars  is  to  turn  the  blades  in  a  horizontal 
position  on  lifting  them  from  the  water  at  the  end 
of  each  stroke,  to  ati'ord  as  little  resistance  as  possi- 
ble to  the  water  in  witluliawing,  and  to  the  air. 

To  sln'ij  oars  is  to  place  them  in  the  rowlocks  or 
between  the  thole-pins,  ready  for  use. 

An  oar  is  frei|Uently  used  for  steering  :  in  which 
case  it  is  sometimes  an  ordinaiT  oar  sliipjied  in  a 
swiveled  fork  at  the  stern,  as  in  whale-boats  ;  or  it 
may  be  a  broad  paddle  attached  to  a  long  arm,  work- 
ing on  a  swivel  near  its  center,  or  similar  device,  as 
is  often  the  case  in  keel-boats,  scows,  etc. 

To  lie  on  the  oars  is  to  raise  them  from  the  water 
and  hold  them  horizontally. 

To  muffle  the  oars  is  to  put  sheepskins  in  the  row- 
locks to  prevent  any  sound  in  rowing. 

To  toss  the  oars,  is  to  raise  them  vertically,  resting 
on  the  handles.     It  is  a  form  of  salute. 

To  unship  the  oars  is  to  take  them  out  of  the  row- 
locks. 

Siiujlc-hanlced  is  when  the  oars  are  rowed,  one  to 
each  thwart,  starboard  and  port  sides  alternately. 

Duuble-bankcd  is  when  two  opposite  oars  are 
pulled  by  two  rowers  seated  on  the  same  thwart, 
or  by  two  men  at  each  oar. 

The  tenn  hank,  as  applied  to  galleys,  meant  a  tier 
of  oar.s,  as  double-bnnked,  sinfflr-bankcd,  etc. 

Says  Pliny:  "The  Copfe  invented  the  oar,  and 
the  Plat.'vans  gave  it  its  liroad  blade."  We  sup- 
pose he  means  a  fair  distinction  between  the  oar  which 
rests  in  tholes  and  the  paddle  which  is  handled  with- 
out receiving  a  fulcrum  support  on  the  gunwale. 

The  great  ship  of  Ptolemy  Philopator  liad  foi'ty 


ranks  of  rowers ;  the  oars  of  the  longest  row  were 
38  cubits  in  length  (say,  57  feet).  These  were  loaded 
with  lead  on  the  part  inside  of  the  rowlocks,  so  as 
to  evenly  balance. 

The  scarcity  of  timber  in  Eastern  lands  had  a 
great  deal  to  do  with  the  importance  and  peace  ot 
nations  thereabouts.  The  possession  of  Lebanon 
and  Ba.shan  was  not  one  of  the  least  of  the  points  in 
dispute  between  the  two  branches  of  the  llacedoiiiau 
Empire  represented  by  the  Seleucidse  and  the  Ptole- 
mies. 

These  straggles  fill  np  the  time  between  the  death 
of  Alexander  and  the  absorption  of  the  country  by 
the  Romans,  and  form  the  history  which  was  so  re- 
markablj'  portrayed  iu  prophecy  by  Daniel  several 
hundred  years  before.  See  the  11th  chapter  of  Dan- 
iel. 

While  the  fir-ti-ees  of  Senir  furnished  the  planks, 
and  the  cedars  of  Lebanon  the  masts,  the  oaks  of 
Bashan  contributed  the  oars  of  the  famous  galleys  of 
Phcenicia.  Being  the  great  carriers  of  that  day,  and 
having  direct  dealings  with  Britain,  India,  Greece, 
Spain,  Africa,  and  many  (lorts  who.se  names  remain 
but  whose  localities  are  difficult  to  determine,  these 
"princes  of  the  .sea"  and  artilicers  upon  the  land 
were  in  demand  wherever  an  extnx  amount  of  intel- 
ligence, taste,  skill,  and  daring  was  required.  Two 
lanils  at  lea-st  contributed  the  timber  of  their  vessels, 
another  the  cordage,  another  the  sails,  another  the 
oars,  others  the  ivory,  ebony,  and  sandalwood  for 
adornment  ;  Palestine  contributed  its  iron. 

Copjier  from  the  same  land  and  the  Caucasus  was 
mingled  with  the  tin  from  the  far-off  C'assiterides, 
the  fii-st  coutriliution  of  Britain  to  the  conimoa 
stock  of  the  world's  merchandise,  and  which  had  tlie 
honor  of  forming  with  copper  the  alloy  which  made 
the  brazen  (bronze)  laver  and  furniture  of  Solomon's 
Teniiile. 

Though  littoral  Tyre  was  destroyed  by  Xehuchad- 
nezzar,  and  insular  Tyre  by  "young  Amnion,"  the 
"rough  he-goat,  thekingof  Grecia,"  yet  she  .'■urvived 
in  her  colonies  until  the  Roman  maelstrom  drew 
them  all  into  its  vortex  and  swamped  the  distinctive- 
ness of  many  nations. 

The  best  jiicture  of  the  time  is  that  given  in  Ezckiel 
xxvii.  (which  see). 

Machines  are  made  for  dressing,  planing,  riving, 
and  splitting  oars,  but  do  not  differ  so  specially 
from  machines  for  getting  out  and  dressing  stuff  for 
other  puiiioses  as  to  require  elaborate  description 
here. 

2.  (Brewing.)  A  blade  or  paddle  with  which 
mash  is  stirred  in  the  tun. 

Oar-lock.  (Xautical.)  A  means  of  pivoting  an 
oar  on  tin-  gunwale.     A  Rowlock  (which  see). 

Oar-pro-pel'ler.  1.  A  device  to  imitate  by 
machinery  the  action  of  sculling.  Two  sub- 
merged blades  at 

the    stern  are  at-  Fig.  3359. 

tached  to  an  os- 
cillating, vertical 
shaft  and  brought 
broadside  to  the 
water  and  feath- 
ered, altcniately, 
so  as  to  make  an 
effective  and  a  re- 
turn stroke.  The 
horizontal      shaft  Oar- Propeller. 
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of   tlie   lilades   receives   an   oscillatidii    in    a  verti- 
cal  pliine,  while   the   sleeve   to   whii'li    its   hub   is 
secured  is  oscillated  in  a  hori- 
Fig.  33U0.  zontal  plane,  so  that  it  receives 

a  donhleosciUation.onic  around 
its  own  axis  and  also  around 
the  axis  of  tlie  vertical  shaft. 

In  another  form,  the  blades 
are  oscillated  with  their  rock- 
frame,  and  are  feathered,  so  as 
to  move  forward  edgeways  and 
move  backward  flatways  to  pro- 
]iel  the  boat. 

A   canal-boat,    propelled    by 

oars,  was  used  on  the  Sankey 

Canal,  Lancashire,  England,  in 

Oar-Swivet.  1Ti)7.   The  oars  made  18  strokes 

per  minute,  and  were  operated 

by   a   steam-engine. 

Oar-sMiriv'el.  A  pivotal  device  for  an  oar  on 
the  gunwale.  A  rowlock.  In  the  example,  the  oar 
is  hung  in  gimbals,  whiidi  allow  it  vibration  in  any 
plane,  and  it  has  Iiesides  a  capacity  for  rotation  on 
its  own  longitudinal  axis  in  feathering.  See  llow- 
LOCK. 

Oast.     A  hop-drying  kiln. 

The  kiln  has  an  upward  draft,  the  floor  being  per- 
forated and  the 
Fig  33(il.  hops  lying  ui>- 

on  hair-cloth. 
Inthecxample, 
the  furnace  is 
covered  by  an 
arch  of  brick- 
work or  metal, 
forming  an  air- 
c  h  a  m  b  e  i- 
around  the  fur- 
nace from  which 
the  air  is  con- 
veyed to  the 
foramiuous  bot- 
tom of  the  kiln. 
Ob'e  -  lisk. 
1.  A  quadran- 
gular, slender 
stone  shaft, 
with  a  pyra- 
midal ajiex. 
The  width  of 
tlie  base  is  usu- 
ally about  one 
Oast.  tenth     of     the 

bight,  and  the 
pyramidal  apex  has  about  one  tenth  of  the  whole 
length.  It  is  Egyptian  initsconcejition  andexccution. 
Obelisks  were  erected  in  pairs,  and  are  yet  numerous 
on  the  ancient  sites,  and  no  doubt  many  prostrate 
ones  iue  buried  in  thi'  soil  of  Egypt,  whicli  has  risen 
from  the  deposit  of  the  Nile  9  feet  in  1,7011  years  at 
Elephantine,  and  7  feet  at  Thebes.  The  deposit  of 
mud  at  Thebes,  therefore,  since  Amunoph  I.,  would 
be  about  17  feet. 

There  are  about  a  dozen  Egj'ptian  obelisks  erected 
in  Rome.  The  largest  is  that  from  Heliopnlis.  It 
is  of  granite,  and  now  stands  liefore  tlie  north  Jior- 
tico  of  the  Church  of  .St.  John  Latcran,  where  it  was 
erected  in  1588.  Its  whole  liight  is  about  119  feet ; 
without  the  base,  105  feet.  It  was  removed  to  Al- 
exandria by  Constantine,  and  to  Rome  by  his  son 
Constaiitins,  and  placed  in  the  Circus  Maximns.  It 
was  overthrown,  broken  into  three  pieces,  and  a 
piece  was  removed  from  its  base  before  re-crectiiig. 
It  weighs  about  985,t)00  pounds.     Its  partner  yet 


stands  at  Heliopolis.  It  is  marked  with  the  name 
of  Osirtasen  I.,  about  2100  n.  c.  Roman  obelisks 
were  also  imported  by  Augustus  and  Caligula. 

Other  obelisks  are  found  at  t'onstantinople,  Paris, 
Aries,  Eloreiice,  etc. 

The  Egyptian  obelisks  are  usually  of  granite,  but 
there  are  two  small  ones  in  the  British  Museum 
made  of  basalt,  and  one  at  Phihe  of  sandstone.  The 
date  of  the  Flaminiau  obelisk,  which  is  covered  with 
hierogly|jliics,  is  supposed  to  be  about  1600  B.  C. 

The  obelisk  in  Paris,  erected  in  1833,  was  brought 
from  Luxor.  It  is  76  feet  in  liight.  Of  the  needles 
of  Cleopatra,  so  called,  one  is  standing,  63  feet  in 
hight,  and  the  otlier  is  lying  ujion  the  ground. 

"  The  mode  of  I'aising  an  obelisk  seems  to  have 
been  by  tilting  it  from  an  inclined  plane  into  a  pit, 
at  the  bottom  of  which  the  pedestal  was  jilaced  to 
receive  it.  A  roller  of  wood  was  fastened  at  each 
side  to  the  end  of  the  obelisk,  which  enabled  it  to 
run  down  the  wall  ojiposite  to  the  inclined  jilane  to 
its  inojier  position."  —  AVilkinsuN. 

For  a  full  description  of  the  mode  of  moving  and 
rc-erccting  an  Egyptian  obelisk,  see  the  ijuarto 
"  L'Obelisriue  de  Luxor,  Histoire  de  .sa  Tran.slation  k 
Pari.s,"  Palis,  1839.  See  also  Cresv's  "Cvclopedia," 
ed.  of  1865,  pp.  38,  40;  also  pp.  1013-17. 

2.  A  reference-mark  in  printing  (+)  ;  also  called 
a  dagger. 

Ob'ject-fiiid'er.  {Optics.)  A  means  of  regis- 
tering tlie  position  of  a  microscopic  object  in  a  slide, 
so  that  it  may  be  readily  found  in  future. 

Jlaltwood's  tinder  is  a  glass  slide  3xlJ  inches 
with  a  scale  occupying  1  S(|uare  inch  ruled  into 
2,5(10  .siiuare.s.    See  "Reck  on  the  Microscope,"  p.  67. 

Ob'ject-glass.  (Optics.)  The  glass  at  that  end 
of  a  tclescojie  or  microscope  which  is  jireseiited  to- 
ward the  object.  'Yht  uhjectirc.  By  it  an  image  of 
the  object  is  formed,  to  be  viewed  by  the  eye-glass. 
Iirgood  instruments  of  either  kind  the  object-glass 
is  achromatic  and  conijiosed  of  several  lenses,  one 
being  of  flint-glass  anil  the  other  or  others  of  crown- 
gla.ss.  See  AciiuiiMATic-LENs  ;  Lens;  Telescope; 
Eyk-oi..\ss  ;  Field-class. 

Ob-ject'ive.  (Optics.)  That  lens  or  combina- 
tion of  lenses  in  a  microscope  or  telescope  which 
brings  the  image  of  an  object  to  a  focus  in  order  to 
be  viewed  through  the  eye-piece.  The  oliject-glass. 
Though  acroniatic  lenses  had  been  applied  to  tele- 
scopes by  Dollond  near  the  middle  of  the  eighteenth 
century,  yet  in  1821,  according  to  Biot,  opticians 
regarded  the  construction  of  a  good  achromatic  mi- 
croscope as  an  impossibility. 

In  1827  Professor  Amici  of  Modena  exhibited  in 
England  and  Paris  a  horizontal  microscope  whose 
oliject-glass,  of  large  ajierture,  was  composed  of  three 
superimposed  lenses.  A  microscope  constructed  by 
Chevalier,  on  Amici's  jilan,  was  awarded  a  silver 
medal. 

The  tlieory  of  the  subject  was  about  this  time  in- 
vestigated by  Sir  John  Herschel,  Professor  Airy, 
and  others,  and,  acting  on  their  theoretical  views, 
Mr.  Joseph  Jackson  Lister  succeeded  in  efl'ecting 
one  of  the  greatest  improvements  in  the  manufacture 
of  achromatic  object-glasses  by  uniting  a  plano-con- 
vex Hint  lens  with  a  conve.x  lens  by  means  of  Canada 
balsam. 

This  dimini.shes  by  nearly  one  half  the  loss  of 
light  occasioned  by  reflection  where  the  surfaces 
unite,  and  prevents  the  dampness  or  the  formation 
of  mold  at  the  junction. 

Mr.  Ross,  wlio  snbse(|uently  devoted  much  time 
to  the  improvement  of  objectives,  eiiijiloys  three 
lenses  of  tins  kind  in  order  to  corivet  the  cliromatic 
and  spherical  aberrations  corresponding  to  varying 
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distances  of  the  object,   when  it  has  to  be  viewed 
througli  an  interposed  plate  of  glass. 

This  is  effected  —  supposing  the  posterior  and  mid- 
dle combinations  a  J  to  have  together  an  excess  of 
negative  abermtion  —  by  caus- 
ing the  anterior  combination  c 
to  have  an  excess  of  positive 
aberration,  and  varying  its  dis- 
tance from  the  other  pairs. 

For  this  purpose  the  anterior 
lens  is  set  in  the  end  of  a  tube 
d  (as  shown  in  the  lower  por- 
tion of  the  figure),  which  slides 
on  a  cylinder  c,  containing  the 
remainder  of  the  combination, 
and  is  caused  to  approach  or  re- 
cede therefrom  by  turning  the 
screwed  ring  /  or  by  simply 
sliding  the  tube  on  the  interior 
cylinder,  afterward  clamping  it. 
An  aperture  is  made  in  the 
tube  d,  througli  which  is  .seen 
a  mark  engraved  on  the  cylin- 
der. A  longer  and  shorter 
Microscopic  Objective,  mark  are  engraved  on  the  tube  ; 
and  by  bringing  the  former 
into  coinciilence  with  the  mark  on  the  cylinder  the 
adjustment  is  perfected  for  an  uncovered  object. 
When  the  shorter  mark  is  made  to  coincide  with  the 
mark  on  the  cylinder,  the  proper  adjustment  is  at- 
tained for  correcting  the  aberi'ation  occasioned  by 
glass  t/itt  of  an  inch  in  thickness. 

Ob'ject-staff.  {Surveying.)  A  staff  the  same 
hight  as  the  level,  forming  a  sight  to  be  viewed  from 
thence  in  determining  levels. 

A  leveling  staff  consists  of  a  graduated  stri]i  slid- 
ing in  the  dovetail  groove  of  an  upright  bar,  and  pro- 
vided with  a  cross-bar  to  whose  crucial  jioint  the 
eye  of  the  leveler  is  directed.  The  said  bar  is  raised 
or  lowered  until  it  meets  the  level,  and  the  hight  is 
read  on  the  staff.  The  sliding  is  for  purposes  of 
extension  when  the  le\el  is  above  the  top  of  the 
main  bar. 

Ob-lique'  Arch.  One  which  conducts  a  road  or 
railroad  across  a  river,  canal,  etc.,  in  an  oblique  di- 
rection ;  also  called  a  skew-arch. 

O'bo-e.  (Music.)  Or  hauthoy.  A  double-reed 
instrument  with  a  compass  of  two  octaves  and  a 
sixth,  and  written  on  the  G  clef.  It  has  three  pieces 
besides  the  reed-piece. 

b.  A  reed-pipe  stop  of  an  organ,  tuned  in  unison 
with  open-ditipason,  and  depending  for  the  peculiar 
quality  of  its  tone  upon  the  shape  of  the  tube'  through 
which  'the  sound  of  the  reed  is  transmitted.  See 
Srni-. 

Ob-serv'a-to-ry.  1.  A  building  pro'saded  with 
instruments  for  astronomical  observations.  See  As- 
TKOXuMic.iL  Instkuments  ;  Ar.millary-sphere, 
etc.     See  list  under  Optical  Instrumen't.s. 

2.  A  chamber  of  observation  at  such  an  altitude 
as  to  look  over  adjacent  objects  and  afford  an  exten- 
sive view.  Used  as  a  lookout-station  for  the  fire- 
alarm  service,  for  signaling,  tor  meteorological  ob- 
servations, etc. 

The  iron  observatory  on  the  roof  of  the  Equitable 
Life  Insurance  Company,  on  Broadway,  New  York, 
is  22  feet  high  above  the  roof  of  the  Iniihling,  which 
is  130  feet  above  the  sidewalk.  The  ]irobaliilities  of 
the  weather  are  indicated  liy  balls  12  feet  in  diame- 
ter, displayed  upon  two  signal-staffs  and  visible  from 
various  points  on  Long  Island  Sound.  Sandy  Hook, 
and  the  inland  waters  of  the  Hudson  and  Harlem 
rivers.  In  the  building  is  a  large  map,  dis]>laying 
the  territory  throughout  which  the  service  has  its 


stations,  reaching  from  Mexico  to  Canada,  and  from 
the  Atlantic  to  the  Pacific  coast.  The  state  of  the 
weather  is  indicated  by  dials  at  each  of  these  sta- 
tions on  the  map,  from  which  reports  are  received 
every  five  hours. 

Ob-stet'ri-cal  Chair.  One  capable  of  affording 
convenient  position  for  the  delivery  of  the  child  and 
access  of  the  midwife. 

Ob-stet'ri-cal  For'ceps.  (Surgical.)  An  ac- 
coucheur's instrument  for  grasping  the  head  of  the 
child  and  facilitating  delivery.  They  are  of  varied 
shapes  and  construction,  and  have  specific  means, 


such  as  rings  or  hook.s,  to  assist  the  hand  when  force 
is  applied.  The  instrument  was  described  by  But- 
ler in  1732. 

Ob-stet'ri-cal  In'stru-ments.  (SurgiccrJ.)  For 
assisting  delivery,  measuring  the  ]ielvic  o])ening, 
etc.  Among  them  may  be  enumerated  the  ccplifilo- 
tribc,  crochet,  forceps,  obstetrical  supporter,  pclrime- 
tcr,  perforator,  placenta-forceps,  and  hook.  Herophi- 
his  of  Alexandria,  of  the  school  of  Ptolemy,  wrote 
on  obstetrics. 

Ob-stet'ri-C£il  Sup-port'er.  One  having  braces 
around  the  hips  and  knce.s  and  affording  holds  for 
the  hands,  to  assist  the  muscular  exertions  of  the 
mother  during  parturition. 

Ob'tu-ra'tor.     (Surgical.)     An   instrument   for 
distending  an  opening, 
as    in    the     example.  Fig.  3364. 

which  shows  a  pointed 
screw-shaped  appli- 
ance, used  in  cases  of 
lithotomy.  The  instru- 
ment shown  at  a  is 
thrust  through  the 
portion  b,  and  togeth- 
ei-  with  it  is  driven,  by 
pressure  and  rotation, 
through  the  opening  made  by  the  gorget,  distending 
it.  "Tbe  obturator  a  is  then  withdrawn  by  backward 
rotation,  leaving  the  cmula  b  in  situ,  to  form  a 
channel  through  which  the  I ithontriptor  or  lithoclast 
is  introduced  to  crush  the  stone. 

Ob'verse.  The  face  of  a  coin  or  medal.  The 
other  side  is  the  reverse. 

An  obverse  tool  has  the  smaller  end  toward  the 
haft  or  stock. 

Oc'ta-chord.  (Music.)  A  musical  instrument 
having  8  strings. 

octant.     (Optics.)     An  instrument  for  measur- 
ing  angles,   resembling   a  quadrant   or   sextant   in 
principle,  bnt  having  an  arc  of  45°,  the  eighth  part 
of  a  circle.     See  Sextaxt. 
[      Oc'tave  Flute.    (Music.)   A  flute  having  a  pitch 
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an  octave  higher  than  the  oiilinary  fUite.  A  piccolo. 
Se<;  .MrsiiAL  In.stiiu.mknts,  Fig.  32li3. 

Oc-ta'vo.  A  sheet  piiiited  with  S  Jiages  on  each 
side.     Svo. 

Oc'tO-bass.  {Mimic.)  An  instrument  of  the 
viol  family,  tlie  low  octave  of  the  violoncello.  It 
has  three  strings  tuned  in  fifth  and  fourth.  It  has 
movable  keys  to  press  the  strings  upon  frets  of  the 
neck.  Tlie  keys  are  moved  hy  levers  governed  by 
the  left  hand,  and  by  [leilal  keys  on  wliich  the  foot 
of  the  player  acts.  Its  compass  is  one  octave  and  a 
lifth. 

Oo-to-dec'i-mo.  A  sheet  printed  to  make  IS 
pa.;es  on  a  side,      l^nro. 

Oc'to-style.  [Airhilccture.)  Having  eight  pil- 
lars on  a  front. 

Oc'u-lar;  Oc'u-laire.  The  eye-piece  of  a  tele- 
scope iir  microscope. 

Odd-side.  {Fomidincj.)  When  many  castings 
are  reipnied  from  one  pattern,  or  from  a  number  of 
patterns,  molileil  in  the  same  Mask,  the  /a/sc-jinii 
is  prepared  with  care  in  an  odd-llask,  and  is  pre- 
ser\'ed  indi'linitely.  IJ}-  the  use  of  a  good  odd-jiart^ 
much  time  is  saved  in  making  the  parting. 

O-dom'e-ter.  "The  lundiiue  (ov  tiicnsuring  dis- 
tances irliiii  traccliiuj,"  Vitruvius  says,  "was  dis- 
covered by  the  ancients  and  is  yet  Ibund  very  use- 
ful." (50  B.  c.)  When  adapted  for  a  chariot  or 
traveling  carriage,  the  wheels  were  made  of  such  a 
diameter  that  every  revolution  would  advance  the 
vehicle  12J  feet.  Thus  400  revolutions  [jassed  over 
5,000  feet,  or  a  Roujan  mile.  The  diameter  of  the 
wheels  was  therefore  nearly  4  feet.  A  drum-wheel 
was  fixed  to  the  inner  side  of  the  hub  of  the  wheel, 
and  liad  one  small  projecting  tooth,  which,  at  each 
revolution,  turneilone  tooth  of  a  cog-wheel  journaled 
in  a  bo.'C  above  and  having  400  teeth.  Tlus  cog- 
wheel liad  a  single  projecting  tooth  which  acted  on 
a  third  wlieel  which  had  holes  eipial  in  number  to 
the  number  of  miles  in  an  ordinary  day's  joui'uey. 

In  each  hole  of  tlie  third  wheel  was  phtced  a  .small 
ball,  and  these  were  brought  consecutively  to  an 
opening  in  the  case  through  which  they  dropped 
into  a  metallic  v.ise  ;  indicating  audildy  the  transit 
of  one  mile  at  each  sound  of  the  ball.  l>y  the  numer- 
ical projiortion  of  the  gearing,  a  ball  was  dropped  at 
every  400th  revolution  of  the  carriage-wheel  to 
whose  huh  the  Hrst  drum-wheel  was  attached.  At 
the  end  of  the  journey  the  number  of  balls  indicated 
the  nunilier  of  miles  traveled. 

Vitruvius,  in  his  tenth  book,  describes  a  niachine 
of  this  kind  for  a  carriage,  and  which,  in  his  opinion, 
would  answer  for  a  ship.  We  are  tohl  by  Capitulinus, 
in  his  life  of  the  Emperor  IVrtinax,  that  among  the 
effects  sold,  of  the  Emperor  Commodus,  there  were 
carriages  which  "measured  the  road  and  pointed  out 
the  hours "  (et  alia  iter  metientia,  horasiiue  nion- 
strantia). 

Hunter's  odometer  a,  the  working  parts  shown  en- 
larged at  6,  has  a  light  wheel,  6  feet  in  circumfer- 
ence. This  is  driven  by  a  handle  grasjied  by  the 
pedestrian.  On  the  axis  of  the  wheel  is  a  worm, 
which  engages  two  cog-wheels  which  have  100  and 
101  teeth  respectively.  100  revolutions  of  the  axis 
will  turn  each  wheel  100  teeth,  so  that  the  zeros  of 
the  wheels  will  be  one  degree  of  the  scale  apart. 
Another  100  revolutions  of  the  wheel  will  make 
their  zeros  "2  divisions  distant,  and  so  on.  In  the 
cut  the  zeros  are  7S  divisions  ajiart,  and  the  up))er 
index  points  to  26  of  the  scale.  As  each  revolution 
of  the  wheel  is  2  yards,  and  the  revolution  of  the 
first  cog-wheel  is  2  x  100  =  200,  each  degree  of  varia- 
tion is  equal  to  200  yards.  78  x  200  +  [26  x  2]  = 
15,052  yards. 
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The  range  of  the  instrument  is  when  the  zero  of 
the  second  cog-wheel  has  again  reached  the  zero  of 
the  first,  whicli  .shows  101  x  100  =  10,100  revolutions 
of  the  axis,  which  being  6  feet,  the  range  is  found 
to  be  10,100  X  6  =  60,600  feet  =  nearly  il),  miles. 

The  odometer  is  employed  in  mapping  districts  of 
country,  filling  details  of  roails  and  lanes  in  triangu- 
lations.  One  form  used  by  the  United  States  Coast 
Survey  is  a  wheel  2  I'eet  1\  inches  in  diameter,  8 
feet  3  inches  in  circumference,  traversing  one  rod  in 
2  revolutions.  The  index  in  the  box  [joints  to  miles 
and  rods  traversed. 

Odometers  are  sometimes  used  in  hacks  and  car- 
riages for  casual  hire,  to  determine  the  distance. 

Kernel,  physician  to  Catharine  de  Jledici,  Qneen 
of  France,  measured  with  an  instrument  of  this  kind, 
in  1550,  a  degree  i>f  the  meridian  between  Paris  and 
Amiens,  and  found  it  to  be  303  toises  less  than  Pi- 
card  afterward  found  it  to  be.  It  is  supposed  that 
the  revolutions  of  the  wheel  were  noted  by  striking 
on  a  bell. 

The  measurement  of  a  degree  of  latitude  has  been 
made  and  rei'orded  not  less  than  fonrteen  times  in 
the  last  1,000  years.  Its  length  varies  in  difl'erent 
countries,  as  the  facts  show  and  theory  had  sup- 
posed. 

Eratosthenes,  v..  c.  276,  attempted  the  measure- 
ment of  the  .size  of  the  earth,  by  ascertaining  the 
distance  between  Alexandria  ami  Syene,  the  diti'er- 
ences  of  latitude  between  wliich  ]daces  he  had  found 
to  be  -s^ij  of  the  earth's  circumference. 

Some  previous  measureiuents  are  mentioned  under 
AliMiL  (which  see).  Hipparchus  of  Nic-eca  in  Bi- 
thynia,  162  E.  c,  laid  down  a  ma]i  by  the  deter- 
mination of  the  latitmle  and  longitude  of  pkce.s. 
A  degree  was  measured  on  the  shores  of  the  lied  Sea 
by  tiie  Khalif  al  Maimoun,  the  son  of  Haroun  al 
Raschid,  about  A.  ri.  820. 

The  exact  determination  of  the  length  of  a  degree 
was  considered  of  so  much  iui|iortanei-  that,  in  1735, 
the  Academy  of  Siriences  of  Paris  dispatched  two 
commissions,  one  to  Peru,  the  other  to  La[)land. 
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The  latter  part}'  accomplished  their  mission  and  re- 
turned in  1  ti  months  ;  the  former  party,  after  con- 
tending with  great  hardships  for  10  yeai-s,  accom- 
plished their  mission,  as  Frenchmen  in  pui-suit  of 
an  idea  will  do,  if  anybod\-  can. 

Since  the  work  of  the  French  Academicians,  meas- 
urements have  been  taken  in  India,  France,  Eng- 
land, Hanover,  Lithuania,  and  Sweden.  One  curi- 
ous discovery  resulted,  as  stated  by  Sir  John  Her- 
schel :  — 

"The  earth  is  not  exactlj'  an  ellipsoid  of  revolu- 
tion. The  equator  itself  is  slightly  elliptic,  the 
longer  and  shorter  diameters  being  res])ectively 
41,852,8(54  and  41,843,096  feet.  The  cllipticity  of 
the  equatorial  circumference  is  therefore  j^^,  and 
the  excess  of  its  longer  over  its  shorter  diameter  2 
miles." 

The  polar  axis  is  41,707,796  feet  in  length. 

It  is  many  years  since  better  devices  superseded 
the  old  plan  of  measuring  the  surface,  as  adopted  by 
Ferael  in  1550.  Picard's  more  correct  estimate  was 
made  in  the  next  century,  but  it  is  not  recorded 
_  whether  he  made  it  by  a  direct  measurement  by  roils 
and  chains,  or  by  a  measured  base-line  and  subse- 
quent triangulation. 

The  base-line  ou  which  the  Ordnance  Survey,  the 
triangulation  of  Britain,  is  founded,  is  5.2  miles 
nearly.  It  is  s;iid  that  the  greatest  possible  error  in 
the  length  of  this  line  is  2  inches.  See  Surveyokm'- 
CHAIS. 

The  diagiam  c,  Fig.  3365,  will  explain. 

"A  level  piece  of  ground  is  selected  near  the 
meridional  arc  proposed  to  be  measured.  On  this 
a  straight  line  A  B  is  traced,  and  its  length  aecu- 
lately  found  by  the  application  of  rods  of  metal, 
wooil,  or  glass.  The  ground  adjoining  the  arc  to  be 
measured  is  then  divided  into  triangles  by  means  of 
signals  C,  D,  E,  F,  G,  H,  K,  erected  at  convenient 
distances  or  on  lemarkable  points  of  the  country  ; 
and  the  angles  which  the  signals  make  with  each 
other  determined  by  a  theodolite  or  similar  instru- 
ment. The  sides  A  C,  B  C,  are  then  deduced  from 
the  measured  base  A  B,  and  then?e  successively  the 
sides  of  the  other  triangles.  In  this  manner  the 
whole  distance  between  the  stations  which  fonn  the 
terminal  points  of  the  arc  is  determined  by  a  series 
of  trigonometrical  calculations.  The  reductions  for 
the  differences  in  the  levels  of  the  respective  stations 
must  next  be  applied,  and  also  for  their  altitude  above 
the  level  of  the  sea." —  Bii.iNDE. 

The  following  table  shows  the  length  of  a  degi-ee 
of  latitude  at  every  tenth  degree  :  — 


titudc. 

Length  of  degree 
in  English  feet. 

Latitude. 

Length  of  degrw 
in  English  feet. 

0   . 
10 

20   . 
30 
40    . 

.    362,734 
362,813 

.    363.1.58 
363,(>il 

.    3»4,233 

50. 
60      . 
70. 

80      . 
90. 

.        .    3f>t,862 

335,454 

.    355,937 

356,252 

.    366,331 

The  lengtli  of  the  degrees  of  longitude  at  every 
tenth  degree  is  as  follows  :  — 


Length  of  degree 

Length  of  degree 

Latitude. 

of  longitude 

Latitude. 

of  longitude 

in  English  feet. 

in  English  feet. 

0    . 

.     335,1.52 

50. 

.    2.35,171 

10 

359,640 

60       . 

1«J,029 

20    . 

.     34342:3 

70  . 

.     125,-i5t 

30 

316,493 

8f|       . 

()3,t)12 

40   . 

.       .    2S0A06 

Ou. 

0 

Hohltield,  bom  at  Hennemdorf,  in  Saxony,  in 
1711,  seems  to  have  much  improved  the  instrument. 

A  new  French  instrument,  termed  a  "  compteur 
mecanique,"  or  calculating-machine,  not  only  reck- 
ons the  distance  traversed,  but  indicates  as  well  the 
exact  sum  of  money  due  to  the  driver.  Two  dials 
are  fixed  ou  the  back  of  the  driving-seat ;  one  con- 
tains a  clock,  while  on  the  other  the  distance  trav- 
eled is  indicated  by  a  hand  acted  on  by  the  wheels  ; 
it  is  entirely  beyond  the  control  either  of  cabby  or 
his  "fare."  The  apparatus  is  put  in  and  out  of  gear 
by  the  lowering  and  raising  of  a  lever  bearing  the 
word  "libre,"  which  is  only  visible  when  the  cab  is 
empty,  and  the  "compteur"  conseipiently  unem- 
ployed. There  is  no  danger  of  tlie  driver  omitting 
to  lower  this  lever  as  soon  as  he  is  hired,  it  being 
evidently  his  interest  to  have  the  greatest  possible 
distance  paid  for  ;  while,  on  the  other  hand,  it  would 
be  useless  for  him  to  try  to  make  a  fictitious  fare  by 
driving  about  with  his  "compteur"  in  motion,  for 
a  card  in  the  interior  of  the  machine  registers  the 
distance  traversed  during  the  day,  and  the  money  to 
be  accounted  for  to  the  cab-owner.  The  great  ditfi- 
culty  has  hitherto  been  to  find  a  means  of  marking 
the  time  spent  in  visits,  shopping,  blocks  in  the 
streets,  etc.,  when  the  wheels  and  the  tell-tale  are 
necessarily  at  a  standstill.  JI.  Bruet,  the  inventor 
of  the  new  register,  has  now  overcome  this  diUiculty 
by  a  contrivance,  by  means  of  which,  as  soon  as  the 
wheels  cease  to  aet  on  the  indicator,  the  clock  which 
forms  part  of  the  machine  keejjs  the  tell-tale  hand 
moving  at  a  rate  which  credits  the  driver  with  eight 
kilometere  (about  five  miles)  an  hour,  or  two  francs, 
according  to  the  Parisian  taiiff. 

Table  of  Letu/ths  of  Forei'jn  Boad  ilensnres. 


Odometers  were  possessed  by  Augustus,  the  Ele 
tor  of  Saxony,   .\.   D.    1553  —  86,  and  the    Emperor 
Kodolphus  II.  1576-1612.      In  the  eighteenth  ecu- , 
tury  they  became   common,    and   descriptions   are  j 
found  in  scientific  reports  and  works  of  that  date. 


f 

Place. 

Measure. 

U.  S.  Yards. 

Arabia    .... 

Mile 

2,146 

Austria 

Meile(post). 

8,297 

liadcn      .... 

Stunden  . 

4,860 

Belgium 

Kilometre    . 

1,093.63 

Bf  Igium .... 

Meile       . 

2,132 

Beng:il 

Coss     . 

2,000 

Birmah  .... 

Dain 

4,277 

Bohemia      . 

League  (16  to  1°) . 

7.587 

Brazil      .... 

League  (18  to  1°)     . 

6,750 

Brenieu 

Meile    . 

6.865 

Brunswick 

Meile       . 

11,816 

Calcutta       . 

Coss     . 

2,160 

Ccvlon     .... 

Mile 

1,760 

Chiua.         .         .         . 

Li          .         .         . 

608.5 

Denmark 

Miil. 

8.2S8 

Dresden 

Post-meile    . 

7,432 

i^ypt     .... 

Feddan    . 

1.47 

England      . 

Mile      . 

1,760 

Flandprs 

Mijle 

1,003.63 

Florence      . 

Miglio  . 

1.809 

France*. 

Kilometre 

1,0S3.6 

Genoa .... 

Mile  (post)   . 

8.527 

Germany         ■ 

MUe(15tol°). 

8,101 

Greece. 

Stadium 

1,083.33 

Guinea  .... 

Jaclitau  . 

4 

Hamburg     .         . 

Meile    . 

8,238 

Hanover 

Meile       . 

8,114 

Hungary      . 

Meile    . 

9,139 

India       .... 

TVussa 

24.89 

Italy    .... 

Mile      . 

2,025 

Japan     .... 

Ink. 

2.038 

Leghorn 

Miglio  . 

1,8C0 

Leipsic    .... 

Meile  (post)     . 

7,432 

Lithuania   . 

MeUe    . 

9,781 

Malta      .... 

Canna     . 

2.:9 

Jlecklenburg 

Sleile    . 

8,238 

Mexico    .... 

Legus       . 

4,638 

Milan  .... 

Miglio  . 

l,0f3.63 

Mocha     .... 

Mile 

2,146 

Naples 

Miglio  . 

2,023 

Netherlands    . 

Mule        . 

1,093.63 

•  1.60931  miles  —  1  kilometre. 
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Norway 

Persia 

Poland 

Portugal 

Portugal 

Prussia  . 

Rome  . 

Home 

Russia 

Russia     . 

Sardiuia 

Saxony   . 

Siam    . 

Spain 

Spain  . 

Spain 

Sweden 

Switzerland 

Turkey 

Tuscany 

Venice  . 


Measure. 


Mile     . 

Parasang 

Mile  (long)   . 

Mitha 

Vara     . 

Mile  (post) 

Kilometre     . 

Mile 

Verst    . 

Sasbine    • 

MigUo  . 

Meile(post) 

Roenung 

League  legal    . 

League,  common 

Milla 

Mile      . 

Meile 

Bcrri    . 

Miglio      . 

MigUo  . 


U.  S.  Tarda. 


12,182 
6,076 
8,100 
2,250 

3.609 
8,238 

l,oa3.63 

2,025 
1,166.7 

2.33 
2,4.35 
7,432 
4,333 
4,638 
6,026.24 
1,522 
11,660 
8,648 
1,828 
1,809 
1,900 


O-don'ta-gra.    A  form  of  dental  forceps. 

O-dou'to-graph.  (Gearing.)  An  instrument 
for  marking;  or  laying  off  the  teeth  of  gear-wheels  ; 
invented  by  I'rofi-.ssor  Willis.  It  consists  of  a  grad- 
uated card  or  thin  board,  having  one  edge  beveled 
at  an  angle  of  75°.  This  is  applied  to  the  radii  ter- 
minating at  the  centers  of  the  interspaces  between 
the  teeth  and  the  centers  from  which  the  curves 
forming  tlieir  Hanks  and  faces  are  laid  off  from  tables 
printed  on  tin'  instrument. 

CE-nom'e-ter.  A  hydrometer  adapted  to  de- 
termine the  stri'Ugth  of  wines. 

Of  fal-dry'er."  The  bones,  offal,  manure,  or  other 
material  to  be  dried,  being  passed  into  tlie  rotary 
cylinder,  are  caused  to  traverse  the  same  throughout 


Fig.  8366. 


Casters  complete  the  list  fig.  3367. 

of  adaptabilities,  and 
leave  but  streugth  and 
sumptuous  upholstery 
to  be  desired. 

Offioe-tel'e-graph. 
A  form  of  miniature 
telegraph  for  signaling 
from  one  room  to  an- 
other in  a  building. 

It  consists  of  a  little 
electric  bell,  shown  at 
«,  Fig.  33(58  ;  these  in- 
struments are  placed 
upon  the  desks  in  the 
tarious  departments  of 
an   establishment,    and  Office- Chair. 

from  them  wires  extend 

to  the  desks  of  the  managers,  on  which  buttons  are 
fixed,  which  connect  with  the  wires.  AVhen  the  man- 
ager wishes  to  communicate  with  any  particular  per- 
son on  the  premises,  he  touches  the  button  corre- 
sponding to  the  wire  leading  to  the  bell  where  the 
individual  is  at  work.  The  touch  sounds  the  bell, 
and,  as  a  variety  of  signals  may  be  sent,  one  bell  may 
serve  to  signalize  diflerent  persons  who  are  witliiu 
its  hearing.  This  instrument,  with  bell,  battery, 
and  some  yards  of  wire,  is  made  for  %  5. 

Another  form  of  telegra)di,  shown  at  i.  Fig.  3368, 
is  used  for  purposes  of  experimeut  and  instruction 
as  well  as  communicating  messages,  and  consists  of  an 
electro-magnet,   sounding  armature,  a  galvanic  bat- 
Fig.  3368. 


Offal-Dryer. 

and  discharged  at  the  end  adjacent  to  the  fan.  The 
hot  fan-blast,  together  with  the  steam  and  otTensive 
gases,  may  be  ^allowed  to  pass  off  directly  through 
the  chimney,  but  by  closing  a  damper  they  may  be 
conducted  to  the  fan  and  driven  into  the  ash-pit  of 
the  furnace. 

Off-cut.  Th.at  ])art  of  a  sheet  which  is  cut  off 
before  folding,  and  then  placed  witliin  the  other 
previously  folded  portion.  This  occurs  in  some 
modes  of  imposing. 

Office-chair.  Preferably  a  chair  which  may  be 
raised  or  Inwen-d  by  a  screw,  on  which  it  may  be 
rotated,  and  also  admitting  of  being  tipped  back. 


Miniature  Telegraph. 

terv,  telegraph-key,  connecting-wires,  and  chemicals, 
allcomplete  for  working.     The  battery  is  composed 
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of  two  small  plates,  one  of  lead,  one  of  zinc,  the  lat- 
ter covered  with  paper  as  a  septum,  both  plates  set 
in  a  common  saucer,  iu  water  in  which  a  few  grains 
of  sulphate  of  co|iper  are  dissolved. 

Off'set.  {.ifasonri/.)  a.  A  ledge  on  the  face  of 
a  wall  at  the  point  where  its  thickness  is  decreased. 

b.  A  bivak  or  recess  in  a  front,  setting  back  from 
the  general  surface. 

O-gee'.  1.  A  wave-like  molding,  having  an  in- 
ner and  outer  curve,  like  the  letter  S.  Swelling  in 
the  upper  part  aud  hollow  below,  is  the  cyma-rcversa ; 
hollow  in  tlie  upper  part  and  swelling  below,  is  the 
q/ma-recta.  (See  MoLniN'G.)  In  its  peculiar  fomis, 
or  with  other  members  of  peculiar  cliaracter,  the 
ogee  is  known  as  rampajU  ogee,  qwirked  0(jcc,  etc. 

2.  A  pointed  arch,  the  sides  of  whicli  are  each 
formed  of  two  contrasted  curves.     See  Ar.CH. 

O-gee'-plane.  A  joiner's  plane  for  working 
Ogee-moMiugs. 

O'give.  Arches  or  branches  of  a  Gothic  vault, 
which,  instead  of  being  circular,  pass  diagonally 
from  one  angle  to  another,  and  form  a  cross  with 
the  other  arches  which  make  the  sides  of  the  .squares, 
whereof  the  ogives  are  diagonals.  The  middle, 
when  the  ogives  cut  or  cross  each  other,  is  called 
the  key,  sometimes  carved  in  the  form  of  a  rose. 
The  members  or  moldings  of  the  ogives  are  called 
nerves,  branches,  or  veins  ;  and  the  arches  which 
separate  the  ogives,  doable  arches. 

Oil-bag.  A  Kick  of  horsehair  or  cocoa-nut  fiber, 
used  in  pressing  oleine  from  the  stearine  in  a  press. 

Oil-box.  A  bo.K  containing  a  supjily  of  oil  for  a 
journal,  and  feeding  it  by  means  of  a  wick  or  other 
device.     An  oil-cup. 

Oil-cab'i-net.  A  box  or  reservoir  in  which  oil 
is  kept  in  store,  either  by  a  retail  dealer  or  in  the 
storeroom  of  a  factory  or  macliine-sliop.  Cans  or 
oilers  are  filled  from  the  cabinet  by  means  of  a  small 
pump. 

Oil-cake.  The  marc  or  refuse  after  oil  is  pressed 
from  fla.'c,  rape,  or  hemp  seed  ;  or  from  cocoa-nut 
pulp.     Used  for  cattle-feed  or  manure. 

Oil-cake  MiU.  A  machine  to  crumble  flaxseed 
oil-cake  as  a  food  for  stock.     The  illustration  shows 


Fig.  3369. 


Oil- Cake  Mill. 

a  machine  \vith  a  pair  of  studded  rollers  which  may 
be  set  at  such  a  distance  apart  as  shall  give  the  re- 
sult required.  The  machine  may  be  set  to  nine  dif- 
ferent grades  of  fineness  without  affecting  the  mesh 
of  the  gearing. 

The  other  illustration  is  a  machine  to  be  run  by 
band  and  pulley. 

Oil-can.  1.  One  for  storage  of  oil,  from  which 
it  is  withdrawn  for  sale  or  use,  as  the  case  may  be. 


In  the   example,    the  Fig.  3370. 

oil-can  from  which  the 
oiler  is  filled  is  placed 
in  the  tray,  whose  floor 
has  an  opening  for  the 
stock  of  the  pump, 
which  is  steadied  by  a 
sleeve,  and  held  down 
by  a  hook,  wliich  en- 
gages a  flange  on  the 
sleeve. 

2.  One  for  holding 
oil  forsupplyinglamps, 
oil-cups,  or  journals, 
as  in  the  example.  Fig. 
3371,  in  which  the 
spout  and  vent-hole 
have  stoppers  project- 
ed against  their  outlets 
by  the  spiral  springs  Oil- Can. 
and  pivoted  bar.     The 

sliding  trigger  opens  both  at  once. 

3.  An  oiler  for  lubricating  liearings  ;  one  on  a 
larger  scale  is  shown  in  Fig.  3372,  in  which  the  tu- 
bulai'  handle  has  a  plunger,  which  is  depressed  by 

Fig.  3371. 


Oil-Can. 

the  thumb  to  force  the  oil  frimi  the  nozzle.  The 
plunger  is  connected  to  the  stem  of  a  valve  near  the 
point  of  the  nozzle  :  the  valve  is  opened  simultane- 
ously with  the  depression  of  the  plunger. 

For  the  smaller  kinds  of  oilers,  see  Oiler. 

Another  kind  of  oil-can  is  that  in  which  oil  in 
measured  quantities  is  shipped  and  sold.  The  in- 
genuity in  this  case  consists  in  the  nozzle,  in  the 
means  of  making  and  fastening  the  joints,  so  as  to 
be  economical  of  material,  ready  in  construction, 
and  convenient  in  use.     See  al.so  Paint-can. 

Oil-car.  Oil-cars  may  be  seen  upon  our  railways 
carrying  large  cylindrical  vessels  resembling  the 
Western  two-flue  steamboat-boiler,  and  with  a  dome 
at  the  midlength.  .Another  form  of  car-tank  is  a 
frusto-conical  vat,  like  a  ma.sh-tun  ;  two  or  three  of 
which  are  accommodated  on  a  platform-car.  An- 
other form  is  like  that  in  the  figure,  in  which  ob- 
long square  tanks  are  built  so  as  to  occupy  the  ear- 
bed,  ujion  which  they  are  fastened  by  cleats  and 
stay-rods.  The  tanks  are  made  of  matched  planks 
bolted  together. 

See  Oil-tank. 
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Kig.  3372. 


Fig.  3373. 


Oil-car'ry-ing  Ves'- 

Psel.  OiR'  having  built- 
in  tanks  in  the  liold  to 
hold  oil  in  bulk.  It  has 
cou%'eniences  lor  loading 
and  discharge,  and  also 
for    allowing  expansion 

Fig.  3374. 


OUing-Can. 


Cap  for  Oil' Can. 


and  coutraction  of  the  oil  without  overflow  of  the 
liquid  or  collapse  of  the  tank. 


Molasses  is  also  carried  in  bulk  from  the  West 
Indies  to  Portland  and  elsewhere. 

■  Fig.  3376. 


UU- Carrying  S/iip. 

Oil-cel'lar.  An  oil-reservoir  in  the  bottom  of  a 
journnl-bn\-. 

Oil-cloth.     A  tarpaulin. 

Painti-il  canvas  for  floor-covering.  The  latter  de- 
scri]itiijn  is  prepared  from  cloth  especially  woven  for 
the  purpose,  frequently  of  great  width,  and  covered 
on  each  side  by  a  peculiar  scries  of  processes,  with 
paint.     Figures  or  patterns  in  oil-colors  are  after- 


ward  printed   on   one    side    by  means   of    wooden 
blocks.     See  Flook-clotii. 

Floor  oil-cloth  is  manufactured  from  jute,  made 
principally  at  Dundee,  Scotland.  This  is  woven 
into  widths  of  frequently  Ironi  18  to  24  feet,  in 
looms  at  which  two  men ,  one  on  each  side,  are  em- 
ployed in  throwing  the  shuttle.  The  length  of  tr.o 
warp  often  e.xceeds  100  yards.  The  pieces  are  cut 
to  the  desired  size,  and  these  smaller  ])ieces  are 
stretched  upon  upright  wooden  frames,  each  of 
which  has  a  series  of  scafl'olds,  readied  by  a  ladder 
at  one  end  of  the  frame. 

When  the  canvas  is  perfectly  stretched,  a  weak 
solution  of  size  is  laid  on  with  a  brush,  and  while 
yet  damp  it  is  well  rubbed  with  punuce-stone,  Ail- 
ing u]i  the  interstices  between  the  threads  and  pre- 
venting the  paint  from  penetrating  too  far,  so  as  to 
render  the  fabric  brittle.  \\'hen  this  is  dry  the 
paint,  wdiich  is  of  a  very  thick  consistence,  contain- 
ing little  or  no  spirits  of  turpentine,  is  applied  in 
dabs  with  a  short  thick  brush.  These  are  theu 
partially  scraped  o9'  with  a  long  elastic  trowel, 
the  paint  at  the  same  time  worked  into  the  cloth, 
leaving  a  level  surface.  This  is  allowed  to  dry  from 
10  to  14  days,  when  a  second  and  sometimes  a  third 
I'oat  of  thinner  paint  is  smoothly  applied  with  the 
trowel,  linishing  the  under  side.  In  the  mean  time 
the  other  side,  which  is  to  be  finished,  is  similarly 
sized  and  pumiced  and  a  coat  laid  on  with  the 
trowel,  and  carefully  pumiced  so  as  to  remove  all 
knots  or  inequalities  from  the  surface.  To  this  suc- 
ceed two  more  layers,  each  laid  on  with  the  trowel 
and  lubbed  with  pumice,  over  which  a  fourth  coat, 
called  the  brush  color,  forming  the  ground  of  the 
future  pattern,  is  thinly  laid  on  with  a  brush. 

The  whole  series  of  operations  occupies  from  two 
to  three  months,  and  when  the  final  coat  is  dry  the 
cloth  is  removed  to  the  printing-room.  The  print- 
ing is  performed  on  a  long  flat  table,  by  means  of 
engraved  wooden  blocks,  the  cloth  being  drawn 
along  the  table  as  required. 

One  block  is  required  for  each  color  forming  the 
pattern. 

The   process   is  thus   performed  :    A   number  of 

cushions,  one  for  each  color,  is  placed  upon  a  table, 

and  by  the  side  of  each  cushion  is  a  pot  of  color. 

The  cushions  consist  of  a  pad  of  flannel  covered 

with  smooth  floor-cloth. 

A  boy,  called  the  ticrer  or 

karer,  takes  up  a  portion 

of  color  on  a  brush  and 

spreads   it    evenly   over 

the  cushion.     The  cloth 

being   spread    upon    the 

table,  its   upper  surface 

is     slightly     roughened 

with  a  steel  scraper  and 

afterward  with  a  brush, 

to    enable    it   better   to 

take    the     color.       The 

printers,    each  of  whom 

is  provided  with  a  block 

for  containing  a  separate 

color,  follow  one  another 

in  succession  ;    each 

charging   his    block   by 

pressing  it  down  on  the  cushion.     The  first  takes 

it  to  tiie  cloth  and,  applying  it  to  his  part  of  the 

pattern,   hits  it  several  taps  with  the  handle  of  a 

heavy  hammer,  leaving  an  impression  in  one  color 

only ;  the  second,  third,  etc.,  follow,  each  printing  in 

a  similar  way  his  own  portion  of  the  pattern  in  adifl'er- 

ent  color  from  his  predecessor.     ^Vs  the  work  procecils 

the  cloth  is  turned  over  and  doscend.s,  through  an 
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opening  in  the  floor,  to  the  clrying-room,  where  it 
sometimes  remains  several  months. 

Oil- cock.  A  faucet  admitting  oil  from  an  oil- 
cup  to  the  journal.     See  Oil-cup  ;  Lubricatou. 

Oil-cup.  When  portable,  for  oiling  machinery, 
they  are  considered  as  OiLEits  (whicli  see).  When 
attaclied  to  a  boxing,  or  otherwise  permanent,  and 
devoted  to  a  special  bearing,  valve,  piston,  etc.,  they 
are  considered  as  Litbricatou.?  (which  see).  Devices 
for  holding  oil,  in  which  capacity  and  storage  are 
elements  in  their  usefulness,  are  considered  under 
Oii.-CAX  :  OiL-T.\XK  ;  Oil-car. 

Oiled  Leath'er.  Leather  dressed  with  oil  ;  as 
I'nAMiiIS-LEATHER  (whicli  See). 

Oiled  Pa'per.  Transparent  paper  used  for  tra- 
ciuiT.     See  Tkacixg-paper. 

Oiled  Silk.  (Fubn'c.)  Silk  which  has  been 
treated  with  a  boiled  oil,  so  as  to  render  it  water 
and  perspiration  proof.  Used  as  sweat-pads,  as  a 
lining  in  hats  and  bonnets  to  resist  the  perspiration, 
and  over  wet  dressings  of  wounds  to  prevent  evap- 
oration. 

Oil'er.  A  can  for  applying  oil  to  a  journal. 
From  the  numerous  forms  the  following  may  be 
selected  : — 

a  is  Olmstead's  oiler,  made  of  thin  sheet-metal. 

Fig  3377. 


Oilers. 


the  bottom  of  the  bulb  being  weighted  so  that  it 
always  stands  upright. 

b  is  Broughton's  oiler,  having  an  outer  shell,  an 
internal  reservoir  of  elastic  material,  and  an  opening 
in  the  bottom  for  a  thumb-piece,  by  which  the  reser- 
voir is  compressed  to  discharge  oil. 

c  lias  a  swiveled  tube  attached  by  an  elbow  to  the 
discharge-tube,  and  which  reaches  the  oil  collected 
at  the  lower  portion  of  the  can  when  tilted. 

d  has  a  transparent  chamber  between  the  nozzle 
and  the  reservoir. 

King's  oiler,  c,  is  for  reaching  shafting  in  an  ele- 
vated position  ;  the  oiler  is  placed  on  the  end  of  a 


handle,  and  the  oil  ejected  at  the  goose-neck  by  a 
plunger  actuated  by  a  wire  aud  a  trigger-lever  on 
the  handle. 

/  is  an  oiler  for  large  machinery,  steamships,  etc. 
It  is  air-tight,  and  will  not  discharge  when  upset, 
nor  when  tilted,  until  the  air-valve  is  pressed  by  the 
thumb,  although  the  spout  is  always  full. 

An  early  form  of  this  useful  little  appliance  is  to 
be  seen  in  the  British  Museum.  It  is  a  small  horn 
with  a  plate  ou  the  end,  and  a  nozzle  through  which 
the  oil  e.xuded.  Whether  the  flat  end  at  the  base  of 
the  horn  is  elastic,  so  as  to  assist  in  ejecting  the  oil, 
does  not  appear.  It  was  found  at  Thebes  by  Mr. 
Burton,  associated  in  a  basket  with  several  other 
carpenter's  tools,  all  of  which  are  iu  the  same  mag- 
nificent collection.  The  other  tools  are  chisel.s, 
drills,  drill-bow,  saws,  mallet,  and  nail-bag.  See 
cut  under  Mallet. 

Oil-ex-tract'ing  Ap'pa-ra'tus.  Other  than 
the  grinding-niill  and  press,  chemical  means  have 
been  used  for  extracting  oils  from  si'cds,  nuts,  grain, 
fruit ;  also  oil  from  wool.  The  seeds  or  nuts  are 
ci'ushed  or  gi'ouud,  immersed  in  bisulphide  of  car- 
bon, which  extracts  the  oil  and  resin  they  contain, 
but  leaves  the  substance  otherwise  unaltered.  The 
solution  is  then  removed,  the  bisulphide  distilled 
off,  leaving  the  oil,  like  the  raw  oils  extracted  by 
pressure,  contaminated  to  some  degree  with  resinous 
and  coloring  matters,  which  are  removed  by  a  sec- 
ond process  of  refining. 

This  process  was  invented  by  Moison  of  Mouy,  in 
France,  and  used  by  him  in  cleansing  wool  from  the 


Fig.  3378. 


MoismCs  Apparatus  JvT  rfinortng  Oil  from  ^yool. 


suint,  as  also  from  the  greaise  and  tar  with  which 
the  sheep  had  been  treated  or  marked.  It  was 
afterward  adopted  to  separate  oils,  fats,  ami  resins 
from  the  substances  with  which  they  are  combined, 
and  for  su]iplementing  the  mechanical  processes  by 
operating  upon  oil-cake,  the  marc  of  olives,  etc. 

In  Jloison's  process  the  wool  to  be  subjected  to 
treatment  is  introduced  into  a  cast-iron  cylinder  a, 
surrounded  by  a  jacket  into  wdiich  steam  may  be 
conducted  when  it  is  necessary  to  raise  the  tempera- 
ture. 214  pounds  of  wool  are  placed  in  this  cylin- 
der at  once.  Within  the  cylinder  is  a  false  bottom 
perforated  with  numerous  holes,  with  a  small  free 
space  beneath  it.  Upon  the  top  of  the  wool  is 
placed  a  circular  follower  or  com]iressor,  fitting  the 
interior  of  the  cylinder,  and  perforated  also  with 
holes  like  tlie  false  bottom.  Three  rods  connected 
with  this  follower  pass  through  stuffing-boxes  in  the 
lid,  and  may  be  driven  downward  by  means  of  fixed 
screw-nuts,  the  rods  having  screw-threads  cut  upon 
their  prolongations  above  the  cylinder  to  compress 
the  wool  to  about  one  half  its  original  volume.  The 
lid  being  luted  on,  bisulphide  is  introduced   by 
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pump  c  from  reservoir  d,  forced  tlirouyh  the  layer  of 
wool  ami  overflows  into  the  still  b,  where  it  is  vol- 
atilized liy  steam  in  the  jaeket.  The  vapor  of  the 
bisulphide  is  conducted  I'rura  the  still  to  the  re- 
frigeratory, where  it  is  condensed  in  tlie  spirals  I  I 
and  returned  to  tlie  reservoir  d.  When  no  more  oil 
comes  over,  the  pumj)  is  stopped,  the  vessel  a  dis- 
charged by  the  stop-cock  o  leading  to  reservoir  d, 
and  the  oil  remaining  in  the  still  from  the  distilla- 
tion of  the  bisulphide  is  withdrawn  at  the  stop-c(Jck 
n.  The  proper  changes  of  stop-cocks  being  made, 
the  air-pump  c  is  brought  into  requisition  to  fill  the 
U])per  [lortion  of  chamber  a  and  drive  the  bisuljihide 
downward  out  of  the  wool.  To  make  this  more 
comjilete,  at  the  latter  stages,  the  air  from  pump  c 
is  led  through  the  steam-jacketed  chamber  m  to  en- 
able it  to  volatilize  the  bisulphide  of  carbon  in  a.  g 
is  a  gas-holder  to  hold  any  superfluous  gas,  to  keep 
the  capacity  adjusted  to  the  varying  volume  of  the 
contents.  The  boiling-point  of  the  bisulphide  of 
carbon  is  118°  Fah. 

The  process  is  adapted  to  dissolving  the  oils  con- 
tained in  the  strippings  of  machine-cards  in  factories, 
and  saving  the  waste  from  the  axles  of  car-bo.xes,  the 
jinirnal-boxes  of  machinery.  See  also  Sim's  and 
Hutchinson's  processes  and  machines,  patented  1869, 
1870,  1871.  These  are  also  particularly  intended 
for  extracting  fusel-oil  from  grain. 

Oil-fil'ter.  Robinson's  oil-filter  acts  by  the  up- 
ward pressure  of  a  column  of  water  below  the  oil. 

The  operation  is  as  follows  :  — 

The  butt  y  of  oil  being  placed  on  a  stillion,  com- 
munication is  made  with  its  lower  portion  by  means 


Fig.  3379. 
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RobinsotCs  Oil-Filter. 


of  a  pipe  a  leading  from  a  cis- 
tern of  water  n.  As  the  water 
flows  into  the  butt,  it  displaces 
the  oil,  which  passes  by  pipe  b 
to  the  lower  chamber  of  the  fil- 
ter which  stands  on  the  head  of 
the  butt.  It  thence  passes 
through  the  perforateil  plate,  a 
body  of  charcoal  c,  and  a  second 
perforated  plate,  to  the  upper 
chamber  /,  from  whence  it  is 
discharged  by  the  faucet.  Im- 
purities in  the  lower  part  of  the 
filter  are  discharged  by  the  faucet  k. 

Oil-gas.  Gas  was  distilled  from  oil  by  Dr.  Henry 
in  1805  ;  and  from  refuse  oily  and  fatty  matters  by 
Taylor,  and  patented  in  1815. 


Oil-  Gas  Apparatus, 


The  apparatus  for  the  distillation  of  oil  to  obtain 
a  permanent  gas  consists  of  a  furnace  a  and  letort  b, 
the  latter  being  charged  with  coke  or  brick,  on  whose 
heated  surfaces  the  oil  drips  continuously  from  a 
reservoir. 

The  retort  is  a  cylindrical  vessel  with  a  luted  cover, 
and  the  oil  is  supplied  in  graduated  quantities  through 
a  pipe  e  from  a  copper  reservoir  c.  The  gas  evolved 
pas.ses  by  an  eduction-pipe/  to  a  cistern,  where,  after 
pa.ssing  through  water,  it  is  led  by  a  pi[)e  to  the 
liolder.  The  reservoir  c  also  serves  to  n^ceive  the  oil 
which  may  condense  in  the  gas-holder  d  above.  The 
double  walls  of  the  gas-holder  contain  water  to  cool 
the  gaseous  products  of  distillation. 

There  are  many  minor  variations  of  the  apparatus, 
but  it  is  a  simple  process,  rccjuiring  an  occasional 
change  of  the  coke. 

Oil-gild'ing.  A  process  of  gilding  in  which  the 
gold-leaf  is  laid  on  a  surface  prepared  by  a  jn'miing 
of  whiting  and  size  ;  several  coats  of  clear  cole,  or 
transparent  size  ;  and  an  upper  surface  of  oil-gold 
size,  made  of  boiled  linseed-oil  and  ochre,  laid  on 
by  a  brush.     See  Gilding. 

Oil'ing.  (Wool.)  A  stage  in  tlie  manufacture  of 
wool,  which  is  first  opened  by  the  deril  or  willi/,  and 
then  burred  in  a  nuichine  to  remove  impurities. 
The  oilimj  follows,  to  prevent  the  fibers  from  becom- 
ing felted  in  the  subsequent  seribbliiuj  and  card- 
ing. 

Oil-leath'er.  (Leather. )  Oil-leather  is  prepared 
by  currying  hiiles  in  oil.  Neat's-foot  oil  is  \ised,  but 
fish-oil  is  more  commonly  einjiloyed  ;  to  this  the 
French  add  potassa.  It  is  both  more  economical 
and  more  ctt'ective.  The  hides  are  somewhat  moist, 
that  the  oily  matters  may  be  gradually  and  thor- 
oughly absorbed. 

"  A  coating  of  oil  is  uniformly  spread  over  the 
grain  and  flesh  sides,  after  which  the  hides  are  hung 
up  to  dry,  the  direct  rays  of  the  sun  or  too  violent  a 
draft  being  guarded  against.  In  sunnner  time  the 
drying  is  efiected  in  12  hours,  in  winter  it  may  ex- 
tend to  3  or  4  days.  When  dry,  the  hides  are  again 
fulled,  oiled,  and  dried.  This  is  repeated.  Finally, 
the  grain-side  is  cleansed  by  rubbing  it  well  with  a 
brush  and  weak  potassa  lye.  The  coloring  of  the 
grain  or  flesh  side,  as  the  case  may  be,  follows  these 
operations,  and  is  effected  by  a  dye."  As,  for  in- 
.stance,  the  solution  of  sulphate  of  iron,  which  unites 
with  the  gallic  acid  of  the  tan  to  produce  a  black 
dye.  "After  receiving  one  coat  the  leather  is 
pommeled  crosswise  ;  another  layer  of  blacking  is 
applied  ;  dried,  pommeled,  or  stretched,  according  as 
it  is  deemed  necessary  ;  rubbed  over  with  a  cork 
pommel  to  give  it  a  smooth  surface,  and  finished  by 
giving  a  light  coat  of  oil  on  the  hair-side."  ^-  Mus- 

l'Il.\TT. 

Oil-mill.  There  are  several  varieties  of  oil- 
mills  :  — 

1.  With  cylindrical  rollers  rotating  on  parallel 
axes  and  with  their  peripheries  in  contact,  or  nearly 
so.  These  rollers  are  of  cast-iron,  turned  truly  in  a 
lathe,  and  with  gudgeons  running  in  lirass  boxes  in 
the  cheeks  of  the  frame.  A  difi'erence  of  speed  adds 
a  certain  grinding  action  to  the  mere  forcible  press- 
ure, and  may  be  attained  in  one  of  two  ways  :  — 

a.  By  giving  an  equal  axial  speed  to  the  rollers, 
which  have  varying  diameters  ;  or 

b.  By  driving  rollers  of  equal  diameter  at  varying 
axial  speeds. 

Tlie  variation  in  speed  is  best  attained  by  an  un- 
equal number  of  teeth  in  the  driving-pinions. 

2.  Another  form  of  oil-mill  is  the  ancient  Phceiii- 
dan  or  Chilian  mill,  wdiich  has  two  rollers  journaled 
to  a  horizontal  shaft  projecting  from  a  vertical  and 
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rotating  ]iost,  the  peripheries  of  the  rollere  travers- 
ing on  a  flat  circular  bed. 

This  is  a  grinding  and  crashing  action,  inasmuch 
as  the  flat  face  of  the  stone  is  parallel  to  the  axis, 
and  the  portions  of  the  face  farthest  frqin  the  vertical 
axis  of  revolution  tend  to  traverse  farther  than  the 
portions  nearest  to  the  said  axis,  so  that,  a  compro- 
mise being  effected,  one  portion  orthe  extremes  of  each 
are  obliged  to  rub  as  they  rotate.  The  same  prin- 
ciple is  involved  in  this  that  is  found  in  the  trav- 
ersing of  a  curve  by  the  pair  of  wheels  of  a  railway 
car.  The  wheel  traversing  the  outer  rail  of  the 
curve  has  farther  to  go  than  the  inner  wheel,  and 
the  latter  w-ill  compel  the  outer  one  to  slip  back  or 
the  outer  one  will  slip  the  inner  wheel  forward,  — 
if  the  rails  be  in  a  horizontal  plane.  This  brings  a 
torsion  on  the  axle,  and  is  a  fruitful  cause  of  acci- 
dents ;  but  is  a  valuable  feature  in  the  Chilian  mill, 
so  called,  as  it  tends  to  mix  and  macerate  the  ma- 
terial, instead  of  ijacking  it  into  a  cake.  See  Chil- 
ian Mill. 

The  rolling-mill  is  sometimes  employed  as  a  pre- 
liminary, in  the  case  of  seeds  with  compact  and  slip- 
pery rind,  such  as  those  of  flax  and  rape.  Such 
seeds  may  then  be  subjected  to  the  first  expression, 
for  the  first  quality  of  cold-drawn  oil. 

The  press  for  the  exjiression  of  the  oil  may  be 
worked  by  screw,  wedge,  or  hydrostatic  power.  See 
HvDKOST.iTic  Press  ;  Screw-pkess  :  Wedge-prf.ss. 

The  magma  after  the  first  expression  may  be  re- 
ground  in  the  Chilian  mill,  or  subjected  to  vertical 
stamps,  which  mash  the  seeds  in  mortars  placed 
beueath  them.     See  ST.\MriXG-MiLL. 

The  first  and  second  expressions  of  oil  having 
been  obtained  cold,  the  magma  is  now  subjected  to 
heat  in  a  pan,  being  constantly  stirred  by  a  ma- 
chine-driven spatula.  It  is  then  ready  for  the  third 
pressure,  which  is  final,  if  the  resulting  cake  is  to  be 
used  for  cattle-feed.  If,  however,  the  last  atom  of 
grease  is  to  be  obtained,  the  magma  is  boiled,  and 
the  result  of  the  fourth  expression  is  so  complete 
that  the  cake  has  no  value  except  as  manure. 


In  this  recitation  of  processes  it  must  not  be 
overlooked  that  the  repetitive  method  is  only 
used  where  the  various  grades  are  required,  and 
the  system  varies  with  dift'erent  seeds  and  nuts. 
The  resulting  oils  derived  from  the  ])ressure  of 
difl'erent  vegetable  productions  bear  different  values, 
and  the  plans  adopted  vary  to  some  extent  with  the 
kind. 

It  is  common  in  the  case  of  flaxseed,  which  leads 
the  list  in  point  of  importance,  to  grind  and  heat 
the  seed  and  then  subject  it  to  the  hydrostatic  press, 
securing  aU  the  oil  at  a  single  or  once-repeated  press- 
ure. 

Castor-oil  is  valued  more  highlj',  and  is  cold  drawn, 
or  should  be. 

A  list  of  the  more  important  expressed  oils  is  given, 
with  some  particulars  as  to  each. 


Variety. 

Quality. 

Specific 
Gravity. 

Oil  per  cent 
Ure  tt  al. 

Flax     .... 

Drying 

0.9.347 

11-22 

Poppy 

D.    .         . 

0.9243 

56-63 

Hemp  .... 

D 

0.9276 

20 

Sesamum . 

Greasy    . 

50 

Olive    .... 

G. 

0.9176 

Almond    . 

G.    . 

0.9180 

50 

Cucumber   . 

D.       . 

0.9231 

25 

Beech 

G.    . 

0.9225 

16 

Mustard 

G.       . 

0.9160 

30 

Sunflower 

D.   . 

0.9262 

15 

Rape    .... 

G.       . 

0,9136 

33 

Castor 

D.    . 

0.9611 

62 

Tobacco 

D.       . 

0.9232 

Plum-kemel     . 

G.    . 

0.9127 

33 

Grape-seed  . 

D.       . 

0.9202 

20 

Cocoa-nut 

G.    . 

Palm    .... 

G. 

0.968 

Camelina  . 

D.    . 

0.9252 

28 

Cotton-seed 

D.       . 

12 

Colza 

G.    . 

0.9136 

40 

Radish-seed 

G. 

0.9187 

50 

Apple-seed 

0.   . 

Horse-chestnut    . 

G. 

0.927 

10 

Pine-top   . 

D.    . 

0.92a5 

Walnut 

D. 

0.9260 

60 

Oils,  AV.\x,  etc. 


Common  Name. 

Botanical  Name. 

Native  Place,  or 
where  chiefly  grown. 

Qualities,  Uses,  etc. 

Almond i 

Argan 

Beech 

Ben... 

Birch 

Brazil-nut  

Amygdalus 1 

Communis J 

Argania  syderoxylon. . . 
Fagus  sylyatica 

Moringa  pterygosperma 

S    Europe,  etc 

Morocco 

Europe 

India  and  Arabia,  j 

Europe 

Brazil 

j 

One  of  the  finest  of  fixed  oils;  used  chiefly  in  medicine. 

Obtained  from  the  kernebiof  the  fruit ;  resembles  olive-oil. 

The  mast  affords  an  oil  used  for  burning  and  in  cooking. 

Oil  fi-om  the  seeds  of  the  horse-radish  tree.  Used  in  per- 
fumery and  by  watchmakers  on  account  of  its  not 
readily  freezing. 

Bark  affords  an  oil  by  distillation.     Used  in  the  prepara- 

Used  for  burning  in  lamps.            [tion  of  Russia  leather. 

Term  applied  to  the  semi-solid  greiisy  substancL-s  that  ex- 
ude from  trees,  as  shea-butter,  butter  and  tnllow  tree, 
vegetable  butter,  etc.    U?ed  for  cooking  and  burning. 

The  "cocoa-nibs"  of  the  shops.  Used  as  a  beverage. 
Afford  an  oil  or  butter  which  can  be  used  for  burning. 

Oil  from  the  seeds.     Used  for  burning  in  lamps. 

The  berries  contain  a  wax-like  matter,  which  is  convert- 
ed into  candles,  producing  an  aromatic  odor  as  they 
bum. 

Seeds  contain  oil.  Used  for  food  and  for  burning  in  lamps. 
Are  strung  on  sticks  by  the  natives,  and  so  used  as 
candles. 

Seeds  afford  oil  used  by  the  natives  for  burning  and 
anointing.     In  S.  France  made  into  soap. 

The  oil  of  the  cocoa-nut  is  the  chief  material  from  which 
composite,  stearine.  and  other  candles  are  made.  Used 
also  in  soap-making  and  for  *'  railway  grea.«e." 

Seeds  of  a  variety  of  the  cabbage  tribe  afford  this  oil. 
Used  in  lamps  ;  largely  used  in  lighthouses. 

Oil  used  for  burning. 

Bertholletia  excelsa 

Cacao  

Cameline 

Candleberry j 

Candle-nut 

Theobroma  cacao 

Camelina  sativa 

MjTica  cerifera 

Myrica  cordifolia 

Aleuritea  triloba 

Carapa  guineensis 

Hot  climates j 

Europe,  etc 

N.  and  C.  Amer.  ( 
Cape  of  G.  Hope.  ( 

S.  Sea  Islands....  j 

W.  Africa, etc....  | 

Hot  climates 

Europe | 

Hotclimatea 

Brassica  campestris 

Glossypium  herbaceum 
( See  Carapa . ) 
(See  Cameline-oil. ) 

Cotton 

Crab 

Dodder 

1 
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Common  Name. 


Oingilie 

Ground  -  nut 
earth-cut .. 

HsiZL-l 


Hemp-seed. . 
Insect  wax  . 
Japan  wax . 
Java  wax. . . 


Botanical  Name. 


Linseed. 


Maize 

Mee 

Myrica  wax. . 
Myrtle  wa.x. . 

Mustard 

Naneel 

Nut-oU 


Olive.., 

Palm. . , 
Pine. . . 
Poppy  . 

Rape . . . 


Sesamum . 


Shea  butter  or  oil. 

Souari-nut 

Sundower  


Tallow  (vegetable). 


Walnut, 

■VVas(bee.s)  ... 
Wax  (insect). , 
Wax  (Japan), . 

Wax  (palm).. 
Wheat-oil 


Triticum,  etc 

(Sec  Seftamum.) 
Arachls  hypogaea 

Corylus  avetlana 

Cannabis  sativa 

(See  Wax.) 

Linum  usitatissimum. 


Zca  mays 

llassia  longifolia 

(See  Candlcberry.) 

Sinapis  alba  et  nigra . . . 

Bassia  latifolia 

(See  Hazel  and  Walnut. ) 

Olca  europnea 

Elais  guineensis 

Pinus  sylTostris 

I'apaver    somniferum,  i 
var.  nigrum I 

Brassica  oleracea,  etc.. . 


Sosiimum  indicum. 


Bassia  parkii 

Gary  oearnucjferum, etc. 
Uelianthus  annuus 

PentJidesma  butyra.... 

Stillingia  sebifera 

Bassia  butyraceae 

Juglans  regia,  etc 


Fraxinus  sinensis.. 
Rhus  succedanea. . 


Copernicia  cerifera. . 

Ceroxylon  andicola. 
(See  Fusel-oil.) 


Native  Place,  or 
where  chieHv  grown. 


Qualities,  Uses,  ete. 


Europe,  etc 

Europe,  etc.... 

Europe,  etc.... 
Europe,  et«. ... 

Europe,  etc.. .. 

Wann  climates.... 
Tropics 

Europe,  etc | 

Tropics 

Europe,  etc | 

W.Africa { 

Europe,  etc 

India,  etc | 

Europe,  etc ) 

India,  etc. J 

W.  Africa { 

S.  .\merica 

Europe,  etc 

SiciTa  Leone | 

China i 

N.  India 

Europeand  Amer-  C 
ica } 

{ 

China { 

Japan ] 

Brazil ] 

Andes 


Seed.-s  produce  a  peculiar  oil.  It  gives  the  flavor  to  raw 
whiskey  tnd  is  u.sed  for  making  flavoring  extracts. 
Formerly  used  for  burning 

Affords  oil  used  in  cooking,  burning,  and  for  making 

soap. 
Nuts  afford  oil.    Sold  as  "  nut-oil."    Used  by  painters, 

perfumers,  and  medicinally. 
Used  for  burning,  paints,  varnishes,  and  for  soft  soaps, 

etc. 


Boiled  with  litharge  produces  the  "  boiled  oil "  of  paints 
and  varnishes.  Used  in  burning,  etc.  The  refuse  of 
the  seed.-*  affords  the  oil-cake  for  fattening  cattle. 

Oil  extracted  from  the  seeds. 

Obtained  from  the  seeds.     Used  for  burning,  etc. 


The  husks  and  seed  afford  a  fixed  oil-*  Used  for  burning 

in  lamp.'*,  etc. 
Oil  obtained  from  the  seeds.    Used  in  burning,  etc. 


One  of  the  purest  of  vegetable  oils.  Used  in  the  arts 
and  for  salads.     In  Italy  is  used  in  lamps. 

The  fruit  affords  the  palm-oil  used  in  caudle  and  soap 
making. 

Ijcaves  afford  an  oil  which  ran  be  made  into  soap. 

Oil  u=ihI  i'xt('n;«ively  in  the  arts  and  for  adulterating  more 
t'Xpensivi-  nils. 

Ext^,'iisively  used  for  burning  in  lamps.  Colza  is  similar 
to  it.     AMieu  refined  is  equal  to  sperm-oil. 

Seeds  afford  an  oil  used  in  India  for  cooking,  burning, 
anointing,  etc.  Elsewhere  used  in  lamps  and  for 
making  soap. 

Seeds  afford  an  oil  used  in  Europe  for  candle  and  soap 
making,  etc. 

Contains  a  sweet  oil.    Much  used  in  S.  America. 

Seed  yields  an  oil.     Used  in  making  fancy  soaps,  etc. 

Tallow,  a  term  often  applied  to  solid  fatty  substances  ob- 
tained from  plants.  That  produccil  from  the  seeds  of 
the  Stillingia  sebifera  is  used  for  candles  by  the  Chi- 
nese. 

An  oil  often  sold  as  "  nut-oil."'  Used  in  the  arts  and  to 
adulterate  other  oils. 

Beeswax,  although  not  strictly  a  vegetable  production, 
i^i  primarily  derived  from  the  pollen  of  Howers. 

A  kind  of  wax  deposited  by  an  inject,  the  coccus  pe-la^ 
on  the  leaves  of  this  species  of  ash. 

A  vegetable  wax  afforded  by  the  fruit  of  the  tree.  Used 
in  candle-making. 

Wax  obtained  from  the  surface  of  the  young  leaves  of 
the  iilant.  [with  tallow  to  make  candles. 

Wax  obtained  by  scraping  the  trunk  of  the  tree.    Used 


Essential  Oils. 


Aniseed 

Bergamot 

Cajeput 

Camphor 

Cedar  

Chamomile 

Citron 

Citronelle 

Clove 

Fennel 

Grass 

Jasmine 

Lavender 

Lemon-grass 

Lemon 

NeroU 

Nutmeg 

Ottoor  attar  of  rose 

Orange 

Patchouli 


Pinipinella  anisum 

Citrus  aurrintium 

Metiileuca  cajeputi 

Camphora  officinarum. . 

Cedrus  rubra 

Anthenus  nobilis 

Citrus  niedica 

Andropogou  citratum . . 
Caryophvllusaromaticus 
Freniculum  vulgare.. 
Andropogon  (various) 

Jasminacese 


Lavondula  vera  et  spica    Europe 

Andropogon  citratum . .     India 

Citrus  limonum Warm  climates . 


Europe,  etc.. .. 

S.  Europe,  etc. . 

Moluccas 

China,  etc 

Generally 

Europe. 

Europe 

India,  etc 

Tropics 

Britain,  etc. . . , 
India . .. . 


Asia,  Europe.. 


Citrus  (various) 

Myristica  moschata. . . . 

Rosa  moschata 1 

Centifolia,  Damascena  ) 
(See  Bergamot,  Neroli.) 
Pogostemon  patchouli.. 


Europe 

Moluccas,  etc. . . . 
Turkey  and  Syria, 


India. . 


Seeds  afford  an  oil  used  in  medicine  and  flavoring  spirits 
for  liquors.  [essences,  etc. 

Rind  of  fruit  aftords  an  oil.    Much  used  in  perfumery, 

A  volatile  oil  which  dissolves  india-rubber. 

A  solid  essential  oil.     Used  in  medicine,  etc. 

Wood  yields  an  essential  oil.     Used  in  perfumery,  etc. 

The  dried  flowers  afford  an  essential  oil. 

Fragrant  oil.     Used  by  perfumers. 

Obtained  from  lemon-grass.     Used  in  perfumery. 

Fragrant  oil.    Used  iu  perfumery. 

Used  in  medicine.  [ery  and  medicine. 

Obtained  from  various  Indian  grasses.    Used  iu  perfuni- 

A  perfume.  Obtained  from  the  flowers  by  placing  them 
in  tallow  and  extracting  by  means  of  alcohol  the  vola- 
tile pi-ineiple. 

Oil  used  largely  in  perfumery  and  medicine. 

A  delicious  essential  oil. 

The  riud  affords  an  oil  used  in  perfumery,  flavoring,  etc. 

Perfumed  oil  obtained  from  various  species  of  the  orange 
family,  .\ffords  the  "orange-flower  water"  of  the 
shops,  etc. 

Essential  oil.    Usetl  in  perfumery. 

A  fragrant  oil  obtained  from  the  Eastern  species  of  rose. 
Plant  affords  an  oil.    Used  as  a  perfume. 
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Common  Name. 

Botanical  Name. 

Native  Place,  or 
where  chieHy  grown. 

Qualities,  Uses,  etc. 

Peppermint -oil 

Rosemary 

Sandal-wooJorsan-J 

tal-wootl / 

Winter-green 

Mentha  piperita 

Rosmarius  officinalis. . . 

Britain,  etc 

EuropL',  etc 

India { 

N.  America 

Used  in  medicine.                                                [cine,  etc. 
Tops  of  plant  afford  an  oil.     Used  in  perfumery,  medi- 
Vields  an  essential  oil  heavier  than  water.    Used  in  per- 
fumery,                             [perfumery,  and  for  flavoring. 
The  plant  affords  an  essential  oil.     Used  in  medicine, 

Gaultheria  procumbens. 

The  most  ancient  oil-mills  are  those  used  for 
masliing  tlie  olive.  Tliey  were  used  in  Palestine  at 
a  very  early  date.  Although  Solomon,  A.  D.  1015, 
supplied  Hiraui  with  20,000  baths  of  oil,  in  addition 
to  the  grain  and  wine,  in  return  for  the  "timber 
of  cedar  and  timber  of  fir,"  yet  the  Phcenicians 
themselves  were  great  cultivators  of  the  olive  and 
traders  in  oil.  The  means  they  used  were  the  mill, 
.such  as  we  now  call  the  "Chilian,"  fcdlowed  by  a 
lever-press.  The  stones,  bed-plates,  and  press-frames 
yet  remain  in  the  country  to  attest  the  fact. 

Olives  were  known  in  ancient  Egypt,  and  their 
cultivation  was  imported  thence  into  Greece.  Ce- 
crops  (lo.ifi  B.  c.)  is  credited  with  the  introduction 
of  the  tree,  and  Arisbeus  tlie  Athenian  (1450  li.  c.) 
was  deified  as  the  inventor  of  e.\pressing-machinery. 
They  were  introduced  into  Italy  about  562  B.  c, 
during  the  reign  of  Servius  Tullius,  which  was  co- 
eval with  that  of  Xebnehadnezzar,  and  with  the 
prophecies  of  Daniel.  This  was  nearly  100  years 
before  Mai-athon. 

The  Phoinician  mill  is  shown  at  a  in  the  accom- 
panying       cut, 
Hg.3381.  which    is   taken 

from  Thomp- 
son's Researches 
in  Palestine.  It 
is  drawn  from 
one  at  Era  el' 
Awamed.  The 
stone  wheel  had 
an  eye  for  the 
shaft,  to  which 
the  draft  animals 
were  attached, 
and  the  fruit  was 
mashed  by  the 
revolution  of  the 
stone  in  the  ba- 
sin. 

The  pres.s- 
franie  (i)  consist- 
ed of  two  up- 
right posts  and 
a  very  heavy 
cross-piece,  be- 
ing evidently  a 
beam  or  Icirr 
press.  A  beam 
above  the  platen 
which  rested  on 
the  olive-cheese 
traversed  in 
grooves  on  the 
inner  faces  of 
the  posts,  and 
was  depressed  by 
a  weighted  beam. 
This  was  before 
Archimedes  and  the  screw. 

The  basin  represented  is  8  feet  in  diameter,  and  a 
stone  trough  in  the  vicinity  was  doubtless  used  to 
receive  the  oil  as  it  floweil  from  the  press.     ' 

The  basins  and  posts  with  huge  stones  on  top  are 
98 
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numerous  in  some  sections  of  Palestine,  where  the 
long-lived  olive  has  rotted  away  and  left  no  trace. 
2,400  years  have  passed  since  these  lan<ls  were  fully 
tended  ;  the  Assyrian,  Persian,  Greek,  Roman,  Sara- 
cen, and  Turk  have  overrnn  the  land,  and  tlie  mod- 
ern Syria  is  now  occupied  by  a  million  and  a  half  of 
people  divided,  by  race  or  religion,  into  16  tribes, 
who  are  Ishraaelites  in  deed  and  many  of  them  in 
b^oiid. 

The  Spanish  olive-mill  (c)  is  used  for  crushing 
that  fruit  to  obtain  the  oil,  which  stands  instead  of 
butter  and  lard  in  a  land  that  once  aflbrded  Colu- 
mella a  subject  for  praise  in  the  conduct  and  produc- 
tions of  the  dairies  of  Andalusia.  The  Spain  of  to-day 
is  not  what  it  was  in  the  time  of  Cato,  nor  indeed 
what  it  was  under  the  occupancy  of  the  Saracens. 
It  has  probably  retrogi'aded  in  health,  wealth,  mor- 
als, productiveness,  and  in  scholastic  and  e.xecutive 
ability. 

Loudon  remarks,  that  although  the  olive  is  grown 
in  Spain  in  greater  perfection  than  in  Italy,  owing 
to  some  manorial  rights  or  a  system  of  farming  the 
taxes,  all  the  olives  of  a  distiict  are  brought  to  one 
place  to  be  ground  and  pressed  ;  and  as  each  heap 
has  to  wait  its  turn,  the  olives  in  many  of  the  heaps 
become  black  and  rancid. 

A  friend  of  the  missionary  W.  M.  Thompson,  who 
farmed  the  district  of  el  Mughar,  near  the  lake  of 
Tiberias,  states  that  a  black  color  does  not  hurt  the 
olives  as  they  lie  in  the  lieap.  The  niodei'n  Syrian 
jilan  embraces  two  modes  of  grinding  the  fruit  and 
expressing  the  oil :  — 

1.  The  m'  oscrah,  which  is  worked  by  hand  and 
used  for  grinding  the  early  fruit  before  the  streams 
are  raised  by  tile  winter  rains  wliieh  start  the  water- 
mills.  In  the  m  overall  the  fruit  is  ground  by  a 
revolving  stone  in  a  stone  luisin,  much  as  in  the 
ancient  Phcenician  method  just  described.  It  is 
presse<l  in  a  beam  or  screw  pi-ess,  the  mass  being 
[lacked  into  straw  baskets,  which  are  piled  one  above 
another  in  the  press.  The  cheeses,  after  one  press- 
ure, are  broken  uji,  jint  in  copper  pans  over  a  fire, 
sprinkled  with  water,  heated,  and  re-pressed. 

2.  The  mutnif,  driven  by  water-power,  and 
pounding  the  olives  with  a  stamp  in  a  heated,  verti- 
cal stone  cyliniler.  Tlie  face  of  the  stamp  is  of  iron 
cross-bars,  and  it  is  rotated  as  it  works.  The  mass 
is  taken  out  below,  ]nit  in  baskets,  and  pressed. 
The  process  is  repeated.  The  details  of  the  opera- 
tion are  probablj-  almost  identical  with  those  in 
rogue  .3,000  years  ago. 

In  China,  the  [lestle  ami  mortar  (;/)  are  used  in 
reducing  to  powder  the  seeds  of  the  oil-bearing  tea- 
plant.  The  meal  is  boiled  in  bags  and  pressed  to 
yield  the  oil.  The  lever  is  tripped  by  the  cogs  of 
the  sprocket-wheel,  ami  falls  by  gravity. 

c  shows  the  press  used  in  China  in  crushing  the 
seeds  of  the  tallow-tree.  The  weighted  wheel  is  sus- 
pended by  a  rod  from  a  beam,  and  is  oscillated  to 
and  fro  by  the  workman,  traveling  iipon  the  seeds 
whieli  are  placed  in  the  trough  below.  The  oil  pro- 
cured from  the  bruised  seeds  by  heat  and  pressure  is 
added  to  vegetable  oil  and  wa.\  to  the  required  con- 
sistence for  candles. 
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A  (Fig.  3382)  illustnitcs  a  mill  for  crushing  seeds 
preparatory  to  e.xtractiiig  the  oil  thcrelVora  by  press- 
ure.   The  seeds  are  led  from  the  hopper  a  by  a  I'oUer 

Fig  3382. 


Oil-Mills. 


b,  the  amount  being  regulated  by  an  adjustable  plate, 
and  pass  between  the  crushing-rollers  c  d,  the  smaller 
one  of  which  has  adjustable  bearings,  so  that  the 
distance  between  them  may  be  varied.  The 
roller  is  driven  by  belt  and  pulley,  and  has  a 
gear  which  moves  the  smaller  one. 

£  shows  a  mill,  heater,  anil  ju'ess  combined. 

Fig.  3383  is  the  olive-mill  of  Barbory. 

Fig.  3383. 


larger 
spur- 


Olive-Mitl  ofBarbary. 

Oil-of-brick.  An  empyrenmatic  oil  used  by 
lapidaries  as  a  vehicle  for  emery,  by  which  precious 
stones  are  sawn  or  cut. 

The  brick  is  soaked  in  oil  and  subjected  to  distil- 
lation at  a  hiah  temperature. 

OU-paint'ing.  The  process  of  paintin;;  with 
colors  held  in  solution  by  volatile  or  evaporable  oils 


which,  on  drying,  leave  the  pigment  combined  with' 
the  solid  constituents  of  the  oil,  upon  the  surface  to 
which  it  has  been  ajiplied. 

Linseeil-oil  was  undoubteiUy  used  as  a  medium 
for  [laintiug  in  very  early  time.s,  but  the  term  "oil- 
painting"  has  by  custom  become  restricted  to  the 
line  arts. 

The  ]iictorial  representations  of  the  ancient  Egyp- 
tians were  executed  upon  a  ground  of  plaster  or  cal- 
careous wash  ;  the  colors,  according  to  modera 
analysis,  were  mixed  with  a  resinous  size  or  animal 
glue,  and  the  whole  covered  with  a  coat  of  vaniish. 
Analogous  substances  for  holding  and  tixing  the 
colors  appear  to  have  been  in  use  down  to  the  latter 
part  of  the  thirteenth  or  early  [lart  of  the  fourteenth 
century. 

The  oldest  painting  in  oil-colnrs  at  present  known 
was  painted  in  the  year  12U7,  by  Thomas  de  llutina 
or  de  Mutterfdorf,  iu  Bohemia.  It  is  in  the  Impe- 
rial Gallery  of  Bohemia.  Two  other  paintings  are 
in  the  same  collection,  by  Nicholas  \\'urinser  of 
Strasburg,  and  Thierry  of  Prague,  respectively. 

These  jiaintings  antedate  by  many  years  those  of 
Hubert  and  John  Van  Eyck  of  Bruges,  who  lived  dur- 
ing the  earlier  part  of  the  fifteenth  century,  and  to 
whom  the  invention  of  oil-painting  is  generally  as- 
crilwd. 

Oil-press.  A  press  for  extracting  oil  froin  the 
seeds  of  various  jilants.  Formerly,  linseed  consti- 
tuted by  much  the  largest  sonrce  of  suji]>ly,  but 
within  the  past  few  years  cotton-seed  is  largely  used, 
it  as  well  as  linseed  yielding  a  laige  proportion  of 
oil,  beside  meal  or  cake  \vell  adapted  for  feeding 
cattle  or  hogs.  Cotton-seed  {exce]iting  Sea  Island) 
is  preferably  decorticated  previous  to  being  ground 
and  pressed,  otherwise  the  treatment  of  these  and 
linseed  is  the  same. 

The  seed  is  first  passed  between  two  rollers,  one 
of  vvlii(di  revolves  more  rapidly  than  the  other,  sub- 
jecting it  to  a  drawing  as  well  as  a  crushing  action  ; 
I'roni  these  it  is  transferred  to  the  chasers,  two  heavy 
circular   stones    turning   upon    a   third   stone,   and 
moistened  with  water  to  prevent  the  meal  fiom  ad- 
hering ;   when    thoroughly   ground   it  is   put  in   a 
heater  ;  of  this  there  are  several  forms  :  that 
shown  at  A,  Fig.  3384,   consists  of  a  cast- 
iron  cylinder  c  snjiported  by  the  biick  foun- 
dation a,  surrounded  by  a  steam-jacket  d  d, 
to  which  steam  is  admitted  through  the  pipe 
/(,  the  water  of  condensation  being  drawn  off 
through  ('.     A  charge  of  meal  is  introduced 
into  the  cylinder  and  agitated  by  a  rotary 
stirrer    stejiped   in   the  ilepression   c ;    the 
steam    is  let  on,   and  when  a   temjierature 
of  180°  to   190°  Fall,   is  attained  the  gate 
is   opened   and   the   meal  witluUawn,   fall- 
ing through   the  aperture  <j  into  a  bag  be- 
neath ;    the    bag   lieing  partially   filled,    its 
unfilled  portion  is  turned  over  so  as  to  close 
its  mouth,  and  it  is  placed  within  a  .squeezer 
made  of  horsehair  cord  covered  with  leath- 
er, and  having  a  handle  attached  l)y  copper 
rivets.     These   are   then  introduced  within 
the  boxes  «  a  a  of  the  hydraulic  press  B, 
and  subjected  to  pressni'e  ;   b  is  the  pump, 
and  c  the   ])ipe   by  which    its   pressure   is 
transmitted  to  the  ram  of  the  press. 
C  represents  Blundell's  ju-css,  aba,  side  and  c  an 
end  elevation  ;  d,  the  uperating-lever  ;  <•  /,  plungers 
and  i)urap-cylinders ;  y,  pipe  transmitting  pressure  to 
the  ram. 

I>  is  a  ]ilunger-pre.ss,  to  be  presently  described. 
The  product  of  oil  is  about  '2  gallons  from  a  bushel 
of  linseed,  or  56  pounds  of  hulled  cotton-seed  ;  that 
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Fig.  3384. 


Oil-Heater^  Pressor,  and  Hi/drostatic-Press  Pump. 

from  Sea  Island  seeil,  whicli  does  not  require  hull- 
ing, is  about  90  gallons  from  each  100  h\ishels. 

"Theoil-press  was  invented  by  Aristteus,  the  Athe- 
nian ■' ;  so  says  Pliny.  To  find  the  date  at  which 
he  fionrished,  we  must  consult  the  marriage  register. 
He  was  a  son  of  Apollo,  but  married  a  daughter  of 
Cadnnis  about  1450  n.  c,  let  us  say.  He  found  time 
between  his  spells  of  running  after  Eurydice  to  in- 
struct men  in  the  culture  of  the  olive  and  of  bees. 
This  was  about  the  time  of  Joshua.  Archaeologists 
have  shown  it  to  be  probable  that  the  Phoenicians 
practiced  both  the  arts  before  Aristseus  destroyed  the 
harmony  in  the  household  of  Orpheus. 

The  oil-press  used  liy  the  Phrenieians  in  the  time 
of  Solomon,  and  s\il)stantiany  in  use  at  the  present 
day  in  Syria  and  Palestine,  consists  of  two  posts  and 
a  very  heavy  lintel.  The  press  is  illustrated  in  Oil- 
mills  (which  see)  in  connection  with  the  basin  and 
revolving  stone  by  which  the  fruit  is  ground.  The 
crushed  fruit  in  straw  baskets  was  (ami  is)  placed  on 
a  bed-piece,  the  platen  adjusted,  an  upper  beam  laid 
upon  the  platen,  its  ends  travetsing  in  grooves  on 
the  inner  faces  of  the  posts  as  it  was  pressed  down 
by  a  lever  above.  This  accounts  for  the  lintel  being 
so  heavj',  as  it  was  required  to  resist  the  upward 
thrust  of  the  lever.  The  screw-press  was  then  un- 
known. 

The  olive  is  a  native  of  Asia,  from  which  it  has 
been  transported  to  Africa  and  Southern  Europe. 


The  wedge-press,  which  is  sometimes  used  for  e.x- 
pressing  linseed-oil  from  the  hot  magnui,  is  a  some- 
what crude  but  powerful  press.  The  bags  of  ground 
seed  are  placed  in  bags  between  followers,  which  are 
driven  toward  each  other  by  w'edges  driven  in  above 
and  below. 

The  hydraulic  press  does  not  ditfer  substantially 
from  that  employed  for  other  purposes,  and  is  de- 
scribed under  HYDROsT.iTio  Press  (which  see). 

In  the  English  practice,  the  flaxseed  is  crushed 
between  rollers,  then  ground  beneath  an  edge-stone, 
heated,  filled  into  bags,  and  then  pressed  in  a  wedge- 
press  or  a  hydraulic  press. 

The  castor-oil  plant  {Ricinus  cmmnunis)  was  well 
known  to  the  Egyptians,  and  is  called  siUi-cy]rn- 
mn  by  Herodotus,  and  kilri  by  the  inhabitants  of 
Egypt.  The  oil  was  then  extracted  Iiy  pressure 
or  by  boiling,  and  used  for  anointing.  It  was 
probably  Jonah's  jilant,  Hl'ioii,  being  mistranslated 
yourd.  Herodotus  and  Pliny  claimed  tl-.at  it  smelt 
badly,  but  had  its  uses  medicinally. 

Bessemer  and  Heywood's  machine  (Z),  Fig.  3384) 
for  expressing  oil  from  seeds  (English)  consists  of  a 
heil-plate  or  framing  a  a,  cast  in  one  jpie'ce  and  hav- 
ing a  recejitacle  b  for  receiving  the  expressed  oil. 
The  frame  supports  a  gun-metal  cylinder  4',  within 
which  is  fitted  a  tube  c,  having  a  spiral  exteiior  per- 
forated groove,  and  lined  with  an  open-ended  bag  of 
coarse  fabric  containing  a  cylinder  of  wire  gauze  or 
perforated  metal.  The  cylinder  h  is  contracted  at  d, 
so  as  to  su]>port  the  interior  tube  against  longitudi- 
nal pressure,  and  prevent  the  rapid  escape  of  the 
pressed  seed.  The  seeds  are  placed  in  the  hopper  e, 
and  as  the  plunger  /  is  drawn  back  by  the  connect- 
ing-rod (J  on  the  crank-ann  h,  a  portion  falls  into  the 
tube,  and  on  its  retuin  movement  is  forced  into  the 
bag  before  descriljed,  where  the  seeds  are  crushed,  a 
portion  of  the  cake  thus  formed  being  at  the  same 
time  expelled  through  the  contracted  end  of  the 
tube.  The  expressed  oil  passes  through  the  open- 
ings in  the  inner  and  outer  cylinders,  whence  it  is 
withdrawn  by  the  pipe  i. 

Oil-pump.  A  pump  to  raise  oil  from  a  can  or 
reservoir  and  clischarge  it  on  to  a  journal. 

Oil-re-fin 'ing  Ap'pa-ra'tus.  The  apparatus  em- 
ployed for  sejiarating  the  various  ingredients  con- 
tained in  crude  petroleum  in  tlie  process  of  obtaining 
kerosene  consist  of  an  iron  still  having  a  wrought- 
iron  worm-pipe,  whicli  is  submerged  in  a  tank  con- 
taining cold  water.  The  still  having  been  filled  with 
crude  oil,  a  fire  lighted  beneath  it  causes  the  oil  to 
boil,  and  drives  oft'  the  more  volatile  vapors  which 
at  ordinary  temperatures  pass  over  without  being 
condensed.  By  surrounding  the  coil  with  ice  or  by 
coin])ressing  these  gases  by  means  of  an  air-pump, 
they  may  be  condensed  into  the  form  of  very  vola- 
tile liquids,  termed  rhigoletie  and  chymoijcnc. 

After  these  have  been  eliminated,  the  vapors  begin 
to  condense  in  the  coil,  the  resulting  oil  being  re- 
ceiveil  in  a  tank  at  its  farther  end.  That  first  formed 
has  a  gravity  of  about  95°  Beaume,  but  the  product 
becomes  heavier  as  the  process  proceeds.  It  is 
usually  customary  to  direct  the  stream  into  one 
tank  until  the  gravity  reaches  from  65"  to  59°  B., 
forming  cruile  naphtha,  when  it  is  diverted  into  the 
kerosene  tank,  into  which  it  is  allowed  to  flow  until 
a  gravity  of  about  38°  B.  is  reached,  or  the  oil  be- 
comes of  a  yellow  color.  This  .second  fraction  is  the 
burning-oil,  which  requires  a  farther  purification  to 
fit  it  for  use.  The  stream  is  next  directed  into  the 
paraffine  oil-tanks,  and  allowed  to  run  until  nothing 
remains  in  tlie  still  except  coke.  Wlien,  however, 
very  large  stills  of  1,000  barrels  capacity  or  upward 
are  employed,  the  distillation  is  stopped  when  the 
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residuum  lia.s  attained  a  tarry  consistence,  the  re- 
maining oil  being  extracted  in  smaller  stills. 

By  slow  distillation  in  high  stills,  the  production 
of  the  hea\'ier  oils  niay  be  avoided,  they  being 
"cracked"  into  lighter  oils,  so  that  only  crude 
najihtha,  kerosene,  and  coke  result. 

The  burning-oil  is  imrified  by  the  addition  of  about 
two  per  cent  of  suljihurie  acid  to  improve  the  color 
and  deodorize  it.  The  acid  is  poured  into  the  oil, 
and  the  liciuid  thoroughly  agitated  and  then  allowed 
to  stand,  when  a  dark  tarry  residuum  separates. 
This  is  removed,  and  the  ch^ar  oil  is  then  agitated 
with  water  and  afterward  with  caustic  soda  or  annno- 
uia.  This  neutralizes  any  remaining  traces  of  acid, 
and  is  removed  by  water.  In  some  instances  it  is 
then  heated  to  expel  a  small  proportion  of  naphtha 
or  benzine  which  it  may  contain,  or  is  redistilled. 

The  crude  naphtha  is  redistilled  for  gasoline,  ben- 
zine, or  retineil  naplitha,  or  is  poured  into  the  oil- 
wells,  nominally  for  the  purpose  of  cleaning  them. 
In  some  instances  it  is  used  for  adulterating  the  crude 
oil  sold  to  the  refiner. 

In  the  details  of  the  process  of  refining,  manufac- 
turers somewhat  dill'er.  Some  blow  steam  through 
the  crude  oil,  thus  taking  otf  the  naphtha  previous 
to  distillation.  In  other  instances,  the  heavier  por- 
tions of  the  distillate  are  separateil,  forming  safer  oils 
than  those  in  ordinary  use.  Thus,  "astral  oil," 
averaging  49°  B.,  Hashes  at  125°  of  Fahrenheit's 
scale,  and  "mineral  sperm,"  having  a  gravity  of  30" 
B.,  only  yields  inflammable  vapor  at  temperatures 
above  262°. 

Oil  which  Hashes  at  or  above  100°  F.  is  considered 
safe  for  ordinary  use,  but  the  temptation  to  allows 
the  heavier  portion  of  the  crude  naphtha,  an  article 
which  commands  a  much  lower  price  than  oil,  to 
flow  into  the  tank  designed  for  the  latter  is  so  great 
that  many  kinds  of  oil  in  the  market  are  very  dan- 
gerous, their  vapors  exploding  at  a  much  lower 
point. 

Instead  of  continuing  the  flow  of  liaphtha  into  its 
proper  tank  until  agravityof  58°or  59°  B.  is  attained, 
it  is  diverted  into  the  burning-oil  reservoir  while 
yet  as  light  as  63°  to  65°. 

Dr.  White  of  New  Orleans  found  that  one  per 
cent  of  naphtha  added  to  an  oil  which  Hashed  at  133° 
Fall,  caused  it  to  Hash  at         .  .  .      103° 

2  per  cent 92° 

5  per  cent 83° 

10  per  cent 59" 

20  per  cent  .....  40° 
Ordinary  kerosene,  having  a  gi'avity  of  47°  B., 
flashes  at  86°  Fah.  An  oil  which  will  not  Hash  be- 
low 100°  may  be  made  by  running  off  the  naphtha  to 
5S°  B.,  and  exposing  the  oil  in  shallow  tanks  to  the 
sun  or  a  strong  light  for  a  day  or  two. 

The  average  yieldof  crude  Pennsylvania  oilisstated 
to  be  : — 

Gasolene IJ 

Refined  naphtha     ....         10 

Benzine     ......       4 

Refined  petroleum  or  kerosene  .         55 

Lubricating  oil 17 J 

Paraffine 2 

Loss,  gas,  and  coke    .         .         .         .10 


By  cracking  it  can  be  made  to  yield,  — 
Crude  naphtha  .... 
Burning  oil    .         . 
Coke  and  loss    .... 


100 

20 
66 
14 

100 


Oil-SEife.  A  storage-vessel  for  oil,  protected  from 
access  of  Hre,  and  measurably  from  the  heat  of  the 
surrounding  atmosphere.     It  consists  of  a  vessel  of 

Fig.  3385. 
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sheet-metal  with  soldered  joints  in  a  box  of  wood 
with  an  intervening  material  which  is  a  poor  con- 
ductor of  heat.  Oil  is  poured  in  at  the  top  and  dis- 
charged by  pipe  and  faucet  .it  the  bottom. 

Oil-skin.  Cloth  treated  with  oil  to  make  it 
water  and  jierspiration  jn-oof. 

Oil-still.  A  still  for  hydrocarbons,  notably  petro- 
leum.    .See  Petkoleum-still. 

Oil-stone.  A  slab  ol'  fine-grained  stone,  set  in  a 
wooden  block  and  provided  with  a  wooden  cover, 
used  lor  imparting  a  keen  edge  to  tools  :  it  is  so 
called  because  oil  is  used  for  lubricating  its  rubbing 
surface.  See  Whetstone.  See  list  under  Giund- 
INT,  AND  Polishing. 

Oil-tank.    A  large  vessel  for  holding  oil  for  — 

1 .  Treatment. 

2.  Storage.  Fig.  3386. 

3.  Transportation. 

1.  Tanks  lor  treat- 
ment are  usually  large 
reservoirs  or  vats. 
Twoillustrations  may 
be  given. 

In  Fig.  3386,  the 
oil  or  fat  is  placed  in 
the  inner  tank,  which 
has  a  vertical  shaft 
having  radial  stirrers 
and  a  discharge-pipe 
at  its  lower  conical 
end.  It  is  surround- 
ed by  a  water  or 
steam  chamber,  by 
wliich  the  oil  or  fat 
is  heated  to  90°  or 
100°  Fah.,  respective- 
ly, and  yeast,  3  parts, 
added  to  40  parts  of 
the  grease.  The  whole 
is  stirred  while  warm, 
and  then  left  to  fer- 
ment, when  sediment 
is  drawn    off  at   the 


Oil-Purifi/ing  Tank. 


bottom.     The  tank  may  be  used  in  the  manufacture 
of.stearine.     See  also  Lard-t.\xk. 

Fig.  3387  shows  an  arrangement  of  tanks  for  carry- 
ing out  successively  the  operations  of  oxidizing,  neu- 
tralizing, steaming  and  heating  for  evaporation,  oils 
to  be  purified  ;  and  ol'  special  devices  to  be  employed 
in  connection  with  one  or  more  of  the  tanks  for  the 
addition  of  oxidizing  and  neutralizing  chemicals  to 
the  oils,  for  stirring  and  agitating  the  same,  and  for 
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indicating  tlie  condition  of  the  contents  of 
the  several  tanks. 

The  o.\idizing-tank  A  is  pi'ovided  with  a 
detachable  stirring-shal't  H,  and  diii'using- 
sieve  P.  On  the  next  step  is  a  neutraliziiig- 
tank  £  with  sieve  P'  at  top,  and  steam  or 
hot-air  pipes  Q  within  tlie  same.  Third  in 
the  series  is  a  stcamiug-tank  C,  containing 
suitablesteam-jet  pipes  P,  and  fourth  ^ 

is  an  evaporating-tank  1>,  the  whole         ^_- 
being  adapted  and  made  to  operate    ^^ii--^ 


i 


Kg. 


Fig.  3387. 
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Tanh/or  the  Purijiration  of  Oil. 

consecutively  upon  the  same  body  of  oil  as  it  flows 
from  one  to  another  in  the  series. 

Each  vat  has  its  gage-glass  -S',  and  the  discharge 


from  each  tank  of  the  upper  three  to  the  one  next 
beneath  it  is  by  siphon. 

2.  Tanks  fur  sloraye  are  usually  on  a  large  scale, 
in  obedience  to  the  law  of  economy  of  material  in 
construction,  being. much  less  jier  cubic  foot  of  con- 
tents for  large  vessels  than  for  smalL 

Fig.  3388  is  a  petroleum  tank,  shown  as  upon  a 
river- bank.  The  tank  A  is  of  metal,  is  hermetically 
closed,  and  its  roof  is  sup(iorted  by  hollow  columns 
fj  rj.  Above  is  an  escajre  where  volatile  gases  are 
burnt  as  at  a  gas-burner.  B  is  the  receiving-tank 
into  which  the  banels  of  oil  from  tlie  well  are  emptied, 
and  from  which  the  oil  Hows  into  the  tank  A  through 
the  siphon  d.  G  is  tlie  <lelivciing-<'liamber  with  a 
number  of  valves  i  i  at  diHerent  liights  leading  from 
the  tank  A,  so  that  oil  of  difl'eivnt  gi-avities  may 
be  drawn  liom  dilferent  altitudes.  The  entrance- 
pipe  d  delivers  the  fresh  oil  into  the  bottom  of  the 
tank  in  contact  witli  the  heavier  stratiun  of  oil,  de- 
positing the  paraffine  at  the  bottom,  r  is  a  heat- 
ing coil,  for  use  if  necessary,  f  J  are  delivering 
faucets  to  tlie  pipe  which'  leads  to  the  barrels  in 
the  boat  alongside  the  river-bank. 

Fig.  3389  shows  a  form  of  submerge/J  tank,  the  iron 
oil-chamber  being  placed  in  a  pit  with  water  around 
and  above  it.  The  oil  is  introduceil  and  discharged 
by  pijjes.     The  iiiductiou  and  overtlow  of  the  water 


Fig.  33S9. 


Submerged  Oil-Tank. 


is  also  by  pipes.  Il  is  the  man-hole  cover.  Water 
enters  below  the  oil  in  the  tank,  the  level  being 
evidenced  by  a  gage. 

In  Fig.  3390,  the  water  in  the  submerged  tank  is 


Submergcil  Oil- Tank. 

displaced  by  oil  introduced  from  above ;  the  stratum 


of  water  escapes  by  rising  through  a  pipe  h  and  over- 
flowing. Oil  is  discharged  at  a  by  ailniitting  wa- 
ter. 

3.  Tanls  for  travsportaiicm  ai-e  made  of  a  size  to 
form  a  load  for  a  platform,  on  which  they  remain, 
being  filled  and  discbai-ged  by  pi]ies  and  hose  (see 
OiL-c.iR)  ;  or  are  of  such  a  size  that  they  may  be 
swung  or  rolled  on  to  the  car.  The  latter  includes 
boiler-iron  barrels,  and  those  of  wood,  pitched  or 
otherwise  treated  to  render  them  impervious  to  oil. 

Church's  petroleum  tank  (Fig.  3391)  has  ujwn  its 
top  a  chamber  with  a  safety-valve  to  enable  it  to  be 
kept  full  without  endangering  it  when  the  contents 
ex)iand  or  contract  by  changes  of  temjierature. 

In  Fig.  3392  the  tank  has  an  air-chamber  in  any 
convenient  part  provided  with  a  safety-valve.  A 
bent  tube  extends  from  the  petroleum-tank  into  the 
air-chamber,  the  ends  tcrminaring  a  shoit  distance 
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Fig.  3391.  above  the  bottom  of  the  tank  and 

air-uliiimber.  The  tank  i.s  tilled 
with  i>etioleinn,  and  enough  is 
placed  in  the  air-elianiber  to  eover 
the  end  of  the  bent  pipe  under  all 
eiieuni.ttance.s  of  e.\pansion  and 
contiaetion,  so  as  to  prevent  the 
accession  of  air  to  the  main  cham- 
ber. 

As  the  petroleum  e.^pands  it 
ilows  into  the  air-chamber,  con- 
densing the  air ;  as  contraction 
of  its  bulk  occdrs  it  flows  back  to 
the  main  reservoir. 

In  Fig.  3393,  the  safety-cham- 
ber is  introduced  to  afford  a  space 
Churches  Oil-Tank,   into  which  the  oil   may  e.\pand, 
and  I'rora  wliich  it  returns  when 
contracting.     Tlie  ehauil)er  is  detaclialile  and  capa- 
ble of  introduction  into  the  tank  or  barrel  at  the 
ordinary  opening  for  filling. 

Other  forms  of  tanks  lor  transportation  are  built 

Fig.  3392. 


Fig.  3394  shows  an  apparatus  for  applying  solu- 
tions to  oil-barrels  to  render  them  impervious  to  oil. 
The  barrel  J  is  jilaced  in  the  upper  ehamlier  and  the 
lid  closed  tightly.  The  solution  from  vat  £  is  al- 
lowed to  tlow  into  A,  and  the  faucet  D  is  then 
closed.  Steam  is  then  admitted  from  the  pipe  en- 
tering the  bottom  of  the  closed  vessel  , J,  and,  collect- 
ing in  the  top  of  the  vessel,  forces  the  liijuid  into 
the  chamber  in  which  the  cask  /  is  plai;ed.  When 
the  cask  is  saturated,  the  steam  is  shut  off  and  al- 
lowed to  tlow  by  faucet  Z>  into  chamber  B  ;  the 
licjuid  sinks  from  the  upper  chamber,  the  lid  is  lifted, 
and  the  cask  removed. 

Barnuni  and  McNoah's  metallic  barrel  (Fig.  3395) 
is  coated  on  both  sides  with  lead,  and  the  joints  made 
by  I'iveting  and  soldering. 

There  are  many  patents  for  compositions,  modes, 
and  machinery  for  thus  impreg- 
nating, and   for   coating  bar-  Fig.  3395. 
rels  foi'  this  purpose. 

Oil-test.     For  ascertaining 
the  degree   of  heat  at  which 
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of  metal,  inside  bo.v-cars,  with  devices  for  staying, 
filling,  emptying,  etc. 
Much   ingenuity  has  been  expended  in  making 

Fig.  3393. 
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Knighl's  Oil-Tank. 

barrels  of  wood  or  of  metal  for  shipping  petroleum 
and  coal-oil. 

Day  and  Chapman's  metallic  barrel  is  inclosed  in 
one  of  wood. 

Fig.  3394. 
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Metallic  Barrel. 


the  hydrocarbon  vapors  of  petroleum  are  liable  to 
explode. 

That  legally  employed  in  Great  Britaiu  consists  in 
heating  the  oil  in  a  porcelain  vessel  surrounded  by 
a  hot-water  bath.  A  wire  is  placed  J  inch  abox-e  the 
rim  of  the  vessel,  and  when  a  thermonjeter  whose 
bulb  is  submerged  H  inches  below  the  surface  of  the 
oil  indicates  the  desired  heat,  say,  90°,  a  small  tlame 
is  ])a.ssed  quickly  along  the  wire  over  the  surface  of 
the  oil  ;  if  no  flash  is  jiroduced,  the  heat  is  continued 
and  the  test  applied  at  every  3°  above  this  until  the 
tiashing-point  is  reached.  The  operation  is  then  re- 
peated with  a  fresh  samjile  of  oil,  fresh  water  being 
used  in  the  outer  vessel,  the  source  of  heat  being 
removed  when  a  teni]ierature  approaching  that  ob- 
tained in  the  first  experiment  has  been  reached.  A 
fin-test.  See  Pktkuleuii-testeh. 
'  Oil-well.  The  first  borings  for  oil  were  made  at 
Titusville,  Pa.,  1859,  by  Mr.  E.  L.  Drake.  Previ- 
ous to  this  the  petroleum  was  collected  by  blankets 
on  the  surface  of  springs  and  bottled  for  medicinal 
use.  Nothing  was  then  known  of  its  use  for  light- 
ing or  lubricating.  Jlr.  Diake  had  great  difliculty 
in  obtaining  competent  drillers,  so  absurd  was  deemed 
the  project  of  searching  lor  a  basin  of  oil  beneath 
the  surface.  He  then  gave  out  that  he  was  boring 
for  a  salt-well.  He  originated  the  practice  of  diiv- 
ing  a  tube  to  the  rock,  instead  of  excavating  and 
cribbing.  He  drove  a  tube  32  feet,  and  then  bored 
37A  I'eet.  He  tubed  the  well,  and  obtained  by  hand- 
pump  -25  barri'Is  per  day  for  two  years.  It  was  diffi- 
cult then  to  find  use  for  so  nnich.  The  first  refiners 
were  McKeown  and  Kier  of  Pittsburgh. 

Oil-wells  are  of  various  depths,  but  the  mode  of 
sinking  them  is  snbstantiallv  similar.  They  vary 
in  depth  from  100  to  l,10u"  feet.  After  a  "spot  is 
decided  upon,  a  derrick  is  built,  having  four  diver- 
ging posts  |)lanted  upon  a  base  of  about  1  -1  feet  .scjuare, 
and  having  a  bight  of  40  feet.  So  great  interest  has 
been  felt  in  the  subject,  and  so  frequently  has  the 


OIL-WELL. 


1559 


OIL-WELL. 


matter  been  described  in  the  magazines  and  journals 
of  the  day,  that  we  do  not  deem  it  advisable  to  afford 
much  s[iace  to  tlie  description  of  the  modus  operandi. 
We  give  a  condensation  of  the  description  given  by 
a  writer  in  "  Harper's  Magazine." 

The  engine-house  being  erected  and  the  necessary 
machinery  all  ready  therein,  sections  of  iron  pipe,  6 
inches  in  diameter,  are  driven  into  the  ground  by 
means  of  a  pile-driver  until  the  tirst  layer  of  rock 
is  reached,  which,  iii  most  cases,  is  found  at  a  depth 
of  35  or  40  feet  below  the  surface  of  the  ground. 
Great  care  is  taken  that  this  iron  pipe  is  driven 
plumb.  After  the  rock  is  reached  and  the  earth 
'  within  the  pipe  is  removed,  a  block  and  tackle  is 
rigged  at  the  top  of  the  derrick,  and  tiie  drilling- 
tools,  weighing  in  some  c;ises  9UU  pounds,  are  hoisted 
lip  and  dropped  into  the  driving-pipe  down  to  the 
rock.     A  temper-screw  is  then  attached  to  the  top 

Fig.  3396. 


is  thus  cleaned,  the  drill  is  again  inserted  and  the 
drilling  is  continued. 

In  boring  a  well,  a  correct  journal  is  kept,  show- 
ing the  different  kinds  of  rock  and  earth  passed 
through,  and  the  exact  points  where  water-courses, 
gas,  or  shows  of  oil  are  found. 

If  a  large  vein  of  oil  be  struck,  the  well  is  imme- 
diately tubed  with  2  or  24  inch  pijie,  put  together 
in  sections  with  couplings.  The  water  from  veins 
and  from  the  surface  is  prevented  from  running 
ilown  the  well,  outside  the  pijie,  by  means  of  a 
leathern  biig  filled  with  ttax.seed  ;  the  swelling  of  the 
seed  completi:l3'  closes  all  communication  lietween 
the  top  and  bottom  of  the  well  outside  the  tubing. 

If  the  vein  of  oil  struck  jnove  to  be  large,  and 
the  pressure  of  gas  is  sufficient,  the  oil  will  flow  out 
without  the  aid  of  a  pump  ;   but  in  most  cases  a 
pump  is  required,  in  which  case  a  copper  working- 
barrel  is  placed  at  the  bot- 
tom of  the  well  and  attached 
— -_  to  the  lower  section  of  the 

tubing,  with  a  valve  at  the 
bottom.  The  upper  valve  is 
connected  with  a  sucker-rod, 
the  end  of  which  is  attached 
to  the  end  of  the  walking- 
beam. 

The  tanks  or  tubs  to  re- 
ceive the  oil  are  mostly  made 
of  wooden  staves,  but  some- 
times of  boiler-iron,  and  are 

Fig.  3397. 


OiUFlowmg  V,tU. 

of  the  drill,  by  means  of  a  rope,  and  made  fast  to 
the  end  of  a  walking-beam,  which  is  a  heavy  hori- 
zontal piece  of  timber,  vil)rating  on  its  axis  and  sup- 
porteil  by  a  Samson-post.  The  other  end  of  the 
walking-beam  connects  with  the  driving-])ulley  \>y 
means  of  a  crank.  The  engine  drives  the  pulley, 
the  end  of  the  walking-beam  rises  and  falls,  giving 
the  vertical  motion  to  the  drill-rod  and  drill.  At 
intervals,  during  the  process  of  drilling,  a  tool  called 
a  reanpr  is  inserted  into  the  well,  its  duty  being  to 
bring  the  bore  to  the  proper  size  and  shape.  A  sanil- 
pump  is  a  metallic  tube,  from  5  to  10  feet  in  length, 
and  having  a  valve  in  the  bottom,  opening  upward- 
ly. (See  Saxd-I'Ump.)  This  sand-pnmp  is  lowered 
into  the  well  at  intervals,  and  when  it  reaches  the 
bottom  the  valve  opens  and  admits  the  borings  ; 
when  the  pump  is  raised,  the  valve  closes  and  the 
contents  are  brought  to  the  surface.     After  the  bore 


Drilling-  Tools. 

placed  at  .some  distance  from  the  well ;  they  are 
connected  with  it  by  means  of  iron  pipes  attached 
to  the  spout  of  the  pump. 

It  is  almost  impossible  to  give  the  exact  cost  of 
sinking  and  coiniileting  a  well.  Prices  vary  in  dif- 
ferent localities,  and  the  cost  of  drilling  ranges  from 
$'2  to  .$3.50  jier  foot.  It  may  be  estimated  at  an 
average  of  .?5, 500.  The  tools  have  been  incident- 
ally referred  to,  and  are  shown  in  the  accompanying 
cut.  The  drill-stem  consists  of  sections  of  iron  rod 
connected  by  screw'-conplings. 

The  ordinary  drill  has  a  chisel  face,  but  a  great 
deal  of  ingenuity  has  been  expended  on  this  part  of 
the  apparatus.  Several  varieties  are  cited  under  the 
captions  Aktesian-well  ;  Rock-dkill  ;  Well- 
BOIUNG,  etc. 

The  reamer  is  introduced  into  the  bore  to  true  it  ; 
the  drill  fails  to  make  a  smooth  hole,  and  the  reamer 
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is  about  cii-c'uliu-  in  its  form,  giving  a  perfect  shape, 
and  fitting  tlie  liore  to  receive  the  tube. 

Tlie  pipe-tongs  is  ailapteJ  to  gi-asp  the  drill-rod  or 
tube  while  a  new  liiteii  is  being  taken  in  withdraw- 
ing or  introducing  either. 

The  presence  of  oil  in  springs  ha.s  been  noticed 
from  time  immemorial,  and  the  rock-oil,  Seneca  oil, 
or  whatever  custom  or  charlatans  have  called  it,  has 
been  famous  either  as  having  a  sacred  character  or 
association,  as  in  the  famous  wells  of  the  Caspian, 
or  as  a  liniment.  Bitumen,  asjihate,  bituminous 
shales  and  rocks,  are  found  in  many  ]iarts  of  the 
world,  and  the  references  to  the  .suliject  arc  found 
scattered  in  the  writings  of  Herodotus,  Pliny,  and 
very  many  others  of  the  writers  of  anti([uity. 

"  It  is  saiil  that  on  digging  near  the  river  Ochus 
[in  IJactria]  a  .spring  of  oil  was  discovered.  It  is 
probable  that  as  certain  nitrous,  astringent,  bitumi- 
nous, and  sulphurous  Huids  permeate  the  earth,  greasy 
fluids  may  be  found,  but  tly-  rarity  of  their  occur- 
rence makes  their  existence  almost  doubtful."  — 
Stk.vbo,  a.  d.  16. 
See  PErRoi.KU.M. 

Oil-well  Pack'ing.  The  usual  method  of  pai-k- 
ing  oil-wells  has  been  by  a  scal-hti'j,  so  called, 
consisting  of  a  leathern  bag  KUed  with  flaxsei'd  and 
placed  arounil  the  tube,  to  iill  the  space  between  tke 
latter  and  the  sides  of  the  well,  The  office  of  the 
seed-b:vg  is  to  prevent  the  water  which  percolates 
through  upper  strata  from  reaching  the  bottom  of 
the  well,  where  it  would  float  the  oil,  and  require  to 
be  pumped  out  before  the  oil  would  sink  to  a  point 
where  the  end  of  the  tube  could  reach  it.  It  has  a 
farther  office  in  some  wells,  where  a  heavy  pressure 
of  gas  is  present,  as  the  said  pressure  would  elevate 
the  oil,  perhaps  to  the  surface,  were  not  a  way  of 
escape  found  around  the  tube,  between  it  and  the 
wall  of  the  well.  The  seed,  becoming  saturated  with 
water,  swells  and  forcibly  presses  the  leathern  bag 
against  the  well-tube  and  the  wall,  and  the  device 

has  proved  very 
Fig  3398.  efleetive.     It  is, 

however,  almost 
impossible  to 
withdraw  it,  foi' 
the  purjioses  of 
removing  the 
tubing.  The 
JU'actice  has  been 
to  "spear"  the 
bag,  to  allow  its 
contents  to  es- 
c;i]ie  and  permit 
the  leather  bag 
to  collapse  ;  but 
this  operation 
has  proved  tedi- 
ous and  uncer- 
tain, owing  to 
the  small  linnts 
of  the  working 
space  and  the  distance  from  the  surface  of  the  ground! 
In  A  (Fig.  3398)  a  is  an  cla,stic  substance  surround- 
ing the  main  tubing,  b  is  the  ordinary  coupling, 
resting  upon  the  washer  c,  their  surfaces  ground  to- 
gether and  made  water-tight  ;  d  is  a  loose  nut,  run- 
ning upon  a  screw-thread  cut  on  the  main  tubing. 
c  c  are  elliptic  springs,  dovetailed  or  otherwise  fas- 
tened to  the  sides  of  the  loose  nut  d,  and  partially 
clasping  the  tubing  at  f,  also  pressing  the  walls  of 
the  well  at  r/,  thereby  holding  the  loose  nut  firmly 
and  preventing  its  rotation. 

liy  rotating  the  tubing  fi-om  the  top  of  the  well 
while  suspended  in  the  tackle,  the  loose  nut  d  is 
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drawn  up,   expanding  the  packing  and  ellectually 
filling  the  bore  of  the  well. 

By  rotating  the  tubing  in  the  other  direction,  tlie 
nut  descends  and  loosens  the  packing,  thereby  free- 
ing the  tube  and  allowing  it  to  be  withdrawn,  if 
necessary. 

Another  form  is  shown  at  B.  A  cylinder  /i  of  any 
elastic  suljstance  not  atl'ected  by  oil  is  ]ilaced  between 
two  washers  about  the  well-tube.  The  cylinder  is 
slightly  smaller  than  the  bore  of  the  well,  and  is  eas- 
ily let  down  therein;  but  on  reaching  its  jiosition  it  is 
comjircssed  by  screwing  the  tube  itself  down  into  a 
long  coupling  :  this  action  forces  the  washer  A*  against 
the  pac'king,  and  sipieezes  it  out  .so  as  to  fill  the  pas-* 
sage  completely.  The  packing  rests  at  the  bottom  on 
a  fi.xed  washer,  and  lias  also  lour  ribs  I  to  hold  it  from 
turning  while  the  tube  is  screwed  up.  It  will  be 
seen  that  the  thread  is  not  exposed  at  any  point. 

Oint'meiit-syr'inge.  (Sunjicul.)  One  em- 
jiloycil  to  apply  caustic,  etc.,  in  the  form  of  oint- 
ment, to  deep-seated  places.    The  syiinge  u  is  shown 
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with  two  silver  flexible  tubes,  one  b  for  the  uterus 
and  the  other  c  for  the  male  urethra.  The  instru- 
ment forms  a  jiorlc-eaustic. 

d  is  a  jilatinum  spoon  for  melting  caustic. 

Old'ham's  Coup'ling.  A  slidin, 
parallel  shafts,  invented  by  Old- 
ham, a  a  are  the  axes  of  two  shafts  ; 
h  b,  two  cross-heads  on  their  ends  ; 
c  c,  bars  .sliding  in  grooves  in  the 
cross-lieads  :  the  bars  are  fixed  to- 
gether at  their  midleiigths  so  as  to 
form  a  cross,  the  middle  ]ioint  d  of 
which  revolves  upon  the  dotted  cir- 
cle e  described  on  the  line  of  cen- 
ters, so  that  its  axis  of  lotation  at  OlMam's  Coupling 
any  instant  is  at  a  jioint  in  that 
circle  diametrically  oiipo.site  to  d.     See  Te.\mmei.. 

Old-saiid.  (Fiiiiiidiiui.)  The  sand  forming  the 
floor  of  the  molding-.shoi>  to  the  depth  of  two  or 
three  feet,  and  filling  the  deep  pits  under  the  cranes. 
It  is  generally  rjuite  black,  is  weak  and  friable,  and 
unfit  for  the  face  of  any  mold.  On  the  other  hand, 
its  porous  character  makes  it  well  suited  for  filling 
the  flasks  over  Xhe  fttciiuj-sand. 

O'le-ine.  The  fluid  pm'tion  of  fats  and  oils  after 
tlie  stearinc  or  more  solid  portion  has  been  removed. 

O'le-o-niar'ga-rin.  A  s\ibstitute  for  Initter.  It 
is  prepareil  bv  chojiping  clean  animal  fat  fine,  and 
boiling  it  ;  when  cool  it  is  churned  with  pure  fresh 
milk,  washed,  worked  over,  salted,  and  jiacked  for 
mai'ket.  It  is  clainn^d  that  this  article  is  scarcely 
distinguishable  from  pure  butter,  and  that  in  con- 
serinence  of  its  sn])iM'ior  keeping  properties  it  is  pe- 
culiarly adapted  for  exportation  to  warm  climates. 

O'le-om'e-ter.  A  sjieeies  of  hydrometer  adapted 
for  determining  the  relative  densities  of  oils. 

One  form  of  oleometer,  invented  by  Professor  Pal- 
mieri  of  Xai)les,  consists  of  an  electrical  apjiaratus  of 
great  delicacy,  the  object  of  which  is  to  detect  the  ad- 
mixture of  other  oils  with  that  of  the  pure  olive.  The 
instrument  is  founded  on  the  fact  of  the  variability 
in  the  poweiv;  of  coniluction  ]>ossessed  by  the  various 
oils,  olive  being  lowest  in  the  scale.     The  wires  of 
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a  battery  are  brought  to  a  small  elongated  vessel 
containing  the  oil  to  be  e.xaniined,  and,  an  electrome- 
ter being  attached,  the  degree  of  conductivity  can 
he  read  oft'  ou  a  scale.  The  instrument,  it  is  said, 
can  detect  any  of  the  usual  ailulterants  with  the 
utmost  nicety.  It  has  also  been  applied  to  the  de- 
tection of  woolen  or  cotton  fibers  in  silk  fabrics, 

Ol'ive.  An  escutcheon  attached  to  the  .strap  of 
a  traveling  bag  or  satchel  and  jierforated  for  the 
passage  of  the  swiveled  stud  or  button. 

Ol'i-ver.  A  forge-hammer  whose  handle  is  at- 
tached to  an  axle  and  which  is  worked  by  a  treadle 
and  spring. 

It  is  usually  a  small  lift-hammer,  worked  by  the 
foot.  The  hammer-head  is  about  2i  inches  scpiare 
and  10  inches  long,  with  a  swage-tool  having  a 
conical  crease  attached  to  it,  and  a  corresponding 
swage  is  fixed  iu  a  sr^uare  cast-iron  anvil-block, 
about  12  inches  square  and  6  deep,  w'ith  one  or  two 
round  holes  for  punching,  etc.  The  hanuner-handle 
is  about  2  to  2J  feet  long,  and  mounted  in  a  cross- 
spindle  nearly  as  long,  supported  in  a  wooden  frame 
between  end-screws,  to  adjust  the  groove  in  the  harii- 
mer-face  to  that  in  the  anvil-block.  A  short  arm, 
5  or  6  inches  long,  is  attached  to  the  right  end  of 
the  hammer-axis  ;  and  from  this  arm  proceeds  a  rod 
to  a  spring-pole  overhead,  and  also  a  chain  to  a 
treadle  a  little  above  the  Hoor  of  the  smithy. 

Om-brom'e-ter.     A  R.\ix-g.\ge  (which  see). 

Om'ni-bus.  1.  {Glass-nuikiiuj.)  A  sheet-iron 
cover  for  articles  in  a  leer  or  annealing-arch,  in  order 
to  protect  them  from  drafts  of  air. 

2.  (Vehicle.)  A  large  four-wheeled  vehicle  to 
carry  ]iassengers  ;  the  seats  being  usually  arranged 
on  each  side,  the  passengers  facing,  and  the  door 
at  the  rear. 

Established  in  Paris  by  a  decree  of  Louis  XIV., 
1662,  and  made  to  hold  eight  persons.  Ee-estab- 
lished,  1819.  In  England  in  1829.  -Vmsterdam, 
1839. 

Om'ni-graph.     A  P.\ntogii.\ph  (which  see). 

On'a-ger.  An  ancient  military  engine  for  hurl- 
ing stones  out  of  a  cup-shaped  receptacle. 

Ooze.  A  solution  of  tannin  obtained  by  infusing 
or  boiling  oak-bai-k,  sumac,  catechu,  or  other  tannin- 
yielding  vegetable. 

There  are  many  ways  of  extracting  the  ooze  :  — 

1.  By  cold  water. 

2.  By  hot  water,  steam  being  conducted  to  the 
vats. 

3.  By  boiling,  the  spent  or  weak  liquor  from  the 
pits  being  employed. 

4.  By  hydrostatic  pressure  ;  the  ground  bark  is 
placed  in  a  strongly  bound  vessel  with  a  perforated 
false  bottom  ;  a  column  of  water  20  or  30  feet  high 
rests  upon  the  bark  and  forces  the  water  to  filter 
through  the  mass. 

O'pal-iae.  A  semi-translucent  glass,  also  known 
as  fusible  porcelain  or  m ilk-fjln.is.  It  is  a  glass 
whitened  by  the  addition  of  phosphate  of  lime,  per- 
oxide of  tin,  or  other  ingredients. 

O-pal'o-type.  (Photographi/.)  A  picture  on 
milky  glass. 

0-paque'-di3k  Re-volv'er.  (Optics.)  A  stage 
di.sk  nioiiiiti-'l  on  a  uuiviTsal  joint  beneath  the  ob- 
ject-glass of  a  microscope,  and  intended  to  expose 
an  object  at  various  angles. 

Op'ei-o-scope.  An  instrument  for  exhibiting 
the  ]>ulsations  of  sound.  It  consists  of  a  tube  from 
1  to  2  inches  in  diameter,  over  one  end  of  whiidi  is 
secured  a  thin  membranous  substance  having  a  small 
mirror  at  its  center.  When  a  nnisical  note  is  emit- 
ted into  the  open  end  of  the  tube,  which  is  held  so 
that  the  beam   of  light  from  the  mirror   may  fall 


upon  a  white  wall  or  screen,  the  image  will  vibrate, 
the  vibrations  differing  for  each  tone.  By  a  slight 
movement  of  the  tube  a  series  of  sinuous  lines  is 
]iroduced,  forming  either  simple  or  compound  waves 
according  as  the  note  is  simple  or  compound. 

O'pen-er.  A  machine  for  opening  cotton  taken 
from  the  bales  in  which  it  has  been  closely  comjiacted. 
Is  usually  a  bo.K  or  casing  with  inwardly  projecting 
blunt  teeth,  and  with  a  screen-like  bottom.  A  drum 
provideil  with  blunt  pins  rotates  within  this  casing, 
opens  the  cotton,  and  dirt  falls  through  the  grating. 
See  Ope\ing-m.\chine. 

O'pen-ing-bit.  A  hronch  or  reamer.  A  taper- 
ing tool  witli  angular  sides  lor  widening  an  aperture. 

O'pen-ing-kaife.  A  blunt  strong-bladed  knife 
for  opening  oyster  and  fruit  cans. 

O'pen-ing-ma-chine'.  A  machine  for  loosen- 
ing the  tussocks  of  cotton  as  it  comes  from  the  bale, 
so  that  the  otfal  and  dust  may  be  removed  and  the 
fibers  parted.  The  machine  has  several  fonns,  known 
as  v:illy,  vHUoiccr,  devil,  u-olf,  bcatinrj-machine, 
coUon-clcancr ;  and  when  associated  with  a  blast 
of  air,  as  blowing-machine,  scutcher,  bloiver,  and 
spreacicr. 

It  consists  of  a  wooden  drum  a,  having  rows  of 
iron  spikes  alternating  on  its  circumference  with  up- 
right iron  ridges  c  e  e,  which  prevent  the  cotton 
from  passing  through  the  machine  too  rapidly.  The 
top  of  the  drum  is  covered  with  a  wooden  lid  d  d. 

Fig.  3401. 


Openiii^-]\Iachine. 

consisting  of  lags  of  wood  curved  to  the  shape  of 
the  drum,  and  having  similar  spikes  and  ridges. 

These  lags  are  cajiable  of  being  singly  moverl  for 
the  purpose  of  cleaning  or  repairing.  The  lower 
part  of  the  drum  is  covered  in  with  the  brass  wire- 
gauze  }•,  which  has  an  opening  at  >■',  through  which 
the  cleaned  cotton  is  removed,  the  dust  ami  impuri- 
ties falling  through  the  gauze. 

The  machine  is  fed  from  the  feed-cloth  p,  upon 
ivhich  the  cotton  is  spread  out  by  hand,  and  from 
which  it  is  taken  by  the  grooved  nipping-rollers  A- Z. 
The  drum  is  driven  by  the  pulley  b  at  the  rate  of 
400  to  450  revolutions  per  minute.  The  machine 
can  iirejiare  1,000  to  1,200  pounds  of  cotton  in  a  day. 

O'pen  Link.     See  Open  Ring. 

Open  Ring.  (Jgriculturc.)  A  link  with  one 
side  ojien,  the  ends  lapping  past  each  other,  but  not 
in  contact. 

Used  for  coupling  the  single-trees  to  the  double- 
tree, and  for  analogous  purposes  in  agriculture. 

Also  called  lap-ring,  as  the  ends  lap  over  each 
other. 

O'pen-sand  Mold'ing.  (Founding.)  Heavy 
beams,  foundations,  and  bed-plates  are  sometimes 
molded  in  the  floor  of  the  foundry,  without  any  cope 
or  top  part.  They  are  generally  lilleil  direct  from 
the  furnace.  As  such  castings  are  never  very  sound, 
it  is  a  method  not  often  employed  of  late  years. 
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Op'e-ra-glass.  A  binocular  telescope  of  the  kind 
inventfil  liy  (iiililco,  and  with  which  that  iihiloso- 
pher  first  observed  the  planetary  disks  and  Jupiter's 
four  moons. 

This  has  a  plano-concave  or  double-concave  eye- 
glas.s,  so  that  the  image  is  not  inverted  and  little  light 
is  lost,  thus  securing  great  distinctness.     See  Lens. 

The  objeit-glasses  are  now  made  achromatic,  and 
are  adjusted  simultaneously  to  the  same  focus  by  a 
miUed-headed  screw  between  the  two  tubes.  These 
are  usually  made  of  hard  rubber,  ivory,  papier-mache, 
or  mother-of-pearl,  so  as  to  present  an  ornamental  ap- 
pearance, the  use  of  the  instrument  being,  in  conse- 
quence of  its  limited  magnifying  power  and  narrow 
field,  principally  confineil  to  the  interior  of  buildings. 

A  larger  and  superior  glass  of  similar  appearance 
is  used  in  military  field  service.  (See  Field-glass.) 
It  is  sometimes  provided  with  a  diagonal  object-glass 
having  a  mirror  within  the  tube  at  an  angle  of  45° 
with  its  axis,  so  as  to  show  objects  without  appar- 
ently being  directed  towaril  them. 

Op'e-ra-hat.     A  folding  hat  of  felt,  silk,  or  fur. 

The  i:,-ii-:li ;  to  fold  Hatly'under  the  arm. 

The  cocked;  the  brim  cocked  up  against  the  side- 
crown. 

See  G.  Llovd,  Enslish  patent  4,900, 1834. 
J.  T.  Tylel-,  12.442,  1849. 

Gibus,  Fr,-ncli  patent,  Fig.  17,  Plate  22,  Brevets  d'lnventioDS, 
Tol.  Ill,  Li.i  .le  ■«. 

Op'e-ram'e-ter.  An  attachment  to  a  machine 
to  indicate  the  number  of  rotations  of  a  shaft.  It 
consists  of  a  train  of  gear-wheels  and  pinions  in- 
closed in  a  box  and  connected  to  or  moved  by  the 
rotating  shaft.  A  finger  on  the  dial-plate  indicates 
the  count. 

Operameters  are  used  to  count  the  revolutions  of 
a  shaft,  axle,  or  wheel,  the  strokes  of  a  piston,  the 
copies  froni  a  printing-press,  lengths  of  sheets  from 
a  Foundiinier  or  other  paper-making  machine  or 
cloth  measuring  or  printing  machine. 

A  common  form  is  the  counter  of  a  printing-press, 
which  has  a  wheel  for  units,  one  for  hundreds,  and 
another  for  thousands.  As  t\\i'  flij  deposits  a  printed 
sheet,  the  unit-wheel  moves  forward  one  tooth.  The 
complete  revolution  of  this  wheel  moves  the  one  of 
ne.xt  higher  order  one  tooth,  and  so  on. 

The  a'-ourate  registration  of  the  revolutions  of  a 
propeller  or  paddle-wheel  is  a  matter  of  much  im- 
portance to  navigators,  and  many  forms  of  operame- 
ters have  been  tried  for  this  purpose.  See  Regis- 
ter ;  Akitiimometer  ;  Speed-g.vge. 

Op'er-at'ing-ta'ble.    (Surgical.)    One  on  which 
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the  patient  is  placed  to  expose  prominently  the  ]ior- 
tion  to  lie  operated  upon.  In  the  example,  the  table, 
back,  thigh,  and  leg  supports  have  individual  ver- 
tical adjustments  to  support  the  patient  in  any  po- 
sition. The  leg  pieces  have  also  a  lateral  adjustment 
to  .spread  them  apart  for  examinations  and  amputa- 
tions, operations  on  the  genitals,  in  lithotomy,  appli- 
cations of  the  speculum,  etc. 

Oph'i-cleide.  (Musk.)  A  wind-instrument  of 
metal,  with  keys  and  valves,  and  made  chskiVc;  that 
i.s,  of  various  sizes  and  compass.  (See  HoKX,  j.  Fig. 
2563.)  It  is  the  largest  brass  wind-instiument  of 
the  trumpet  species,  and  forms  the  ba.ss  to  that  class 
of  instruments.     Its  compass  is  3  octaves. 

Ophicleides  are  the  altos  and  basses  of  the  bugle. 

The  huts  ophicleide  is  written  on  the  F-clef,  and 
its  compass  is  three  octaves  and  one  note.  They  are 
in  two  keys,  C  and  B  [J. 

The  aJlo  ophicleides  are  in  F  and  E  \)\  their  com- 
pass is  the  same  as  the  bass ;  they  are  written  on  the 
F-clef,  like  horns. 

The  double-bass  ophicleides  are  in  F  and  E  [j,  a 
fifth  below  the  ba.ss  ophicleides  in  C  and  B  \). 

The  bombardon  is  a  low-pitched  instrument  without 
keys  and  with  three  cylinders.  It  differs  but  little 
from  the  ojiliicleide. 

Oph  thal-mo-di-as-tim'e-ter.  (Optics.)  An 
in.strument  contrived  by  Lnndsberg,  a  Hanoverian 
o)itician,  and  thus  named  by  him,  for  adjusting  the 
optical  axes  of  lenses  to  the  axis  of  vision.  It  con- 
sists of  two  tubes  with  adjustable  plane  gla.sses,  each 
divided  by  a  central  line.  On  looking  through  tlds 
instrument  at  a  mirror,  eacli  eye  views  its  own  image, 
and  the  glasses  are  adjusted  until  the  line  on  the 
glass  as  viewed  in  the  mirror  is  caused  to  liisect  the 
pupil  of  the  eye.  —  "  Poggendorf  Annalen,"  Vol.  CX. 
p.  435. 

Oph'thal-mom'e-ter.  1.  (Surgical.)  An  in- 
strument of  the  nature  of  compasses  for  measuring 
the  ca]iacity  of  the  chambers  of  the  eye  in  anatomi- 
cal experiments. 

2.  (Optics.)  An  instrument  invented  by  Helm- 
holtz  for  ascertaining  the  true  distance  at  which  an 
object  shall  be  viewed  for  the  accommodation  of 
each  eye.  It  consists  of  two  planes  of  glass  at  right 
angles  to  each  other,  and  a  siglit-tube  through  which 
they  and  an  oljject  beyond  them  are  viewed.  By  ro- 
tating the  glas.ses  on  their  common  axis  until  the 
two  images  formed  by  retlection  from  their  back  sur- 
faces coincide,  the  ynoper  point  of  vision  is  ascer- 
tained. —  "  Poggendorf  Ann.,"  Vol.  CXI.  p.  415. 

Oph-thal'mo-scope.  An  instrument  for  in- 
specting tlie  interior  of  the  eye,  invented  by  Pro- 
fessor H.  Helmholtz,  and  described  by  him  in  1S51. 
He  attributed  the  difficulty  experienced  in  viewing 
images  formed  on  the  retina  to  the  fact  that  the  re- 
fractive humors  of  the  eye  <'ause  it  to  be  focused  at 
the  precise  point  e  where  the  object  forming  the 
image  is  placed.  In  order  to  obviate  the  difficulty 
thus  arising  he  emjOoyed  a  piece  of  jilate-gla-ss  as  a 
mirror,  by  which  the  rays  from  the  object  are  at  once 
lioth  reflected  and  transmitted. 

In  the  cut,  a  represents  a  candle,  the  rays  of  light 
from  which,  falling  on  the  inclined  reflector  b,  are 
thrown  through  the  pujiil  of  the  jiatient's  eye  c,  whose 
retina  reflects  the  image  back  in  the  direction  whence 
it  was  received  ;  the  transparent  glass  |ilate  permit- 
ting it  to  be  viewed  by  the  eye  d  of  the  observer. 

By  this  means  the  background  of  the  eye  is  illu- 
minated, enabling  the  observation  of  its  delicate 
blood-vessels  and  tissues. 

A  great  number  of  forms  of  this  instrument  are 
constructed.  That  of  Dr.  Liebrich  is  probably  the 
simplest.     It  consists  of  a  concave  circular  mirror 
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of  about  li  inches  diameter  and  from  6  to  12  inches 
focus,  liaving  a  central  perforation,  behind  which  is 
arranged  a  lens  through  ■nhioh  the  eye,  illuminated 
by  the  rays  from  a  lamp  reflected  into  it  by  a  mirror, 
is  viewed. 

An  instrument  on  the  same  principle,  enabling  a 
person  to  examine  the  interior  of  his  own  eye,  is 
called  an  auto-ophthalmoscope.  It  is  shown  in  the 
lower  portion  of  the  tigui-e. 

Dr.  Knapp's  instrument  consists  of  two  centrally 
perforated  plates,  connected  by  a  handle,  and  having 
between  them  two  disks  each  with  a  series  of  per- 
forations near  its  periphery  in  wliieh  lenses  are  in- 
serted, those  in  the  one  being  convex  and  in  the 
other  concave,  so  as  to  form  a  varied  series  of  mag- 
nifiers by  turning  the  disk  so  as  to  bring  dill'erent 
ones  into  coincidence  over  the  central  opening  in 
the  case.  One  side  of  the  case  has  an  annular  con- 
cave mirror  which  reflects  light  into  the  eye  while 
it  is  being  examined  bj-  a  magnifier  or  the  naked 
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eye,  through  the  central  opening.  One  of  the  open- 
ings in  each  disk  is  left  unfilled,  so  that  only  a  single 
lens,  or  no  lens  at  all,  may  be  used. 

Oph-thal'mo-state.  An  instrument  for  holding 
the  eye  in  a  fixed  position  to  facilitate  operations. 
Such  are  the  ophthalinostate  of  Jager,  the  fine  many- 
pointed  forceps  of  Graife,  etc.  They  have  specific 
names,  such  as  fixtdion-forceps,  iris-hook,  etc.  Oph- 
thalmosUitmn . 

Oph'thal-mox-ys'tnim.  (Surgical.)  A  small 
brush  with  barbs  like  an  ear  of  barley,  to  scarify  the 
eyelids  in  cases  of  ophthalmia. 

Opsi-om'e-ter.  An  instrument  for  measuring 
the  limits  of  distinct  vision  in  difierent  indiWduals, 
for  determining  the  focal  length  of  lenses  suited  for 
remedying  imperfect  vision. 

Lehot's  device  consists  of  a  white  thread  placed  on 
a  narrow  rule  covered  with  black  velvet,  and  having 
an  arrangement  for  indicating  the  points  at  which 
the  thread  begins  and  ceases  to  be  distinctly  seen 


when  held  in  a  certain  position  with  respect  to  the 
eye.     See  also  Optometer. 

Op'ti-cal  In'stxu-meuts.  The  first  ascertained 
optical  fact  was  probably  the  propagation  of  light  in 
straight  lines. 

Alhazen  the  Saiacen,  about  A.  D.  1100,  was  the  first  to  deter- 
mine that  the  retina  is  the  seat  of  Tision,  and  that  light  comes 
from  external  objects  to  the  eye.  Before  his  time  it  had  been 
unifornily  taught  that  rays  issued  from  the  eye  and  impinged 
upon  objects.     Euclid  treated  the  subject  on  "that  principle. 

Alhazen  also  explained  the  reason  that  "  we  see  single  when 
we  use  both  eyes,  because  of  the  formation  of  visual  images  on 
symmetrical  portions  of  the  two  retinae."  — Draper. 

He  also  wrote  on  the  reflection  and  refraction  of 
light.  Knowing  that  the  air  increased  in  density 
toward  the  surface  of  the  earth,  he  determined  that 
the  path  of  a  ray  of  light  through  the  atmosphere 
would  he  curvilinear,  and  the  apparent  jiosition  of 
the  heavenly  bodies  an  illusion.  He  also  determined 
the  hight  of  the  atmosphere  to  be  nearly  58i  niUes. 
There  were  \  hilcsophers  before  Torricelli  and  Galileo. 

The  discovery  ot  the  lens  is  lost  in  antiipiity,  but 
in  its  early  uses  it  was  a  mirroscope.  (See  Lens.) 
For  telescopic  purpo.«es,  a  combination  of  lenses  is 
required,  —  an  objective  and  an  eye-glass.  This  was 
invented  about  1608by  Lippersheim  and  by  Galileo. 
The  latter  turned  it  on  the  moon,  and  saw  the  shad- 
ows of  the  lunar  mountains  ;  on  Jupiter,  and  discov- 
ered his  satellites  ;  on  Saturn,  and  saw  his  bulging 
sides.  He  supposed  the  planet  to  be  trij>le,  as  his 
telescope  was  not  of  sufficient  power  to  define  the 
ring.  He  afterward  saw  the  phases  of  Venus  and 
the  spots  on  the  sun.  The  reflecting  telescope  was 
invented  in  several  forms,  known  as  the  Gregorian, 
Newtonian,  etc.  Then  Newton  made  his  discov- 
eries in  the  reflection,  refiaction,  inflections,  and 
colors  of  light.  Achi  oniatism  was  discovered  by  Dol- 
land  ;  afterward  polarization  of  light  by  doulile  re- 
fraction ;  a  century  later  polarization  by  reflection, 
by  single  refraction  ;  depolarization,  and  many  beau- 
tiful phenomena  were  observed,  such  as  the  iiised 
rings,  bright  and  black  crosses  in  crvstals,  nnan- 
nealed  and  compie.ssed  glass  ;  then  came  the  discov- 
ery that  the  colors  of  soap-l  nibbles  were  due  to  the 
thickness  of  the  film,  and  this  led  to  ascertaining 
the  length  of  waves  of  light.  The  undulatory  the- 
ory was  suggested  in  1664,  and  was  held  in  abey- 
ance by  the  supremacy  of  Newton's  preferred  material 
theory  ;  the  eye  came  to  be  considered  as  a  camera, 
as  described  by  Da  Vinci ;  later  we  have  reached  the 
kaleidoscope  the  stereoscope,  the  photograjdiic  cam- 
era and  processes,  the  conijiound  and  achromatic 
microscope,  which  is  now  working  a  revolution  in 
anatomy  and  physiology.  See  under  the  following 
heads : — 


Achromatic  condenser. 

Adapter. 

Alidade. 

Altarimeter. 

Altazimuth  instrument. 

Altimeter. 

Altiscope. 

Altitude  instrument. 

Amici^s  prism. 

Analyzer. 

Aninualcule  cage. 

Aperture. 

Apomecometer. 

Aquatic  box. 

Astigmatism  apparatus* 

Binocle. 

Binocular  glass. 

Binocular  microscope. 

Binocular  telescope. 

BLack-ground  illuminator. 

Burning  glass  or  mirror. 

Camera-lucida. 

Camera -obscura. 

Camera-photograph. 

Cameia-solaj. 


Catadiopt  ic  apparatus. 

Catopter. 

Catoptric  fistula. 

Catoptric  tlial. 

Cloth-proTcr. 

Collimator. 

Compound  microscope^ 

Compressorium. 

Condenser. 

Condensing-Ieng. 

Dark-well. 

Diagonal  eye-piece. 

Diamond-microscope. 

Diaphragm. 

Diaphragm-plate. 

Diatom-prism. 

Dichroscope. 

Dioptra. 

Dioptric  light. 

Dipleidoscope. 

Dippinir-tube. 

Di-socting-niicroscope. 

Double-bodied  microscope* 

Doublet; 

Draw-tube. 
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Dynactiuometer. 

Dyn:imcU;r. 

Engicopu. 

Eret'ting  eye-piece. 

Ercc  ting-prism. 

Erector. 

Eye-glass. 

Eye-rim. 

Field-glass. 

FinlL-r. 

FishJQg-tube. 

Florascope. 

Folder. 

Prog-plate. 

Goggles. 

Graphic  microscope. 

Growing-slide. 

Hind-magiiifier 

Ilcliometer. 

Helioicope. 

Hulio^tnt. 

Heliotrope. 

Horizon.    Artificial 

Horiaon -glass. 

Illumitritor. 

Ink'X-^'hiss. 

Ini.Uc:it()r. 

Iris-diiiphragm. 

Jointed  microscope. 

Kinescope. 

Lens. 

Level. 

Lieherkuhns. 

Linen-prover. 

Live-box. 

Live-trap. 

Lorgnette. 

Lucernal  microscope. 

Lunette. 

Magnify  ing-g  lass. 

Megameter. 

Megascope. 

Meridian-circle. 

Micrometer. 

Microscope. 

Microspectroscope. 

Mirror. 

Moderator. 

Monocular  microscope. 

Multiple  iiig-^'lass. 

Nautical  iiidu-ator. 

Negative  eye-piece. 

Nobert's  te-'st-plate. 

Nose-piece. 

Object-finder. 

Octant. 

Opaque-disk  revolver. 

Opera-glass. 

Opsiometer. 


Optigraph. 

Optometer. 

0.xy-hydrogen  microscope. 

Parabolic  illuminator. 

Parabolic  reflector. 

Pe  r.^  pec  ti  ve-glass . 

Polariscope. 

Polarizer. 

Polarizing-apparatus. 

Polemoscope. 

Positive  eye-piece. 

Prism. 

Pseudoscope. 

Quadrant. 

It  ice-glass. 

It.misden's  eye-piece. 

Keading-glass. 

Reflec  t  i  ng-circle. 

Ite Hector. 

Uufrac  ting-circle. 

Repeating-circl*. 

'Scope. 

Pcotoscope. 

Sector. 

Sextant. 

Side-reflector. 

Slide. 

Solar  camera. 

Solar  eye-piece. 

Solar  microscope. 

Spectroscope. 

SpectJicle-gage. 

Spectacles. 

Speculum. 

Spherical  mirror. 

Spider-line, 

Spot- lens. 

Spy-glass. 

Stage. 

Stage-micrometer. 

Stage-plate. 

Stereoscope. 

Striae-detector. 

Submarine  telescope. 

Teinoscope. 

Teleiconograph. 

Telemeter. 

Telescope. 

Terrestrial  eye-piece. 

Terrestrial  refracting- telescope. 

Tbeodolite. 

Tourmaline. 

Transit. 

Triplet. 

Universal  instrument. 

Vandkikkat. 

Watebmaker's-glass. 

White-cloud. 

Zoophyte-trough. 


Op'ti-cal  Square.    A  rertectinj:,'  instrument  used 
liy   surveyors  and  others   for  laying  oti" 
Fig.  3404.    lines  at  right  angles  to  eacli  other.      It 
consists  of  a  box  containing  two  plane 
^^^^_   mirrors,  set  at  an  angle  of  45"  with  each 
o,,(iad      tether,  so  that  the  image  of  an  object  re- 
S'iuare.      fleeted  from  one  mirro^'  to  the  other  will 
form  an  angle  of  90"  with  its  true  posi- 
tion, iinlioating  the  correct  direction  in  which  a  per- 
pendii'ular  offset  to  the  main  line  shall  be  measured. 
See  ;tlso  SruvKVhN'G-CROS.'^. 

Op'ti-cal  Tel'e-graph.  1.  A  semaphoric  tele- 
graph, i^ne  whose  signals  are  formed  by  altering 
the  relative  position  of  its  indicators  or  by  ditlering 
combinations  of  colors. 

2.  An  electric  telegraph  of  the  needle  or  pointer 
class.     See  Srmai'HOUk  ;   Electkic  Telf,(;r.vph. 

Op'ti-cal  Toys,  Scenes,  and  Effects.  See 
under  the  following  heads  ;  — 

Anorthoscope.  Dissol  ring-views. 

Astromara.  Enorthoscope. 

Camera- lucida.  Georama. 

Camcra-obscura.  Globe. 

Chart.  Horoscope. 

Chroniafcope.  Kaleiiloscope. 

Chromatrope.  Logotmpe. 

Cosmonma.  Ma<;ic  lantern. 

Costnnsphere.  Mnp. 

Diorama.  Marinorama. 

Dissected  map.  Metamorphoscope. 


Myriorama.  Ribbon-map. 

Myrioscope.  Section. 

Orrery.  Sciopticon. 

Panorama.  Stereomonoscope. 

Paustereorama.  Stereoscope. 

Phantaj^cope.  Stereopticon. 

Phantasmagoria.  Stroljoscope. 

Phenakistoscope.  Tellurian. 

Phosphoroscope.  Terrasphere. 

Planetarium.  Terrestrial  globe. 

Planisphere.  Thaunut  trope. 

Plot.  Zoetrope. 
Pseudoscope. 

Op'ti-graph.     (Optics.)     A  fonu  of  camera  used 
for  the  purpose  of  copying  landscapes.      The  rays 
from  tile  object   to  be   drawn  are    re- 
flected from  the  plane-mirror  a  through      Fig-  3405- 
the  object-glass  of  the  instrument  to 
the  speculum   c,  and  thence  through 
the  eye-glass  d  to  the  eye  at  e.     At  / 
is  a  piece  of  parallel  faced  glass  with  a 
small  dot  ou  its  center  exaetly  in  the 
focus  of  the  eye-glass  d. 

For  use,  the  drawing-board  to  which 
the  telescope  is  attached  is  clamped  to 
a  table,  .so  that  the  surface  of  the  mir- 
ror a  may  be  nearly  parallel  to  the  ob- 
ject, and  the  pencil  jilaeed  on  any  part 
of  tlie  paper  where  it  is  desired  to  com- 
mence. 

Tlie  eye  is  then  placed  at  the  aper- 
ture of  the  eye-tube,  and  the  mirror  so  ^ 
inclined  as  to  bring  the  small  dot  on/  -gf 
on  some  particular  part  of  the  image  of 
the  object,  and  the  telescope  adjusted      Optigraph. 
to   distinct   vision.      By  moving   the 
hand  holding  tlie  pencil,  the  dot  seen  in  the  field  of 
the  telescope  is  passed  over  the  outlines  of  the  object, 
which  are  at  the  same  time  traced  on  the  paper  by 
the  pencil. 

The  drawing  may  be  made  larger  or  smaller  by 
varying  the  distance  of  the  telescope  froih  tlie  paper. 

Op-tom'e-ter.  An  instrument  for  trying  the 
length  of  vision  in  adapting  spectacles  to  the  eye. 

It  consists  of  a  rule  to  which  a  sliding  upright  is 
attached.  This  contains  the  test  type,  and  is  first 
held  as  near  as  possible  to  the  cornea  and  afterward 
gradually  removed  until  the  nearest  point  of  distinct 
vision  is  found.  In  another  form,  the  rule  is  divided 
by  a  longitudinal  line,  which  is  viewed  through 
two  of  several  adjacent  slits  ou  the  slider,  when  at 
the  proper  distance  from  the  eye  the  line  ajipears  to 
form  two  intersecting  lines.  The  distance  of  the  ap- 
parent point  of  intersection  is  marked,  indicating  the 
focal  distance  required  for  the  lens.     See  also  Opsi- 

OMETEU. 

O'pus.    A  reticulated  masonry.     See  Masonry. 

Or'a-to-ry.  (Architecture.)  A  room  in  a  private 
house  set  apart  for  prayer.  It  differs  from  a  chajiel 
in  not  containing  an  altar,  nor  can  mass  be  cele- 
brated in  it.  — Canon. 

Or'bit-s'weep'er.  Invented  by  Airy,  to  follow 
the  inclined  path  of  a  comet  or  planet.  It  resembles 
a  German  equatorial,  the  polar  axis  of  which  is  of 
greater  length  than  usual,  and  which  works  for  some 
distance  at  its  upper  end  in  a  tubular  bearing.  The 
declination,  or  cross-axis,  carries  at  one  end  a  coun- 
terbalance, and  at  the  other,  not,  as  in  the  regular 
equatorial,  a  telescope,  but  a  small  trunk  in  whieh 
a  second  and  .smaller  cross-axis  turns  ;  to  one  end  of 
this  is  attached  a  counterbalance,  and  to  the  other 
end  the  telescope.  By  giving  a  proin*r  position  iu 
rotation  to  the  first  ftross-axis,  any  inclinatinn  of  the 
second  cross-axis  to  an  astronomical  meridian  may 
be  obtained,  and  the  inclination  of  the  eireh-  in  which 
the  telescope  will  .swee]i  will  correspond  ami  may  be 
made  to  coincide  with  the  definite  line  on  the  celes- 
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Fig.  3«6. 


Mosqttel,  a  sparrow-hawk,  became  mouaquet. 
Fanfon,  a  hawk,  was  a  beavj'  piece  of  ordnance. 
Terzuoto  (Ital.),  a  liawk,  was  a  small  pistol,  etc. 

Fig.  3407  shows  a  form  of  timber  carriage  by 
which  a  gun  may  be  trained  to  all  ])oints  of  the 
compass,  without  being  pivoted  or  placed  on  a  circu- 

Fig.  ai08. 


Orbit-  Sweeper, 

tial  sphere  in  which  the  comet  is  to  be  sought.  — 
G.  C'h.\mbf.rs. 

Or'der.  {Architecture.)  The  different  modes  of 
architectural  treatment  adopted  by  the  ancients  in 
constructing  their  public  edifices  and  buildings  of 
the  higher  class  are  denominated  orders.  They  are 
usually  separated  into  five,  principally  distinguished 
from  each  other  by  the  proportions  of  their  columns 
and  the  kind  of  capitals  employed,  but  also  by  the 
relative  proportions  and  decorative  ])arts  of  their  en- 
tablatures, as  well  as  other  minor  features.  They 
ai-e  known  as  the  Doric,  Ionic,  Coriuthian,  Tuscan, 
and  Composite. 

The  Tuscan,  so  called,  would,  however,  seem  to 
be  but  a  debased  form  of  Doric,  while  the  difference 
between  the  Corinthian  and  Composite  is  but  slight, 
and  not  in  favor  of  the  lattei',  the  copy. 

They  may  be  divided  into  three  classes,  according 
to  their  capitals  ;  those  of  the  Doric  and  Tuscan  con- 
sisting simply  of  an  ecliinus  and  abacus,  the  shaft  of 
the  Doric  column  being  fluted  and  liaving  no  base, 
while  that  of  the  Tuscan  is  plain  and  prowled  with 
a  base.  The  capital  of  the  Ionic  is  distinguished  by 
its  volutes,  the  shaft  is  fluted  and  has  a  base.  The 
Corinthian  and  Composite  capitals  are  of  the  foliaged 
class,  having  volutes  at  the  angles  of  the  abacus, 
those  of  the  Composite  being  the  larger,  leading  to 
some  change  in  the  foliation  ;  the  .shaft  of  each  is 
fluted  ami  has  a  base. 

Ord'nance.  A  class  of  fire-arms  too  large  to  be 
fired  from  the  person.  See  C.^xxox  ;  JIortah  ; 
B.4TTEUY-GUX ;  HowiTZER ;  etc.  See  list  under 
Weapoxs. 

When  hawks  were  supplanted  by  fire-arms,  the 
names  of  the  birds  of  prey  were  transferred  to  the 
new  weapons. 

Fig.  SiCiT. 


Eriessoii's  Gun-Carriage. 


lar  track.  The  foundation,  or  chassis,  is  composed 
of  timbers  framed  together  in  the  form  of  a  cross, 
and  having  giooves  D'  D'  cut  in  their  upper  sur- 
face. In  these  grooves  the  legs  of  bolsters  C  D  run 
on  casters,  or  slide  on  greased  runners.  The  bolsters 
support  the  bed  A,  on  which  the  carriage  B  slides 
out  and  in.  The  plan  of  mounting  is  ada]ited  for  use 
in  earthworks  and  extemporized  fortifications. 

Ericsson's  gun-carriage.  Fig.  3408,  is  for  working 
guns  on  shipboard  in  rough  weather,  and  is  designed 
to  check  the  movement  of  the  carriage  instantly, 
either  in  its  recoil,  or  when  swayed  by  the  motion 
of  the  ship.  A  is  the  gun-carriage,  and  B,  a  slide- 
frame  on  which  the  carnage  runs.  Zf  is  a  wheel 
with  cogs  on  its  periphery,  which  runs  the  gun 
out  and  in  by  means  of  gears  worked  liy  lever  L. 
M  is  a  nipper  on  the  side  of  the  carriage,  which 
serves  to  lock  the  lever  L  and  stop  the  motion  of 
the  gun  in  case  of  a  lurch  of  the  ship. 

Several  devices  are  in  use  to  take  up  the  recoil  of 
guns,  by  niblier  or  spiral  metaUic  springs,  com- 
pressed air,  etc. 

Some  of  the  gun-camages  devised  by  Captain 
Ericsson,  and  in  use  on  the  monitors,  are  so  easy  of 
operation  that  in  case  of  necessity  one  man  can 
manipulate  a  gun  weighing  25  tons."   See  Turret. 

Stevens's  mode  of  operating  heavy  guns,  designed 
to  obtain  security  for  the  gunners  while  loading,  is 
by  elevating  the  breech  and  depressing  the  muzzle, 
uutil  the  piece  stands  at  an  angle  of  30=,  or  there- 
abouts. 'The  charge  is  then  inserted  through  a  hole 
in  the  deck,  if  on  shipboard,  or  fiom  below  the  top 
of  the  parapet,  if  mounted  in  a  fortification  c«  har- 
bcttc.  For  heavy  guns  the  rammer  is  worked  by 
steam-power. 

This  plan  of  loadingwastriedonthe  "Xaugatuck," 
a  small  iron-clad  presented  by  Jlr.  Stevens  to  the 
United  States  goveiTiment.  The  Parrott  gun  mount- 
ed on  this  vessel  burst  whUe  she  was  engaged  with  the 
Confederate  forts  on  James  River.  The  disaster  was 
supjiosed  by  some  to  be  the  result  of  the  manner  of 
loading,  as  affording  the  shot  a  chance  to  slip  for- 
ward after  being  driven  /lomc. 

Eads's  system  of  working  barbette-guns  consists 
in  removing  the  piece  bodily  below  the  parapet 
while  loading,  and  only  elevating  it  to  position  at 
the  moment  of  firing. 

Fig.  3409  shows  a  carriage  for  operating  a  gun  in 
this  manner.  The  recoil  of  the  gun  when  fired  com- 
presses air  in  cylinder  a  by  tlie  jiressure  of  piston  b. 
When  the  piece  is  loaded,  a  valve  is  opened  which 
allows  the  restoration  of  the  gun  by  the  expansion 
of  the  air. 
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Steam  or  water  pressure  may  be  substituted  for 
that  of  compressed  air.    Tlie  carriage  is  trained  hor- 


.  3409. 


^^¥ 

■^.  ■  -C^O    \ 

/ 

^;i 

/ 
1 1  / 1 

-loy 

■       \ 

//^ 

■  1  ' 

r^     1.';... 

■  •lli :,.",.; 

illustrated  in  Fig.  3412.  The  gun-carriage  is  formed 
in  two  parts,  the  upper  section  swiveliiig  upon  tlie 
lower  sections,  and  is  supported  on  an  adjustable 


Fig.  3412. 


Eails'ci  Gun-  Cantci^e, 

izontally  in  tlie  usual  manner,  whether  the  gun  be 
in  a  raised  or  depressed  position. 

Fig.  3410  is  a  plan  of  elevating  heavy  shot  to  the 
gun-muzzle.  The  ball  is  placed  in  a  cradle  upon  a 
telescopic  stem,  which  is  extended  by  internal  steam- 

Fig.  3410. 


Ball-Elevator. 

pressure  from  below.  As  it  rises,  the  yoke  on  the 
cradle  catches  below  the  muzzle  of  the  gun,  the  front 
stop  is  depressed,  the  pivoted  cradle  tilted,  and  the 
ball  rolls  into  the  bore  of  the  gun. 

Fig.  3411  is  a  plait  for  operating  guns,  in  which 
the  piece  may  swing  a1)out  the  muzzle,  as  a  pivot, 
when  the  gun  is  in  battery,  so  that  a  port-hole  about 
the  size  of  the  muzzle  may  be  sufRcient. 

In  the  tigure,  the  chassis  and  carriage  are  moved 
by  revolution  of  the  crank-shaft  6.  To  elevate  or 
depress  the  breech,  the  hollow  screw-collar  ?rt  on 
the  shaft  d  is  thrown  into  gear,  and  by  lever  connec- 
tion the  breech  is  swung  upwanl.  The  collar  ?«.  is  left 
out  of  gear,  and  tin;  chassis  and  carriage  swung  side- 
wise,  still  retaining  tlie  muzzle  as  a  pivotal  point. 


Winan^s  Plan  for  oj)erating  Ordnance. 


chassis,  the  whole  being  raised  and  lowered  by  steam- 
power,  and  also  supported  on  hydrostatic  cylinders 
D  D,  which  control  the  descent  of  the  platform  and 
its  carriage.  Sliding  hatchways  are  opened  and  closed 
by  the  raising  and  lowering  of  the  gun-platfomi.  The 
vessel  has  no  port-holes,  and  the  gun  A' is  lifted  above 
the  bulwarks  when  it  is  to  be  fired. 

Moncrietf 's  counterpoise-carriage  elevates  the  gun 
above  its  parapet  by  the  weight  of  the  front  part  of 

Fig.  3413. 


Eads^s  Ordnance-Operator  {Minimum  Port-Hole). 


the  cheeks.  The  up- 
per and  forward  )iavt 
of  the  carriageis  made 
very  heavy,  and  rocks 
in  its  seat  when  the 
gu»  recoils.  SeeGuN- 
C.\Itl!IAGE. 


o  is  the  shield  through  which  the  port-hole  is  made.  |      Fig.  3413  shows  a  mode  of  operating  heavy  guns, 
Winan's  mode  of  loading  guns  on   gunboats   is  I  invented  by  Mr.  Perley  of  New  York.     The  weight 
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MILL  FOR  GRINDING   AND  CONCENTRATING  ORE  BY  THE   DRY   PROCESS. 
Plate  XXXIV.  See  paye  1567. 


ORE-APPARATUS. 


1567 


ORE-CONCENTRATOR. 


of  gun  g  and  carriage  /  is  borne  by  a  hydraulic  pis- 
ton, working  in  a  cylinder  below.  The  recoil  of 
carriage  /  e.xpels  water  from  the  water-chamber  at 
the  rear,  and  when  water-  is  forced  back  into  this 
chamber  by  the  pumps,  tlie  gun  is  simultaneously 
run  forward  and  the  breech  raised  to  its  proper 
position  for  tiring. 

Ore-ap'pa-ra'tus.  {Metallurgy.)  The  methods 
of  treating  ores  are  described  under  various  heads, 
which  are  assembled  under  Metalluuoy  ;  FuiiNACE ; 
Mill  (which  see).  The  metliods  are  dry,  wet,  Iwt, 
etc.  Otherwise  classed,  they  may  be  criislitrs,  grind- 
ers, stamps,  mi/Is,  etc.  Or  they  may  be  sorters, 
which  act  by  wet  or  dry  processes  to  save  t!ie  more 
valuable  from  the  coarser  particles ;  such  are  wasliers, 
jiggrrs,  cradles,  cojweiUrators,  separators.  Acting 
by  heat,  they  may  be  blast,  siiuiUitig,  calcining,  de- 
sulphurizing, oxidizing,  reducing,  roasting  furnaces. 
Using  quicksilver,  they  may  be  pans,  barrels,  amal- 
gamators, arrastras,  etc.  See  under  these  heads  and 
the  lists  c|Uoted  above. 

Ore-cal'cin-ing  Fur'nace.  A  roasting  furnace 
for  ores.  One  in  which  ore  is  reduced  to  a  friable 
state  ;  the  heat  at  the  same  time,  as  with  some  iron 
ores  with  argentiferous  pyrites  and  many  others, 
driving  off  certain  volatile  matters,  such  as  sulphur, 
carbon,  arsenic,  phosphorus,  antimony,  etc. 

An  o.cidizing  furnace,  which  reduces  the  metal  in 
the  ore  to  a  metallic  calx. 

Calcining  or  roasting  I'urnaces  are  of  various  kinds  : 
reverberatory,  revolving  on   horizontal   or   vertical 


Fig.  3414, 


ore  and  salt  is  fed.  b,  agitator-frames  built  into  the 
masonry  of  the  arch.  The  hearth  c  has  a  slightly 
conical  surface,  and  is  made  of  fire-brick  set  on  end 
on  a  cast-iron  shidl.  The  bed  /  is  also  of  refractory 
clay.  The  furnaces  g  g  are  on  each  side,  and  the 
products  of  combustion,  after  traversing  the  flue, 
pass  by  the  duct  h  to  the  chimney.  After  calcina- 
tion, the  ores  pass  by  the  spont  i  to  the  clianiber  j. 
The  stem  of  the  hearth  is  step]icd  in  a  block  on  the 
floor  of  the  crypt  k,  being  revolved  by  the  wheel  and 
worm.     See  Kj3ASTING-furn.\ck  ;  Silver-.mill. 

Ore-con'cen-tra'tor.  {Mining.)  A  device  to 
sort  ores  according  to  richness,  or  to  separate  the 
metallic  portions  of  powdeied  ores  from  the  gangue. 

The  processes  are  two,  the  dry  and  the  wet. 

The  dry  is  illustrated  by  Krom's.  (See  Concen- 
trator.) In  this  the  powdered  ore  in  a  thin  stra- 
tum is  exposed  in  falling  to  a  sheet  of  air  in  motion  ; 
this  blows  the  particles  to  a  greater  or  less  distance, 
according  to  their  comparative  richness,  the  quantity 
of  metal  in  each  determining  the  relative  weight. 
Heavy  particles  fall  down  in  opposition  to  the  blast ; 
|iortions  less  weighty  are  driven  somewhat  out  of 
their  course  and  fall  over  a  divisi(ni  board  ;  light 
parts  are  blown  away  as  dust.  Screens  aid  in  sep- 
arating. 

This  device  is  shown  in  Fig.  3415,  as  also  in  Plate 
XXXIV.  As  each  projection  on  the  trip-wheel  comes 
in  contact  with  the  pin,  the  lever  is  thrown  back 
and  the  bellows  canied  down.  The  pin  being  passed, 
the  rubber  spring  coiniecting  the  lever  with  another 
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Revolving-  Calcincr. 


axes.  The  funiaee  shown  in  Fig.  3414  is  used  at 
Constante,  Spain,  for  the  roasting  of  the  argentifer- 
ous ore,  which  consists  principally  of  antimonial  sul- 
phides of  silver  disseminated  in  gangues  consisting 
chiefly  of  sulphate  of  baryta,  and  in  combination 
with  arsenic,  iron  pyrites,  galena,  and  sulphide  of 
copper.  The  hearth  or  table  c  is  14  feet  in  diame- 
ter, and  makes  four  revolutions  per  hour,  in  which 
time  the  furnace  consumes  about  130  pounds  of  pine 
wood,     c  is  the  hopper  through  which  the  charge  of 


Ore-  Concentrator. 

fixed  pin  carries  back  the  lever  ami  bellows,  repeat- 
ing the  operation  for  every  tooth  on  the  wheel. 

Plate  XXXI V.  represents  a  mill  arranged  for  crush- 
ing and  concentrating  ores  by  Krom's  diy  pi'ocess. 
The  null  is  preferably  built  on  a  hillside  or  steep 
slope,  so  that  the  ore  may  be  delivered  directly  into 
the  third  story,  where  it  'is  fed  to  the  jaw-crusher  a, 
by  which  it  is  broken  into  small  fragments,  and  falls 
on  to  an  inclined  screen  h,  where  that  portion  which 
has  been  crashed  sufficiently  fine  is  sepai-ated  and 
conveyed  by  a  chute  to  the  elevator  e  ;  the  coanser 
portion  goes  to  the  first  pair  of  crushing-rolls  d, 
.where  it  is  farther  broken  up,  and,  falling  on  a  sec- 
ond screen  e,  the  finer  parts  are  carried  through  an- 
other chute  to  the  elevator,  the  coarser  pieces  being 
transferred  to  the  second  crushing-rolls  /,  which 
complete  the  crushing,  and  deliver  all  the  remainder 
to  the  elevator. 

In  this  way  the  portions  which  have  been  broken 
sufficiently  small  are  not  subjected  to  the  farther 
action  of  the  rollers,  the  formation  of  an  excess  of 
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fine  stuff  is  prevented,  and  a  less  amount,  corre- 
sjioniling  to  the  lesser  capacity  of  eacli  jiiiir  of  rolls, 
wliicli  successively  increase  in  fineness,  reiuains  to 
be  treated. 

The  whole  mass  of  broken  ore  is  conveyed  by  the 
elevator  to  the  upper  floor  of  the  building  and  deliv- 


ered by  the  chute  to  the  first  screen  fj,  wliere  such 
as  is  still  too  coarse  is  conveyed  by  tlie  pi[a^  h  back 
to  tile  rolls  to  be  recrushed,  and  that  which  passes 
the  meshes  of  this  screen  falls  into  the  second 
screen  * ;  tlie  pieces  which  fail  to  pass  through  the 
larger  end  of  this  screen  constitute  the  first  or  coarsest 


Fig.  3416. 


Rolary  Ore-  Concentrator. 


grade  of  ore  for  concentration,  which  flows  into  one 
of  the  bins  I,  three  in  number,  on  the  third  floor. 
The  second  grade  is  obtained  from  the  end  of  the 
third  .screen  1",  wliile  tliat  wliich  passes  through  its 
meshes  constitutes  the  third  or  finest  grade  ;  each 
of  these  Hows  to  its  appropriate  bin,  whence  it  is 
delivered  to  separators  m,  one  for  each  grade,  on  the 
floor  below. 

The  concentrated  ore  and  tailings  from  the  sepa- 
rators are  conducted  by  separate  passages  to  the  floor 
below,  the  former  being  received  in  bags  or  bins  and 
the  latter  in  cars  preparatory  to  removal. 

Tlie  dust  made  in  crushing  and  separating  is  con- 
ducted through  pipes  leading  to  the  .screening-cham- 
ber, into  the  top  of  wliidi  enters  the  large  pipe  n  of 
the  e.ichaust-fau  o,  which  causes  a  gentle  ilraf't  from 
all  parts  of  the  building,  so  that  the  dust  arising 
from  the  crushing  as  well  as  the  screening  is  .ill 
ultimately  conveyed  to  the  settling-chamber  7).  The 
design  is  only  to  remove  the  flowing  dust,  learing 
the  heavier  particles,  which  may  lie  susceptible  of 
farther  concentration,  bcliind.  In  the  case,  liowever, 
of  gold  and  silver,  t\\f  fine  dust  in  tlie  chamber  may 
be  preserved  for  future  treatment  if  of  sufficient 
value ;  otherwise  it  may  be  conducted  directly  out 
of  the  building. 

Fig.  3416  is  an  illustration  of  the  vxt  process  oi 
concentrator.  Tlie  circular,  concave,  grooved  disk 
has  a  continuous  rotary  motion.  The  ore  and  water 
are  received  at  the  center  and  carried  by  centrifugal 
force  to  the  periphery  of  the  disk,  the  licavier  parti- 
cles settling  in  the  riffles.  The  debris  is  separated 
by  the  current  and  constant  agitation,  is  canied 
out  by  the  sluice  transversely  across  the  disk  to  the 
center,  and  is  discharged  through  openings  into  the 
stationary  circular  sluice  below  ;  the  sulphuiets  are 
discharged  by  a  plow  at  the  periphery  of  the  disk  into 
another  stationary  circular  sluice  below. 

In  Varriev's  apparatus,  the  pulp  is  passed  from 
the  lioiiper  to  the  pan,  which  is  horizontally  oscil- 
lated by  a  cam  and  recoil  spring.  By  the  inclination 
of  the  disk  forming  the  floor  of  the  pan,  the  motion, 
and  the  flow  of  the  water,  the  lighter  and  heavier 
particles  are  assembled  on  the  respective  sides  of  the 
radial  .strips  which  divide  the  disk  into  sectional 
compartments.  The  trough  beyond  the  periphery 
of  the  disk  is  divided  in  line  with  the  strips,  and 
has  openings  on  each  side  of  the  divisions,  which 
conduct  the  respective  qualities,  thus  sorted  by  their 
relative  gravities,  by  separate  channels  to  their  dis- 
tinct receptacles,  the  lighter  being  discharged  cen- 


trally to  the  waste-pipe,  and  the  heavier  particles  of 
ore  being  collected  in  a  circular  series  of  bo.\cs  placed 
one  l)elow  each  discharge. 

Other  varieties  might  be  cited. 

Ore-crnsh'er.  A  mill  for  breaking  ores  into 
small  pieces  for  farther  treatment.  Usually  a  pre- 
liminary breaking  preparatory  to  slampbuj. 

Fig.  3417. 


Blake's  Ore-Crushers. 


ORE-FURNACE. 


1569 


ORE-MILL. 


Fig.  3417  shows  tlivee  forms  of  tlie  Blake  ore  and 
stone  i-rusher.  In  eaeli  figure  tlie  parts  are  repre- 
senteJ  in  position  as  they  would  1)e  seen  by  remov- 
ing one  side  of  the  frame  A.  a  is  the  crank,  f>  is 
a  pitman  or  connecting  rod  whicli  operates  the  lever 
c.  This  lever  has  its  fulcnim  on  the  frame  at  (/. 
I'pon  the  lever  stands  a  vertical  piece  c,  against  the 
top  of  which  the  toggles  /"  /"  have  their  bearings, 
forming  an  elbow  or  toggle-joint,  y  is  the  fixed  jaw 
against  which  the  stones  are  crushed.  This  is  bed- 
ded in  zinc  against  the  end  of  the  frame,  h  is  the 
movable  jaw,  pivoted  at  i  and  swinging  back  and 
forth  by  every  revolution  of  the  crank.  J  is  a  rub- 
ber spring  which  opens  the  jaw,  and  k  is  a  wedge 
which  regulates  the  degree  of  closure  of  the  jaw. 

The  jaws  ai-e  generally  set  about  H  inches  apart 
at  the  bottom,  and  the  vibration  of  the  moiling  jaw- 
amounts  to  about  one  fourth  of  an  inch  at  the  bot- 
tom, being,  of  coui-se,  much  less  toward  the  pivot. 
The  full  power  of  the  engine  is  e.xerted  to  move  the 
jaw  through  a  very  small  space  when  the  stone  is 
large,  and  the  force  is  exei-ted  through  a  larger  space 
as  the  pieces  glow  less  in  size. 

B  shows  a  ibrni  of  the  machine  without  the  lever, 
the  rod  on  the  eccentric  shaft  being  connected  di- 
rectly to  the  toggle-levers.  This  is  the  form  of  ma- 
chine most  in  use  in  Europe. 

C  is  a  machine  which  has  a  steam-engine  mounted 
on  the  frame.  A  piston-rod  from  the  trunk-cylinder 
connects  with  the  long  arm  of  a  rocking  lever  which 
is  pivoted  between  the  toggles. 

Where  large  fragments  of  ore  are  to  be  crushed,  as 
often  happens  in  mining,  a  large  crusher  is  sometimes 
introduced  to  break  the  rock  into  pieces  of  moderate 
size,  which  are  then  fed  to  smaller  machines  to  coni- 
jilete  the  work.  Crushers  of  this  class  are  used  in 
the  Lake  Superior  copper-mines,  and  at  Freiburg, 
Sa.\ony. 

The  jaws  of  Blake's  crushers  are  usually  faced  with 
case-hardened  blocks  of  iron,  which  can  be  turned 
over  when  worn,  and  cheaply  replaced  when  this  is 
necessar\".  The  jaws  usually  have  coarse  vertical 
furrows,  the  elevation  on  one  opposite  the  depres- 
sions of  the  other,  to  prevent  the  passage  of  long, 
slim  jiieces  of  rock  ;  Init  plain  jaws  niaj-  be  used.  See 
also  Ore-mill. 

Ore-fur'nace.  {Metallurgy.)  A  furnace  for  op- 
crating  upon  ores.  The  tenn  is  general,  but  the 
actual  furnaces  have  specific  names  and  various  con- 
structions, according  to  the  metal,  its  gangue,  the 
condition,  etc.  Blast,  oilcining,  desulphurizing,  re- 
ducing, roasting,  mil  lining  furnaces  may  be  men- 
tioned, but  a  list  is  given  under  FuRX.\CK  (which 
see).     See  also  MF.T.iLLrncY. 

Ore-hearth.  {Mrtullurgy.)  A  form  of  reducing- 
furnace  which  is  without  a  dome,  and  known  also  as 
A  forge.     .See  lists  under  FuRXACE  ;  ilET.\LLrEGY. 

Or'e-ide.    A  factitious  gold.     See  Okoide.     See 

also  .\LLOVS. 

Ore-miU.  A  machine  for  grinding  ore,  in  order 
that  by  comminution  the  metallic  portion  may  be 
separated  from  the  gangue. 

The  plate  on  the  ne.xt  page  show.s  several  typi- 
cal forms  of  ore-mills,  known  by  various  technical 
names,  such  a-s  grinders,  disintegrators,  crushers, 
stamps,  etc.  Other  forms  not  represented,  or  not  as 
fully  shown  as  desirable  in  this  jilate,  may  be  found 
under  the  prcWous  figure,  the  "Blake"  crusher, 
and  also  under  the  heads  of  Am-\lg.\mator,  Ar- 
RASTKA,  Chiliax-.mill,  Pan,  Stamp,  etc. 

In  Plate  XXXV. .  next  pase.  .4  i*  a  form  of  mill  known  a.c  the 
"Chilian."  It  rotates  on  iu-^  own  axis,  and  also  rvrolves  around 
the  central  post,  treading  upon  and  grinding  the  ore  in  its  path. 
See  also  ChU-L\>--mill. 
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I  B  is  a  form  of  pulverizer,  in  which  a  pei^tle  rolls  oa  its  axis 
and  travels  in  a  circular  bed  whose  cros»s-section  approaches  the 
form  of  the  rounded  surface  of  the  pestle. 

Cis  a  battery  of  two  stamps,  operated  in  the  present  exam- 
ple by  cranks,  pneumatic  sprir^  in  the  cylinders  above  the 
stamps  givinfT  a  certain  quality  to  the  blow  and  recoil. 

i>  is  a  form  of  crusher  in  which  a  heavy  roller  with  circum- 
ferential grooves  rotates  and  rolls  in  a  rotating  cylinder,  the 
interior  of  which  has  corresponding  interlocking  ridges. 

E"  has  an  eccentric  toothetl  roller  which  has  a  reciprocating 
rotation. 

F  has  two  cooical-faceii  disks,  keyed  to  inclined  shafts,  hav- 
ing powerful  set  screws  to  adjust  the  width  of  space  between 
the  disks.  The  ore  or  stone  is  fed  into  a  chute,  and,  falling 
between  the  inclined  disks,  is  subjected  to  pressure  as  it  passes 
into  the  gradually  contracting  space,  and  is  thus  crushed. 

G  has  a  concentric  roller  with  teeth  of  varying  sizes  as  the 
throat  narrows,  to  bite  upon  the  ore,  which  is  gradually  com- 
minuted between  the  jaws  as  the  roller  is  rocked. 

/f  is  a  form  like  some  kinds  of  grinding-miUs  for  stock,  ex- 
cepting that  the  core  and  shell  revolve  in  the  same  direction  at 
different  speeds. 

/  has  a  series  of  revolving  cylinders  with  perforations  and 
with  interior  corrugations ;  in  the  middle  one  of  the  series  are 
balls.  The  material  is  fed  through  the  trunnions  and  discharged 
through  the  holes  in  the  cylinders. 

/has  a  rocking  bed  and  a  heavy  roller. 

In  A'  the  ore  enters  the  revolving  cylinder  from  the  hopper. 
The  heavj-  inner  cylinder  rolls  in  and  crushes  the  ore  against 
the  bottom  of  the  outer  one,  which  contains  mercurTp".  The  dis- 
charge-cylinder is  attached  to  the  outer  cylinder  so  as  to  catch 
any  particles  of  metal  that  may  pass  over  its  edge.  A  current 
of  water  may  flow  through  the  apparatus. 

L  is  a  Whelpley  and  Storer's  mill.  It  has  a  series  of  beaters 
m  in  which  revolve  in  a  casing  and  dash  to  pieces  the  blocks  of 
copper  ore  which  are  placed  in  the  hopper  o  and  fed  by  the 
corrugated  roller.  A  suction  draft  from  the  fan  n  removes  the 
stuff  when  it  is  beaten  into  dust. 

3/ has  a  wheel  with  hammers  revolving  a  case  with  interior 
corrugations.  A  fan  on  the  disk  face  of  the  wheel  drives  out 
the  powdereil  ore. 

iVis  Howell  and  Hannay's  machine  for  crushing  quartz,  bones, 
etc.,  by  the  [;»ercussive  fon-e  of  the  rotating  projector  or  by  the 
impingement  of  the  material  against  the  inside  of  the  case. 

O  is  a  form  of  the  *'  Blake  "  crusher,  in  which  the  lower  end 
of  the  moving  jaw  rests  against  the  anti-friction  roller,  and  its 
upper  end  receives  motion  by  a  cum  turning  in  the  rectangular 
opening.  The  concave  faces  of  the  jaws  are  thus  made  to  roll 
together  with  a  slight  but  powerful  movement.  See  also  Fig. 
3417. 

For  list  of  machines  aud  appliances  in  this  line, 
see  ilETALLrr.GY ;  Mills. 

The  horizontal  mill  for  gi-inding  silver  ores  at 
Const  ante, 

Spain,        is  Fig.  3418. 

sliown  in  Fig. 
3418.  The 
figure  shows 
two  mills,  one 
in  section ; 
each  has  huhr 
stones,  and  is 
fed  from  a  hop- 
per ((  with  ore 
gi^ound  so  as 
to  pass  through 
a  sieve  of  a 
gage  of  100 
openings  to 
the  sfpiare 
inch.  Pipes 
b  b  lead  tlie 
ore  to  the 
stones  c  c, 
which  revolve 
in  casings. 
The  runners 
are  suspended 
by  balance- 
rynds  upon 
thecock-heads 
of  spindles,  us 
in  grain-null.'i,  and  are  driven  by  a  system  of  gear- 
ing below,  which  needs  no  particular  description. 

Fig.  3419  is  also  a  horizontal  null  having  a  pair 


Horizontal  Ore- Mill  (Constante,  Spain). 
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Plate  XXXV. 


ORE-MILLS   OF   VARIOUS   KINTIS. 
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Fig.  3419. 


tions,  by  which  the  metallic  portions  are  separated 
from  the  gaugiie. 

Roastiug-furnaces  are  of  various  kinds,  some  adapt- 
ed to  special  metals.  See  Cupper  Fi'kxace  ;  RoAsT- 
ING-FURNACE,  etc.,  and  list  under  Furnace. 

Others  are  known  by  their  peculiar  purpose,  a.s 
desulphurizing,  calcining,  oxidizing,  reducing  fur- 
naces, etc. 

Others  are  known  by  their  construction,  as  rever- 
hertdory,  horizontal,  rotary,  shaft  furnaces,  etc. 

The  above  are  considered  under  their  respective 
heads. 

Fig.  3420  is  a  ^-iew  of  the  Stetefeldt  ore-roasting 
furnace,  so  much  used  in  the  silver  districts,  and 
shown  under  Silvek  Mill  in  its  relation  and  posi- 
tion to  the  crusher,  stamps,  and  amalgamatur.     It 
is  of  the  class  known  as  a  shiift-furnace,  in  which 
the  finely  powdered  ore  is  mixed  witli  certain  chem- 
ical re-agents  and  dropped  into  tlie   Hauie,  which 
passes  up  the  chimney.     In  the  case,  for  instance, 
of  operating  upon  the  sulphides  of  silver  mined  in 
Utah,  the  ore  which  has  been  broken  in  the  crusher, 
and  reduced  to  powder  by  the  stamps,  is  mixed  in 
the  latter  with  a  certain  percentage  of  salt,  and  then 
conveyed  to  the  top  of  the  furnace,  where  it  is  dis- 
tributed by  the  feeder  a  in  a  shower  of  fine  dust  by 
the  sieve  b ;  falling  down  the  shaft  c,  it  is  exposed  to 
the  full  effect  of  the  fl.ames  and  heat  rising  from  the 
furnace  d,  for  which  the  shaft  c  forms  a  chimney. 
A  double  decomposition  takes  place  in  the  shaft,  the 
chlorine  leaving  the  sodium  and  entering  into  combi- 
nation with  the  silver  to  form  chloride  of  silver, 
while  the  sulphur  parts  company  with   the  silver 
and  unites  with  the  soda  to  form  suljihate  of  soda, 
which  is  readily  dissolved  and  runs  away  in  the  tail- 
ings.   The  heat  of  furnace  d  passes  up  the  shaft  c  by  • 
way  of  an  arch  into  descending  flue  e,  where  any 
metallic  dust  which  is  carried  over  is  subjected  to  the 
action  of  the  tianie  from  the  second  furnace  /;  h  is 
the  air-opening  for  the  suj>ply  of  air  to  furnace  /. 
The  chambers  k  k  k,  connected  by  arches  i  i  i,  are  for 
the  collection  of  metallic  dust,  and  are  cleaned  out 
from  time  to  time,    /is  the  chimney.    The  main  body 
of  the  ore  from  the  feed- 
er n  collects  at  the  bot- 
tom of  the  shaft  c,  where 
it  remains  in  a  hot  bed, 
and  is  removed  at  in- 
.    tervals  to  the  damping- 
floor  and  the  amalgama- 
tor.     SeeSlLVEK-.MILL. 

Ore-sep'a-ra'tor. 

A  general  U-rni  which 
includes  machines  of 
various  kinds  for  sepa- 
rating metallic  ores  from 
the  gangue,  after  pul- 
verization. They  may 
be  classed  into  wet  and 
diy.  Of  the  former  are 
the  washers,  frames, 
cradles,  jigging  -  ma- 
chines, etc.  Of  the  lat- 
ter are  ore-concentrators, 
etc.  See  also  list  under 
Metallurgy. 

In  Fig.  3421,  the 
cnisheil  material  de- 
srendiiig  in  regulated 
quantities  from  a  verti- 
cal spout  impinges  on 
the  rapidly  rotatingdisk 
senic,  and  other  ingredients  amenable  to  this  treat-  I  B,  from  which  it  is  thrown  off  by  centrifugal  force,  be- 
ment,   and  prepare  the  mineral  for  farther  opera- 1  ingatthesametimesortedaccordingtosizeandgravity, 


Ort-Griivlulg  ISliU. 


of  slightly  conical  disks  C  D  revolving  in  opposite 
directions. 

Pliny  .says  that  "the  ore  is  iirst  broken  up  and 
washed,  then  roasted  and  ground  to  a  fine  powder." 
This  was  placed  in  a  reducing-furnace  to  expel  vola- 
tile metals,  and  the  remainder  was  again  ground  and 
farther  reduced  in  crucibles.  He  speaks  also  of 
breaking-machines  used  for  crushing  the  silex  as 
being  shod  with  pieces  of  iron  weighing  150  pounds. 
These  were  probably  iron-shod  stamps.     See  Gold. 

"  Wtate'er  is  excellent  in  art  proceeds 
From  labor  and  endurance  :  deep  the  oak 
Must  sink  in  stubborn  earth  its  roots  obscure. 
That  hopes  to  lift,  its  branches  to  the  skies : 
Gold  cannot  gold  appear,  until  man's  toil 
Discloses  wide  the  mountain's  hidden  ribs, 
And  digs  the  dusky  ore,  and  breaks  and  grinds 
Its  gritty  parts,  and  laves  in  limpid  streams, 
With  oft-repeated  toil,  and  oft  in  lire 
The  metal  purifies;  with  the  fatigue. 
And  tedious  process  of  its  painful  works, 
The  lusty  sicken,  aud  the  feeble  die." 

Dyer,  Tl\e  Fleece,  1757. 

Ore-roast'iiig  Fur'naoe.  (Metallurgy.)  One 
for  heating  powdered  ores  to  drive  otf  sulphur,  ar- 


Fig.  3420 
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the  lighter  portions  falling 
heavier  nearer  to,  the  dibk 


rereived  in  the  various  grooves  C  C 
of  the  circular  trougli,  and  are  swept 
into  their  apiirnpriate  chutes  by 
hrushes  DUE  attached  to  arms 
F  F,  which  are  fastened  to  a  circu- 
lar toothed  rack  A"  H  rotated  by 
a  pinion  driven  by  belt  connection 
with  the  main  shaft. 

In  Fig.  3422,  the  broken  ore  de- 
scends from  a  spout  on  to  the  inclined 
sieve  By  through  the  meshes  of  which 
an  upward  current  of  air  is  passed 
from  the  bellows  C.    This  is  operated 
by  the  cam-wheel  D,  yokes  D'  U 
D",  and  levers  D- ;  these  latter  are 
farther  from,   and  the  I  adjustable  on  the  wheel  to  regulate  the  working  of  the 
;  the  diH'erent  sizes  are  |  bellows,  which  is  provided  with  valves  c  c,  the  open- 
Fig.  3422. 
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ings  of  which  may  be  varied  to  control  the  force  of 
the  blast,  which  requires  to  be  stronger  near  the 
lower  end,  where  the  coarser  jiarticles  collect.  The 
various  sizes  are  discharged  through  ditl'erent  chutes 
F  G. 

Ore-smelt'ing  Fur'nace.  One  for  reducing 
metal  from  its  ores.  See  Bl-^st-fuknace  ;  Ikon  ; 
Smelting-furn'.we.  See  also  lists  under  Furx.\ce  ; 
Met.vllurcy. 

Ore-stamp.  A  means  of  crushing  ore  by  shod 
beams  vertically  reciprocated.     See  Stamp-mill. 

Ore-Twash'er.  (Metallurgy.)  A  means  of  sepa- 
rating metal  from  ore  after  the  latter  has  been  re- 
duced to  powder.  The  slimes  or  metallic  mud  are 
agitated  in  jiggers,  flowed  over  frames  or  riffles,  ex- 
posed to  a  stream  of  water  in  emieentrators,  or  other- 
wise treated  with  water  so  as  to  float  off  the  lighter 
and  less  valuable  portions,  leaving  the  metal  behind. 
See  list  of  machines  and  processes  under  Met.\l- 

LURGY. 

Gold  is  separated  from  broken  quartz  or  from  sand 
by    similar    methods.      See    GoLD-WASHEli  ;    GOLD- 

MINIXC!. 

Or'gan.  (Miisie.)  A  musical  instrument  in  which 
the  notes  are  produced  by  pipes  of  ditl'erent  lengths, 
shapes,  and  materials,  supplied  with  air  by  liellows 
and  operated  by  keys  which  admit  or  cut  olf  the 
supply. 

The  dimension  of  the  instrument  is  designated  by 
the  number  of  feet  of  length  that  its  largest  pipe 
measures,  fornjiiig  the  lowest  note  of  the  key-board. 
Thus,  we  s]ieak  of  an  organ  of  32,  16,  or  8  feet.  An 
instrument  whieli  pos.sesses  open  fliclcs  of  32,  16,  8, 
and  4  feet,  and  a  jjriaeijjal  an  octave  above  the  lat- 


ter, has  a  compass  of  8  octaves.  See  Musical  In- 
.STRUMENTS,  Fig.  3263. 

Large  organs  sometimes  have  five  key-boards,  one 
above  another. 

The  first,  nearest  to  the  organist,  is  that  of  the 
cJioir  organ. 

The  second,  that  of  the  great  organ. 

The  third,  the  bomharde  key-board. 

The  fourth,  the  reeitntivc  key-board. 

The  fifth,  the  echo  key-board. 

Below  these  is  the  pedal  key-hoard,  played  by  the 
feet.  The  music  of  the  organ  is  sometimes  written 
on  three  lines,  the  two  upper  onis  for  the  hands  and 
the  under  one  for  the  pedal  key-boai'd. 

The  organ  of  Jubal  (Gen.  iv'  21),  3875  B.  c,  may 
be  supposed  to  have  been  a  mouth-organ  or  Pandean 
pipes.  His  name  is  associated  with  the  invention 
of  the  harp  and  the  organ,  —  stringed  and  wind  in- 
struments, —  and  the  same  connection  of  nmsical 
instruments  is  maintained  in  the  Book  of  Job  and 
the  Psalms.  In  the  latter  case,  the  trampet,  harp 
{of  two  kinds),  timbrel  {tambourine),  organ,  and 
cymbal  are  referred  to.  The  Greek  word  dpyayoi', 
from  which  our  word  "organ"  is  derived,  denoted 
an  instrument  of  any  kind,  but  was  more  partic-ularly 
applied  to  musical  instruments.  According  to  Vi- 
truvius,  orgnnum  was  a  term  applied  to  any  instru- 
ment requiring  skill  in  its  use,  while  the  nmchina 
merely  required  animal  force  for  its  operation. 

The  mouth-organ,  or  Pandean  pipes,  was  expanded 
into  an  instrument  resembling  the  bagpipes,  in  which 
the  air  for  supplying  the  pipes  producing  the  musi- 
cal tones  was  blown  hy  the  performer. 

In  the  "Spiritalia"  of  Hero  of  Alexandria,  who 
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fiouritilii'd  150  E.  c,  we  find  a  description  of  an  organ 
blown  by  the  agency  uf  a  wiud-nilU  wIulIi  works  tiie- 
piston  of  the  air-pumt).  Its  invention  is,  ju-rhaps, 
to  be  credited  to  Ctesibus  of  Ak^xandria,  thou',di  it  is 
likelythatitwastheresnlt  of  the  gradual  improvement 


Fig.  3423. 


B  is  copied 
from  the  sculp- 
tures on  an  obe- 
lisk at  Constan- 
tinople, erected 
by  Theodosius, 
who  died  a.  d. 
395. 

C  is  a  pneu- 
matic organ  of 
the  tenth  centu- 
ry ;  it  is  taken 
from  an  ancient 
psalter  in  the  U- 
brary  of  Trinity 
College,  Cam- 
bridge. 

D,  from  Gori's 
"  Thesaurus  Dip- 
tychorum,''  is 
Siiid  to  have  been 
taken  from  a 
manuscript  of 
the     timo     of 


Fig.  3424. 
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An  Organ  blown  by  ff^inri- Power,  150  E.  C. 

b)'  varions  parties  through  tlie  centuries.  T!ie  recon- 
struction of  it  given  in  ¥\g.  3423  isbyWoodcroft,  from 
the  text  of  the  "  Spiritalia."  The  descriptions  of  it 
by  Atheuieus,  Vitruvius,  and  Claudiau  render  it  cer- 
tain that  the  pipes  were  musical,  and  blown  by  the 
force  of  water,  instead  of  expansible  air-bellows. 
Athemeus  thus  describes  it  :  — 

**  And  Alcides  said:  '  But  this  engine,  the  hydraulic  organ, 
whether  you  choose  to  class  it  among  stringed  instruments  or 
among  wind  instruments,  is  the  invention  of  a  fellow-country- 
man of  mine,  an  Alexandrian,  a  barber  by  trade,  and  his  name 
is  Ctesibus/ 

"  And  Aristocles  reports  this  in  his  book  on  '  Choruses,'  .say- 
ing: *  The  question  is  asked,  whether  the  hydraulic  organ  is  a 
stringed  or  a  wind  instrument.  Now.  Aristoxenus  did  not  feel 
sure  on  this  point ;  but  it  is  siid  that  Plato  showed  a  certain 
notion  of  the  invention,  milking  a  nightly  clock  like  the  hy- 
draulic organ,  being  very  like  an  enormous  hour-glass,  which, 
indeed,  it  resembles.  It  cannot,  therefore,  be  considered  a 
stringed  instrument,  and  one  to  be  played  by  touching.  But 
perhaps  it  may  be  calle*!  a  wind  instrument,  because  the  organ 
is  intiated  by  the  water  ;  for  the  pipes  are  plunged  down  into 
the  water,  and  when  the  water  is  agitated  by  a  youth,  as  the 
axles  penetrate  through  the  whole  organ,  the  pipes  are  inflated 
and  emit  a  gentle  and  agreeable  sound.  And  this  organ  is 
like  a  round  altar,  and  they  say  was  invented  by  Ctesibus  the 
barber,  who  dwelt  at  that  time  in  the  territory  of  Aspendor,  in 
the  reign  of  the  second  Ptolemy,  surnamed  Euergetes,and  they  i 
say  that  he  was  a  very  eminent  man,  and  learnt  a  good  deal 
from  his  wife  Thais.  Trypho,  in  his  dissertation  upon  flutes 
and  organs,  says  that  Ctesibus,  the  mechanician,  wrote  a  book 
about  the  hydraulic'  "  —  From  the  "  Deipnosophists,"  by  Athe- 
naeus,  a.  d.  220. 

A  fuller  description  of  an  organ  of  this  kind  may 
be  found  in  Vitruvius.  An  organ  witli  pipes  of  va- 
rying length,  and  apparently  about  10  feet  high,  is 
shown  on  a  coin  of  the  gentle  Emperor  Xero.  He  was 
much  addicted  to  music,  and  is  sujiposed  to  have  also  I 
soothed  his  mind  by  the  bagpipes.  A  Greek  epigram 
in  the  Anthologia,  attributed  to  the  Emperor  Julian, 
A.  D.  364,  has  the  following  description:  "I  see 
reeds  of  a  new  species,  the  growth  of  another  and  a 
brazen  soil,  agitated  by  a  blast  rushing  from  a  leath- 
ern cavern  beneath  their  roots  and  producing  melo- 
dious sounds,  as  the  keys  dance  under  the  skillful 
fingering  of  a  robust  performer."  The  origin  of  the 
bellows  organ  would  thus  seem  to  have  been  known 
to  the  Greeks  of  the  Eastern  Empire. 

Fig.  3424  shows  several  old  methods  adopted  for 
supplying  wind  to  the  organ  ;  the  arrangement  of  the 
keys  and  the  manner  of  manipulating  them  are  also 
illustrated. 

J  is  a  representation  by  Father  Kircher  of  a  very  primitive 
form  of  Hebrew  organ,  the  "  Macraphe  d'Aruchin."  In  this, 
as  in  other  of  the  earlier  organs,  a  leathern  bag  served  the  pur- 
pose of  the  wind-chest. 


Charlemagne.  It  rep- 
resents King  David 
seated  on  his  thi'one, 
his  scepter  in  one  hand 
and  a  lyre  in  the  other, 
on  which  he  appears 
to  be  playing,  accom- 
panied by  several  in- 
strmuents,  including 
the  organ- 
ic is  from  an  engi-av- 
ing  in  the  "  Theorca 
Musica"  of  Franchi- 
nus  Gaffurius,  printed 
at  Milan,  1492. 

F,  from  the  "  The- 
atrum  Instrumento- 
rum  ■"  of  Prsetorius, 
1620,  shows  the  an- 
cient method  of  blow- 
ing. On  each  bellows 
is  fixed  a  wooden  shoe ; 
the  men  who  work 
them  hold  on  to  a  hor- 
izontal bar,  and.  in- 
serting their  feet  into 
a  pair  of  the  shoes,  al- 
ternately raise  one 
and  depress  the  other. 
G  is  what  was  for- 
merly known  as  the 
"  positive,"  in  contra- 
distinction totbe"pnrt- 
ative  * "  organ .    The  lat- 
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ter,asitsnaineim- 
plies,  was  porta- 
ble,being  carried 
in  processions  by 
one  person  and 
played  by  anoth- 
er ;  it  wa*  also 
called  the"regar' 
or  "  rigot."  The 
former  was  fixed 
in  position,  and, 
when  carried  in 
a  procession,  it 
and  its  stand  were 
placed  on  a  car. 
An  organ  of  this 
kind  was  after- 
ward placed  be- 
fore the  great  or- 
gan in  churches, 
the  two  consti- 
tuting a  single 
instrument,  the 
"  positive''  being 
the  origin  of  what 
has  since  been 
designated  the 
choir  organ. 

The  organ 
is  said  to  have 
been  applied 
to  religious 
services  in 
churches  in 
657,  and  first 
used  in  the 
Western 
churches  in 
658  by  Pope 
Vitalianus  ; 


though  they  were,  according  to  Julianus,  a  Spanish 
liishop,  commonly  used  in  Spain  200  years  previous 
to  this  date. 

In  757,  the  Emperor  Constantine  IV.  presented 
an  organ  to  King  Pepin  of  France  ;  and  one,  the 
work  of  a  Saracen  artist,  was  presented  to  his  son 
Charlemagne  by  Haroun  al  Raschid  ;  and,  in  812, 
Louis  le  Debonnair  built  one  on  the  Greek  model  at 
Arjuisgrana,  the  modern  Ai.\-la-Chapelle. 

Several  German  organs  were  placed  in  Italian 
churches  by  John  VIU.,  S72-SS2. 

About  951,  the  abbey  of  JIalmesbury  and  the  ca- 
thedral of  Winchester  in  England  were  provided  with 
organs.  At  this  time  and  for  two  centuries  later, 
the  compass  was  small,  usually  from  9  to  11  notes, 
tlie  brass  pijies  harsh  in  tone  and  the  machinery 
clumsy  ;  the  keys  being  4  or  5  inches  broad,  and 
struck  by  the  list. 

Gerbert  of  .\uvergne,  in  his  school  at  Rheiins,  had 
an  organ  played  hy  steam.  He  was  afterward  made 
Pope  liy  the  Emperor  Otho  III.,  assuming  the  name 
of  Sylvester  11.  He  and  his  patron  were  poisoned 
by  Italian  intriguers  about  1002.  Gerbert  introduced 
the  Arabic  numerals  into  Europe. 

The  'organ  of  Winchestei-,  probably  placed  there 
by  St.  Dunstau,  had  26  pairs  of  bellows,  400  pipes, 
and  required  70  men  to  work  it. 

The  /ccy-board  is  distinctly  described  at  the  close 
of  the  eleventh  century.  At  this  time  a  number  of 
small  bellows,  20  or  more,  were  used,  worked  by 
men  who  held  to  a  horizontal  rail  and  operated  the 
bellows  with  tlieir  feet,  as  at  F,  Fig.  3425.  It  is  said 
that  half-notes  were  invented  at  Venice  in  the  twelfth 
century,  but  the  earliest  authentic  e.xample  of  their 
introduction  was  in  the  Halberstadt  organ,  built  I 
about  1360.  The  invention  of  the  jiedal  is  claimed  ] 
for  Bernhard,  a  German  organist  to  the  doge  of  Ven- 
ice, 1470-80.  He  probably  made  some  improve- 
ment in  that  appendage,  hut  it  appears  to  have  been 
in  use  nearly  a  century  jjreviuus.  i 


'  The  organ  of  Nuremberg  had  pipes  from  16  to  32 
feet  long,  A.  D.  1468. 

In  1596,  the  oi'gan  of  Breslau  had  most  of  the 
now  known  stops. 

It  would  seem  that  up  to  the  fifteenth  century 
organs  were  generally  constructed  by  the  monk.s,  but 
about  this  period  organ-builders  by  profession  were 
to  be  found  both  in  England  and  on  the  Continent. 
The  earliest  recorded  in  England  was  William  Wot- 
ton,  who,  in  1587,  agreed  to  make  a  pair  of  organs 
for  Merton  College,  O.xford,  for  the  sum  of  £  28. 

The  German  and  Dutch  builders  appear  to  have 
taken  the  lead,  and  we  find  that,  notwithstanding 
the  strenuous  opposition  of  Zninglius  and  some  of 
the  early  reformers,  the  German  churches  were,  dur- 
ing the  sixteenth  century,  generally  provided  with 
organs.  During  this  century,  the  German  builders 
introduced  the  register  and  the  stopped  pipe.  The 
key -board  also  was  e.xtended  to  four  octaves. 

England,  also,  was  well  provided  with  artists  of 
this  class,  and  possessed  some  fine  instruments. 

In  1634,  we  are  informed  that  the  organ  in  the 
cathedral  of  Durham  cost  £  1,000.  Those  of  York, 
Litchfield,  Hereford,  Bristol,  and  other  cathedral 
towns  were  also  noted. 

During  the  civil  war,  the  Pnritans,  jiarticularly 
the  parliamentary  sohliers,  destroyed  many  fine  or- 
gans, breaking  them  in  pieces  and  selling  the  jiipes 
for  old  metal.  Few  or  none  being  built  during  this 
period,  the  art  became  almost  forgotten  in  England, 
so  that  Pepys  record.s,  under  date  of  July  8,  1660  : 
"  To  White-Hall  Chapel,  where  I  got  in  with  ease 
bj'  going  before  the  Lord  Chancellor  with  Mr.  Kipps. 
Here  I  heard  very  good  musii[ue,  the  first  time  that 
I  ever  remember  to  have  heard  the  oi-gans  ami  sing- 
ing men  in  surplices  in  my  life." 

The  class  of  native  organ-buililers  having  become 
almost  extinct,  inducements  were  ottered  to  foreign- 
ers to  settle  in  England.  Prominent  among  these 
was  Schmidt,  generally  known  as  Father  Smith,  who 
built  the  instrument  referred  to  by  Pepys.  Among 
the  instruments  of  this  period  was  the  organ  of  St. 
Paul's  Cathedral,  noted  as  being  the  source  of  much 
triliulation  to  Sir  Christopher  Wren,  who  considered 
that  the  harmony  of  his  designs  was  spoiled  by  the 
"box  of  whistles."  This  instrument  was  nearly  30 
feet  high,  IS  wide,  and  8  deep. 

About  1680,  the  barrel -onjan  used  by  itinerant 
musicians  was  introduced. 

The  early  builders  were  fond  of  employing  outre 
materials  in  their  organs,  and  of  decoiating  them 
with  precious  metals  and  stones,  or  with  grotesque 
carvings  ;  animals,  birds,  and  angelic  figures  moved 
by  mechanism  were  also  introduced,  the  latter  play- 
ing on  the  trumpet  or  beating  liig  drums. 

The  old  organ  at  Lynn,  in  Norfolk,  had  a  figure 
of  King  David  playing  on  the  haqi  and  larger  than 
life,  cut  from  the  solid  wood  ;  likewise  several  mov- 
ing figures,  which  beat  time,  etc. 

We  are  told  that  the  Emperor  Theophilus,  829-41, 
had  "two  great  gilded  organs, embellished  with  pre- 
cious stones  and  golden  trees,  on  which  a  variety  of 
little  birds  sat  and  sung,  the  wind  being  conveyed 
to  them  by  concealed  tubes." 

The  Duke  of  Mantua  had  an  organ  in  which  the 
pijies  and  other  parts  were  made  of  alabaster.  A 
pair  of  organs  at  Venice  were  made  all  of  glass,  and 
of  the  eight  in  the  convent  of  the  Escurial,  near 
Madrid,  one  is  said  to  be  made  of  solid  silver. 

The  devices  required  in  order  to  make  a  pipe  sound  or  speak 
are:  the  bellows,  for  supplying  condensed  air ;  a  channel,  for 
conducting  it  to  the  pipe  ;  a  valve  or  other  contrivance,  for  admit- 
ting and  cutting  it  off;  and  a  lever,  for  opening  and  closing  the 
valve. 

The  pipes  are  of  two  descriptions :  the  tnoitlh  or  JiiiU  pipe 
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(technically  called Tfi/f-pipe)  and  the  re*fi-pipe,  which  are  each 
farther  diviJeU  into  several  varieties. 

Mouth-pipes,  so  called  trom  having  a  mouth  and  lips  similar 
to  those  of  the  flageolet,  are  either  of  wood  or  metal.  The  lat- 
ter are  those  observable  at  the  front  of  the  organ  ca^e,  and  are 
cylindrical  in  cro.-=s  section.  The  wooden  pipes  are  rectangular 
in  section,  the  sides  being  in  the  proportion  of  o  to  4  :  the  in- 
terior is  usually  sized  with  glue.  The  upper  end  is  open,  or  is 
closed  by  a  tompion  made  air-tight  by  a  leather  covering.  The 
other  end  is  closed  by  a  block  to  which  three  of  tbe  sides  are 
glued,  a  narrow  aperture  being  formed  between  the  block  and 
the  '"ront  side,  by  beveling  this  side  so  as  to  have  its  sharp  edge 
on  the  interior  ;  this  is  called  the  upper  lip  or  tvind-cu'.tfr. 

Another  block  is  arranged  so  as  to  leave  a  narrow  space  be- 
twt^n  it  and  the  block.  The  hollow  cylinder,  through  which 
air  from  the  bellows  is  supplied,  is  let  into  this  block. 

A  mahogany  cap,  hollowed  out  on  the  inner  side  so  as  to 
leave  the  aperture  free,  is  fastened  to  the  front  of  the  pipe  be- 
low the  mouth.  The  aperture  between  the  cap  and  the  block, 
called  thQ  f^aif-o/-icinfi,  admits  the  compressed  air  from  the 
Wllows  in  a  thin  stream,  which,  being  forced  against  the  mouth- 
piece or  wind-cutter,  produces  a  musical  note  determined  in 
pitch  by  the  length  of  the  column  of  air  set  in  motion.  In 
order  to  voice  the  pipe,  —  that  is,  improve  the  tone,  —  the  edge 
of  the  block  oppKJsite  the  upper  lip  L-*  slightly  pare-i  away  and 
Serrated  so  as  to  divide  the  plate  of  wind  and  direct  it  against 
the  inner  edge  of  the  lip. 

The  pitch  of  a  note  depends  on  the  length  of  the  pipe  (see 
Pipe),  while  the  tone  or  timbre  depends  on  its  diameter,  its 
»hape,  or  on  the  kind  of  wood  employed  :  that  yielded  by  pipes 
of  han,l  woods,  as  mahogany,  being  more  clear,  while  the  softer 
woods  yield  a  mellower  sound. 

The  chimnftj-top  pipe  has  a  small  open  tube  in  the  top-plate 
for  the  purpose  of  sharpening  the  note :  a  similar  effect  is  some- 
times produced  by  a  hole  in  the  tompion. 

Metallic  mouth-pipes  are  made  conical  at  their  lower  termina- 
tion, and  where  this  cone  and  the  cylindrical  portion  unite  is 
an  aperture  occupied  by  a  thick  plate  of  soft  metal,  called  the 
Inn^nette^  nearly  closing  the  tube,  but  leaving  a  small  opening 
for  the  wind-plate,  formed  with  the  upper  lip. 

The  thickness  of  the  stream  of  air  admitted  to  the  pipe  may 
be  diminished  by  turning  down  a  projecting  exterior  lip  on 
tne  plate. 

Tne  reed-pipe  is  closed  near  the  bottom  by  a  solid  plug,  hav- 
ing apertures  for  the  passage  of  the  reetl  and  its  adjusting  wire. 
The  r((d  is  a  cylindrical  or  slightly  tapering  tube  of  brass, 
having  a  narrovc  longitudinal  slit  in  front,  covered  by  a  thin 
plate  of  metal  c;dU'il  the  ron^iie,  which  is  made  fast  to  the  reed 
at  its  upi>er  part,  but  is  free  at  the  lower  end  The  back  part 
of  the  reed  is  cut  off  slanting  at  its  lower  termination,  over 
which  a  piece  of  metal  is  soldered. 

The  piicfi  of  the  reed-pipe  depends  on  the  length  of  the 
tongue,  which  is  adjusted  by  means  of  the  tuniing-icire  above 
mentioned ;  the  quality  of  tone  depends  on  the  pipe. 

In  the  free  reed  of  Grenie,  invented  many  years  ago,  the 
tongue,  instead  of  battering  against  the  side  of  the  reed,  vibrates 
wit.iin  the  opening,  producing  a  more  uniform,  sweet,  and  har- 
monious tone. 

It  also  admits  of  the  musical  effects  called  crescendo  and  '^i- 
mimiendo,  by  varjiog  the  pressure  of  the  air.  The  air  escapes 
through  tubes  in  the  form  of  an  inverted  cone,  whose  upj>er  por- 
tion is  hemispherical  and  slit. 

A  stop  consists  of  a  series  of  pipes  agreeing  in  quality  of  tone, 
or  timbre,  but  differing  in  pitch.  U'hen  any  particular  stop 
is  drawn  the  keys  will  play  on  the  corresponding  set  of  pipes. 

The  stops  are  designated  by  figures  or  by  words  intended  to 
be  descriptive  of  the  quality  of  sound,  a^  Jiute,  cboe,  vox  ku- 
niana,  etc.     See  Stop 

Two  or  more  key-boards  are  required  to  enable  the  performer 
to  produce  all  the  notes  in  an  oi-gau  of  more  than  one  stop. 

In  a  large  organ  the  different  scries  of  stops  are  so  arranged 
as  to  form  three  or  four  separate  instruments,  each  having  its 
own  set  of  keys,  wjud-truuk.  wiod-chest,  sound-board,  etc. 
These  have  been  distinguished  by  different  names,  as  the  great- 
organ,  the  choir-organ,  and  the  swell;  also  the  pedal-organ, 
or  foot-k^ys,  which  act  on  the  larger  pipes. 

Couplrrs  are  al-so  brought  into  action  at  will,  which  connect 
the  keys  on  different  banks  so  as  to  make  them  act  together 
when  one  is  played.  The  effects  are  also  varied  by  tremulo  and 
sicell,  which  give  respectively  quavering  and  rising  and  falUng 
force  of  sound. 

The  feet  of  the  pipes  are  inserted  in  the  upptr  ot  stock  boards, 
above  the  bearers  and  supported  on  ra^kj^, — thin  boards  mount- 
ed on  pillars. 

The  pipes  of  the  larger  stops,  however,  take  up  so  much 
space  that  they  cannot  be  placed  immediately  over  their  proper 
groove,  but  they  may  be  placeil  in  any  convenient  position, 
even  outside  of  the  ca.**.  an.l  air  conveye.1  to  them  by  means 
of  grooves  cut  in  the  upper  boards  and  covered  with  parchment, 
forming  closol  channels. 

The  key  movement,  in  its  simplest  form,  comprises  :  the  key, 
a  pivoted  lever,  which,  being  pressed  Jown  at  one  end  causes 
the  other  end  to  raise  the  sticker,  a  small  wooden  rod  depend- 
ing from  the  end  of  a  second  lever  above,  which  is  thus  de- 
pressed at  its  opposite  end,  drawing  down  the  pull-wire  and 
opening  the  valve. 


I  This  arrangement  is,  however,  only  applicable  in  case  each, 
key  is  opposite  its  own  proper  valve,  a  condition  which  can 
only  apply  in  few  instances.  This  difficulty  is  remedied  by  in- 
troducing a  series  of  rollers  above  the  secondary  levers,  whose 
ends  are  connecte^l  by  wires  with  arms  on  the  sides  of  the  roll- 
ers :  the  other  ends  of  these,  on  the  same  side,  have  also  arms 
to  which  the  wires  controlling  the  valves  are  attached. 

The  foregoing  dej^criptiou  will  give  an  idea  of  the  general 
principles  governing  the  construction  of  organs,  though  there 
are  many  mechanical  details  and  improvements  introduced 
into  modem  construction  to  which  we  have  not  space  to  refer. 

The  beliows  communicate  with  the  tcind-c/iests,  which  act 
as  reservoirs  and  distribute  the  air  to  the  different  pipes,  as  the 
finger  or  foot  keys  are  pressed  down.  The  pressure  of  air  is 
rt'gulated  by  a  weight  on  the  upper  part  of  the  reservoir, 
usually  about  15  pounds  to  the  square  foot.  The  different  parts 
of  the  organ  are  now  commonly  suppliet.1  with  air  under  differ- 
ent pressures,  separate  bellows  being  used  for  each  pressure. 

The  tcinfi-chest  is  an  air-tight  boxcommunicatingabove  with 
the  sound-board,  an  oblong  frame  or  box  of  wood  divided  by 
parallel  strips  into  channels  or  compartments  completely  sep- 
arated from  each  other.  Holes  corresponding  with  the  num- 
ber of  ranks  of  pipes  are  bored  through  the  upper  part  of  the 
sound-board  into  each  channel.  Its  lower  side  is  covered  with 
jtarchment  or  leather,  except  on  that  part  where  the  channels 
communicate  with  the  wind-chest  and  are  closed  by  clack- 
valves  opened  by  means  oi  pull  down  wires  operated  by  lever 
connection  with  the  keys  and  brought  back  by  a  spring.  On 
the  upper  side  of  the  sound-boarvi.  at  right  angles  to  these 
channels,  a  set  of  grooves,  corresponding  in  number  to  tbe  . 
number  of  stops,  is  formed  by  screwing  down  thin  pieces  of 
hard  wood,  termed  bearers.  These  communicate  through  holes 
with  each  of  the  channels  below,  and  each  has  a  register  or 
slide,  a  little  thinner  than  the  bearers,  but  exactly  fitting  the 
groove  in  length  and  width.  The  slides  are  pierced  with  holes 
corresponding  in  number  and  size  with  those  of  the  sound- 
board, so  that  by  drawing  out  or  pushing  in  any  particular 
slide,  it  Is  caused  to  open  or  close  the  holes  in  the  sound-board, 
and  supply  or  cut  off  the  air  from  the  range  of  pipes  above  it. 

In  organs  of  the  largest  class  as  fonnerly  con- 
structed the  operation  of  the  keys  wa-s  a  work  re- 
(juiring,  in  addition  to  musical  skill,  a  large  amount 
of  hard  bodily  labor.  It  is  said  that  the  performer 
on  the  gi'eat  Haarlem  organ  was  obliged  to  stnp  pre- 
paratory to  commencing  his  work,  and  retired  cov- 
ered with  perspiration  at  the  end  of  the  hour's  per- 

I  formance.      This  is  one  of  the  largest  instruments  in 

'  Europe,  having  60  stoj^s  and  8,000  pipes.  One  at 
Seville  has  5,300  pipes.  Tbe  expenditure  of  wind 
varying  greatly,  according  to  the  series  of  notes  pro- 
duced, the  tt'nsion  of  tbe  air  supply  was  very  dif- 
ferent at  different  times,  causing  a  variation  in   tbe 

■  purity  of  the  tone  and  difficulty  in  opening  the  valves 
wlien  under  high  pressure.  These  diflficulties  were 
remedied  by  tbe  pnetunatic  lever  of  Barker,  in  which 
small  subsidiary  bellows  operated  by  the  movement 
of  the  key  are  employed  to  depress  the  wires  by 

!  which  the  valves  are  opened. 

j  "Where  an  extraordinarily  large  supply  of  air  is 
retpiired,  it  may  be  furnished  by  blowers  or  bellows 
operated  by  hydraulic  or  steam  power.  Fig.  3426 
illustrates  the  blowing- engine  employed  for  the  great 
organ  at  tbe  Hall  of  Arts,  South  Kensington,  London, 
England.  It  is  a  vertical  beam-engine,  having  two 
steam  cylinders  of  7  iuches  diameter  and  24  inches 
stroke,  and  two  blowing  cylindei-s  of  24  inches  diam- 
eter and  24  inches  stroke.  Its  jirincipal  dutvis  to 
compress  and  attenuate  air  for  blowing  and  for 
jnechanical  purposes,  such  as  opening  and  closing 
the  .stops.  The  valves  of  the  blowing  cylinder  are 
of  india-rubber.  The  upward  stroke  exhausts  the 
air  from  vacuum  receivers,  to  which  it  is  connected 
by  zinc  piping,  and  the  down  stroke  exhausts  the 
pressure  receivers  to  which  it  is  similarly  connected. 
In  addition  to  the  ordinary  governor,  it  has  two 
throttle-valves  connected  respectively  with  tbe  press- 
ure and  vacuum  receivers,  so  that  when  tbe  fonner 
is  filled  with  air  at  H  pounds  pressure  above,  and 
tlie  latter  with  air  at  1^  ])ounds  jtressure  below,  that 
of  tbe  atmosphere,  both  throttles  are  closed  and  the 
I'Ugine  stops,  thus  regulating  the  supply  according 
to  the  ever-varying  requireraents  of  the  organ. 
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Fig.  342«. 


£lowiu^-Etight^   for  the    Ors;an   Roya!   Athivl ,    Hall   of  Arts 
and  Scitnces,  South  Kensington,  London. 

A  Iioiizi)nt;il  engine  of  13-hor.se  power,  driving  a 
crank  tu  wliieli  six  larj;e  bellows  are  conueeteU,  fui 
iiislies  compressed  air  to  the  reservoirs  which  supply 
the  pipes. 

This  giant  organ  is  60  feet  wide  and  70  feet  high  , 
the  four  center  [lipes,  which  are  over  40  feet  long, 
weighing  nearly  a  ton  each.  The  instrument  was 
erected  by  Mr.  H.  AVillis,  and,  according  to  the 
"  English  Mechanic,"  is  the  finest  in  the  world,  ha\ 
ing  five  claviers  (four  manuals,  extending  fiom  C  C 
to  C  in  altissimo,  and  one  pedal  from  C  (_'  C  to  G). 
The  pedal-organ  consists  of  21  stops  ;  the  first  man- 
ual clavier,  or  choir-organ,  including  the  echo-organ, 
comprises  20  stops,  all  the  pipes  in  which  are  of 
metal.  The  second  clavier,  or  great-organ,  contains 
25  stops,  only  two  of  which  have  wooden  ])ipes  in 
the  bass  notes.  The  third  clavier,  or  swell-organ, 
comprises  25  stops,  and  these  are  all,  with  the  ex- 
ception of  the  bass(!S  of  two  stops,  of  metal.  The 
fourth  clavier,  or  solo-organ,  has  20  stops,  making 
in  all  111  stops  ;  then  there  are  14  couplers  and  32 
combinations.  The  total  number  of  pipes  is  close 
upon  9,000,  and  these  range  from  30  inches  diame- 
ter down  to  the  size  of  a  straw,  and  from  40  feet 
in  length  down  to  6  inches. 

Fig.  3427  illustrates  an  organ  provided  with  the 
hydraulic  blow'ing  ap))aratus  designed  by  G.  \V. 
Lascell,  Brooklyn,  N.  Y.  a  is  the  cylinder,  the 
piston-rod  of  which  b  is  attached  to  the  cross-head 
of  a  reciprocating  frame  c,  by  which  the  movable  di- 
aphragm d  of  the  double-acting  bellows  is  operated, 
alternately  fon/ing  th<>  air  through  tlie  jiipes  r  r  into 
the  wind-chest  /',  from  which  it  is  distributed  by  the 
trunk  g  to  the  organ  bellows  /'.  The  wheel  i  is  con- 
nected with  a  wire  that  controls  the  lever  k  of  the 
governing  valve  of  the  water-supply  pipe.  As  the 
bellows  h  becomes  inHated,  the  block  on  its  upper 
lid  strikes  against  the  lever  w,  closing  partially  or 
entirely  the  valve,  and  automatically  regulating  the 
supply  of  air  to  tlie  demand.  By  means  of  a  hand- 
wheel  )',  which  can  be  conveniently  reached  by  the 
organist,  a  valve  k  is  opened  or  closed  for  admitting 
or  cutting  off  the  water  sujiply.  In  this  engine  the 
crank  is  dispensed  with,  and  the  valve-gear  so  ar- 
ranged as  to  prevent  sto|ipage  on  the  dead  centers. 

A  number  of  reed  instruments  are  called  organs, 
being  on  the  accordeon  or  nielodeon  principle,  free 
reeds  playeil  by  keys  in  one  or  more  banks.  .Such 
are  known  as  cabinet,  parlor,  and  small  choir  organs. 


Fig.  34-J7. 


LascdVs  Organ- Blowing  Apparatus  ( Dr.  Partridge^s  Church, 
Brooklijn,  N.   r.). 

Pipe  organs  are  also  made  of  a  cabinet  size.  The 
hand  or  barrel  organ  is  also  a  iiijie  organ  in  which 
the  keys  are  moved  by  pins  (staples)  on  a  barrel  moved 
by  a  crank,  the  arrangement  of  tlie  pins  being  on  a 
similar  principle  to  that  of  a  musical-box. 

The  electric  organ  is  one  in  which  the  valves  ad- 
mitting air  to  the  pipes  are  opened  and  closed  by 
electro-magnetic  action.  The  general  arrangement 
is  as  follows  :  — 

Each  key  has  a  separate  insulated  wire,  the  cir- 
cuit through  which  is  closed  by  depressing  the  key, 
causing  a  connnunicator  to  dip  into  a  minute  cuji  of 
mercury,  the  current  thus  established  exciting  a 
.small  electro-magnet  that  attracts  a  pallet  or  keeper, 
by  which  the  valve  is  opened  and  remains  so  until 
the  hnger  is  withdrawn  from  the  key,  causing  the 
pipe  to  speak.  The  battery  employed  is  comjio.sed 
of  glass  vessels  containing  sulphate  of  mercury  ar- 
ranged on  the  upper  surface  of  the  bellows  ;  wlien 
these  rise,  plates  of  zinc,  each  placed  between  two 
plates  of  gas-retort  graphite,  dip  into  the  solution. 
No  action  is  therefore  exerted  except  at  this  time, 
and  thus  waste  of  battery  power  is  avoided. 

The  arrangement  admits  of  the  key-board  being 
placed  in  any  convenient  iiosition,  ami  at  any  dis- 
tance from  the  instrument ;  the  toui  h  reipiired  for 
ojierating  the  keys  is  also  much  lighter  than  is  re- 
quired t'lir  an  ordinary  instrument. 

Or'gan-coup'ler.  (.Uiisic.)  A  device  for  con- 
necting two  sets  of  keys  in  an  organ,  so  that  by 
operating  a  lever  or  pedal  each  key  when  struck 
sounds  the  octave  as  well  as  its  own  note. 

In  Fig.  342S  the  coupler  is  a  bent  wire,  having  a 
collar  at  one  end  which  slips  o\'er  the  tracker-pin  b 
that  connects  the  key  B  and  its  vah'c.  By  a  move- 
ment of  the  lever  D  the  coupler  may  be  caused  to 
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Fig.  34iS. 


Organ-Coupler. 


sdiiiul  a  note  an  octave  liigher  than  that  of  the  key 
B,  or  may  be  thrown  out  of  adjustment,  so  that  only 
the  note  proper  to  that  key  will  be  produced. 

Or'gan-die.  (F'ibiic.)  Fine  Swiss  figured  mus- 
lin for  ladies'  suninifv  wear. 

Or'gan-har-mon'i-con.  {Music.)  A  large  har- 
^rwnitiu)  or  cal'iuet  organ. 

Or'gan-loft.  (Buildiarj.)  That  jKirt  of  a  church 
designed  for  receiving  the  organ  and  its  appurte- 
nances. Usually  an  end  gallery  is  chosen  for  this 
purpose.  In  ancient  buildings  it  was  customary  to 
place  it  at  one  side  of  the  choir,  usually  the  north. 

Or'gan-pipe.  (^fusk.)  A  tube  in  wliich  air  is 
vibrated  to  produce  a  musical  sound. 

The  organ-pipe  is  of  two  kinds  :  — 

1.  The  /?«te  or  /iiotith  pipe. 

2.  The  reed  pipe.     See  Pipe. 

"The  vibrating  body  in  the  organ-pipe  i^  not  the  pipe,  but 
the  air  contained  in  it.  An  agitation  produced  in  the  air  at 
one  end  of  the  pipe  is  communicated  to  tlie  other  end,  and  re- 
flected backwards  and  forwards  from  end  to  end,  producing 
isochronous  (or  equal-timed)  impulses,  the  frequency  of  which 
depends  entirely  on  the  length  of  the  pipe.  Hence,  all  organ- 
pipes  of  the  s«ime  length  yield  the  same  note  as  to  jjilr/i.  its 
quality  only  being  affected  by  the  form  or  material  of  the  pipe. 
It  will  thus  be  at  once  perceived  that  the  lowest  C  (the  waves 
of  which  are  64  feet  long)  requires  a  pipe  of  32  feet  to  produce 
it;  and  that  all  notes,  from  this  to  the  shriUest  whistle,  are 
easily  calculated,  by  dividing  550  feet  by  the  length  of  the 
pipe.''  —  ToMLISSON. 

Fig.  3429  illustrates  an  organ-pijie  of  tlie  'mouth 
o\ flute  kind.  On  opening  the  pro|ier  valve 
fig.  S129.  by  depressing  its  key,  the  compressed  air 
from  the  wind-chest  passes  through  the 
tube  a  into  the  chamber  b,  and  is  directetl 
with  some  force  through  a  narrow  slit 
against  the  sharp  edge  c,  formed  by  bevel- 
ing one  of  the  sides  of  the  pipe. 

in  the  7Yfrf-pipe  the  vibration  of  the  air 
is  caused  by  a  metallic  tongue  athxed  or 
inserted  in  the  reed.,  a  tube  having  a  slit 
thronghout  its  lengtli,  and  fixed  within  the 
pi  lie. 

Or'gan-zine.     a.    A  silk  thread   made 
of  several  5i'/i^/cs,  i/t/■(3^<?*^  together.  Thrmim- 
nlk. 
If*      b.  Silk  fabric  made  of  such  tliread. 

A  single  is  a  reel  thread  twisted.  Several 
singles  are  twisted  together  in  a  direction 
the  reverse  of  that  of  the  singles,  making 
tJirou-ii-sifl:  The  single  receives  a  twist  to 
the  left,  is  doub/ed,  —  that  is,  united  with 
pipe,  others,  —  and  the  combined  threads  are 
twisted  to  the  right.  Oryinxxine  is  there- 
fore double -twisted,  thrown-sinrfles. 

Orgues.  1.  {Fortification.)  Timbers  .shod  with 
Iron  so  suspended  as  to  be  drojijied  upon  an  enemy 
passing  through  a  breach  or  gateway. 

2.  An  arrangement  of  a  numl>er  of  parallel  mus- 
ket-barrels, so  placed  as  to  be  tired  simultaneously 


liy  a  train  of  powder.  Sucli  was  the  weapon  of 
Fieschi  who  fired  at  Louis  Philii>pe,  and  it  may  be 
held  to  be  the  predecessor  of  the  MlTK.\iLLErK 
(whicli  see). 

O'ri-el.  1.  The  bow-window  of  English  domestic 
architecture.  Sometimes  it  is  of  two  stories.  Some- 
times it  does  not  reach  the  ground,  but  is  supported 
by  corbels. 

2.  A  rece.ss  within  a  building,  as  a  window-way, 
closet,  or  chamber. 

O'ri-en-ta'tion.  The  placing  with  an  eastern 
aspect  or  inesentation.  From  Lat.  oriens:  Sc.  sol, 
rising. 

{Surveijiny.)  The  determination  of  the  east  point 
in  taking  beatings. 

{Architecture.)  The  placing  of  a  church  so  that 
its  chancel  is  toward  the  east. 

O'ri-ent-a'tor.  (Surreyiiuj.)  An  instrument 
used  in  regulating  the  ground  plan  of  a  church,  so 
as  tn  ]iresL-iit  the  chancel  to  the  east. 

O-ril'lon.  1.  {Fortification.)  A  curved  projec- 
tion formed  by  the  face  of  a  bastion  overlapping  the 
end  of  the  flank,  intended  to  protect  the  latter  from 
obliipie  fire. 

2.   .\ii  earthi'ii  mound  faced  with  liriek. 

Orleans  Cloth.  {Fabric.)  A  ladies'  dress- 
goods,  having  a  cotton  chain  and  woolen  filling.  It 
has  a  self  color  and  highly  finished  surface. 

Or'lo.     {Music.)     A  Spanish  wind-instrument. 

Orlop,  {.^liijwriijhtiuy.)  Orloji-deri:,  itrlop-bcuyas, 
are,  respectively,  the  lowest  deck  of  a  shij),  or  beams 
occupying  the  corresponding  position.  The  deck  is 
below  the  water-line,  and  may  be  occupied  by  the 
magazine,  cock-pit,  and  lor  stores. 

Orino-lu'.  {AIIiiij.)  a.  A  brass  used  for  cheap 
jewelry.     Copper,  48  ;  zinc,  52. 

b.  Bronze  or  copper  gilt  also  goes  by  this  name, 
.'see  Ai.LdV. 

Or'mo-lu'-var'aish.    An  imitation  gohl  varnish. 

O'ro-ide.  {A/loii.)  An  alloy  resembling  gold  lu 
appearance.     One  formula  for  its  production  is,  — 

Copper 100 

I         Zinc  or  tin 17 

Magnesia     .        .         .        .         .         ...        6 

'  Sal-ammonia .  3.6 

Quicklime .  .12 

Tartar  of  commerce 9 

!  The  other  ingredients  are  added  in  small  quanti- 
ties to  the  fused  copper  and  stirred  in  ;  the  zinc  last. 
Fusion  is  then  maintained  for  aliout  35  minutes,  w  hen 
the  dross  is  skimmed  oti",  leaving  the  alloy  fit  for 
use.  It  is  largely  employed  in  the  manufacture  of 
cheap  watch-cases. 
Another  formula  is,  - 


Copper 
Zinc 
Nickel 
Iron 
Tin      . 


79.9 
13.05 
6.09 


.09 


The  latter  two  are,  perhaps,  merely  accidental  in- 
gredients.    See  Alloy. 

Or'phe-on.  {Music.)  A  musical  in.strument  of 
the  nielodeon  order. 

Or're-ry.  A  idanetary  machine  to  illustrate  and 
explain  the  motions  of  the  heavenly  bodies.  Its  in- 
vention appears  to  have  been  coeval  with  the  con- 
struction of  the  clepsyilra  anil  other  horologi- 
eal  automata.  It  was  so  called  from  the  Earl  of 
Oirery,  who  bore  the  expen.se  of  one  constructed  in 
1715  by  Kowley,  after  a  pattern  devised  by  the 
clockmaker  George   tirahaui.     See  Planetarium  ; 

TELLfRIAN. 

The  heliocentric  theory  was  held  by  the  ancient 

Egyptians,  and  taught  by  them  to  Pythagoras.   The 

I  theory  did  not  flourish  in  Greece.     Plato  mentions 


OKSEDEW. 


1578       OSCILLATING-CYLINDER  ENGINE. 


it.  A  few  scholars,  like  Nicolas  (in-obalily  of  Lao- 
dicea,  fourtli  century  A.  D.),  entcrtaiiK-d  it  (luring 
the  vast  intervening  period,  and  it  was  eventually 
revived  by  Copernicus. 

When  the  Spaniards  conquered  Peru,  they  found 
the  natii'es  in  possession  of  the  true  theory,  consid- 
ering the  sun  the  center  of  our  system. 

The  Chinese  annals  state  that  Tsi-ang-nung,  in 
the  reign  of  Shu-eu-ti  (126-145  A.  D.),  made  an 
orrery  to  re|iresent  the  apparent  motion  of  the 
heavenly  bodies  round  the  earth,  the  instrument  be- 
ing kept  in  motion  by  the  dropping  of  water  from 
a  clepsydra.  There  is  a  reference  also  to  a  similar 
instrument  in  the  third  century. 

A  planetarium  is  described  in  a  letter  from  Angelo 
Politiano  to  his  friend  Francesco  Casa,  as  seen  by 
the  former  at  Florence  in  tlie  fifteenth  century.  The 
inventor  was  one  Lorenzo  of  Florence,  and  the  appa- 
ratus was  constructed  to  illustrate  the  Ptolemaic 
theorj'  of  the  heavens.  The  various  parts  were 
moved  by  trains  of  cog-wheels.  Life  of  A.  Politiano, 
published  by  Cadell  and  Davis,  London,  about 
1800. 

A  ]ilanetary  clock  was  made  by  Finee,  1553,  and 
a  plani'tarium  by  De  Rlieita  in  1650. 

Or'se-dew.    Leaf  metal  of  bronze.    Dutch  metal. 

Or'tho-graph.  A  tlrawing  representing  a  struc- 
ture in  ii(C'<tio/i,  external  or  internal.  The  internal 
oHIuKjraph  is  usually  termed  a  vertical  section  or 
sciacjraph. 

The  ground  plan  is  the  ichnoijrnph. 

The  view  of  the  whole  building,  the  scenograpk. 

Or-tho-scop'ic  Lens.  (,Oji>ic^.)  An  arrange- 
ment of  two  achromatic  compound  lenses,  separated 
by  an  interval. 

Or-tho-pae'dic  Ap-pa-ra'tus.  {Surgical.)  A 
device  to  correct  the  deformities  of  children,  .such  as 
curved  spine,  club-foot,  etc.     See  Club-foot  Appa- 

EATfS. 

Os'cil-lat-ing  -  cyl'in-der     Steam  -  en'gine. 

(SUuiii.)  X  simple  form  of  engine,  in  whicli  the 
cylinder  rocks  on  trunnions  and  tlie  piston-rod  con- 
nects directly  to  the  crank.  It  was  invented  liy 
J4mes  Watt,  and  was  brought  into  use  by  llauds- 
lay.  Watt's  model,  made  at  Solio  in  1763,  was  ex- 
hibited at  the  London  E.xhibition  of  1851. 

Witty  of  Hull  patented  the  oscillating  cylinder  in 
England  in  1813.     English  patent,  June  5. 

Guldsworth  Gurney  was  in  some  way  associated 
with  the  improvement  of  it,  and  has  been  credited 
witli  the  invention. 

It  was  introduced  by  those  two  famous  makers  of 
marine  and  river  engines,  JIaudslay  and  Field  and 
Penn  and  Sous. 

This  engine  has  a  cylinder  mounted  on  gudgeons 
or  trunnions,  generally  near  the  middle  of  its  length, 
on  which  it  is  capable  of  swaying  to  and  fro  through 
a  small  arc,  so  as  to  enalile  the  piston-rod  to  follow 
the  movements  of  the  crank,  to  whir-h  it  is  directly 
attachfd  without  the  intervention  of  a  connecting- 
rod.  This  construction  is  economical  of  space  and 
weight. 

The  trunnions  are  hollow,  and  are  connected  by 
steam-tight  joints,  one  with  a  steam-pipe  leading 
from  tile  boiler,  the  other  with  an  e.\haust-pipe  lead- 
ing to  the  condenser. 

The  va/vc-c/icst  oscillates  with  the  cylinder. 

Various  arrangements  are  used  to  a<lapt  the  valve 
gearing  to  the  oscillating  motion  of  the  cylinder  and 
valve-chest.  One  of  the  simplest  is  to  communicate 
niotiou  from  the  eccentric  to  a  sliding  rod,  on  which 
is  a  cross-head  of  the  form  of  an  arc  of  a  circle  de- 
scribed about  the  axis  of  the  trunnions,  when  the 
valve  is  in  its  middle  position  and  having  in  it  a 


slot  of  the  same  figure ;  in  that  slot  is  a  slider  at- 
tacheil  to  the  end  of  a  lever  arm  projecting  from  a 
rocking-shaft  attached  to  the  cylinder  ;  another  arm 
projecting  from  that  shaft  moves  the  slide-valve 
rod. 
Another  form  of  valve  common  in  engines  of  thi& 


Fig.  3430. 


O^ctUatin^'  CijtindiT  Sttam-Eiti;int'. 

class  is  the  trunnion- valve  either  of  a  disk  form  or 
having  the  shape  of  a  fnistum  of  a  cone,  in  either 
case  one  portion  of  the  valve  having  a  rotary  I'ecip- 
rocation  derived  from  the  oscillations  of  the  cylinder. 

Fig.  3430  is  an  engine  of  this  character  for  land 
use.  The  power  may  be  communicated  by  a  leather 
band  over  a  pulley  fixed  on  the  axle  of  the  fly-wheel, 
or  by  means  of  a  spur-wheel  and  pinion.  The  steam 
is  admitted  through  the  hollow  axle  on  one  side,  and 
witlulrawn  through  a  similar  hollow  axle  at  the  op- 
posite side  of  tlie  cylinder. 

The  figure  gives  side  and  front  elevations,  respec- 
tively.    The   top 

works     are     sup-  Fig.  3431. 

ported  by  a  four- 
column  frame. 

Fig.  3431  is  an- 
other form  of  os- 
cillating -cyliniler 
St  eam-engine, 
known  as  Joyce's 
pendulous  high- 
pressure  engine. 
The  cylinder  is  in- 
verted and  oscil- 
lates on  its  trun- 
nions after  the 
manner  of  a  pen- 
dulum. The  pis- 
ton-rod is  connect- 
ed directly  to  the 
crank.      See  also 

OsCII.LATINO-l>IS- 
TON"  StEAM-ES- 
01 XE. 

Fig.  3432  is  a 
transverse  view  of 
a  low-draft  river 
steamboat  with  a 
pair  of  oscillating 
engines  and  feath-      Oscillating-  Cyliiuter  Sttam-Eiigine. 
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Oscillating  Engine  on  Low-Draft  River  Steamer  (  Tliamts). 


ering  paddle-wheels.  Fig.  3433  is  a  side  view,  show- 
ing one  cylinder  inclined,  and  the  upper  portion  of 
the  wheel  with  its  floats  in  their  changeable  posi- 
tions. The  engines  are  coupled  by  an  intermediate 
shaft  having  a  crank  which  operates  one  or  more  air- 
pumps. 

a  a  are  the  steam-cylinders  ;  b  b,  the  piston-rods, 
connected  imniediatel)-  with  the  cranks  c  c:  d,  a. 
crank  in  the  interjnediate  shaft,  working  the  piston- 
bucket  of  the  air-pump  e  ;  f  f  are  slide-valves  regu- 
lating the  admission  of  steam  to  the  cylinders  ;  g  </, 
double  eccentrics  on  the  intermediate  shaft,  operat- 
ing the  valves//,  enabling  a  link  motion  to  be  em- 
ployed. 

A  is  a  handle  by  which  the  engines  may  be  stopped, 
started,  or  reversed. 

i  i  are  steam-pipes  leading  to  the  trumiions  k  k, 

Fig.  3433. 


of  the  piston,  which  imparts  a  rotary  reciprocation 
to  the  rock-shaft. 

The  engine  (Fig.  3435)  has  a  piston  planted  on 
an  axis  and  has  an  oscillation  in 
a  vertical  plane. 

The  cylinder  b  is  attached  to  the 
walking-beam  a,  which  oscillates 
on  a  rock-shaft,  and  whose  other 
arm  is  connected  by  a  pitman 
with  the  fly-wheel  crank.  The 
piston  is  at  the  upper  end  of  a 
hollow  rod/,  which  also  o.scillates 
on  a  hollow  rock-shaft  g  divided 
into  two  compartments.  The  pis- 
ton is  hollow,  forming  a  steam- 
chamber,  within  which  is  a  slide-valve  i  ;  it  has  also 

Fig.  3435. 
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Engine. 


River  Steamer  Engine  (Side  Vieio). 

on  which  ami  on  other  trunnions  connected  with 
the  pipe  Hi.  the  cylinders  oscillate  ;  n  n  are  pumps, 
the  fiistons  of  which  are  attached  to  the  trunnions 
and  worked  by  the  oscillations  of  the  cylinders  ;  o, 
the  waste-water  (lipe  from  the  condenser. 

Os'cil-lat-ing  -  pis'ton  Steam  -  en'gine.  A 
form  of  steam-eiigiiif  in  wliieli  the  piston  o.scillates 
in  a  sector-sb.iped  chauiber.  By  means  of  a  slide  or 
other  valve  the  steam  is  admitted  to  alternate  sides 
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suitable  inlet  passages  and  an  exhaust  passage.  Steam 
is  ailniitteil  through  one  of  the  induction-passages  of 
the  rock-shal't  ;/  and  piston-rod  /,  alternately  aliove 
and  below  the  piston  by  means  of  the  slide-valve  /, 
operated  by  a  rod  e.xtending  through  the  induction- 
passage  of  the  piston-rod  and  reciprocated  by  a  small 
rock-shaft  connected  with  the  crank-shaft ;  this 
causes  the  reciprocation  of  the  cylinder,  while  the 
piston  oscillates  upon  the  rock-shaft  g.  The  other 
passages  of  the  piston-rod  and  rock-shaft  serve  for 
eduction. 

Fig.  3436. 


in  their  trunnions.     Others 
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Os'cil-lat-iiig  Pump.    The  pump,  Fig.  3436,  is 

made  in  two  sections  <'  A,  Hanged  and  bolted  together. 
The  induction-chamber  chas  upwardly  opening  valves, 
through  which  water  is  drawn  by  oscillating  the  han- 
dles .-/  B,  causing  corresjjonding  oscillation  of  the 
sheliyj,  which  turns  upon /'as  a  center,  and  is  divided 
by  radial  plates  provided  wit  h  upwardly  opening  valves 
d  i  into  chambers  into  which  the  water  is  successively 
admitted  at  each  oscillation  and  discharged  through 
the  eduction-opening  7.'. 

Os'cil-lat-iiig  Pump-speeir.  (Nautical.)  A 
revolving  arrangemi-nt  like  a  winch,  for  working  a 
pump-rod. 

Os'cil-Iat-ing    Valve 


FiR.  3437, 
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1.  (Steam.)  A  valve 
which  reciprocates  on  a 
pivot,  as  tlie  disk  and 
trunnion  valves  of  oscil- 
lating-cylinder  steam- 
engines. 

in  Fig.  3437  steam  is 
adnutted  to  the  center 
L  of  the  hollow  valve, 
through  passages  J  J, 
communicating  with  the 
steam-chest  ;  A"  A'  are 
induction  -  o]wnings  to 
the  steam-cylinder  ;  T, 
eduction-port. 

Oscillating  steam-en- 
gines fre<jueutly  have  os- 
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cillating  valves  workin 
are  oscillated  by  bar 
or  crank  connection 
to  a  ti.\cd  oljject 
while  the  cylinder 
vibrates. 

2.  A  pump-valve 
wliich  reciprocates 
on  a  pivot.  In  the 
example,  the  valves 
V  and  v'  are  attached 
to  a  lever  (J,  and  bat- 
ter upon  their  seats 
alternately. 

O'si-er-peel'er. 
(Aiji-iailhiix.)  The 
process  of  jiceling 
osiers  by  a  cleft  stick 
is  shown  at  Komna, 
Thebes.  The  uses 
of  the  osier  among 
the  ancient  Egyp- 
tians were  constant 
and  various.  Bas- 
kets were  even  more 
common  then  than 
now,  as  the  jiroducts 
of  the  lield,  the  net, 
and  tile   hook  were 

generally  carried  by  men.     The  wheeled  vehicles  in 
Egypt  were  few  and  not  capacious. 

Machines  for  ))eeling  osiers  proceed  in  various 
ways.  In  Colby's,  the  osier  wands  are  carried  be- 
tween vulcanized  rubber  rcjUers  which  press,  rub, 
and  wring  the  bark  from  the  wood.  A  serrated 
metallic  roller  acts  in  connection  with  an  elas- 
tic or  yielding  roller,  both  having  an  end  chase 
or  lateral  reciprocation  to  rub  otl'  the  bark  of  the 
wand.  A  rack  or  comb  catches  and  removes  the 
bark. 

Easterbrook's  has  a  pair  of  rollers,  respectively 
convex  and  concave,  which  give  a  slipping  pressure 
upon  three  sides  of  the  wand  and  loosen  the  bark  ; 
a  pair  of  wire  brushes  next  come  into  play,  and  then 
rollers  dischaige  it  from  tlie  machine. 

Other  forms  have  rollers  having  various  angular 
presentations  to  a  disk  against  which  they  press  the 
wand.  Another  has  jaws  to  drag  the  willow  past 
V-edges.  Another  rubs  the  willow  between  a  wheel 
and  a  traveling  Ijclt. 

Os'le-on-i'ron.  [Metallurgy.)  Bars  specially 
made  for  the  manufacture  of  wire. 

Os'mi-um.  Eijuivalent,  99.6  ;  .Symbol,  Os. ;  spe- 
cific gravity,  21.4  ;  nearly  infusible.  A  rare  metal, 
sometimes  found  in  a  native  alloy  with  iridium,  and 
forming  the  hardest  alloy  known. 

Os-mom'e-ter.  An  apparatus  for  exhibiting  the 
force  of  osmotic  action,  by  which  lirjuids  are  impelled 
through  a  moist  nienilarane,  illustrating  the  phenom- 
ena of  endosmose  and  cxosmose.  The  device  consists 
of  a  jjorous  vessel  or  sac  containing  a  saline  solution 
and  plunged  in  jnire  water. 

The  more  rapid  flow  through  the  porous  sejitum 
or  wall  is  from  tlic  thinner  Huid  to  the  saline  solu- 
tion, and  is  termed  iiu/osmose.  A  slower  current 
sets  in  the  otlier  direction,  and  is  called  ceosmosi . 
The  result  is  a  blending  and  ultimate  uniformity  of 
ciuality. 

Os'mund  Fur'nace.  (Metallurgii.)  A  furnace 
formerly  eniployeil  in  .Sweden  and  .still  employed  to 
some  extent  in  Fiidand  for  reducing  liog-iron  ore. 
This  ore,  consisting  essentially  of  hydrated  sesijui- 
oxide  of  iron,  is  extracted  from  the  bottoms  of  lakes 
and  rivers.     It  occurs  in  grains,  cakes,  or  amorphous 
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masses,  generally  of  a  somewliat  loose  and  friable 
texture,  dift'erent  varieties  yielding  from  25  to  50 
per  cent  of  pure  iron. 

The  illustration  is  taken  from  a  e«t  in  Sweden- 
borg's  work  on  iron,  ft  is  a  heap  of  the  ore  not  cal- 
cined ;  b,  a  heap  undergoing  calcination  on  wood  ;  c, 
calcined  ore  ;  rf,  borer  employed  in  searching  for 
ores  ;  c,  charcoal  rake  ;  /',  iron  shovel  ;  ff,  tongs  for 
withdrawing  the  bloom  from  the  furnace  ;  h,  cinder 
hook,  also  used  in  taking  out  the  bloom  ;  (,  bar  for 
cleaning  the  cinder  hole  and  tuyere  hole  ;  j,  sledge 
used  for  hammering  the  bloom  when  taken  out ;  X, 
lump  of  iron,  blastra,  or  osmund,  partly  divided  ; 
I,  hatchet ;  m,  treadles  for  working  the  bellows  ;  «■, 
inclined  plane  for  conveying  ores  to  the  top  of  the 
furnace  ;  o,  tap  hole  for  cinders  ;  p,  tuyere  ;  q,  wood 
shovel  for  charging  the  furnace  with  ore.  The  fe- 
male in  the  figure  is  engaged  in  spinning  with  the 
distaff  and  operating  the  treadles  of  the  bellows  at 
the  same  time.  The  furnace  has  a  rectangular  cav- 
ity at  the  bottom,  into  which  the  reduced  iron  was 


having  three  sides,  and  when  placed  against  the 
cheek  and  nose  and  filled  from  above  with  water, 
the  eye  can  be  kept  open  in  it  under  the  water.  It 
is  superseded  by  Helmholz's  Ophth.\lmoscope 
(which  see). 

O'to-phone.     An  ear-trumpet. 

O'to-scope.  (Sarcjical.)  a.  An  instrument  for 
viewing  the  interior  of  the  ear.      Otoscopium. 

To  this  cla.ss  belong  the  difl'erent  jiatterns  of  ear- 
speculums  (CD),  funnel-shaped,  of  high  polish  inside, 
through       which 


light  is  reflected 
by  means  of  a  con- 
cave mirror  ;  and 
the  bivalve  specu- 
lum A,  which  ad- 
mits of  expansion 
of  the  meatus  au- 
ditorius,  etc. 

.Simrock's  oto- 
scope (B)  is  a  fun- 
nel-shaped bival V- 
ular  instrument 
with  magnifying- 
lass. 
Clark's  reflect- 
ig  otoscope 


Fig.  3440. 


Osmund- Furnace. 


received,  and  which  is  provided  with  an  opening 
near  q,  through  wliich  the  bloom  is  extracted.  Dur- 
ing the  operation  of  smelting  this  is  built  up 
tempoi'arily  with  stones.  The  inner  lining  is  of 
refractory  stone,  and  between  this  and  the  outer 
wooden  casing  is  a  filling  of  earth.  The  iron  pro- 
duced may  be  forged,  but  is  usually  of  a  mixed 
character,  requiring  to  be  remelted  to  render  it  mal- 
leable. 

A  furnace  of  this  kind  yielded  about  IJ  tons  of 
iron  weekl\%  of  which  from  33  to  50  per  cent  was 
lost  in  working  it  up  into  an  osntund  or  bloom.  In 
Finland,  as  has  been  observed,  this  primitive  con- 
trivance stDl  maintains  its  ground  beside  the  high- 
blast  furnace,  seeming  to  be  well  adapted  for  pro- 
ducing a  good  quality  of  iron  from  the  peculiar  ore 
employed.  It  formerly  aftbrded  lucrative  employ- 
ment to  the  Swedish  peasant  during  the  winter  sea- 
son. When  the  farm  labors  of  the  year  were  over, 
he  went  into  the  woods  for  some  weeks  with  his 
wife  and  family,  with  whose  aid  he  extracted  the 
iron,  which  was  sold  for  a  small  amount  of  ready 
money  at  some  market  town. 

Os'na-burg.  {Fabric.)  A  kind  of  coarse  linen, 
made  of  flax  and  tow,  originally  imported  from  Os- 
naburg,  Germany. 

Os-te'o-tome.  (Surgical.)  An  instrument  to 
cut  a  bone  ;  specifically,  one  to  cut  the  bones  of  the 
fetal  cranium  when  it  is  necessary  to  much  reduce 
it  to  facilitate  delivery. 

Ot-a-cous'tic.  (Surgical.)  An  instrument  to 
improve  tlie  sense  of  hearing. 

O'tho-scope.  (Surgical.)  An  instnmient  in- 
vented in  1851  by  Czermak,  for  holding  water  round 
the  eye  to  enable  the  interior  to  be  seen.  It  has  the 
effect  of  preventing  the  cornea  acting  a.s  a  convex 
refracting  surface.     It  is  a  little  reservoir  of  glass, 


(lower  figure)  consists  of  an  angular  tube,  one  ex- 
tremity of  which  is  expanded  to  receive  the  rays  of 
light  from  the  window,  a  gas-jet,  or  lamp,  while  the 
other  is  prepared  for  the  adaptation  of  specula  of 
various  sizes. 

The  light  enters  at  the  flaring  extremity,  and 
is  reflected  from  the  surface  of  a  polished  .steel  mir- 
ror, which  is  placed  transversely  across  the  angle  b, 
and  is  thrown  upon  the  tympanum  through  the 
speculum  c.  A  small  tube  proceeds  from  the  eye- 
piece d,  and,  transfixing  the  mirror,  extends  just 
into  the  speculum  c.  At  the  extremity  of  this  tube, 
a  carefully  gi-ound  lens  is  introduced,  which  greatly 
magnifies  the  objects  which  are  seen  through  the 
speculum.  The  smaller  speculum  c  can  be  adjusted 
in  place  of  the  one  upon  the  instrument  when  re- 
quired. 

b.  An  instrument  enabling  the  examiner  to  detect 
the  sound  of  air  passing  through  the  tympanitic 
cavity  in  certain  morbid  conditions.  An  ear-ex- 
plorer. 

The  otoscope  of  Toynbee  is  an  elastic  tube  with 
ivory  extremities,  one  to  fit  the  operator's,  the  other 
the  patient's,  ear.  Air  being  blown  into  the  eusta- 
chean  canal,  you  determine  with  it  whether  the  tym- 
panum be  sound  or  perforated. 

Ouch.  Formerly  oucht  :  see  King  James's  trans- 
lation of  the  Bible,  E.xodus  xxviii.  11  :  — 

"  Engrave  the  two  stones  [onyx]  with  the  names  of  the  chil- 
dren of  Israel ;  thou  shalt  make  them  to  be  set  in  ouches  of 
gold." 

Also  in  Exodus  xxxix.  18  :  — 

"  .\nd  the  two  ends  of  the  two  wreathen  chains  they  fastened 
in  the  two  ouches  and  put  them  on  the  shoulders  of  the  ephod, 
upon  the  forefiront  of  it." —  Bishop's  "  Bible,"  1568. 

The  collet  of  a  jewel. 
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The  pint  of  a  setting  whicli  grai-ii.s  the  stone.  Tlie 
bezel. 

An  oniamental  collar  of  gold. 

From  the  word  uiie/n-  eonie.-s  brooch,  the  modern 
name  of  the  ornamental  dre.ss-ulasp.  This  was  lor- 
merly  a  clasp  or  button,  and  by  the  addition  of  a 
broach — a  pin  —  (Fr.  iroi7i<;),receivedits present  form. 

Out'burst-bank.  (MiidraulicEnyinccrinij.)  The 
niidiUe  purtion,  us  to  elevation,  of  a  sea  embank- 
ment. The  lower  jiortion  is  the  footing,  and  has  a 
base  of  5  to  a  liight  of  1.  The  outburst  has  a  base 
of  2  to  1  of  higlit,  and  is  crowned  with  the  swash- 
bitid;  which  has  the  same  proportions  and  a  level  on 
top  of  4  to  5  feet  under  ordinaiy  circumstances, 
w  liere  it  is  not  to  be  used  as  a  road. 

Out'crop.  {.Uiniiuj  Engineerinij.)  The  emer- 
gence of  a  stratum  or  seam  at  the  surface.     Basset. 

Out'er  Form.  (Printiiiy.)  The  form  commen- 
cing with  the  Krst  page  of  the  sheet.  It  is  usually 
worked  otf  last. 

Out'fall.  {HijdrauJic  Engineering.)  The  point 
of  discharge  for,  or  the  embouchure  of  a  drain,  cul- 
vert, or  sewer. 

Out'haul.  (Xautical.)  A  rope  used  to  extend 
the  'dew  iif  a  lioom-sail. 

Out'keep-er.  (Surrei/iuij.)  A  small  dial-plate 
having  an  inde.Y  turned  by  a  milled  head  underneath, 
used  with  the  surveyor's  compass  to  keep  tally  in 
chaining. 

Tlic  dial  is  figured  from  0  to  16,  the  index  being 
moved  one  notch  for  every  chain  run. 

Out'rig-ger.  1.  (Xautical.)  a.  A  spar  for  ex- 
tending a  sail  or  rope  beyond  the  points  of  attach- 
ment furnished  by  the  hull. 

b.  A  boom  rigged  out  from  a  vessel  to  secure  boats 
to  when  the  vessel  is  at  anchor. 

c.  A  floating  timber  attached  by  spars  to  the  hull 
and  floating  parallel  therewith.  Used  with  crank  or 
narrow  boats  to  support  them  upright  in  the  water 
under  a  press  of  canvas  which  would  otherwise  up- 
set them.  Principally  used  with  the  proas  of  the 
Malays  and  Ladrones.  The  lesser  or  leeward  boat  of 
the  double  canoe  of  the  Pacific-Islanders  Is  called  a 
Iiamma. 

d.  A  spar  projecting  over  the  stern  of  a  boat  for 
assistance  in  hauling  out  the  clew. 

e.  A  light  boat  for  matches. 

2.  (Gcariiuj.)  A  wheel  or  pulley  outside  the  frame 
to  receive  a  belt  or  other  driving  connection. 

3.  Of  a  crane  ;  the  jib. 

4.  The  cat-head. 

5.  (Building.)  Abeam  projecting  outwardly  from 
a  wall  to  support  a  hoisting  tackle. 

Out'side  Car.  (Vehicle.)  An  Irish  jaunting- 
car  in  wl[ich  the  jiassengers  in  two  rows  sit  back  to 
back,  with  theii'  feet  on  boards  outside  of  the  wheels. 
The  iiisii/e  variety  is  shown  under  C.4.R. 

Out-sid'er.  (Lock-smithing.)  A  pair  of  nippers 
^\  ith  semi-tubular  jaws,  adapted  to  enter  a  keyhole 
and  grasp  the  pin  of  a  key,  so  as  to  turn  it  and  un- 
lock the  door  fi'om  the  outside. 

Out'side  Belly-band.  (Harness.)  An  extra 
Ijelly-liand  used  on  single  harness,  to  prevent  the 
thills  rising  too  high. 

Out'TJVorks.  (Fortification.)  Works  included 
in  the  defense  of  a  place,  but  outside  the  parnpet. 
Dclaclud  works  are  beyond  the  glnci.% 

Ou-vreaux'.  (Glass.)  The  peep-holes  of  a  plate- 
glass  fnraai'e. 

O'val  Chuck.  A  chuck  invented  by  Sharp,  for 
oval  iir  elliptic  turning.      See  CirrcK. 

O'val  Com'pass.  A  compass  for  describing 
ovals.      See  Eli.[Psci(;k.\ph. 

O'val  File.     A  file  whose  cross-section  is  ellipti- 


cal or  oval.  Used  sometimes  as  a  gulleting  tile. 
Called  by  the  French  lirius  a  double  dos. 

Ov'en.     A  chamber  in  which  objects  are  baked 
by  artificial  heat. 
"  The  division  may  be  made  into  these  kinds  :  — 

1.  Domestic.  4.   Glass-annealing. 

2.  Baker's.  5.    For    clay    and    ceramic 

3.  Metallurgic.  ware. 

The  oven  of  the  Society-Islanders  is  a  pit  in  the 
gi'ound  paved  with  large  stones,  over  which  a  fire  is 
liglited.  When  the  stones  are  hot  enough,  the  em- 
bers are  removed,  the  stones  covered  with  green 
cocoa-nut  leaves,  the  dressed  pig  wrapped  in  plan- 
tain-leaves, placed  in  the  hole,  antl  covered  with 
hot  embers,  on  which  are  placed  bread-fruit  and  yams 
wrajiped  in  plantain-leaves.  Captain  Cook  said  it 
was  the  best  mode  of  cooking  he  ever  saw.  It  is  a 
pity  that  he  was  afterward  subjected  to  it.  He  was 
sent  by  the  English  government  to  the  South  Seas  to 
observe  a  transit  of  ^'enus,  and  was  killed  and  eaten 
by  the  natives  of  (Jwhyhee,  Feliruary  14,  1779. 

The  early  Eg^'iitian  oven  was  a  crock  sunk  in  the 
ground  and  heated  by  a  fire  built  inside.  To  the 
sides  of  the  crock  wet  lumps  of  dough  were  attached 
and  baked  by  the  heat.  It  explains  how  the  frogs 
with  which  Egypt  was  plagued  came  into  the  otriis. 
The  cannibals  of  the  Feejee  Islands  make  a  hole  in 
the  ground,  and  jilaee  therein  the  meat  (bcd-olo,  long 
pig,  as  they  called  a  human  carcass)  and  heated 
stones,  covering  all  with  leaves.  The  Piocky  Jloun- 
tain  Indians  collect  the  grasshoppers  in  pits,  and 
there  cook  then]  w  ith  heated  stones.  These  are  prini  • 
itive  ovens,  and  with  certain  variations  may  be  I'ound 
among  most  barbarous  nations  and  among  some  who 
have  retained  iirimitive  customs. 

1.   The  domestic  ovens  are  of  three  kinds  :  — 

a.  Stove  ovens. 

b.  Dutch  ovens,  so  called. 

c.  Out-ovens,  heated  by  fuel.  These  resemble  the 
baker's  ovens. 

a.  Store  orens  are  usually  a  part  of  the  stove,  and 
vary  in  their  posi- 
tion with  the  .shape  Fig.  3441. 
and  capacity  of  the 
stove.  Several 
forms  are  shown 
under  Co  ok  in  G- 
STOVE,  p.  615. 

The  oven  of  the 
range  is  alongside 
the  fire-chambei',  as 
in  Fig.  1435,  p. 
614'.  See  also 
Range. 

The  elevated  oven 
is  a  chamber  sur- 
rounded by  a 
spreading  or  en- 
largement of  the 
flue,  as  in  Fig. 
3441.  SeealsoFig. 
1439,  p.  615. 

Another  form  is 
an  oven  combined 
with  a  heating 
stove,  some  varie- 
ties of  which  are 
known  as  "parlor  Elevated  Ocen. 

cook.s."     Fig.  3442 

is  an  instance,  in  which  the  cast-iron  fire-chamber 
is  surmounted  by  a  cap,  and  the  latter  by  a  cylin- 
drical casing  containing  an  oven  encompassed  by  the 
caloric  current.  It  combines  in  small  compass  heat- 
ing and  cooking  arrangements. 
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Fig.  3142. 


Heating  Stove  with  Oven* 


h.    The  Dutch  oven,  ! 
soealled, isot'twokinJs.  I 
One  is  ii  skiUct  or  bak'-  j 
rng-j7ot,  uscil  in  cooking 
by   wood   coaU   on  the 
)iearth,    the    iron    ]iot ' 
being  set   upon   a  bed 
of  hot  coals  and  othei'S 
piled  on  to  its  lid. 

The  other  form  is  a 
sheet-metal  ati'air  placed 
in  fiont  of  a  lire  in  a 
grate,  so  as  to  cook  by 
radiation  from  the  open 
fire,  the  closed  back  of 
the  chamber  keeping  in 
the  heat.  SeeFig.  1S09, 
p.  765. 

c.  The  out-oven,  as  it 
is  called,  was  commoner 
aforetime  than  now.  It 
is  so  called  because  built 
outof doors;  notahousc- 
oTen.  It  has  a  domed 
chamber,  is  built  of  brick,  and  is  heated  by  means 
of  light  wood  or  sticks  burned  inside.  The  bricks 
having  been  well  heated  by  the  fire  inside,  the  ashes 
and  embers  are  raked 
Fig.  3443.  _j^  j^  out,  the  floor  swept, 
and  the  batch  of  dough 
loaves  introduced  by  a 
peel,  which  is  a  flat 
wooden  shovel  with  a 
long  handle.  The  door 
is  theu  closed.  The  re- 
sult is  very  satisfactory 
when  good  material 
J  meets  with  good  man- 
agement. The  illus- 
tration sliows  a  form 
with  a  front,  back  flues, 
damper,  a  rake-hole  for 
the  embers,  and  an  ash- 
pit beneath. 

Loaves  found  in  a 
Pompeian  bakery  indi- 
cate that  tile  name  of 
the  meal,  wheat,  rye, 
beans,  etc.,  wasstamped 
on  bread.  Among  the  recent  discoveries  in  a  baker's 
oven,  so  hermetically  sealed,  says  Marc  Monnier,  that 
not  a  particle  of  volcanic  ashes  had  entered,  there 
were  eighty-one  loaves,  whole,  hard,  and  black,  found 
just  as  they  had  been  placed  on  the  ■2.3d  of  Novem- 
ber, \.  D.  79.  Enchanted  with  the  discovery,  Fio- 
relli  himself  climbed  into  the  oven  and  took  out  the 
precious  relics  with  his  own  hamls.  Most  of  them 
weigh  about  a  pound,  are  round,  depressed  in  the 
center,  and  divided  into  eight  lobes.  Loaves  pre- 
cisely like  them  are  still  made  in  Sicily. 

2.  The  baker's  oven.  a.  Until  lately,  and  even 
now  in  many  places,  this  was  but  an  extension  of 
the  one  last  described  ;  the  additional  capacity  en- 
abling it  to  act  upon  a  larger  quantity,  and  the 
larger  size  requiring  greater  skill  in  the  building 
and  the  mode  of  conducting  and  using  the  heat 
economically.  Some  ovens  of  this  kind  are  heated 
by  steam. 

b.  The  reel-oven.  This  has  a  series  of  pans  or 
trays  suspended  from  the  periphery  of  a  skeleton 
cylinder,  or,  as  it  were,  from  the  s]>okes  of  two 
wheels  keyed  on  to  the  same  shaft.  Tlie  pans  are 
preserved  in  a  horizontal  position  by  means  of  sus- 
pending each  from  a  point  above  its  center  of  grav- 


Reel-  Oven. 


ity  (Ball,  September  23,  1856  ;  McKeuzie,  May  1, 
I860  ;  Coburn,  January  30,  1872) ;  by  a  suspended 
weight  beneath  the  pan  (B.all,  July  "l 9,  1870);  by 
radius  rods  like  those  of  a  feathering  paddle-wheel 
(McKenzie, 
June  6,  1871). 
The  reel- 
oven  is  shown 
in  Fig.  3444. 
The  rate  of 
revolution  is 
such  that  a 
loaf  is  baked 
during  one 
revolution.  As 
a  pan  comes 
opposite  the 
mouth  of  the 
oven,  the 
baked  loaf  is 
taken  off  and  a  loaf  of  dough  placed  upon  it.  The 
pans  are  hung  to  radial  arms  jnojecting  from  a  ro- 
tating drum  which  reflects  heat  upon  the  top  of  the 
matters  con- 
tained in  the  Fig.  3445. 
pans.  Flues 
within  the  oven 
have  dampers  by 
which  the  escape 
of  heat  to  the 
chimney  may  be 
permitted.  Tlie 
work  is  thus  con- 
tinuous, the  door 
being  closed  in 
the  intervals  of 
taking  off  the 
bread  and  put- 
ting on  the 
dough  as  the 
pans  arrive  in 
succession  oppo- 
site to  the  doorway.  The  reel  is  turned  by  a  wheel 
on  the  axis  which  extends  outside  the  wall  of  the 
oven. 

c.  The  travel-  Fig.  3446. 
ing-apron  oven  is 
another  form  of 
c  0  n  t  i  11  u  0  u  s  1  y 
working  oven.  In 
Crumbie's  oven, 
April  9,  1872, 
shelves  are  sus- 
pended from  a  se- 
ries of  traveling 
axles,  which  are 
connected  by  an 
endless  chain  of 
bars  and  caused  to 
travel  in  an  ellip- 
tical path,  pre- 
senting the 
shelves    consecu- 

'  tively  at  the  oven 

!  door,  as  described 
just  above.  An 
endless-apron  ov- 
en was  patented 
by  Deneale  in 
1806. 

d.  An  endless 
ehnin  with  sus- 
pended trays,   traveling  in  a  tall  vertical  flue,   is 

I  shown  in  Jennison's  patent,  February  1,  1859. 
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e.  The  rotanj  hearth  is  a  eiiL'ular  Hoor  liaviiig  a 
cogged  vim  or  a  stem  with  a  gear-wlieel  uiion  it. 

Fig.  3445  is  an  illustration  of  the  former,  and  Fig. 
.3446  of  the  latter.  In  each  case,  the  Hoor  for  the 
bread  is  in  a  dome-roofed  chamber,  heateil  from  the 
furnace  beneath.  The  oven  usually  forms  a  part  of 
the  Hue,  the  heated  gases  from  the  fire  passing  into 
and  tlirough  the  oven.  The  lower  part  of  Fig.  3446 
shows  the  duplicate  arrangement  of  fireplace  and 
the  distribution  of  the  heat. 

3.   .Vclallurgic  ovens.     These  are  of  two  kinds. 

a.  Boasting  oivh.s,  which  may  be  projjerly  termed 
furnaces,  as  in  the  example,  where  pyrites  or  arsen- 
ical ores  are  exposed  to  a  calcining  heat  by  which 


Metallitrgtc  Roasting-Ovfn. 

they  are  rendered  friable,  the  metallic  portion  being 
o.\idized   and  converted  in  a  calx.     See  also  Ore- 

CALCIN'ING  Fl'RXACE  ;    Ro.A.STING-FrRX.-VCE. 

b.  The  annealing  oven,  in  which  iron  articles  are 
brought  to  a  heat  below  fusiun-point  and  then  al- 
lowed to  cool  gradually,  so  as  to  decarbonize  them 
and  remove  the  brittleness  of  their  ordinary  "cast- 
iron  "  condition.  See  M.\lle.4.ele-iron  Furnace  ; 
Anxealing-fi'knwce,  Fig.  2.il,  p.  114.  See 
also  Annealing,  pp.  110-114. 

Other  heating-chambers  may  be  termed  ovens  : 
sui-h  as  the  axsaij-furnace.  Fig.  395  ;  the  muffle-fur- 
nave  ;  the  valcanizing-fttrnace,  etc. 

4.  The  glass-annealing  oven  is  a  chamber  in  which 
blown,  pressed,  or  rolled  glass  is  placed  to  allow  it 
to  cool  slowly,  in  order  that  the  particles  may  ar- 
range themselves  in  a  static  condition,  not  liable  to 
fracture  and  fly  to  pieces  upon  slight  provocation. 
See  Annealing,  p.  110  ;  Leer. 

5.  Porcelain  oven.  The  tiring-kiln  of  the  porce- 
lain manufacture.  The  ovens  are  conoidal  structures 
of  brick,  22  feet  in  diameter  and  18  to  21  feet  liigh, 
and  are  clustered  around  a  brick  building  of  similar 
structure,  but  larger,  called  a  hovel. 

The  ovens  are  heated  by  fireplaces  or  mouth.'i, 
about  9  in  number,  built  around  them.  Flues  in 
connection  with  these  converge  under  the  bottom  of 
the  oven  to  a  central  opening,  drawing  the  flames 
to  this  point,  where  they  enter  the  oven  ;  other  tines, 
termed  bags,  pass  up  the  internal  sides  to  the  hight  of 
about  4  feet,  conveying  the  flames  to  the  upper  part. 
See  Porcelain  ;  Pottery. 

O-ver-cast'ing.  1.  (Bookbinding.)  The  doub- 
ling of  an  edge  of  a  single  leaf  or  plate  to  be  sewed 
in,  so  as  to  give  a  hold  to  the  thread. 

2.  (Sewing.)  Laying  two  edges  of  cloth  togetiier 
and  whipping  tliem  by  a  thread  which  goes  over  and 
over.  Used  to  prevent  raveling  of  the  edges  of  two 
fabrics  sewed  together. 

O'ver-check.     See  Over-check  Bridle. 

O'ver-check  Bri'dle.  (Harness.)  A  driving- 
bridle  having  a  rein  passing  over  the  head  of  the 
horse,  so  as  to  draw  the  bit  upward  into  the  angle 


Fig.  3448. 


Over- Chtck  Bridle. 


of  the  horse's  mouth.  In  the  example,  branch  reins 
are  attached  to  each  end  of  the  driving-reins,  one 
branch  answering  for  a  gag-rein,  passing  over  the 
horse's  head  to  the  ring  of  the  snaffle-bit ;  the  other 
branch  connects  to  the  same  ring  of  the  bit.  The 
devices  coiTespond  on  each  side. 

O'ver-check  Rein.  (Harness.)  A  rein  pass- 
ing over  the  liead  of  the  horse  to  tlie  bit,  so  as  to 
pull  upward  upon  the  bit  when  drawn  ujion.     The 


Fig.  3449. 


Over-  Check  Rein. 


example  sliows  one  which  has  an  additional  or  safety 
rein  which  leads  through  the  runners  to  the  rings  of 
the  usual  bit,  and  also  draws  upon  the  orer-chcck 
rein  G ;  this  is  connected  fo  a  separate  bit  F,  which 
is  thereby  pulled  ujiward  against  the  palate. 

O'ver-flo'w-ba'sin.  One  having  a  pipe  to  con- 
vey away  e.xcess  of  water  and  prevent  it  running 
over  the  brim.  In  the  example,  the  overflow  holes 
are  near  the  bottom,  but  communicate  with  an  up- 

Fig.  3450. 


Overfiow-Basin. 

wardly  bent  pipe  to  allow  the  basin  to  hold  water 
up  to  a  given  level. 

O-ver-haul'.  (Xantical.)  To  extend  the  blocks 
of  a  tackle  from  each  other  and  slacken  the  fall, 
that  it  may  render  through  the  blocks.     7o  fleet. 

O-ver-head'-crane.  One  which  travels  on  ele- 
vated beams  in  a  foundry,  machine-shop,  or  on  high 
scaflblding  above  a  structure.  The  crab  travels  on 
wheels,  and  the  object  is  suspended  from  chain-tackle 
beneath.     See  also  Steam-crane. 
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Fig.  9451. 


Overhead-  Crane. 


Ocerhtad  Driving- G^ar, 


O-ver-head'-gear.  Driving-ne.ir  alwve  the  ob- 
ject driveu,  as  in  the  mortar-mill,   Fig.  3452,   in 

which  the  bev- 
Fig.  3452.  g  el  gearing  driv- 

ing the  rolls  of 
the  Chilian  mill 
are  placed  over- 
head, in  contra- 
distinction to 
such  a-s  receive 
the  impulse 
from  below,  as 
in  Figs.  146  and 
147. 

O  -  V  e  r  - 
head'-mo'- 
tion.  (Turn- 
ing.) A  frame 
attached  to  the 
liench  of  a  lathe,  and  rising  to  a  liight  about  a  foot 
above  the  head  of  the  workman.  It  supports  a  spin- 
dle on  which  is  a  jmlley  driven  by  a  band  from  the 
fly-wheel ;  another  pulley  on  the  same  spindle  car- 
rying a  baud  which  passes  down  to  the  pulley  on 
the  spindle  of  the  eccentric  cutter.  The  latter  spin- 
dle, to  whose  end  the  work  is  chucked,  is  stationary, 
while  the  cutter  is  revolved. 

O-ver-head'-rein.  One  which  passes  over  the 
hoi-se's  head,  between  the  ears,  and  down  the  front 
of  the  face  to  the  bit,  so  as  to  pull  the  latter  up  into 
the  angle  of  the  mouth,  inst -ad  of  pulling  squarely 
against  the  jaw.     See  Ovf.r-chei  K  Kkin'. 

O-ver-head'  Steam-en'gine.  An  engine  in 
which  the  cylinder  is  above  the  crank,  the  thnist 
motion  being  downward.  Xot  an  uncommon  form 
with  trunk  an^l  oscillating  engines. 

O-ver-heat'ing-pipe.  (Sleam-engint.)  A  pipe 
through  which  steam  is  caused  to  pass  in  oitler  to  be 
su]ierlieated. 

O-ver-lap'-joint.  One  in  which  the  parts  lap 
upon  each  otlier.  in  contradistinction  to  a  butting- 
joint,  in  which  the  edges  merely  are  in  contact.  See 
AxGLE-.JOiNT,  for  a  number  of  ilhustrations  in  which 
overlapping  portions  are  joined  by  solder  or  by  bend- 
ing over  upon  each  other. 

O'ver-lay.  {Print inrj.)  X  piece  of  paper  pasted 
upon  the  tympan-sheet  at  a  spot  where  the  impres- 
sion is  desired  to  be  dark  and  effective.  This  is  used 
to  bring  out  the  darker  parts  of  the  engraring,  while 
the  lighter  portions  are  partially  lelieved  of  pivs.sure 
by  cutting  out  the  tympan-sheet  over  such  places. 

It  is  also  used  to  obtain  a  proper  impression  of  the 
low  part  of  a  fomi. 

O-ver-reach'ing  de-vice'.    {Mennrjr.)    An  at- 
tachment to  the  leg  or  foot  of  a  horse  to  prevent  the 
catching  of  the  toe  of  the  hind  foot  upon  the  heel  of 
100 


the  fore  foot  in  rapid  traveling.  See  Leg  and  Foot 
Guards  for  Houses. 

O-ver-sail'ing.  {Architecture.)  Projecting  be- 
yond the  genera!  face, 

O-ver-seam'ing.  {Sein'ng.)  Another  name  for 
overcasting,  in  which  the  edges  of  two  pieces  of  cloth 
are  laid  together  and  whipped  over  and  over,  to  pre- 
vent raveling. 

O'ver-shave.  {Coopering.)  A  jointer  having  a 
concave-edged  bit,  on  which.the  backs  of  staves  are 
dressed. 


O'ver-shoe.    1.  An 

india-rubbershoe  to  pro- 
tect the  usual  foot-cov- 
ering while  walking  in 
muddy  streets.  A  go- 
loshe. 

2.  A  shoe  of  buffalo 
hiile,  hair  inward,  used 
in  sleighing  or  winter 
traveling. 

O'ver-shot-vrheeL 
A  foira  of  water-wheel 
in  which  tlie  water  flows 
upon  or  near  the  top  of 
the  wheel,  as  in  Fig. 
3453.  I  tacts  principally 
by  gravity,  though  some 
effect  is  of  cour-se  due 
to  the  velocity  with 
which  the  water  ar- 
rives. Some  overshot- 
wheels  have  a  circular 
rack  or  cogged  rim  near 
the  periphery,  so  as  to 
bring  the  body  of  water 
in  close  proximity  to  a 
pinion  which  communi- 
cates the  motion  to  the 
machinery.  In  such 
cases,  the  frame  of  the 
wheel  is  a  skeleton, 
comparatively  light. 
In  ordinary  cases,  the 
wheel  is  united  by  the 
usual  arms  or  spokes  to 
an  a.xis  which  forms  the 
main  driving-shaft. 

The  upper  ligureshows 
a  large  wheel  of  the  lat- 
ter de.scription. 

O'vo-lo.  -A.  mold- 
ing whose  profile  is  a 
quarter  of  a  circle  :  or, 
in  the  Grecian,  a  por- 
tion of  a  cvcloid. 


Fig.  3453. 


Overshot  Water-Wieet, 
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A  (niai'ter-roiinLl.     See  Moldin'O. 

O'vo-lo-plane.  (Joinery.)  A  joiner's  plane  for 
working  ovolo  iiioklings  on  sash,  or  elsewhere. 
Ovolo  routers  are  made  like  siiokeshaves,  to  work  in 
cireular  sash-frames. 

Ox-boiw.  (Hmbmuirtj.)  The  bent  pieee  of 
wood  whieh  passes  under  the  neek  of  the  ox.,  the 
upper   ends   passing   through   the  yoke.     See   O.v- 

YOKK  ;    YliKE. 

Ox-brake.  The  ox-brake  resembles  that  used 
for  shoeing  refractory  horses,  and  consists  of  a  stall 
where  the  neck  is  conhned,  straps  to  hold  the  ani- 
mal sus]iended  if  he  prove  sullen  and  attempt  to  lie 
down,  and  posts  and  bars  to  which  the  feet  are  lashed 
for  shoi'inij.     See  n.  Fig.  3456. 

Ox-eye.     (Bidhliiuj.)     Au  oval  rfornicr-window. 

Ox'i-diz-ing-fur'nace.  (MetaHunjy.)  A  fur- 
nace for  treating  ores  or  niHtallic  substances,  in 
which  the  material  is  exposed  to  an  excess  of  air, 
tlie  oxygen  of  which  unites  with  the  metal,  forming 
au  oxide.  With  ores,  it  may  be  siud  to  be  roasting 
with  an  excess  of  air.  The  term  is  somewhat  gen- 
eral, and  to  speak  of  oj:/V/tc/»^-furnaees  is  a  mode  of 
stating  chemically  the  action  of  certain  furnaces 
under  given  conditions  of  access  of  air.  The  same 
furnace  might  be  a  )-c<?(tc((i(/-furnace  were  the  air 
mori!  nearly  shut  off.  A  reducing  flame  is  one 
which  h;i«  an  (excess  of  gsises,  and  abounding  in  car- 
bon, the  effect  of  which  is  to  take  up  the  oxygen 
from  the  material,  rcdtuiiig  it.     A  neutral  furnace 


Fig.  »154. 


Fig.  9455. 


by  fire  in  the  furnace  beneath,  and  particles  carried 
over  aie  cauglit  in  the  upjier  or  lower  chamber,  ac- 
cording to  their  relative  gravity. 

Fig.  3455  is  a  form  of  oxidizing  and  desulphur- 
izing furnace  for  the  treat- 
ment of  auriferous  pyrites 
and  other  sinular  ores  witli 
the  gases  formed  by  decoin- 
posingsteam  or  superheated 
steam.  The  coal  is  placed 
in  an  ordinary  fire-box,with 
grate-bars,  so  as  to  allow 
a  good  draft  of  air  to  su[>- 
port  coniUustion.  Stciim 
from  a  boiler,  which  may 
be  heated  by  the  waste 
gases  of  the  fui'uace,  is 
brought  into  the  incandes- 
cent coal  in  the  tire-box. 
The  resulting  gases  are 
passed  into  the  chamber 
containing  tlie  ore  to  be 
treated.  For  the  purpose 
of  regulating  the  tempera-  Oxidizing  and  Desulplmriz- 
ture   of  the"  gases  in  the  '"?  ^"'•"'■"■ 

orfe-chamber,  and  to  assist  in  oxidizing  the  metals, 
an  additional  sujiply  of  steam  is  passed  into  the  ore- 
chamber  without  being  passe<l  through  the  tire-box. 

Ox-shoe.    Among  the  Orientals  oxen  to  be  shod 
are  thrown,   and  their  four  feet  drawn  up  into  a 

Fig.  3456. 


I  ro!i-ifig  Oxidizin^-Fumace . 


is  one  in  which  there  is  enough  of  air  admitted  f<n' 
perfect  combustion  of  the  fuel,  and  no  more  ;  the  etiect 
is  therefore  nil  as  regards  the  r(uestion  of  reducing 
the  oxide,  or  oxidi-iif/  the  metal. 

Au  illustration,  from  among  many,  may  be  drawn 
from  the  process  of  puddling  iron.  The  flame  is 
first  au  oxidizing  tlame  with  au  excess  of  air,  the 
oxygen  uniting  with  the  carlion  of  the  metal  to  con- 
vert it  into  relatively  pure  iron  ;  a  rcdiu-ing  flame  is 
then  allowed  for  a  while,  the  fuel  being  in  excess, 
and  carbonaceous  gases  going  over  to  reduce  the 
oxide  ;  after  this  air  in  moderate  degree  is  admitted, 
the  fire  burning  clear  and  consuming  the  fuel  per- 
fectly, as  near  as  may  be,  the  flame  being  ^leutral 
and  merely  heating  ttlie  iron. 

In  Fig.  3454  "is  shown  an  oxidizing  furnace,  in 
which  tl>e  ores  are  loUed  over  and  over  to  expose 
them  more  I'ully  to  the  action  of  the  air.  The  re- 
volving chamber  has  liollew  trunnions  open  at  one 
end  to  tlu^  air,  and  at  the  other  communicating  with 
the  chimney.     The  material  on  chamber  A  is  heated 


Ox-Slioes  and  Brake  for  Skotin^. 

bunch  by  cords.  The  animal  being  then 
helpless,  the  operation  is  completed  at  lei- 
sure. 

An  ox-shoe  consists  of  a  flat  piece  of  iron  with  five 
or  six  holes  near  its  outer  margin  to  receive  as  many 
flat-headed  nails,  whereby  it  is  secured  to  the  hoof. 
The  shoe  b  reiiresented  has  a  projecting  fla|i,  which 
is  bent  into  the  cleft  of  the  foot  and  flattened  up 
against  the  inside  of  the  hoof,  to  assist  in  keeping 
the  shoe  in  place.  This  projection  is  not  always 
employed,     e  d  are  also  forms  of  ox-shoes. 

Ox-y-cal'ci-um-light.  One  produced  by  a  jet 
of  oxygen  gas  Ibrci'd  through  the  flame  of  au  alco- 
hol lamp  on  to  a  piece  of  lime.  This  light  will  ex- 
hibit the  usual  paintings  on  a  screen  10  or  15  feet 
in  diameter  witli  very  brilliant  efl'ect.  It  is  not  so 
brilliant  as  the  oxyh'ydrogen  light,  but  it  is  nuich 
safer  to  manage.  The  api>aratus  is  less  Indky,  troub- 
lesome, and  expensive.  The  light  is  equal  in  bril- 
liancy to  ten  argand-lanips  of  ordinary  dimensions. 

See  also  Calcium-light  ;  Dkummonu-light  ; 
OxYiiYiiuooEN  Light. 

Ox-y-ge-na'tor.  A  contrivance  for  throwing  a 
stream  of  oxygen  into  the  flame  of  a  lamp. 
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Fig.  3157. 


Oxycalcittm-Light. 


Ox'y-gen- 
gas      Ap'pa- 

ra'tus.  O.xy- 
geii  gaswasrtrst 
tliscoveieJ  by 
Dr.  PriestlyAu- 
gust  1,  1774. 
Scheelcand  La- 
voisier appear 
to  have  made 
tlie  discovery 
independently 
very  shortly  af- 
terward. 

Dr.  Priestly 
fii'st  olitained 
the  gas  by  heat- 
ing red  ]ireeipi- 
tale  (red  o.\ide 
of  mercury, 
HgO)  to  a  tem- 
perature of  752° 
Fah.,  by  which  the  o.\ygen  is  expelled  from  this  com- 
pound. Lavoisiei'  veiilied  the  result  liy  boiling  mer- 
cury in  a  given  ([uantity  of  air,  thus  forming  red  pre- 
cipitate. Scheele  obtained  oxygen  while  engaged  in 
experimenting  upon  some  of  the  ores  of  ujanganese. 
It  may  he  readily  obtained  liy  heating  chlorate  of 
potash,  mixed  with  J  or  J  its  weight  of  black  oxide 
of  manganese,  in  a  glass  vessel  to  a  temi)erature  of 
450°  or  500°  Fah.,  and  collecting  over  a  water-bath. 
This  process  is,  however,  rather  expensive. 

At  the  London  Polytechnic  Institute,  where  large 
quantities  are  nsed  for  tlie  oxyhydrogen  light,  it  is 
procured  Ijy  heating  black  oxide  of  manganese 
(MuOi)  in  wrought-irou  bottles;  two  equivalents  of 
the  gas  are  liberated  from  each  three  molecules  of  the 
oxide,  leaving  MuiOj,  or  red  oxide  of  manganese. 
A  pipe  is  attached  to  the  ujqjer  part  of  each  bot- 
tle, through  which  the  gas,  after  being  puritie<l  by 
passing  through  a  sinqile  washing  ajiparatus,  is  de- 
livered into  a  copper  gasometer.  The  pure  oxide 
should  yield  i  its  weight  of  tlie  gas,  but  in  practice 
rarely  more  than  half  that  amount  is  obtained. 

Fig.  3458  illustrates  an  apparatus  for  oljtainiug 
o.xygen  gas  from  permanganates  by  means  of  steam. 

A  is  the  boiler  from  which  a  current  of  steam  is 
forced  by  the  pipe  D  into  the  retorts  F,  extracting 

Fig.  3458. 


lii|ie  ;    part   of  its  oxygen   combines  with   the   ex- 
I  liaiisted  manganate,  forming  a  permanganate  which 

is  treated  as  before. 
j      Archereau's  apparatus  comprises  a  cupola  of  tire 
,  clay,  inclosed  in  a  leaden  shell  within   which  sul- 
phuric acid  is   decomposed   by  exposure  to  an  ex- 
'  tended  heating  surface  formed  by  iron  bars.     The 
njingled  sulphurous-acid  gas  and  oxygen  are  passed 

Fig.  3459. 


Phillips^s  Oxygen-Gas  Apparatus. 


a  portion  of  the  oxygen  therein  contained.  The 
steam  current  then  passes,  carrying  the  oxygen  with 
it  into  the  comlenser  H,  where  the  steam  is  condensed, 
the  oxygen  being  conveyed  through  the  pipe  /  into 
the  reservoir  J. 

To  assist  the  process,  a  partial  vacuum  is  formed 
in  the  retorts  by  a  pi|ie  E  on  the  GiH'ard  injector 
principle.  When  all  the  oxygen  capable  of  being 
extracted  is  liberated,  the  steam  is  shut  olf  and  a 
fresh  portion  of  air  admitted  through  an  appropriate 


Arcltereau^s  Oxygen-Gas  Apparatus. 

through  a  washer,  where  part  of  the  acid  is  aVisorhed, 
the  remainder  being  condensed  by  passing  through 
a  worm  in  a  condenser. 

In  the  process  of  Du  Motay  and  Marechal,  oxygen 
is  derived  from  the  reactions  between  sulphuric  acid 
and  the  oxides  of  various  metals,  which  readily  part 
« ith  a  proportion  of  this  gas  and  leabsorb  it  from 
the  atmo.^phere  ;  the  sulphurous-acid  gas  and  oxygen 
liberated  by  this  piocess  are  passed  through  a  vessel 
containing  oxide  or  carbonate  of  mag- 
nesia, which  is  converted  into  a  sulyihite ; 
this  is  decomposed  by  heating,  and  the 
sulphurous  acid  which  escapes  is  con- 
verted into  sulphuric  by  treating  with 
steam,  aii;  or  nitro\is  gas,  the  uiag- 
nesian  com])ouml  being  again  ready  for 
use.  The  patent  also  eniliiaces  means 
for  procuring  oxygen  by  heating  such 
compounds  as  ]iermanganates,  chro- 
inates,  and  ferrates,  which  are  reo.xidated 
at  a  lower  temperature. 

In  Mallet's  process,  snb-chloride  of 
copper  is  transformed  by  the  air  into 
an  oxi-ehloride,  which  parts  with  its 
oxygen  when  subjecteil  to  a  red  heat  in 
rotating  retorts  lined  with  fire-clay.  The  oxi-chloride 
is  mixed  with  15  or  20  per  cent  of  sand  in  the  retorts. 
The  oxygen  ]iasses  through  a  washing-vessel  to  the 
gas-holder.  Fresh  oxygen  is  supidied  to  the  con- 
tents of  the  retort  by  fir.st  cooling  liy  jets  of  steam, 
and  then  forcing  a  current  of  air  through  it.  For 
production  of  chlorine  and  oxygen  at  the  same  time, 
hydrochloric  acid  is  injected  in  place  of  steam. 
According  to  the  amount  of  acid  injected  oxi-chloride 
or  pure  chlorine  may  be  evolved. 


OXYHYDROGEN  BLOWPIPE. 


1588 


OYSTKR-DUEDGE. 


Ox-y-hy'dro-gen  Blo'w'pipe.  One  used  liy 
niiiu-ralogi^^t.s  ainl  ilu-iiiists  iov  rfducing  metallic- 
oi-c's  in  analyses.  Tlie  llaiiie  is  pioiUiced  by  the  com- 
bustion of  hyiliogen  f:;a.s  in  the  presence  of  an  at- 
mosphere of  o.\ygen,  with  wliieh  the  combustible 
g.is  i>  niixi-d. 

Ox-y-hy'dro-gen  Lamp.  One  in  which  streams 
of  o.vygen  and  hyarogen  in  regulated  ijuantities  are 
oomniingled,  the  resulting  ilanie  being  directed  on  a 
ball  of  fjuicklime  an<l  forming  an  e.\tremely  bright 
light  ;  now  used  very  largely  by  leetni-ers  on  science, 
to  illustrate  phenomena,  and  by  e.xhibitoi's  to  pro- 
ject pictures  upon  a  screen. 

The  body  of  the  lantern  a  is  swung  between  two 
uprights,  to  which  it  can  be  (damped  Hrmly  in  any 
position  recjuired.  Tlie  uprights  are  fastened  in  the 
top  board  of  the  stool  b,  which  can  be  rotated  in  a 
horizontal  plane  round  the  upright  tube  c,  to  direct 
a  beam  of  light  in  any  direction.  At  one  corner  of 
the  front  plate  is  the  bar  d,  carrying  tlie  lenses  e  c 
and  the  mirror  /     These  slide  on  the  bar  in  the 

i'ig.  3i60. 
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same  manner  as  the  lings  on  a  retort-stand,  and  can 
be  turned  out  of  use  in  a  moment.  The  jet,  the 
lower  part  of  which  is  seen  at  g,  slides  through  a 
collar  working  in  the  slit  at  the  base  of  the  lantern. 
The  caoutchouc  tubes  from  the  jet  pa.ss  through 
screw  pinch  tabs,  one  of  wdiich  is  seen  on  h,  and 
then  they  pass  through  the  tube  and  uiidenieath 
the  base-board,  as  seen  at  k.  The  cross-pieces  I  I 
serve  to  support  a  table  m,  on  which  apparatu.s,  such 
as  a  prism,  etc.,  can  be  supported.  To  show  mag- 
netic curves,  cohesion  figures,  or  anything  which 
rei|uires  to  be  illuminated  while  in  a  horizontal  po- 
sition, the  lantern  is  clamped  in  an  upright  position, 
sliouu  in  the  figure.  The  glass  plate  with  the 
magnet  attached  is  laid  over  the  condenser,  and  one 
or  both  lenses,  according  to  the  size  of  image  wished, 
are  brought  into  action.  The  mirror  is  then  adjusted 
to  throw  the  image  on  a  vertical  screen  h.  Should 
it  be  desired  to  direct  a  beam  downward,  as  in  show- 
ing the  refraction  of  light,  the  lantern  is  clamped 
with  the  axial  line  of  the  lenses  pointing  oldiipiely 
downward.  The  mirror  is  cither  slipped  olf  the  bar 
or  turned  out  of  the  way,  the  eros.s-pieees  and  tables 
being  removed.     For  exhibiting  ordinary  lantern- 


slides  cu-  jihotographs,  a  clip  is  attaclied  to  the  front 
of  the  lantern,  the  instrument  clamped  in  a  horizon- 
tal position,  and  the  slides  then  exhibited  in  the 
usual  manlier. 

Ox-y-hy'dro-gen  Light.  A  light  of  intense 
brilliancy  ])roduced  by  tlie  combustion  of  lime  in 
the  llaine  of  a  combined  jet  of  o.xygen  and  hydrogen 
gases. 

See  Calcu"m-lii:iit  ;  PRirMMOND-LlGiiT. 

Ox-y-hy'dro-gen  Mi'cro-scope.  A  microscope 
in  wliich  the  obji-i  t  is  illuminated  by  the  Hanie  on  a 
piece  of  lime  or  niarlile  under  the  action  of  the  com- 
pound blowpipe.  The  lime  is  placed  in  front  of  a 
concave  mirror,  and  the  object  between  this  and  a 
convex  lens,  by  which  its  image,  highly  magnilied, 
is  thrown  upon  a  screen  so  that  it  may  be  visible  to 
any  number  of  sjieetators  at  once. 

Ox-yoke.  The  means  whereby  a  steer  is  fas- 
tened to  the  tongue  of  the  cart  or  wagon.    It  usu.illy 


Fig.  S461. 


rests     u]ion     the 
neck,  but  the  bar 
strapped     to    the 
forehead    or    poll 
goes  by  the  same 
name.     It  is  u.su- 
ally  of  the,  shape 
shown     in     Fig. 
3461,  and  is  held 
in  place  by  bows. 
The  bows  are  held  in  place  by  keys  which   pass 
through  holes  in  the  bows  and  rest  upon  the  top  of  . 
the  yoke  ;  or,  as  in  the  example,  the  hinged  metal- 
lic plate  engaging  in  a  notch  in  the  bow  retains  the 
same  and  oljviates  tlie  use  of  a  key. 

Fig.   346"2  shows  a  yoke  with  hanus  instead  of 
hows.      The  haiiies  are  pi\-oted  at  their  upjicr  ends 

Fig.  3462. 


Ot-  Yoke  with  HanifS. 


to  the  yoke,  and  fastened  at  the  lower  ends  by  straps. 
See  also  Yokf,. 

Oys'ter-dredge.      A    rake    and    drag-net    for 
gathering   oysters   from   the    beds.     The  dredge  is 


Fig.  3463. 
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tliro«ii  oveibnarJ  and  dragged  by  a  sail-boat  over 
th«  oysti-r-beils.  It  is  then  hauled  up  liy  tackle  and 
drawn  on  board  over  a  roller  on  the  gunwale  of  the 
boat. 

A  stout  bag  is  fctened  to  trail  behind  the  bow 
of  the  drag  and  catch  the  oysters  upturneil  by  the 
rake.     See  also  DitEDGE. 

In  olden  times,  the  edible  oyster  was  dived  for, 
as  the  pearl-oysters  now  are. 

' '  Oysters  lie  at  the  bottom  of  the  sea .  and  one  caDnot  get  at 
theui  by  any  other  means,  except  by  dirinj?  to  the  bottom."  — 
AthenjEus;  EpiT,,  B  1.22. 

He  also  iiuotes  Homer  as  saying,  — 

"  An  active  man  is  he,  and  dives  with  ease  " 

(IliiD,  XVI.  745), 

in  reference  to  a  man  who  gathered  them  fast  enough 
to  keep  several  persons  supplied. 

Epicharnius,  in  the  "  JIarriage  of  Hebe,"  says  :  — 

Bring  '*  oysters  with  closed  shells, 
Which  are  very  difficult  to  open,  but  very  easy  to  eat." 

The  pearl-oyster  of  the  Iiulian  0.  van  is  mentioneil 
by  Tlieophrastus  and  Atheuieus,  who  sjieak  of  it  as 
a  precious  stone  resembling  a  large  hsh's  eye,  and 
that  e.vpensive  necklaces  are  made  of  them  for  the 
"Persians,  Medes,  and  all  Asiatics."  Theophiustus 
says  :  — 

"  They  are  engendered  in  the  flesh  of  the  oyster,  just  as 
measles  are  in  pork." 

The  oysters  of  Britain  were  highly  esteemed  by 
tlu-  epiciirei  of  the  Roman  Empire. 

Oys'ter-knife.  X  strongly  stocked  and  thick- 
blade.l  knife  wlii -h  is  thrust  between  the  shells  of 
the  bivalve,  being  a  case  of  forcible  entry.  In 
America,  the  power  of  the  mollusk  is  somi^what  im- 
paired by  hammering  upon  the  hinge,  but  in  Eng- 
lauil  the  knife  is  driven  between  the  shells  without 
prtniously  demoralizing  the  fortress. 

Oys'ter-o'pen-er.  An  iuveiition  of  Napier, 
England.  The  bivalve  is  laid  on  a  stake  and  a  notch 
taken  out  of  the  edge  of  the  valves  by  a  lever  knife. 
It  is  then  placed  edgewi.se  between  a  pair  of  knives, 
whilh  ore  forced  together  and  separate  the  shells. 

Oys'tsr-rake.  One  "for  raking  up  oysters  from 
their  beds.  L'sually  dragged  overboaril  by  a  sail- 
boat, and  known  as  a  lim/ijc.      See  Oysteii-DUEDOE. 

Oys'ter-shell   Crack'er.     Au    implement    for 


Fig.  1464 


boat,  being  held  in  extended  position  by  a  spring, 
and  brought  togetlier  by  the  action  of  raising,  through 


Oyster-  Cracker. 


breaking  a  notch  in  the  .shells  of  an  oyster  in  order 
to  facilitate  entrance  of  the  knife.  The  lower  jaw 
is  fixed  and  the  upper  one  brought  do«Ti  by  the 
lever  and  ]>ivoted  arm,  which  gear  together. 

Oys'ter-tongs.  An  instrument  having  two  rake- 
shaped  jaws  and  a  pair  of  hmg  handles,  to  grapple 
oysters  in  their  beds  and  lift  them  to  the  surface. 

On  a  large  scale,  as  in  Fig.  346.1,  the  grappling- 
tongs  are  suspended  over  a  beam  rigged  out  from  a 


Oyster-Tongs. 

means  of  the  toggle-rods.     The  head  is  siink  by  a 
longitudinal  bar  to  which  the  jaws  are  hinged. 

O'zone-appa-ra'tus.  Ozone  is  an  allotropic 
condition  of  oxygen,  also  called  ac/ivc  oxjigen.  It 
has  the  ]>roperty  of  decomposing  iodide  of  potassium 
with  liberation  of  iodine.  Its  odor  led  to  its  di.s- 
covery  by  Schijnbein  in  1840,  though  the  odor  which 
oxygen  acquires  by  the  passage  of  the  electric  spark 
w  as  noticed  by  Van  Malum  more  than  half  a  centuiy 
previously.  Van  Jlarnni  also  obsened  its  power  of 
attacking  mercury.  It  perhaps  nuiy  be  considered 
as  an  instable  and  extremely  active  condition  of  oxy- 
gen, having  a  density  li  times  greater  than  ordinaiy 
oxygen. 

Ozone  may  be  obtained  by  placing  a  stick  of  fresh- 
ly scraped  phosphorus  in  a  Ijottle  filled  with  air  and 
containing  sufficient  water  to  jiartially  submerge  the 
phosphorus  ;  the  vessel  is  then  closed  and  kept  at  a 
heat  of  60"  to  70°  Fall,  for  six  or  eight  hours.  It  is 
also  produced  by  passing  the  electric  s)iark  through 
o.xygen  gas  in  the  electrolytic  decomposition  of  wa- 
ter, and  by  the  slow  combustion  of  ether  caused  by 
plunging  a  heated  glass  rod  into  a  vessel  containing 
this  substance. 

According  to  0.  Loew,  ozone  may  be  obtained  by 
passing  air  thiough  the  Hame  of  a  Bunscn  burner. 
O-zo-nom'e-ter.     An    instrument   invented  by 
;  iloffatt,  for  ascei-taining  the  amount  of  ozone  in  the 
i  atmosphere. 

Paper  or  linen,  imbued  with  a  mixture  of  iodide 
of  potassium  and  starch,  is  used. 
■  A  slip  of  paper  so  prepared  is  placed  in  a  current 
I  of  air  and  protected  from  rain,  light,  and  foul  efflu- 
j  via  for  a  perioil  of  from  six  to  twenty-four  hours. 
'  By  exposure  the  paper  becomes  brown,  and  when 
I  wetted  accjuires  shades  of  color  varying  from  a  pink- 
ish-white and  iron-gray  to  a  blue.  The  paper  is 
1  compareil  with  a  luepared  chromatic  scale. 
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Pac ;  Pack.  A  moccasin  having  a  sole  turned 
up  ami  sewed  to  the  iipjier.  Tliough  now  made  of 
le.ither  of  various  kinds,  the  piic,  as  used  by  the 
Indians  of  the  Six  Nations,  for  instance,  was  made 
of  liide  boiled  in  talknv  and  wax  ;  or  of  tawed  hide 
subseiiueiitly  stulfed  with  talli)W  or  wiux. 

Pach-om'e-ter.  An  instrument  for  measuring 
the  tiiiekness  of  the  glass  of  mirrors. 

Pack.  1.  (C'ooperin/f.)  The  staves  and  headings 
of  a  cask  liooped  up  in  a  compact  bundle  for  trans- 
portation.    A  shook. 

2.  A  pile  or  l)uiidle  of  sheet-iron  plates,  for  heat- 
ing or  rolliuL;  siinuitimconsly. 

Pack'ag-iug-ma-chine'.  A  machine  for  bun- 
dling,' yarns  or  gnu{ls  into  compact  shape  for  trans- 
portation.     .V  hitniViiig-prcss, 

Pack-cloth.  Coarse  baling  material  ;  hemp, 
jute,  etc.      Guiim)-cloth. 

Pack'et  {Xaidical.)  a.  A  mail  or  passenger 
vessel  plying  between  port  and  port  at  regular  times. 

Ii.   A  vessel  employed  in  cari-ying  letters. 

Pack'et-note.  1.  A  folded  writing-paper,  9  x  11 
inches,  half  the  size  ai  picket -post. 

2.   A  sizi-  of  note-paper. 

Pack'fong.  {Alloy.)  A  Chinese  alloy  known  as 
white  cop]ier.  Copper,  40.4;  zinc,  25.4;  nickel, 
31.1).     See  Alloy. 

Pack'lng.  1.  A  contrivance  or  a  material  to 
close  a  joint.      See  PisTOX  ;   PlsToN-P.^CKINO. 

In  the  atmosplieric  engines  of  Papin,  Savary,  and 
Newcomen,  the  piston  was  packed  air-tight  by  means 
of  Hooding  its  upp,*r  surface  with  water.  Watt  ob- 
tained a  patent  for  packing  pistons  with  lubiicators 
instead  of  water,  1769. 

The  piston-rod  is  also  packed  in  its  stuffing-box. 

Various  greasy  materials  with  gaskets,  oakum, 
etc.,  are  used  in  joints  which  are  screwed  down  ; 
also  collars  of  rubber,  red-lead,  luting.  Flues  apd 
tubes  are  closed  into  the  Hue-sheets  oi-  tube-sheets 
by  riveting.  Tubes  of  cpn<leusers  by  thimbles, 
screw-joints,  or  preferably  by  Horatio  Allen's  collars 
of  pine,  which  swell  and  close  the  joint  but  allow 
expansion  and  contraction. 

2.  (Masonry.)  The  filling  in  of  a  hollow  or  double 
wall. 

3.  Air-tight  joints  for  fruit  or  jam  can-corers  are 
made  by  screwing  or  clamping  the  covers  upon  a 
gasket  of  rubber  ;   or  wax    or   resin   is  run  into  a 

crevice.     See  Fruit-jar. 
Fig.  3466.      4.   Well-tubes  are  packed  by  rubber  thim- 
bles,  inflatable  bags  filled  with  air  or  wa- 
ter, or  with  flaxseed,  which  swells  as  it  ab- 
soi'bs  water. 

Pack'ing-a'wl.  One  for  thru.sting  a 
twine  tln-ough  a  packing  cloth  or  the 
meshes  of  a  hamper,  in  order  to  fasten  the 
package  liy  a  tie. 

Pack'ing-bolt  {Slcam-engi-iu.)  A  bolt 
wliick  secures  the  gland  of  a  stulting-box. 

Packing-box.  1.  (Slnm-enijine.)  A 
steam-tight  composition  or  systems  of  parts 
around  the  ]iiston-rod  of  au  engine  wliere 
it  pas.ses  through  the  head.  A  stuffing- 
box. 

2.  A  box  for  transportation  of  merchan- 
dise. 

Pack'ing-press.      A  press  for  baling 
Packin--  cotton,  wool,  hay,  etc.      The  power,  screw, 
Awl.'    or  preferably  hydraulic,  is  applied  to  the 


platen  from  beneath,  and  the  boxes  in  which  the 
substance  is  compressed  aie  provided  with  hinges 
and  catches  so  as  to  be  readily  taken  apart  ;  these 
are  placed  one  above  another  on  trucks  with  roll- 
ers, which  are  run  under  the  press  for  compression. 


rig.  3467. 
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See 


and  withdrawn  when  the  operation  is  finished. 
B.ii.iNo-rur.ss. 

Pack'ing-ring.  (Steam-engine.)  A  ring  on  a 
piston  to  expand  against  the  inside  of  a  cylinder 
and  prevent  passage  of  steam.  The  example  shpws 
a  set  of  three  rings  in  which  the  transverse  joints 
are  kept  tight  by  au  intermediate  ring  with  inclined 
edges   so   fitted   between   two   packing-rings   as  to 

Fig.  3468. 
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Facking-Ring  for  Piston. 

wedge  them  against  the  heads  of  the  piston,  and 
pressed  outward  only  by  the  contact  of  the  packing- 
rings,  the  latter  being  expanded  by  customary 
springs.     See  Piston  ;  Piston-p.\cking. 

Pack'ing-stick.  A  voolding  stick  ;  one  used 
in  straining  a  twine  around  a  rolled  fleece  of  wool  in 
tying. 

Pack-sad'dle.  One  constrneted  for  a  pack  or 
sumpter  animal.  It  is  provided  with  hooks,  rings, 
and  straps  to  supjiort  baggage,  stores,  or  rations. 

The  pack-saddle  for  mountain  artillery  is  adapted 
for  transporting  a  light  howitzer,  with  its  carriage 
and  ammunition,  when  the  country  is  too  rough  for 
the  passagi'  of  veliicles.  For  this  purpose  the  front 
and  rear  of  the  saddle  are  made  higli,  and  in  the 
form  of  arcs  of  a  circle,  and  are  recessed  so  as  to 
readily  receive  the  howitzer,  which  is  lashed  on  the 
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Fig.  3469. 
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saddle,  muzzle  to  the  front.  The  shafts  of  the  car- 
riage are  also  lashed  on  the  same  saddle,  the  cross- 
bar resting  on  the  cascalwl  of  the  howitzer.  The 
carriage  and  wheels  are  carried  on  a  similar  saddle 
upon  the  back  of  another  mule.  The  chests  con- 
taining ammunition  are  carried  by  a  third  animal, 
one  chest  being  suspended  on  each  side  of  the  sad- 
dle.     See  S.A.DDLE. 

Pad.  1.  {Mcuwjr.)  a.  A  cushion  or  stuffing,  as 
that  beneath  a  saddle,  to  keep  the  tree  from  galling 
the  horse's  back. 

b.  A  cushion 
beneath  a  gig- 
tree  of  carriage 
harness,  as  iu 
Fig.  3469. 

c.  A  saddle 
without  a  tree. 

d.  That  part 
of  a  double  har- 
ness to  which 
the  girths  are 
attached ;  used 
in  place  of  the 
gig-saildle. 

e.  A  cap  of 
leather,  stullVd, 
buckled  over 
the    knee,     tu 

keep  that  part  from  being  grazed  or  injured  by  an 
occasional  fall.  See  Leg  and  Foot  Gl'.vuds  for 
Horses. 

2.  {Shipbuilding.)  A  piece  laid  over  a  ship's 
beam  to  give  the  camber. 

3.  {Dyriiui.)     To  impregnate  with  a  mordant. 

4.  {Stationery.)  A  soft  writing  surface,  as  a  quar- 
ter-quire of  blot- 
ting-paper, for 
instance.  A 
writing-pad. 

5.   {Surgical.) 

a.    The   bag    or 

knob  of  a  truss 

H.rnia-Pad.  which  rests  upon 

a  hernial  tumor 

and  prevents  its  projection. 

b.  A  bag  or  cushion  to  compress  or  support  a  part. 

c.  A  soft  wad  bL'tween  the  splints  and  a  fractured 
limh  to  |irevpnt  chafing. 

Pad-cloth.  A  housing-cloth,  extending  over 
the  horsi's  loins. 

Pad-crimp  Press.  {Harness.)  A  press  in 
which  damiiened  leather  is  pressed  into  shape  \m'.- 
tween  protruding  and  hollow  parts  of  a  former.  The 
respective  poitions  are  connecteil  by  a  hinge,  drawn 
forcibly  together,  pressing  the  piece  of  leather  into 
shape,  anil  are  thus  locked  until  the  leather  is  dry 
enough  to  retain  the  shape  of  the  mold. 


Fig.  3471. 


Pad- Crimp  Press. 


Pad'ding.  1.  A  method  of  calico-printing  in 
which  the  whole  surface  of  the  cloth  is  imbued  with 
a  mordant,  \ipou  which  ditt'erent  colored  figures  are 
subse(|uently  raised,  by  the  toi>ical  application  of 
other  mordants,  joined  to  the  action  of  the  dye-bath. 
Also  known  as  the  plaquagc  style. 

2.  A  cloth  worked  out  of  rags  for  stuffing  collars 
of  coats,  etc. 


{Calico-printing.) 
Fig  3472. 


Padd.'ng-Macliine. 


Pad'ding-ma-chine'.      {Calico-printing.)      An 

apparatus  for  uni- 
formly imbuing 
cotton  cloth  with 
a  mordant  in  the 
process  of  dyeing. 

The  cloth  is 
wound  upon  the 
roller  a,  and  is 
kept  tense  by  a 
weight  passing 
over  a  pulley  on 
its  axis,  and  by 
the  roller  b.  It 
passes  through 
the  dye-trough, 
under  the  roller  c, 
and  is  pressed 
against  the  half- 
round  stretcher- 
bar  d,  the  face  of 
which  has  diver- 
ging grooves  which  stretch  and  smooth  the  cloth 
previous  to  its  entiy  between  the  cylinders  c  f,  which 
are  covered  with  several  thicknesses  of  cotton  cloth. 
The  journals  of  the  roller  <;  are  fixed  in  the  upright 
standanls  g  on  either  side,  w-hile  those  of  /  admit 
of  vertical  movement  so  that  its  [ircssure  may  be 
varied  by  the  adjustment  of  the  weighted  lever  h, 
which  is  fulcrumed  at  i.  The  cloth  passes  obliquely 
between  these  cylinder.s,  and  is  linallj'  wound  upon 
the  roller  k  journaled  in  standards  pivotally  sup- 
ported in  the  arc  /,  so  as  to  allow  for  increase  of  size 
as  the  cloth  winds  upon  the  roller. 

Pad'dle.  1.  The  water-door  iu  a  lock-gate  or 
sluice.      A  dough. 

2.  A  float  or  hoard  of  a  paddle-wheel. 

3.  A  small  scull  for  jirnpelling  a  boat  or  canoe. 
A  short  oar,  used  without  tieiiig  shij>ied  in  a  row- 
lock. 

4.  An  iron  bar  or  blade  for  stining  oie  in  a  fur- 
nace. 

5.  A  Ijot  or  pallet  for  working  in  plastic  material. 

6.  A  shovel  or  scoop  to  stir  and  mix  materials, 
as  sand  with  ashes  in  glass-making. 

Pad'dle-box.  {Aaiitical.)  The  ujipcr  case  of 
a  steauilmat's  ]paddle-\\heel. 

Pad'dle-box  Boat.  A  boat  which  forms  the 
upper  section  of  the  paddle-box,  and  is  launched  in 
case  of  emergency. 

The  paddle-box  boat  of  Captain  Smith  of  the  Eng- 
lish navy  forms  the  top  of  the  wheel-house  in  its 
ordinary  capacity,  being  of  a  size  adapted  to  its  po- 
sition and  the  size  of  the  wheel.  In  the  "Carron," 
250  tons  burden,  it  is  25  feet  long,  9  feet  beam,  and 
has  4  air-tight  cases,  which  ijnalify  it  as  a  life-boat. 
When  in  ]ilace,  as  the  roof  of  the  wheel-hou.se,  the 
midship  thwarts  are  unshi]iped,  so  as  not  to  be  struck 
by  the  jiaddle-wheel,  which  revolves  within  six 
inches  of  her  keelson. 

One  of  the  figures  shows  the  boat  in  position,  and 
the  other  is  a  transverse  section  of  the  vessel,  show- 
ing the  boat  on  one  side  of  the  vessel,  turned  over, 
suspended  from  the  davits,  and  I'eady  for  lowering. 

The  boat  lies  bottom  u]iwards  on  two  iron  davits 
having  hinges,  which  enable  her  to  be  turned  over 
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nntl  lo^verod  down  !>}'  six  iiit-u  in  tlirci',  iiiinutcs.  A 
boat  of  similar  cajxu'ity  {fa|ialilc  of  uoiitaiiiiiij;  4(1  to 
SO  men)  could  not  be  got  out,  if  stowfd  in  tlie 
usual  positiou  on  deck,  under  twenty  minutes,  by 


Paildlc-Bol  Boat. 

the  whole  crew  ;  and,  in  case  of  fire,  probably  not 
at  all. 

The  longitudinal  view  .shows  tl\e  cabins,  cook- 
houses, etc.,  before  and  abaft  tlie  wheel-house,  simi- 
larly covered  in. 

Pad'dle-hole.  {Hydraulic  EiKjincering.)  A 
water-channel  tlirough  which  tlie  water  passes  from 
the  upper  pond  of  a  canal  to  tlie  lock-chamber,  or 
from  the  latter  to  tin-  lower  pond. 

Pad'dle-pro-pel'Ier.  .V  form  of  boat  propul- 
sion in  which  the  vertical  blades  are  bolteil  to  a 
parallel  bar  and  connected  to  cranks,  by  whose  rev- 
Fig.  3474. 


Parmt-Propeaer. 

olution  they  are  alternately  immersed  to  make  the  i 
effective  stroke  and  raised  clear  of  the  water  on  the  i 
return  stroke.  I 

Pad'dle-wrheel.  A  water-wheel  used  in  the  pro-  i 
pulsion  of  a  ves.sel.  j 

The  framework  of  a  paddle-wheel  consists  of  cen- 
ters, anns,  and  rinr/.i. 

The  centers  are  disks  or  bosses,  two  or  three  in 
number,  keyed  around  the  paddle-sh.aft  and  having 
so'kets  around  their  rims  for  the  arms. 

From  eaeh  of  the  centers  there  radiates  a  set  of 
ar)ns,  equal  in  number  to  the  paddles.  The  arnui 
are  straight.  Hat  iron  bars,  so  placed  as  to  move 
edgeways  tlirongli  the  water.  Tlie  outer  ends  of 
the  arms  are  T-shaped,  and  to  the  cross-bars  of  each 


set  of  arms  is  riveted  an  outer  rin'j  of  bar-iron. 
Inner  rings,  one  or  two  in  number  to  each  set  of 
arms,  aicr  riveted  to  lugs,  or  projections  from  the 
edges  of  the  anus. 

The  luojiortions  given  by  Hebert  are  to  make  the 
diameter  of  the  wheel  eipial  to  four  times  the  length 
of  the  stroke,  and  the  depth  of  each  paddle  J  of  the 
diameter. 

The  liist  use  of  paddle-wheels  may  have  been  in 
the  velocimelcrs  of  the  ancient.s,  in  which  an  axis 
cro.ssed  the  vessel,  projecting  over  each  side,  and  liad 
paddle-wheels  four  feet  in  diameter,  which  diiiped 
into  the  water  and  were  rotated  by  the  progress  of 
the  vessel.  A  tooth  on  the  axis  worked  a  train  of 
gearing,  so  as  to  drop  a  ball  at  every  400th  revolu- 
tion of  the  padilk-wheel,  indicating  by  sound  and 
count  the  distance  traveled. 

Jonathan  Hull,  in  his  English  p.atent  of  Decem- 
ber 21,  1736,  dcsciibes  his  boat  as  driven  by  a  tire- 
engine,  meaning  a  Newcomen  atmospheric  engine, 
whichrotated  "six  fauns  that  turn  iqionanaxis,  .... 
the  fauns  are  brought  into  and  keep  a  direi-t  motion 
in  the  water  which  forces  forward  the  vessell  in 
which  the  machine  [steam-engine]  is  placed." 

The  paddle-wheel  has  been  a  favorite  subject  with 
inventors,  the  aim  having  been  to  enable  it  to  enter 
the  water  without  percussion  and  to  leave  it  without 
raising  a  swell. 

The  greater  number  of  these  devices  are  for  feather- 
ing the  ]iaddles,  a  subject  which  belongs  to  Division 
2  (see  below). 

8onie  of  these  devices  may  be  considered  under 
this  head,  and  it  may  be  here  stated  that  the  loss  of 
power  incident  to  the  oblicpiity  of  the  blow  deliv- 
ered by  the  paddle  is  much  exaggerated. 

Galloway's  patent,  183,5,  specifies  ]iaddles  of  I'y- 
cloidal  form,  which  enter  the  water  nearly  vertically 
and  avoid  concussion.  They  would  probably  lift 
the  water  when  emerging  worse  than  the  common 
float. 

Paddle-wheels  may  he  classed  under  nine  different 
heads  :  — 


1.  Floats  fixed  on  tile  anus. 

2.  Featherini;  Honl.s. 

a.  Turning  on  horizonfcxl  axes. 

b.  Turning;  on  nidiai  iixe.s 

3.  Floats    .sliding   radially    toward   and 
fVoni  the  paddle-wheel  shaft. 

4-  Floats  attached  to  traversing  ehains. 

5.  Floats  attached  to  cranks. 

6.  C'ollap.sing  paddles. 

7.  Floats  in  reciprocating  frames. 
8-  Sculling  paddles. 

9.  Cycloidal  paddles. 


Fig.  34"ii shows  the  paddle-wheel 
used  by  Fulton  on  the  "Cler- 
mont" in  1807.  This  w.as  the  first 
steamboat  which  can  be  called  a 
practical  success,  she  having  made 
regular  trijis  between  New  York 
anil  Albany  for  several  years.  The  paddle-wheel 
u.'-ed  liy  Fulton  is  of  substantially  the  same  form  as 
tlie  one  now  in  general  use.  See  Woodcroft's  "  His- 
tory of  Steam  Navigation." 

(Jenimel's  patent,  1837,  is  rather  a  duplication 
than  a  change  of  construction.  Two  pairs  of  jiaddle- 
wheels  are  employed,  tile  horizontal  steam-cylinders 
having  jiiston-rods  proceeding  fnnn  each  end,  and 
having  cross-heads  from  which  connecting  rods  reach 
to  the  paddle-wheel  shafts. 

2.  a.  Buchanan's  parallel  Hoat-wheel.  The  floats 
are  attaclied  to  horizontal  shafts  whic  h  have  their 
bearings  in  the  radial  arms.  On  the  axis  of  each 
padiUe  is  ail  arm  from  which  a  rod  proceeils  to  an 
eccentric  on  the  iiaddle-wheel  sliaft.     The  elicct  is 
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Fig.  3475. 


Machinery  of  Fulton's  Steamboat  "  CUrmont  "  (1807). 


to  keep  the  floats  vertical  at  all  points  of  their  revo- 
lution. 

In  Galloway's  patent  of  1829  the  revolution  of 
the  wheel  cau.se.s  an  eccentric  collar  to  rotate  by  tlic 
action  of  arms,  ami  the  radius  rods  cause  each  pad- 
dle to  oscillate  on  its  axis  so  as  to  enter  and  leave 
the  water  obliquely. 

In  Oldham's  improvement  in  1827,  the  angle  of 
the  paddles  is  constantly  varjHug,  being  vertical 
only  at  the  point  of  greatest  submergence,  and  hori- 
zontal at  the  point  of  greatest  elevation.  The  change 
of  position  is  accomplished  by  the  oscillation  of  the 
axis  of  the  float,  by  means  of  rods,  cranks,  and  an 
eccentric  wheel  on  the  paddle-shaft. 

6.  Dawson's  feathering  paddle-wheel  (A,  Fig. 
3476),  1814,  has  floats  attached  to  radial  rods  which 
rotate  on  their  axes  so  as  to  enter  and  leave  the  wa- 
ter obliquely,  but  present  their  full  surfaces  squarely 
at  the  point  of  greatest  immersion.  The  change  is 
effected  by  afiixing  on  the  axis  of  each  paddle  two 
wipers  which  cross  each  other  at  right  angles,  the 
wipers  coming  in  contact  with  inclined  planes  which 
cause  the  axes  to  oscillate  to  the  extent  of  90°. 

Head's  improvement,  1828,  has  two  leaves  to  each 
float ;  these  open  so  as  not  to  oppose  the  action  in 
entering  and  leaving  the  water,  but  during  immer- 
sion form  a  combined  broad  float. 

3.  Leeming's  sliding  float  (5),  1835.  The  arms  are 
grooved  and  the  paddle-boards  slip  out  and  in  by 
the  action  of  an  eccentric  c  attached  to  the  side  of 
the  vessel. 

After  its  effective  stroke  each  paddle  is  withdrawn 
nearly  vertically. 

4.  Floats  attached  to  endless  chains  which  pass 
over  drums  have  been  used,  the  intention  being  to 
give  a  direct  impulse  in  the  line  of  the  vessel's  mo- 
tion, instead  of  giving  the  oblique  blow  upon  the 
water  incident  to  the  ordinary  paddle-wheel. 

Spurgin's  endless-chain  propeller  (C),  1837,  passes 
over  three  wheels,  the  larger  one  being  spiked  and 
forming  the  driving-whpel,  while  the  end  wheels  are 
drums  which  exteml  the  chain  and  maintain  its 
position  ;  the  middle  wheel  being  larger,  or  having 
an  axis  depressed  below  those  of  the  drums,  so  as  to 
give  a  certain  ohliquity  to  the  floats  in  entering  and 
emerging. 

a  a  is  a  cast-iron  frame  bolted  to  the  side  of  the  vessel ;  e  is 
one  of  a  p;tir  of  spike-wheels  fixed  on  the  engine-shaft  ft;  e  e 
are  drums  running  upon  the  pins  or  studs  on  the  ends  of  the 
frame :  §■  ^  i.t  an  endless  flat  chain  passing  over  the  drums  e  e, 
and  over  and  under  the  spike-wheel  c.  In  order  to  keep  this 
chain  extended,  the  axes  of  the  drums  e  e  move  in  slots  in  the 
frame  a  n.  and  are  keyed  up  so  a-s  to  give  the  requisite  tension 
to  the  chain.    A  A  are  the  floats,  which  are  carried  by  iron  forks , 


which  are  forged  in  one  with  the  middle  links  which  support 
them. 

5.  Stevens's  crank-axle  paddle  (B)  (English),  1828, 
has  three  paddles  attached  separately  to  the  arms  of 
a  three-throw  crank,  and,  by  means  of  radius  and 
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gniding-rods  connected  with  them,  the  paddles  are 
each  made  to  describe  in  the  water  the  segment  of 
an  ellipse. 

a  is  theaxisof  a  triple  crank,  the  separate  arms  of  which  (r^e 
move  between  parallel  bars  on  the  side-frame  ff  ft  of  the  paddle- 
hox  e  e  e  are  the  three  paddles  connected  by  the  guide-rods 
f  f  f  to  the  radius-rods  ^  ^  ^,  the  latter  working  from  a  fixed 
beam  or  center  ft. 
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6.  Nairn's  collapsing  paddle  (English  patent,  1828) 
is  allied  in  principle  to  the  duck's-foot  jiropeller.  A 
number  of  levers  are  suspended  over  tlie  sides  of  the 
vessel,  extending  to  any  suitable  depth.  Tliese  are 
made  to  vibrate  by  means  of  the  engine,  ami  the 
feet  or  paddles  on  the  levers  are  made  to  collapse 
during  the  non-effective  stroke,  so  as  to  oHer  no 
resistance  ;  but  when  the  elfective  stroke  is  nnide, 
the  float  expands,  offers  its  full  area  to  the  water, 
and  propels  the  vessel. 

The  diiik's-foot  propeller  was  tried  by  a  Swiss 
clergyman,   named  Genevois,   about  1737.      U  was 

Fig.  3477 
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of  a  contracting  and  expamling  character,  and  was 
intended  to  resemble  a  duck's  foot  in  its  mode  of 
oiieration.  Earl  Stanhope  revived  the  idea  about 
1803. 


7.  Floats  in  reciprocating  frames.  A  number  of 
vertical  floats  are  arranged  in  a  frame  wliich  moves 
in  one  set  of  horizontal  guides  while  making  its  ef- 
fective stroke,  the  paddles  being  submerged  or  nearly 
so.  At  the  end  of  its  stroke  it  is  lifted  out  of  the 
water,  returned  along  an  upper  track,  dropped  down 
to  its  woi-k,  and  then  again  propelled. 

A  number  of  patents  have  been  granted  for  modi- 
fications of  this  general  idea. 

8.  Perkins's  sculling-wlieel,  patented  in  England 
in  1829,  has  paddles  set  obliijuely  on  radial  arms 
which  are  attacheii  to  axes  sloping  towaril  the  stern, 
so  as  to  make  with  the  axis  of  the  vessel  angles  of 
45"  and  an  angle  of  iiO°  with  inch  other.  On  the 
extremities  of  the  axis  are  bevel-wheels,  which  are 
both  acted  upon  by  an  inteixnediate  wheel  driven 
by  the  engine. 

In  Fig.  3477,  a  shows  a  form  of  p,Tddle-wheel  so 
constructed  that  the  blades  descend  obliipicly  into  the 
water,  so  that  an  ecpial  amount  of  blade-surface  is 
submerged  at  all  times  and  jar  avoided.  The  posi- 
tion of  the  arms  gives  tlie  blades  such  direction  as  to 
prevent  them  from  lilting  water. 

Feathering  paddles  are  of  various  forms.  The  ob- 
ject of  feathering  the  floats  is  to  jiresent  tluni  to 
the  water  at  right  angles  at  all  times,  and  to  cause 
'  them  to  enter  and  leave  the  water  edgewise. 

In  6,  Fig.  3477,  the  floats  are  operated  by  rods  from  an  ec- 
centric on  tlie  crank-.shHlt.  Tlie  crank  connection  lietween  the 
controlling  frame  and  giiard-ljcani  j  erniits  the  bearing  of  the 
controlling  frame  to  change  its  po>ilion  in  relation  to  the  guard- 
beam  Avhencver  the  latter  change*  its  po^ition  in  relation  to 
the  main  wheel.  In  con.^cqncnt  e  of  the  diagonal  arrange- 
n:ent  of  said  connection,  the  controlling  trau:c  is  moved  to  the 
least  extent  by  movements  of  the  paddle-guard  in  vertical  and 
horizontal  directions.  The  arrangement  of  the  paddle-<'rankR 
is  intended  to  equally  divide  the  weight  of  the  controlling  frame 
between  the  paddle-wheel  and  the  paddle-wheel  guard. 

c,  same  figure,  gives  another  form  of  wheel  con- 
structed with  the  same  object  in  view.  The  floats 
are  curved  as  well  as  set  diagonally  to  the  shaft. 

d  is  a  form  of  oblique  paddle  designed  to  avoid 
jar. 

e  has  feathering  paddles  automatically  operated  by 
the  pressure  of  water  against  tin  in. 

/  shows  the  paddle  within  the  hull,  adapted  to 
canal-boat  propulsion. 

The  jiaddle-wheels  of  the  "  Great  Eastern  "  are 
50  liet  diameter,  13  feet  dee]>,  30  Hoats  or  Jiaddles. 

Pad'e-soy.     (Fabric.)    See  Padi'.asoy. 

Pad-hook.     {Saddlery.)    A  hook  on  the  back- 
pail  to  hold  up  the  bearing- 
rein. 

Pad'lock.  A  lock  with 
a  bow  to  hold  on  to  a  sta- 
ple. Made  by  Bechar  at 
Nureniberg,  A.  D.  1540. 
Dr.  Abbott's  collection  of 
Egyptian  antiquities  in 
New  York  contains  a 
padlock  found  in  a  tomb 
at  Sakkarah.  They  were 
also  used  by  the  Romans. 

Fig.  3479  is  an  example  Pad-Hook. 

of  one  in  which  the  key, 

on  being  inserted,  acts  first  on  the  tumblers,  so  ns 
to  free  the  cylinder  and  to  allow  a  slide  to  be  raised, 
and  it  then  raises  the  slide  so  as  to  turn  the  cylin- 
der. The  .slide-bolt  is  replaced  in  its  original  posi- 
tion by  the  turning  back  of  the  key  after  the  lock 
has  been  opened. 

Fig.  3480  is  a  combination  padlock  having  a  num- 
ber of  ilisks  which  niu.st  be  brought  into  coincidence 
to  allow  the  bolt  to  be  withdrawn  from  tlie   hasp. 


Fig.  3478. 


The   disks  are  numbered  on  their  peripheries,  and 
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Fig.  3479. 


Indicator  Padlock. 


perforated  with  ci-ntral  holes  and  radiating  slots  for 
the  passage  of  tlie  bolt.  The  bolt  has  an  axial  bur 
and  radial  amis.  The  arms  having  passed  through 
the  slots  in  the  disks,  the  latter  are  disarranged  and 
oppose  the  withdrawal  of  the  bolt.  A  screw  under 
the  shackle  fastens  the  lid,  which  may  be  opened  to 
remove  and  rearrange  the  disks. 

Fig.  3481  is  a  perspective  view  of  another  eombi- 


Fig.  3480. 


Fig.  3481. 


nation  lock.  In  closing  tlie  hasp  its  shaidc  acts 
against  the  lock-bolt  and  interlocks  with  the  latter 
wliile  withdrawing  its  dog  from  the  gateways  of  the 
tumblers  ;  hence,  in  order  to  lock  the  hasp,  it  is 
oidy  necessary  to  break  up  the  combination  by  turn- 
ing a  thumb-screw. 

Pad-plate.  {Harness.)  An  iron  bow,  either 
malleable  or  wrought,  upon  which  the  pad  is  made, 
answering  tlie  double  purpose  of  giving  stiffness  to 
the  pacl  and  as  a  means  of  attaching  the  mountings. 

Pad-sad'dle.  {Harness.)  A  saddle  made  of 
leather  and  p:idding  without  any  tree. 

Pad-screw.  {Harness.)'  a.  A  screw-bolt  liav- 
ing  an  ornamental  head,  used  for  securing  the  pad- 
sides  to  the  pad-plate,  and  as  an  ornament. 

b.  A  screw  to  hold  the  tug-strap  and  gig-flat  to- 
gether. » 

Pad-side.  {Harness.)  The  strip  of  leather  at- 
tached to  the  end  of  the  pad,  which  furnishes  a 
portiou  of  the  girth  to  hold  tlie  latter  in  its  place. 

Fig.  3482. 


Pad-top.  {Harness.)  The  ornamental  leather 
that  forms  the  top  or  Hnish  to  the  pad. 

Pad-trace  Bear'er.  {H<irncss.)  A  strap  at- 
tached to  the  outside  uf  the  pad-side  under  the  end 
of  the  pad-top,  and  extending  down  outside  tlie  ]>ad- 
side  to  permit  the  trace  pa.s.sing  between  it  and  the 
side  ;  u.sed  in  double  harness  only. 

Pad-tree.  (Harness.)  A  piece  of  wood  or  metal 
which  gives  shape  and  rigidity  to  the  harness-pad. 

Pad-u-a-soy'.     {Fabric.)     A  kind  of  silk. 

Pse-dom'e-ter.  An  instrument  for  measnring 
the  length  of  children. 

Page.     1.   One  side  of  a  leaf  in  a  book. 

2.  The  track  carrying  the  pallets,  which  support 
the  newly  molded  bricks,  and  on  whirli  they  are 
slipped  to  the  oti-bearing  boy  w  ho  stands  at  the  end. 
See  BuiCK. 

Page-cord.  {Prinling.)  Strong,  smooth  cord, 
cut  in  suitable  lengths  to  tie  up  a  page  of  type.  It 
is  wound  three  or  four  times  about  the  type,  and 
the  ends  tucked  under,  not  tied. 

Page-gage.  {Printing.)  A  standard  of  length 
for  the  pages  of  a  given  piece  of  work,  to  keep  them 
uniform. 

Pag'ing-ina-cliine'.     {Printing.)     A    machine 

Fig.  3483. 


Pagiii^-Macltine. 
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for  giving  the  consecutive  nmiibers  to  the  pages  ol" 
an  account  or  blank  book.  Also  used,  under  the 
name  of  a  number  in  fj-mnchine^  for  giving  the  suc- 
cessive nunil)crs  to  tickets,  cards,  cliccks,  etc. 

In  one  form  the  numbers  are  presented  on  disks 
whicli  combine  to  form  a  cylinder.  This  is  diiven 
down  uiion  the  paper,  delivering  an  impression. 
The  unit-wheel  is  then  turned  a  notch,  wiiiidx  shifts 
the  number  one  point,  and  another  itni»ression  is 
given.  The  numbered  disks  are  connected  in  series, 
as  in  KiciusTKus,  Arithmometebs,  Gas-meters, 
etc.  (which  see). 

Fig.  3483  shows  a  common  form  of  paying-machine  for  print- 
ing the  same  number  or  a  succession  of  nuiiiburs  on  sheets  or 
Icave-i  which  are  fed  to  it.  The  figures  are  on  the  circumference 
of  disks  D.  Tliese  are  mounted  on  shaft  m  in  such  a  manner 
that  they  revolve  independently  of  it.  The  disks  are  held  above 
the  paper  /"by  the  tbrce  of  a  coiled  spring  6  at  the  other  end  of 
pivoted  arm  C.  Pivssure  of  the  foot  upon  the  treadle  end  of 
lever  F  brings  down  the  face  of  the  type  on  the  sheet,  and  at 
the  .same  time  throws  back  the  inking-roller  1  upon  the  ink- 
distributing  disk  N.  When  the  pressure  upou  the  treadle 
cea-^es,  the  type-disks  rise,  and  the  inking-roller  pji-sses  across 
their  lower  face  by  the  action  of  toggle  levers  J  K,  L  M.  The 
figure  on  the  units  disk  is  at  the  same  time  shifted  by  the  pawl 
i,  operated  by  lever,/,  acting  on  the  ratchet-wheel,  it  this  part 
may  be  thrown  out  of  gear  and  tlie  same  number  retiiined. 
Each  revolution  of  the  units  disk  moves  forward  the  tens  disk 
one  figure,  and  so  on. 

The  ink  distribution  is  effected  by  the  revolution  of  disk  N 
through  the  mechanism  s  t  v  y,  shown  in  one  of  the  detached 
figures. 

Disks  D  D'  D"  may  be  shifted  to  the  extent  of  two  figures 
when  it  is  desired  to  have  a  series  of  alternate  figures,  as  in 
paging  the  right  or  left  hand  pagi-s  of  a  book. 

The  disks  are  held  in  their  places  by  a  catch  working  in 
notches  c'.  An  extra  notch  e'  is  provided,  not  in  line  with  any 
figure  of  the  disk,  by  which  means  the  latter  may  be  held  to 
such  a  position  that  none  of  its  type  will  print. 

By  tlie  use  of  a  machine  of  this  class,  an  expert 
can  number  the  i)ages  in  a  book  as  rapidly  as  the 
leaves  can  be  tui'iied.  The  mechanical  adjustment 
of  the  figures  insures  extreme  accuracy  in  number- 
ing a  series  of  pai)ers. 

Pail-lasse'.  An  under-bed  of  straw.  The  form 
and  purpuse  being  retained,  other  materials  have  been 
substituted,  as  moss,  finely  shredded  wood,  called 
cxcc/sinr,  corn-husks,  sponge,  hair.     A  inatfrc-ns. 

Pail-lathe.  One  in  which  buckets  are  turned 
on  the  outer  and  inner  sides  and  the  ends  trued, 
dressed,  and  the  croze  made.  The  lathe  shown  in 
Fig.  3484  has  two  portions,  a  and  b.  The  staves  for 
a  ])ail  being  assembled  and  held  by  a  truss-hoop,  the 
pail  is  placed  on  the  chuck  a,  while  the  outside  is 
turned  off  smooth  and  one  end  dressed,  the  lioop 


Fig.  3484. 


Fay's  Pail-Uuhfi. 

being  shifted  once  so  as  to  reach  the  whole  surface. 
The  pail  thus  dressed  on  the  outside  and  one  end  is 
then  stuck  into  the  hollow  chuck  6,  which  holds  it 
while  the  inside  is  turneil  smooth  and  tlie  other  en<l 
shaped  and  dressed.  Operating  on  each  end  of  head 
a  are  circular  saws,  whose  distance  apart  is  equal  to 
the  bight  of  the  pail,  and  these  act  simultaneously, 
to  saw  off  the  ends. 


Pail-ma-chine'.  A  bucket-making  machine. 
See  Pail-laphe. 

Pail-nail.  A  kind  of  nail  used  in  making  some 
kimls  of  buckets. 

Paint.     1.   A  pigment,  white  or  colored. 

The  colors  used  by  jiainters  are  princijially  derived 
from  the  mineral  kingdom,  though  animal  and  vege- 
table substances  are  to  some  extent  employed.  The 
following  tabular  statement  indicates  the  composi- 
tion of  those  most  generally  used. 


Name. 
White  lead 
Zinc  white  . 
Spanish  white 
Sulphate  of  baryta 

Yellow  ochre  .       -! 

Naples  yellow 
Chrome  yellow 
Gamboge    . 

'  Ultramarine    .       \ 
I  I 

,  Cobalt  blue  .        .  j 

I  Smalt-Saxon  blue 


Composition  or  Derivation. 
Carbonate  of  lead. 
Oxide  of  zinc. 
I'urified  carbonate  of  lime. 


,  Antwerp  blue  . 

Prussian  blue      .  | 
Berlin  blue        .      ( 

Indigo 


Lampblack 

Ivory  black    . 

j  Red  ochre 
I  Red  lead  or  min- 
ium . 

Madder     . 

Cochineal     . 


I  An  earth  composed  of  silica  and  alu- 
mina, colored  by  oxide  of  iron. 

Antimoniate  of  lead. 

An  impure  chromate  of  lead. 
I  A  gum  principally  derived  from  Siam. 

I  From  lapis  lazuli;  also  prepared  arti- 
I      ficially.  • 

i  Phosphate  of  alumina  and  oxide  of  co- 
!      bait  mixed  with  arsenite  of  cobalt. 
Double  silicate  of  cobalt  and  potassa, 
mixed  with  earthy  and  metallic  o.x- 
ides. 
Prussian   blue  with  various   propor- 
tions of  alumina  and  carbonates  of 
magnesia  and  zinc. 

Ferro-cyanide  of  iron. 

From  plants  of  the  genera  indi^oferay 
/.<n/i.s,  and  neriuj/i,  principally  the 
former. 

I  Carbon  from  the  soot  of  burning  rosin 
or  other  vegetable  or  auiinal  mat- 
ters. 

I  Calcined  wine  lees. 

From  calcinatiiin  of  yellow  ochre. 

A  mixture  of  protoxide  and  biuoxide 
of  lead. 

From  the  madder  plant,  rubia  tincto- 
ria. 

The  dried  bodies  of  the  cochineal  in- 
sect. 

[  Cinnabar, a  sulphide  of  mercury,  nat- 
I      ural  or  prepared. 

Sesquioxide  of  chromium. 
Acetate  and  arsenite  of  copper. 
Arsenite  of  coj)per. 
Acetate  of  copper. 

A  natural  earth  found  in  the  vicinity 
of  Sienna.  Italy  ;  when  burned  it 
forms  a  red. 

An  earth  from  that  part  of  Italy  an- 
ciently forming  the  Roman  province 
of  Umbria. 

Soot  of  wood,  preferably  beech. 

Numerous  other  colors  are  used  by  artists  for  pro- 
ducing different  shades,  and  a  large  list  might  be 
made  of  those  employed  in  dyeing  and  paper-stain- 
ing, each  ha\*ing  its  peculiar  fitness  for  special  pur- 
poses. Among  these,  the  various  shades  of  violet, 
blue,  green,  red,  etc.,  derived  from  aniline,  a  pro- 
duct of  petroleum,  have  of  late  years  assumed  great 
importance.  See  Aniline-colors  ;  Dyeing  ;  Wa- 
I  i:r-colors. 

2.  (M 1 1 bbcr -manufacture.)  Stuff  mixed  with  caout- 
chouc in  the  process  of  manufacture,  and  intended 
to  harden  it.  Sulphate  of  zinc,  wliiting,  plaster-of- 
paris,  lampblack,  pitch,  and  other  materials  are 
used. 

Paint-brush.  Paint-brushes  are  generally  made 
of  luif;s'  bristles,  but  for  artistic  purposes  the  hair 
of  other  animals,  as  the  iitch,  badger,  sable,  and 
camel,  is  employed.  Paint-brushes  are  commonly 
either  round  or  elliptical  in  cross- sect  ion  ;  the  latter 


I  Vermilion         ,      i 

^  :  Chrome  green     . 
M     Schweinfurt  green 
«     Scheele's  green 
^  ■  Verdigris     . 


I  Terra  di  Sienna 


^     timber 
I  Bistre 
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are  usually  made  of  the  best  bristles,  and  are  termed 
varnish-brushes. 

In  one  method  of  attachment  the  handle  is  round, 
and  its  enlarged  base  has  a  pi-ong  on  each  side  be- 
tween whioli  the  thick  ends  of  the  bristles  are  in- 
serted, and  afterward  secured  by  a  wrapping  of  twine 
which  is  coated  with  glue  mixed  with  red-lead. 

Another  way  is  to  insert  the  tapering  handle, 
around  which  the  bristles  have  been  previously  fas- 
tened by  wrapping,  into  a  metallic  cap  ;  the  handle 
is  then  driven  home,  so  as  to  firmly  hold  the  bristles 
between  it  and  the  cap. 

Smaller  brushes  of  this  kind  are  known  as  sash- 
tools,  fitches,  lettering-brushes,  etc.,  according  to 
size,  shape,  or  material.  Graining-brushes,  called 
blenders,  are  made  of  camel's  hair,  and  are  flat  in 
shape. 

James  AVatt  recommended  rats'  whiskers  as  the 
best  material. 

Various  other  modes  of  securing  the  bristles  have 
been  tried. 

In  Fig,  348-5,  the  metallic  top  has  upper  and  under  sockets,  in 
the  former  of  whicii  the  handle  is  inserted.    The  latter  contains 
the  bristles,  whi^h  are  held  in  place  by  a  wedge  D  drawn  up- 
ward by  a  screw,  which  also  serves  to  secure 
Fig.  3485.         the  handle. 

Fig.  3486. 


Fig.  3489. 
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In  Fig.  3486  the  bristles  are  secured  between  the  butt  of  the 
handle  and  an  open  ring  C,  the  ends  of  which  are  drawn  to- 
gether by  a  screw  passing  through  two  lugs. 

In  Fig.  3487,  the  end  of  handle  C  is  provided 
Fig.  3487  with  a  screw-thread,  and  is  made  hollow  to  re- 
ceive the  shouldered  wedge  B ;  the  bristles  being 
inserted  in  the  tubular  top  b,  the  wedge  is 
forced  in  between  them  by  screwing  the  handle 
C  into  place,  causing  them  to  be  tirmly  retained 
between  the  wedge  and  the  outer  tube. 


I      Paint-can.    A   can   spe- 
cially constructed  for  holding 

paint.        For      convenience, 

liaint  is  usually  sold  in  cans 
.  of  given  capacity,  and  ingc- 

nuity  is  e-xeivised  in  devising 
I  means  for  cheaply  and  secure- 
,'  ly  closing,  enabling  them  to 

be  readily  opened  and  con- 
;  veniently  used  as  paiut-pots. 

Fig.   3489   has  a  removable 

cap. 

Fig.  3490  has  an  inwardly 

projecting  bead   to  hold  the 

gasket   on   which   the  cover 

rests.     The  cover  has  notches  into  which  the 

the  metallic  can  is  pressed  to  fasten  the  cover. 

Fig  3490. 


Faint-  Can. 


Paint-burn'er.    A  blowpipe  and  lamp  by  which 

a  flame  is  directed  upon  paint,  to  burn  it  off"  and 
prepare  the  surface  for  a  new  coat.  In  tlie  examjile, 
the  alcohol  furnishing' the  vapor  for  the  blowpipe  is 
contained  in  the  retort  above  the  lamp.  , 


rim  of 


Fig.  3492. 


Lid-Fastening. 


Paint- Can.  Can-Lid. 

In  Fig.  3491,  the  can  has  protruding  and  intrud- 
ing circumferential  heads.  Tlie  rim  o''  the  cover  tits 
down  over  the  latter  and  forms  an 
air-tight  closure  ;  beingcut  around 
at  that  level,  it  subsequently  forms 
a  lid. 

In  Fig.  3492,  the  hooks  are  sol- 
dered to  the  up]ier  part  of  the  can 
and  turned  over,  so  as  to  pene- 
trate anil  hold  the  wooden  cover. 

Paint'er.  {Xautical.)  a.  The 
bow  rope  whicli  fastens  a  boat  to 
a  wharf  or  alongside  a  ship. 

b.  A  rope  Iiy  which  the  shank 
of  an  anchor  is  secured  to  the  gunwale.     It  is  made 
partly  of  chain.     A  slianl--j>ainter. 

Paint'ing.  (Fine  Arts.)  The  art  of  covering 
surfaces  with  pigments  for  decoration  and  protec° 
tion  ;  also  the  representation  of  objects  in  tlieir  nat- 
ural colors  liy  similar  means. 

In  house-painting,  the  pigment  most  extensively 
used  is  white-lead.  This  is  white,  but  it  may  be 
tinged  with  other  ingredients  to  form  grays,  blues, 
and  yellows  of  various  shades,  as  well  as  many  other 
colors.  Zinc-white  is  also  largely  used,  but  does 
not  pos.sess  the  "body"  of  white-lead,  recpuiing 
more  to  cover  a  given  siirface.  Ochres  and  other 
eiirtliy  nnnerals  are  employed  for  forming  difl'erent 
tints,  of  yellow,  brown,  and  dull  red.  Other  oxides 
and  salts  of  lead,  mercury,  chromium,  iron,  and  cop- 
per,  form  leds,  greens,  blues,  and  yellows.  The  im- 
palpable powders  derived  from  the  smoke  of  some 
vegetable  and  animal  products  constitute  diflereut 
grades  of  blacks.     See  P.\int. 

Any  intermediate  tints  may  be  produced  by  the 
judicious  intermingling  of  these  jirincipal  colors. 
These  are  mixed  witli  linseed-oil,  either  raw  or 
boiled,  to  which,  for  most  purposes,  a  greater  or 
less  proportion  of  spirits  of  turpentine  is  added. 
Rapid  drying  is  insured  by  the  addition  of  a  small 
proportion  of  litharge,  sugar  of  lead,  or  Japan  var- 
nish, according  to  material  or  color. 
Painting  as  a  fine  art  probably  originated  at  even 
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•  an  earlier  period  than  its  employnieiit  for  preserva- 
tive purposes,  havini,'  been  derived  from  tlie  prae- 
ticK,  almost  coeval  with  the  introduction  of  man  on 
the  earth,  of  sketching  the  outlines  of  animals  and 
oilier  objects  on  haid  substances  ;  outline  drawings 
of  the  extinct  elephant  and  rhinoceros  having  been 
fouml  engraven  on  bone  in  caverns,  the  condition 
and  contents  of  which  indicate  that  in  some  parts  of 
Europe  they  were  contemporaneous  with  man  at  a 
period  prior  to  the  glacial  era.  From  outline  to 
monochromatic  painting  was  but  a  step  ;  shading, 
to  produce  the  appearance  of  relief  in  rounded  and 
projecting  parts,  and  the  employment  of  did'en-ntly 
colored  substances  to  imitate  their  natural  hues, 
gradually  followed. 

The  ancient  Egyptians  appear  to  have  never  ad- 
vanced beyond  the  last  step,  shading  having  been 
nnknown  until  introduced  by  the  (Ireeks,  whose 
esthetic  minds  improved  and  beantilied  every  art 
which  they  borrowed  from  others.  Such  of  their 
works  as  remain  do  not  enable  us  to  judge  how  far 
their  knowledge  of  perspective  had  advanced,  but  it 
does  not  seem  to  have  been  reduced  to  an  e.xact  and 
systematic  science  among  them. 

The  enamel,  encaustic,  ami  fresco  work  of  the  an- 
cients has  come  down  to  us  in  jirofusion.  Their 
paintings  on  paper,  canvas,  leather,  and  wood  have 
mostly  perished.  The  even  climate  of  Egypt  and 
the  seclusion  of  the  tombs  e.'^cavated  in  the  rock  by 
its  ancient  inhabitants  have,  however,  preserved 
many  .specimens  of  their  painting  on  wood  and 
fabric  in  the  mummy  cases  and  wrappings. 

The  bricks  of  Mesopotamia  and  the  pottery  of 
Etruria  are  also  very  ancient  and  interesting,  the 
latter  especially  exhibiting  a  refined  taste. 

The  modes  in  which  colors  may  be  applied  to  pro- 
duce vario'is  etfects,  and  possess  moi-e  or  less  endur- 
ance, are  described  under  Deste.mper,  Encaustic, 
En'.^.mel,  GL.iss,  Oil,  Size,  Water-colors.  See 
list  umler  Fine  Arts. 

Paint-mill.    A  machine  for  grinding  pigments. 

In  Fig.  3493,  a  circular  pan  A  containing  the  paint 
is  rotated  by  appropriate  mechanism,  while  stirring 

Fig.  3493. 


Paint  MM. 

and  scraping  feet  are  eauseil  to  revolve  therein  by 
means  of  bevel-gearing.  The  discharge  is  effected 
by  a  curved  scraper  C,  which  brings  tlie  mass  to  a 
central  opening  F,  provided  with  a  tubular  cover  or 
valve  D. 

In  Masury's  paint-mill  the  upper  millstnne  bed  d  n  is  sup- 
ported oa  pillars  b  h  bolted  to  a  cast-iron  table  :  both  the  upjier 
and  lower  beds  a  a  c  c  are  hollow  and  receive  thin  annular  disl(s 
of  stone  tt  ij  e  e:  the  lower  is  supported  on  a  hollow  shaft  /  ro- 
tated by  the  bevel-geirs  ^  /i,  driven  by  the  pulleys  J,  which  also, 
tlirough  the  medium  of  bevel-gears  i-/ and  spur-wheels  w  n,  turn 
an  arm  in  the  mixer  o. 

The  lower  stone  is  raised  into  contact  with  the  upper  one  by 


turning  the  wheel  /j,  which  raises  the  screw-step  q  of  the  hollow 
shaft  /,  which  slides  through  the  bevel-wheel  ^,  The  stones 
are  cooled  by  water  admitted  through  the  pipe  r  to  the  open 
space  tt  a,  whence  it  passes  through  the  pipes  .t  s  to  the  open 
space  c  f  in  the  lower  bed,  and  is  discharged  through  the  tubu- 
lar shaft/  The  material  to  be  ground  is  placed  in"  the  mixer  o 
and  gradually  led  into  the  mill  through  a  small  ojwning  I  pro- 
vided with  a  gate  for  regulating  its  flow ;  the  lower  stone  is 

Fig.  3494. 


Paint-Mill. 

brought  into  the  required  proximity  with  tlie  other  in  the  way 
above  described,  and  a  continuous  flow  of  water  allowed  to  cir- 
culate through  the  hoUovw spaces  within  the  beds;  by  this 
means  the  particles  of  paint  may  be  ground  to  an  extreme  de- 
gree of  fineness  without  material  evolution  of  heat.  Mills  con- 
structed on  this  principle  may  also  be  used  for  grinding  other 
substances. 

Pair-horse  Har'ness.  The  general  name  given 
to  dcuiblc  harness  in  England. 

Paix'han  Guil.  A  large  chambered  shell-gun, 
so  c'alled  from  Colonel  Paixhan  of  the  French  army, 
who  introduced  it  in  1822. 

(iuns  of  this  kind  of  the  caliber  of  8  and  10  inches, 
known  as  sea-coast  howitzers,  formerly  constituted 
a  jiart  of  the  armament  of  coast  fortitications  in  the 
United  States.  These  diH'ered  from  the  eolinnbUid, 
invented  by  Colonel  Bomford,  Uniteil  States  army, 
about  1812,  in  being  lighter  in  proiiortion  to  their 
caliber  and  in  having  no  elevating  rack  on  the  cas- 
cabel,  and  have  been  superseded  by  ordnance  of  more 
modern  forni.s.     See  Can.no.n. 

Pa'la.     (Xauliatl.)     The  blade  of  an  oar.     The 

Pal'ace-car.  (Unihcny  En<jinceri7ig.)  A  car  fit- 
ted with  first-class  accommodation,  sofas  and  chairs, 
instead  of  the  ordinary  seats.  The  car  is  usually 
fitted  for  conversion  into  berths  or  couches  for  night 
traveling.      See  Sleepixg-CAR. 

Pal'an-qviin'.  A  carriage  borne  by  men  who  re- 
lieve each  other  at 


intervals.  It  is  an 
ordinary  mode  of 
conveyance  in  India 
and  China. 

Pal'ate,  Ar'ti- 
ii'cial.  A  plate  ap- 
jilied  in  cases  of  cleft 
jialate,  to  improve 
articulation.  It  con- 
sists of  an  alumini- 
um, gold,  silver,  or 


Fig.  3495. 


Palanguiiu 


rubb(<r  plate,  accurately  fitted,  to  close  up  the  open- 
ing in  the  ^oof  of  the  mouth. 
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Pale.  1.  A  kind  of  fencing  consisting  of  vertical 
slats  sappoited  by  posts  and  rails,  or  posts  and  wires. 
Paling. 

2.  (Shipbuildbuj .)  One  of  the  interior  sliores  for 
steadying;  the  timbers  of  a  ship  wliile  Imilding. 

Pail'ette.  1.  (Painting.)  A  thin' oval  plate  of 
porcelain  or  other  material,  having  a  hole  near  one 
edge  through  which  tlie  thumb  may  be  inserted, 
used  by  painters  in  oil  for  rubbing-up  or  holding 
colors. 

2.  {.Vdal-working.)  The  breastplate  against 
which  the  person  leans  to  fnrnisii  a  pressure  for  the 
hand-drill.     Sometimes  callcil  a  coiisciencc. 

3.  (Sargic'd.)  a.  A  light  wooden  spatula  used 
for  percussion,  to  excite  the  tone  of  the  skin  and 
tissues. 

b.  A  splint  to  hold  a  burnt  hand  in  sliape  and 
prevent  deformation  by  the  cicatrices. 

c.  An  instrument  composed  of  two  ]ierforated 
plates  to  catch  and  withdraw  the  stylet  in  operations 
for  fistuht  liielirijnialu. 

Pal'ette-kaife.  A  flat,  thin,  flexible  knife  with 
a  rounded  end,  used  by  painters  to  mi.x  colors  on  a 
palette,  or  on  the  grinding  slab.     A  spatula. 

Pal'ier-glis'sant.  A  "slip|iery  support"  for  a 
shaft  or  axle,  a  tilm  of  water  being  introduced  be- 
neath it  by  pressure.  It  is  described  for  vertical 
and  for  horizontal  shafts  in  Bramah's  planing-ma- 
chine,  English  patent,  1802.  The  inventor  makes 
it  adjustable  b}'  pumping  in  water  ad  lib.  See  Hy- 
DKAULic  Pivot  ;  W.\TEii-BE.A.ia.vG. 

In  Girard's  palier-giissant  the  water,  under  a  con- 
siderable head  of  pressure,  is  introduced  beneath  the 
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journal,  lifting  it  slightly  from  its  bearings  ;  after 
two  or  three  oscillations  tlie  journal  assumes  its 
proper  bearing  on  the  box,  the  water  flowing  be- 
tween them  in  a  continuous  and  almost  infinitesi- 
mally  thin  sheet.  The  com]iarative  friction  of  this 
and  a  bearing  lubricated  by  oil  may  be  tested  by 
imparting  rotation  to  two  wheels  journaled,  one  in 
each  way,  by  hand,  wlien  that  provided  with  the 
palier-giissant  will  be  found  to  maintain  its  rotation 
much  longer  than  the  other  ;  if,  however,  the  sup- 
ply of  water  lie  cut  off,  the  wheel  immediately  stops. 

Pal'imp-sest.  A  piece  of  parchment  whose  ori- 
ginal writing  has  been  removed  in  order  to  fit  it  for 
a  subsequent  recoi'd.  Many  old  documents  were 
thus  obliterated,  and  the  wilting  is  restored  by  an 
infusion  of  gall,  dilute  hydrochloric  acid,  oil,  etc., 
a  certain  trace  of  the  materials  of  ink  remaining  in 
the  substance  of  the  parchment  which  acts  upon  the 
sulistance  applied. 

Pal-i-aade'.  (Fortification.)  A  row  of  stakes 
set  firmly  in  the  ground  and  presenting  a  shaq) 
point  to  an  advancing  party.  The  stakes  are  placed 
vertically  at  the  foot  of  the  slope  of  the  counter- 
scarp, or  presented  at  an  angle  at  the  foot  of  a  para- 
pet, or  on  the  bamiuette  of  the  covered  way. 


Pal-i'ta.     A  light  shovel.     A  trowel. 

Pal-la'di-um.  Equivalent,  53.3;  symbol,  Pd.; 
specific  gravity,  ll.S  ;  difiicult  to  fuse.  Discovered 
by  Vi:  WoUaston  in  1S03. 

It  is  a  white,  malleable,  ductile,  hard  metal ;  fu- 
sible with  the  oxyhydrogen  blowpipe. 

The  alloy  of  palladium  and  silver  is  eminently 
suitalde  for  the  graduated  circles  of  mathematical 
instruments. 

Palladium  was  used  in  constructing  the  balances 
for  the  United  States  Miiit,  and  has  been  used  for 
the  medals  of  some  learned  societies. 

Palladium  alloyed  with  silver  and  coppei'  makes 
an  elastic,  non-tarnishing  blade  capable  of  liigh 
polish. 

Pal-la'di-um-iz'ing.  A  process  for  protecting 
iron  by  means  of  a  thin  coating  of  palladium,  in  lieu 
of  zinc,  as  in  the  so-called  "galvanizing"  process. 

The  articles  to  be  protected  are  first  cleansed,  as 
in  zincking,  by  means  of  the  double  salts  of  zinc  and 
ammonia,  or  of  manganese  and  ammonia,  and  then 
thinly  coated  with  palladium,  applied  in  a  state  of 
amalgamation  with  mercuiy. 

Pallam-poor'.  A  style  of  East  Indian  cotton 
chintz,  printed  in  large-sized  pieces  and  used  for 
counterpanes.  The  printing  is  in  the  resist  style, 
a  substance  being  painted  on  the  cloth  having  the 
jiower  of  resisting  access  of  the  dye  to  the  fabiic. 
M'ith  the  pallampoor  cloth  this  was  softened  wax 
laid  on  with  a  hair-pencil.  AVe  have  no  means  of 
ascertaining  how  long  this  style  of  the  art  has  been 
[iracticed,  but  it  seems  to  be  as  old  as  Pliny.  Madras 
has  long  been  famous  for  tliis  manufarture.  One 
piece  5 J  yards  long  liy  2^  bioad  (French  yards)  is 
mentioned  by  lire  :  ".said  to  be  tlie  labour  of  Hin- 
doo princesses,  which  it  must  have  taken  a  life- 
time to  execute." 

Pal'let  1.  (Mnchinerij.)-  A  click  or  pawl  to 
which  a  reciprocating  motion  is  imparted,  and  by 
which  an  intermittent  rotary  motion  is  eomniuiiicated 
to  a  wheel,  as  in  many  feed  motions  ;  or  liy  wliieh 
the  rotary  motion  of  a  wheel  is  made  intermittent. 

2.  (Horology.)  In  an  escapement,  a  lip  or  leaf 
connected  witli  the  pendulum,  or  upon  the  arbor  of 
the  balance-wheel,  as  the  case  may  be,  and  acting 
consecutively  upon  the  teeth  of  a  wheel  which  is 
driven  by  the  main-spring  or  weight,  and  is  known 
as  the  «co/'c-wheel. 

3.  One  of  the  series  of  disks  or  pistons  iu  the 
chain-pump  or  chapelet. 

4.  A  bed  ;  a  mattress  ;  a  palliasse. 

.5.  (Painting.)  An  oval  board  or  piece  of  ivory  to 
hold  paint.     A  jmlctte. 

6.  (Nautiail.)  A  ballast-locker  in  the  hold  of  a 
small  vessel. 

7.  (Clay.)  a.  A  board  on  which  a  newly  molded 
brick  is  carried  away  to  the  /lack. 

b.  A  potter's  wheel. 

c.  A  jiaddle  used  in  beating  and  shaping  plastic 
material  in  forming  crucibles,  etc. ;  or  in  taking  up 
mortar  for  use. 

8.  (Bookbinding.)  a.  A  tool  for  gilding  the  back 
over  the  bands. 

b.  The  instrument  with  which  gilders  take  up 
gold-leaf  from  the  ]iillow. 

Pal'let-mold'ing.  (Brick-making.)  As  di.stin- 
gnished  from  s/o;j-molding.  Tlie  bricks  are  turned 
out  of  the  mold  on  to  a  piece  of  board  of  somewhat 
larger  area,  called  a  pallet,  and  on  this  they  are  re- 
moved to  the  drying-ground.  In  pallet-molding  the 
molds  are  usually  sanded  ;  in  slop-molding  thej-  are 
wetted. 

Pal-li-aase'.  (Fr.  Paillasse.)  An  under  bed  of 
straw.     A  straw  mattress. 
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Palm.  1.  {Nautical.)  a.  The  sailmaker's  sub- 
stitute for  a  tliimble.  It  goes  over  the  haud,  and 
has  a  fitted  shield  by  which  the  needle  is  puslied 
tlii'ough  the  canvas. 

b.  Tlie  Hat  face  of  an  anchor-fluke  which  forms 
the  holding  surface.     See  Anxhok. 

2.  The  breadth  of  the  hand,  four  inches. 


Palm-leaf  Loom.  Strips  of  palm-leaf  of  proper 
width  and  length  fur  the  weft  of  the  desired  fabric 
are  placed  .side  by  side  between  lingers  h  c  at  the  top 
of  a  vibrating  holder  G  at  the  side  of  the  looni-franie. 
The  eiuls  of  the  strips  next  the  selvedge  are  cut  off 
evenly  by  a  knife,  and  a  weight  G'  at  the  bottom  of 
the  holder  keeps  the  holder  pressed  in  one  direction 
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with  sufficient  force  to  keep  the  edge  of  the  strip  to 
be  selected  against  a  gage  about  in  line  with  the 
selector.  A  feeding-arm  m  catches  the  end  of  one 
.strip  at  a  time  and  presents  it  to  the  selei-tor  S, 
which  has  at  one  end  a  pair  of  pinchers,  and  the 
selector  draws  the  strip  between  the  warps.  The 
W"aving  mechanism  is  as  usual. 

Palm-tree.  (Piirntcclmics.)  A  device  consisting 
of  a  series  of  green  fires  on  a  frame  representing  the 
body  and  head  of  a  palm-tree.  It  was  first  designed 
by  the  Roman  pyrotechnist  Ruggieri  :  the  composi- 
tion is  crystallized  verdigris,  4  ;  sulphate  of  copper, 
2  ;  sal-ammoniac,  1  :  ground  with  alcohol  and 
used  to  saturate  cotton  rovings,  which  are  festooned 
about  the  frame,  and  fired  before  the  spirits  have 
evaporated. 

Pam'phlet.  (rrinling.)  A  work  consisting  of 
more  than  one  sheet  and  not  over  five.  It  lias  a 
pa])er  cover,  if  any. 

Pan.  A  vessel  for  boiling  or  evaporating.  Origi- 
nally an  open  nietallie  vessel  in  which  sirups  or 
solutions  are  boiled  for  the  purpose  of  concentra- 
tion or  crystallization,  as  a  swjar-pan,  salt-jmn, 
etc.     See  Ev.\pou.vrixr,-p.\>i. 

The  puipose  being  maintained,  closed  vessels  for 
the  same  purpose  are  also  called  pans.     See  Vacuum 

PAN. 
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The  slia]ie  being  preserved,  open  vessels  in  which 
the  contents  are  not  heated  are  called  pans,  as  an 
a7nal(ja'inatiu(i-pan  (see  Amalgamator),  prospect- 
ing-pnn  (.see  Gold-minixg). 

1.  Overflow  furnace-pans  are  used  in  concentrat- 
ing .sulphuric  acid.  In  Fig.  34118,  the  upper  pans 
discharge  by  pipes  near  the  bottom  of  the  next  pan 
in  the  series.  The  effect  is  to  move  the  whole  con- 
tents of  the  pan  below. 

In  Fig.  3499,  each  pan  overflows  into  the  one 
next  below,  and  by  means  of  the  partial  partition 
and  spout  the  liquid  is  taken  from  the  bottom  of 
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Pan/or  concentrating  Sulphuric  Acid. 


the  pan,  where  it  is  in  the  most  concentrated  con- 
dition. 

2.  (Sonp-makiiu/.)  Soap-pans  are  made  with  a 
wooden  frame  and  an  iron  bottom  ;  called,  respec- 
tively, the  curb  and  the  pan. 

Tlie  same  device  is  used  for  the  preliminary  heat- 
ing and  partial  condensation  of  the  sugar-water  or 
maple  sa)),  as  it  is  variously  called  in  different  sec- 
tions of  the  United  States. 

3.  (Tin-plate  Making.)  A  cold  pot  with  a  grat- 
ing at  the  bottom  in  which  tinned  iion-plate  is  put 
on  edge  to  drain  and  cool.  It  is  the  fourth  in  the 
series  of  iron  pots  and  pans  used  in  the  manufacture 


PANAMA  HAT. 


1601 


PANEL. 


of  tin-plate.  Tin-pot,  ioash-pof,  grease-pot,  pan,  list- 
pot.     See  TiN-?LATE. 

4.  (Mctallurgij.)  A  name  applied  to  that  descrip- 
tion of  amalgiiinator  consisting  of  an  open  metallic 
vessel  in  wliiuh  the  coniminuteil  ore  and  quicksilver 
are  ground  together  by  rotating  nuillers.  Tliere  are 
many  varieties,  whicli  are  described  under  the  Pan 
Process.     See  Amalgam  A  loR. 

lu  tlie  example,  the  jum  has  a  central  conical  hub, 
through  whicli  a  hoUon'  shaft  passes.  On  the  lower 
part  uf  a  spindle  which  passes  through  a  hollow  .shaft 
is  keyed  a  bevel-wheel,  and  on  the  lower  part  of  the 
said  shaft  is  also  keyed  a  similar  bevel-wheel,  and 
into  these  wheels  beveled  pinions  gear,  Ijy  means  of 
which  the  muUers  are  rotated  in  op]iosite  directions. 
On  the  upper  part  of  the  hollow  shaft  a  square  is 
formed,  which  is  above  the  conical  hub,  and  on  this 
Square  is  fitted  the  square  portion  of  a  conical  huh, 
which  extends  down  over  the  liub  and  is  connected 

Fig.  3500. 
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with  the  muller,  which  is  jirovided  on  its  under  face 
with  shoes.  A  sleeve  jirovided  witli  a  slot  is  fitted 
over  the  upper  end  of  the  spindle,  and  a  pin  passes 
through  said  slot  and  spindle.  This  pin  and  open- 
ings cause  the  spindle  to  rot.ate  the  sleeve,  while  the 
openings  allow  the  said  sleeve  to  be  adjusted  by 
means  of  a  screw. 

5.  The  powder  cavity  of  the  old  flint-lock  fire-arm. 

6.  {Carpcniry.)     The  socket  or  sole  for  a  hinge. 
Fan-a-ma'  Hat.    A  leaf  hat  made  in  Ecuador  and 

New  Grenada  ol  the  undeveloped  leaf  of  the  "  bombo- 
naje  "  (cufliidovica  prtJninta),  which  is  a  screw  pine 
rather  than  a  palm.  The  trunk  of  this  plant  is  only 
a  yanl  in  higlit,  liut  the  leaf-stalks  ai'e  two  yards  in 
length.  The  bark  of  the.se  leaf-stalks  is  woven  into 
baskets,  and  the  expanded  leaves  are  u.sed  for  thatch- 
ing. It  is  the  leaf  before  it  has  opened  tliat  is  pre- 
pared for  tile  manufacture  of  hats.  It  then  consists 
of  a  buniUe  of  plaits  about  two  feet  long  and  one 
inch  in  diameter.  The  green  outside  of  this  "co- 
goUo  "  or  bunch  is  stripped  off ;  and  then,  by  an 
instrument  called  a  "picadera,"  resembling  a  pair 
of  compasses  with  legs  set  half  an  inch  or  less  apart, 
according  to  the  fineness  of  the  straw  required,  the 
leaflets  are  made  into  .strips  of  uniform  size  with  par- 
allel sides.  The  cogollo  is  then  boiled  to  toughen 
the  fiber,  and  liung  np  in  the  sun  to  dry  and  whiten, 
when  the  leaflets  run  np  into  cordlike  .strands,  which 
are  then  ready  for  use.  The  longest  straw  which  can 
be  procnreil  from  the  honibonaje  is  twenty-seven  and 
a  half  inches.  It  takes  sixteen  cogollos  for  an  ordi- 
nary hat  and  twenty-four  for  the  finest ;  and  a  single 
hat  is  plaited  in  from  four  days  to  as  many  months, 
according  to  texture.  —  Professok  Oktox  of  Vassar. 
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Pan'cake.  (Leather.)  A  factitious  leather  made 
of  scraps  agglutinated  by  cement  or  glue,  and  pressed 
into  a  Hat  cake  for  insoles,  etc. 

Pan-de'an  Pipes.     Tlie  emblems  of  Pan,   the 
rural  divinity  of  tiie  Greeks,  were  a  shep- 
herd's crook  and  a  pipe  of  seven  reeds.  Fig.  3501. 

The  reeds  are  bound  together  in  a  paral- 
lel series,  the  mouths  on  a  level  and  the! 
lengths  so  proportioned  as  to  give  the  notes! 
of  the  gamut.  I 

The  instrument  yet  survives  in  England  Pandmn 
as  an  accessory  to  the  exercises  of  Punch,     ^'f'^- 
playing  the  air  to  a  base-drum  accompaniment.    See 
Syiiixx. 

A  porcelain  representation  of  the  Pandean  pipes 
was  found  by  Dr.  Abbott  at  Sakkarah. 

Pan-dore'.  (Music.)  A  rebec.  A  kind  of  lute. 
See  Pandiira,  Plate  LI.,  Bonanni's  "istromenti  Ar- 
inonici,"  Roma,  1776. 

Pane.     1.   A  compartment  or  square. 

a.  A  sheet  or  light  of  window-glass  occupying  one 
opening  in  a  sash.  In  the  nporhjlcriuin  of  a  Pom- 
peian  bath  was  a  pane  of  cast  glass  2  feet  S  inches 
by  3  feet  8  inches.  In  the  tcpidarium  was  another 
window  with  four  panes. 

b.  One  square  of  the  pattern  in  a  plaid  or  checker- 
work  fabric. 

c.  One  of  the  sides  of  a  roof,  tower,  spire,  etc. 

2.  «.   A  flat  dressed  side  of  a  .stone. 

b.  One  of  the  parallelepipeds  of  buhr-stone  which 
are  confined  by  hoops  and  Ibrm  a  millstone. 

3.  (Joinery.)  One  of  the  divisions  of  a  work  which 
has  sunken  portions  surrounded  by  framing.  A 
Panel  (which  see). 

i.  (Machinerij.)  The  divisions  or  sides  of  a  nut 
or  bolt-head  ;  as,  a  si.r-pancd  nut,  i.  c.  a  hexagonal 
nut.     Panel  is  an  allied  word. 

The  pointed  or  edged  end  of  a  hammer-head. 
Properly  Pkf.n  (which  see). 

5.  (Hydraulic  Engineering.)  One  of  the  divisions 
of  a  plat  between  a  feeder  and  an  outlet  di'ain. 

6.  (Diamond-cuUing.)  One  of  the  sides  of  the  te- 
ble  or  ujiper  surface  of  a  brilliant-cut  diamond.  The 
table  has  eight  panes.      See  BlULLIAXT. 

Pan'ei-con'o-graph.    See  Panicograph. 

Pan'el.  1.  The  sunken  portion  of  a  door,  wain- 
scoting, head-board  of  a  bedstead,  etc.  Its  edges 
are  mortised  into  the  surrounding  frame,  whose  up- 
rights, in  a  door,  are  temied  stiles,  and  horizontal 
pieces,  rails.  Middle  vertical  pieces  between  double 
panels  are  munions. 

Carriage  panels  are,  in  the  United  States,  usually 
of  poplar  strengthened  by  strong  canvas  fastened 
thereto  by  glue. 

2.  A  compartment  in  a  sunken  ceiling,  soffit,  bay, 
or  wainscot. 

3.  A  face  of  a  hewn  stone. 

4.  (Painting.)  A  thin  board  on  which  a  painting 
is  made. 

5.  A  square.     See  Paxk. 

6.  (Bookbinding.)  a.  A  depressed  part  of  the 
sides  within  a  relatively  elevated  bordering  portion. 

b.  A  space  on  the  back  between  bands. 

7.  (Mining.)  a.  A  lieap  of  dressed  ore  ready  for 
sale. 

b.  A  S5'stem  of  coal-mining  in  which  the  pro- 
jected winning  is  divided  into  large  square  allot- 
ments divided  by  massive  walls  of  coal,  instead  of 
placing  the  whole  working  in  one  undivided  arrange- 
ment. The  pillars  are  left  very  large,  the  rooms 
small  ;  the  pillars  are  worked  out,  props  being  sub- 
stituted ;  these  are  knocked  out  and  the  goaf  filled 
up  by  the  caving  down  of  the  ceiling. 

8.  A  pad  or  packing  beneath  a  saddlo  to  protect 
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the  liorso's  back  from  contact  witli  the  tree.  It  is 
usually  inailc  of  b:isil  stull'cil  with  wool,  doe-hair,  or 
horse-hair,  liiicj  or  niiiltcd  with  woolen  serge,  or  at 
times,  lor  hot  climates,  with  hollaud,  and  lor  race- 
saddles  with  silk  or  other  soft  material.  The  prin- 
cipal dilKculty  with  panels  is  to  keep  them  of  their 
original  softness. 

Paa'el-plane.  (H'ood-worHng.)  A  long  stocked 
plane  having  a  handle  or  tuat.  'i'ln^  .stock  is  some- 
what dcepei-  than  tliat  of  the  jack-plane. 

Paa'ei-rais'er.  (^irood-tcurkimj.)  One  employed 
to  rabliet  away  the  angle  an^l  a  part  of  the  surface 
of  a  board,  in  order  to  give  it  a  sunken  margin,  leav- 
ing a  raided  panel.  Tlie  cutters  have  such  a  contour 
as  to  give  the  required  molding  to  the  edge  of  the 
raised  portion.  The  e.vainple  is  known  as  a  doable- 
head  panel-raiser,  working  upon  two  edges  of  the 
board  at  once,  at  a  gaged  distance  apart.     A  couple 

Fig.  3502. 


Fay^s  Panel- Raiser. 

of  the  worked  panels  are  shown  on  the  Hoor  below 
the  machine. 

Pan'el-sa'w.  A  hand-saw  for  jianeling.  It  has 
six  teetli  to  the  inch. 

Pan-ic'o-graph.  A  mode  of  obtaining  printing- 
plates  direct  from  a  subject  or  transfer  by  applving 
it  to  the  face  of  a  plate  of  zinc,  and  building  up  a 
printing  surface  in  relief  corresponding  to  the  design 
transferred.     The  ])rocesses  are  :  — 

1.  Place  on  the  polished  plate  the  de.sign  in  trans- 
fer ink  ;  dust  rosin  on  the  ink,  which  gives  it  hard- 
ness and  substance  ;  then  eat  in  the  uncovered  sur- 
face. 

2.  Coat  the  zinc  with  a  non-conducting  surface  ; 
draw  or  write  the  design  with  a  conducting  ink  ; 
throw  down  copper  on  the  lines  in  the  electroplating 
bath  ;  remove  the  non-condncting  coat  and  eat  down 
the  zinc  sui-face  by  making  the  plate  the  positive 
electrode  of  the  battery. 

3.  Coat  the  plate  with  wOiiting  and  etch  with  a 
point  ;  cover  with  varnish,  which  will  adhere  to  the 
uncovered  metal  ;  wash  otl'  the  whiting  and  bite  in 
the  parts  of  the  plate  not  covered  by  the  varnish. 

Panne.  (Fabric.)  Worsted  plush  of  French 
manufacture. 

Pan'nier.    1.  {Hydraulic  Eiujinccrinrj.)  A  basket 


I  or  gabion  of  wicker-work  containing  gravel  or  earth, 
and  used  in  forming  a  basis  for  earthy  niateii;d  in 
tlie  consti'nction  of  dikes  or  banks  to  exclude  water 
or  to  resist  its  eroding  action  upon  its  natuial  banks. 
2.  Ba.skets  —  usually  in  pairs  —  slung  over  the 
back  of  an  aninnd  of  l>nrilen  to  carry  a  load.  The 
ancient  Egyptian  paintings  show  asses  with  panniers 
full  of  children. 

Pan-nus-co'ri-um.  A  kind  of  leather  cloth 
used  for  making  boot  uppers. 

Pan-o-ra'ma.  A  painting  of  a  complete  scene, 
such  as  that  of  London  as  viewed  from  a  central 
point,  by  Barker,  from  the  summit  of  St.  Paul's,  or 
made  continuous  upon  an  unrolling  canvas,  as  if  the 
sjiectator  were  passing  the  particular  spots  consecu- 
utively. 

In  a  diorama  tlie  scenes  are  isolated  and  viewed 
through  a  large  opening,  the  surrounding  prosce- 
nium affording  a  frame  for  tlie  picture  or  succession  of 
pictures.  This  mode  of  pictorial  representation  was 
invented  by  Dagnerre  and  Bouton.  It  has  great 
facilities  for  scenic  and  illuminative  accessories,  by 
opaque  and  transparent  painting,  screens,  shutters, 
reflectors,  etc. 

A  cyclorama,  as  its  name  indicates,  is,  or  should 
be,  a  circular  view. 

The  invention  of  the  jianoraraa  is  due  to  Barker, 
a  portrait-)>ainter  of  Edinburgh,  who  obtained  a 
jiatent  for  his  invention  in  1787.  His  panorama  of 
Edinburgh  was  painted  in  17Si'.  In  17D"2  he  exhib- 
ited his  panorama  of  London.  Fnlton  introduced 
the  art  into  France,  1799.  In  1S21,  during  the  ab- 
sence for  repairs  of  the  cross  of  St.  Paul's,  Barker 
erected  an  ob.servatory  at  that  giildy  bight,  and  dur- 
ing the  summer  comjdcted  his  sketches  on  280  sheets 
of  drawing-paper,  covering  1,680  .square  feet.  The 
jiainting  made  from  his  drawing  adorned  the  interior 
'if  the  dome  of  the  Athenaium,  Kegent's  Park,  London. 
The  panorama  of  the  Jlissi.ssippi  was  made  in  1840 
tiy  the  .skill  ami  jiatience  of  the  painter  Banvard,  who 
floated  down  the  liver  and  took  the  sketches  of 
prominent  points  and  expressive  features  of  the  river- 
banks.  It  gave  rise  to  a  host  of  similar  productions  : 
oceans  and  river  routes,  pilgrims'  progiesses,  para- 
dises lost,  funerals  of  Napoleon,  moral,  immoral,  and 
temperance  serials,  trades,  arts,  politics,  overland 
routes  to  India,  emigration  to  Australia  and  New 
Zealand,  and,  to  cap  the  climax,  a  cyclorama  of  the 
great  Lisbon  eartlnpiake,  which  lia2>pened  about  one 
hundred  years  ]ireviously. 

Pan-o-ram'ic  Cam'e-ra.  {^rhotoyraphy.)  One 
in  which  jiictures  may  be  taken  on  one  flat  plate, 
including  an  angle  of  90°,  more  or  les.s,  as  required, 
without  introducing  defects  due  to  oblique  pencils 
of  light.  Invented  by  Sutton.  The  Icns-tnbe  is 
turned  about  its  axis  and  directed  in  succession  to 
the  difl'erent  portions  of  the  field,  the  dark  slide 
moves  with  it  and  presents  the  proper  portion  of 
the  sensitized  jilate  o]>posite  to  the  lens. 

Pan'o-type.  (Pltotography.)  A  name  given  to 
collodion  |iirturcs. 

Pan'ste-re-o-ra'ma.  A  model  of  a  town  or 
countiy  in  wuod,  papier-mache,  cork,  etc.,  in  which 
the  objects  are  shown  in  the  jiroportional  relief. 

Pan-tel'e-graph.  An  instrument  invented  by 
the  Abbe  Cas.seli,  for  transmitting  autographic  mes- 
sages and  portraits. 

The  essential  features  of  the  invention  are  a  line 
connecting  a  pair  of  ]iendnlums  which  have  isochro- 
nous vibrations.  The  pendulum  at  one  end  of  the 
line  carries  an  iron  point  over  the  portrait  or  mes- 
sage executed  or  written  in  insulating  ink  on  a 
metallic  jiajier,  and  the  other  pendulum  at  the  other 
end  of  the  line  carries  an  iron  pencil  over  a  paper 
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prep.ired  with  a  solution  of  the  yellow  cyanide  of 
potassium. 

The  electric  circuit  is  completed  where  the  stylus 
at  the  transmitting  end  crosses  the  insulating  ink,  and 
at  a  corresponding  place  on  the  [pajjer  at  the  delivery 
end  a  blue  mark  is  njade  by  the  other  stylus  on  the 
prepared  paper.     See  Autugkapiuc  Telegiuph. 

Bonelli's  telegrapli  isof  somewhat  siniilarcharacter. 
See  Deschanel's  "Natural  Pliilosophj-,"  Part  111. 
pp.  730  -  733. 

Pan'tile.    A  tile  curved  to  an  ogee  shape,  so  that 
the  prominent  edge  of  one  is  covered 

Fig.  3503       by  the   dependent   edge   of  the   ne.xt. 
•—>  The  usual  size  is  14A  x  10  inches,  and 
/  they  are  laid  with  a  lO-inch  gage.     170 
tiles  cover  1  si^uare,  i.  e.  10x10  =  100 

Pantile.       square  feet. 

Pan'to-chro-nom'e-ter.  An  in- 
strument which  is  a  combination  of  the  compass, 
sun-dial,  and  universal  sun-dial. 

A  sun-dial  is  attached  to  a  magnetic  needle,  sus- 
pendetl  in  the  usual  way,  in  such  a  manner  as  to 
allow  ter  the  variation.  The  divisions  of  the  hours 
ami  their  fractions  are  carried  on  to  an  additional  ex- 
terior circle,  correspondingly  diviiled  ;  and  to  a  fixed 
circle  around  the  dial,  on  which  are  inscribed  the 
names  of  a  number  of  plac  s.  By  tliis  arrangement 
the  gnomon  gives  the  time  at  the  plai'e  of  observa- 
tion and  also  for  any  other  place  inscribed  upon  it. 

Pan'to-graph.  An  instrument  for  copying  draw- 
ings. Its  invention  is  ascribed  to  Christopher 
Scheiner,  a  Jesuit,  1603.  It  has  since  undergone 
various  modifications  and  improvements. 

A  device  of  this  kind  is  alluded  to  by  Pepys. 

"  This  evening  Mr.  Spong  [the  inventor]  came  and 
first  tolil  me  of  the  instrument  called  a  parallelo- 
gram [pantograph],  which  I  must  have  one  of,  show- 
ing me  his  practice  thereon,  by  a  map  of  England." 
-—  Pepy.s's  Diary,  October  27",  166S. 

The  pantograph  consists  of  four  metallic  rules, 
two  of  which  a,  b  are  jointed  at  c,  and  the  other  two 
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d  e  are  .jointed  over  h ;  each  rule  is  perforated  with  a 
series  of  holes,  and  the  two  d  c  are  provided  with 
thumb-screws  by  which  they  may  be  connected  to 
a  b,  at  either  of  the  holes  of  the  scries.  </  is  a  tracei' ; 
h,  a  pencil  or  pricker ;  and  i  a  screw  or  point  which 


i  is  forced  into  the  drawing  board  or  table  to  hold  the 
instrument  in  position. 

For  use,  the  rules  d  c  are  secured  to  the  others  by 
inserting  the  thumb-screws  through  the  holes  marked 
with  the  numbers;  .as,  5,  i,  ^,  {,  etc.,  coriespond- 
ing  witli  the  scale  to  which  the  drawing  is  to  be  re- 
duced or  enlarged  ;  the  point  i  is  fixed  in  a  conven-' 
ieut  po.sition,  and  the  tracer  r/  passed  over  the  out- 
lines of  the  original  ;  this  causes  the  point  h  to  move 
in  a  direction  parallel  to  that  of  the  tracer,  the  ex- 
tent of  its  motion  being  governed  by  the  adjustment 
above  describcil  ;  and  if  a  pencil-point  be  emjiloyed 
it  describes  a  figure  similar  to  the  original  but  dif- 
fering from  it  in  size.  In  light-line  drawings  it  is 
more  usual  to  employ  a  ]ilain  needle-point,  pricking 
a  sufficii-nt  number  of  points  into  the  paper  to  serve 
as  a  guide  to  the  draftsman,  who  afterward  connects 
them  by  lines.  The  instrument  .shown  in  Fig,  3504 
[  is  the  one  used  in  the  reduction  of  drawings  for  the 
illustrations  in  this  work. 

The  pantograph  is  u.sed  in  transferring  patterns  to 
copper  cylinders  for  calico-printing.  The  system 
was  patented  by  Kigby  in  England  in  1854,  and  im- 
proved in  1S57,  so  that  by  emjiloying  a  number  of 
tracers  all  the  similar  figures  in  a  pattern  may  be 
produced  at  once. 

In  this  process  the  pattern  to  he  copied  is  first 
drawn  on  paper  which  is  placed  in  a  camera  which 
tlirows  an  eidarged  image  on  a  sheet  of  paper  ;  this 
is  traced  on  the  paper,  which  is  then  transferred  to  a 
zinc  plate,  in  which  the  figures  are  cut  with  a  graver. 
The  plate  is  then  laid  on  the  curved  bed  of  the  jian- 
tograph  machine,  on  which  a  varnished  roller  is 
mounted  ;  a  number  of  dianmnd-points  correspond- 
ing to  that  of  the  lateral  repetitions  in  the  pattern 
are  lirought  in  contact  therewith,  and  the  tracer  is 
successively  passed  over  each  part  of  the  enlai-ged 
pattern  ou  the  zinc  plate,  causing  the  diamond-points 
to  describe  a  series  of  figures,  reduced  to  the  size  of 
the  oiiginal  drawing  on  tlie  varnished  co])per  cylin- 
der, wliich  are  afterward  etched  iu  with  acid. 

The  micropunhxjruph,  for  copying  on  a  very  minute 
scale,  may  be  described  as  a  system  of  connected 
pantographic  levers,  the  last  of  which  carries  a  piece 
of  glass  on  which  the  original  is  reduced  in  a  propor- 
tion determined  by  the  relation  between  the  lengths 
of  the  longer  and  shorter  arms  of  the  series. 

The  glass  rests  and  moves  upon  a  diamond-point 
while  the  point  remains  stationary.  The  diamond 
may  be  raised  or  lowered  by  appropriate  mechan- 
ism, to  regulate  the  width  and  depth  of  the  cut  or 
entirely  remove  it  from  the  glass. 

With  an  instrument  of  this  kind  the  Lord's  Prayer 
has  been  written  within  the  space  of  ■^T^fra'n  of  a 
square  inch.  In  the  same  ratio  the  whole  of  the 
Old  and  New  Testament  would  be  contained  within 
jV  of  a  sijuare  inch.     See  MiCP.op.\yTOGP,.iP)[. 

Paii-tom'e-ter.  An  instrument  for  measuring 
angles  for  the  determination  of  elevations,  distances, 
etc. 

Pa'per.  A  material  made  in  thin  sheets  from  a 
pulp  of  ground  rags  or  other  fiber,  and  used  for 
writing  or  printing  upon  or  for  wrapping.  The  name 
is  derived  from  papi/nis,  an  Egyjitian  reed  whose 
stalk  furnished  for  so  many  centuiies  the  principal 
material  for  writing  upon  ami  for  wrap]iing,  to  the 
nations  bordering  upon  the  Jleiliterrauean.  In  his 
day,  Pliny  remarked  :  — 

"  All  the  usages  of  civilize!  life  depend  in  a  remarkable  de- 
gree upon  the  employment  of  paper.  At  all  events,  the  remem- 
brance of  past  events.*' 

This  observation,  undoubtedly  true  1,800  years 
ago,  is  nmch  more  remarkably  so  now  ;  indeed,  in 
considering  that  paper  as  we  now  understand  it  was 
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entirely  unknown  to  Europe  in  the  tune  of  1  liny, 
the  expression  of  the  great  deren.leiiee  upon  wliat 
seems  to  us  so  fragile  am\  ineffieient  a  substitute  lor 
real  paper  appears  strange.  ,    ,      rp. 

The  Creek  name  pnpuros,  inentioneil  by  Ihpo- 
phrastus  a  eonteiii|ioi"irv  of  Aristotle  anil  Alexaniler, 
'was  probably  the  E-yptiau  name  of  the  ree.l  with  a 
Creek  terniinatiiUi.  It  was  also  called  biblos  \>y 
Homer  and  Herodotus,  whence  our  term  hhlc  Ihe 
term  vnhmen,  a  scroll,  indicates  the  early  lorm  ot  a 
hook  of  bark,  papyrus,  skin,  or  parchment,  as  the 
term  liber  (Latin,  a  book,  or  the  inner  bark  .jt  a 
tree)  does  the  use  of  the  bark  itsell.  Hence  also  our 
word.s  librarn,  libniiiitn,  etc. 

Plinv  indorses  tlie  statement  of  Varro  that  the 
discovery  of  the  use  of  thi-  papyrus  was  an  iiirideut 
in  the  victorious  expedition  of  Alexander  ot  Mace- 
don  ;  this  was  not  correct,  but  no  doubt  tlie  exiie- 
ditiou  contributed  to  introduce  the  papyrus  to  tiie 
nations  of  the  West.  Egyptian  tombs  sliow  that  it 
was  used  many  a-es  before  the  time  ol  A  exau.ler 
and  indeed,  long  prior  to  any  authentic  historical 
accounts  of  Creece  ;  its  existence  being  proven  near- 
ly as  far  back  as  the  stone  records  of  Egypt  extend, 
or  nearly  to  the  time  of  Meiies  himself  (2400  B.  c). 

It  seeius  to  have  been  early  known  to  the  Hebrews. 
Isaiah  refers  to  the  papyrus  plant  when  he  says,  — 

"  The  imper  rmls  hv  the  brooks,  and  pverything  sown  by  the 
brooks,  shall  wither,  be  driven  away,  and  be  no  more. 

This  prediction  of  the  prophet  has  been  long 
since  fulfilled,  and  the  plant  is  now  comparatively 

'  An  ancient  Eayptiaii  papyrus  on  the  preparatio'i 
of  medicines,  whii-li  was  found  at  Thebes  by  Dr. 
Ehers,  has  lately  been  placed  in  tlie  Leipsie  Library. 
It  is  ill  a  good  state  of  preservation,  and  consists  ol 
one  hundred  and  ten  colunms  ;  written  on  the  back 
is  a  double  calendar  iu  eight  columns.  Each  colunin 
is  eicrht  inches  wide,  and  contains  twenty-two  lines. 
The^writing  is  from  right  to  left ;  it  is  all  m  black 
ink,  except  the  beginnings  of  chapters,  which  are  in 
red  ink.  The  characters  are  distinct,  bold,  and 
tasteful,  and  their  form  appears  to  fix  the  seventeenth 
century  b  c.  as  the  .late  of  the  manuscript ;  the  tact 
that  ill  the  calendar  the  name  of  King  Ra-sei-ka 
(Amenophis  1.)  is  mentioneil,  proves  that  the  papyrus 
is  not  po.sterior  to  the  first  half  of  that  century. 

The  work  itself  dites  from  a  peviol  more  remote  than  its 
trnnsc-ription  on  papyrus  It  is  kno-.vn  th-.t  the  most  ane.ent 
F.rvDti.in  writinRS  were  works  about  medu-me.  Manetho  tells 
ufthat  the  Egyptians  honored  o  ,e  of  their  Hrs' '""p^  f  *  P'^-V- 
sician  This  assertion  is  confirmed,  not  only  by  the  fragnient 
of  papyrus  of  ISru-sh  .^n.^  Chah.s,  pn-served  in  the  Berlin  Mu- 
seum,but  also  by  the  present  ilocunient.  

The-  first  chapter  of  the  p-.p.,rns  treats  of  the  origina  pro- 
duction  of  the  book,  whicll  ci.me  from  the  Temple  of  On  (He  .- 
oDolisl  Then  folio. v  the  remclies  employe!  for  the  cure  ot 
various  diseases,  toRether  with  extensive  details  as  to  diseases 
of  the  eye,  remedies  against  the  fallins  oil  of  the  ban-,  for  sores 
fevers,  the  itch,  etc.  The  chapter  devoted  to  the  mistress  of 
the  house  is  succeeded  by  one  about  the  house  itself,  which 
insists  on  the  importance  of  cleanliness,  and  tells  how  to  banish 
insects,  to  exclude  them  from  houses,  to  prevent  serpents  from 
coming  out  of  their  holes,  to  avoid  the  stings  of  gnats  and  the 
bites  of  Heas,  and  to  ,lisinfect  clothing  and  dwellings  Then 
there  is  a  treatise  on  the  relations  between  soul  and  body,  Wl.h 
secret  methods  ofstudring  the  heart  and  its  movement. 

The  gossiping  and  agreeable  Pliny  gives  a  detailed 
account  of  the' preparation  of  paper  from  the  Nile 
reed  This  indefatigable  man  is  principally  known 
to  us  by  one  only  of  his  voluminous  writings,  hi,s 
treatise  on  "Natural  History."  This,  however, 
treats  on  a  great  multitude  of  subjects,  including  agri- 
culture and  the  arts  and  sciences,  and  attords  a  very 
interesting  record  of  the  state  of  practical  knowledge 
at  that  time.  He  was  sutTocated  by  the  mepliitic 
vapors  at  tlio  eruption  of  Vesuvius,  A.  D.  79,  which 


he  had  imprudently  approached  too  nearly,  for  the 
purpose  of  .scientific  investigation. 

It  may  be  remarked,  that  this  eruption  of  Vesuvius,  described 
with  so  much  animation  by  I'liny  the  Younger,  did  not  utter  y 
destroy  the  cities  of  Her.  uian.'imi  and  I'ompeu.  as  is  popularly 
supposed  We  find  tliem  emerging  from  their  ruins  in  the 
vei'rii  of  Ihc  Emperor  Titus,  in  the  filth  \car  of  whose  ri'ign  they 
sultired  so  much.  They  jet  subsisted  in  the  reign  of  lladri.in, 
under  the  Antonincs,  and  are  mentioned  as  inhabit.-d  titles  m 
the  chart  of  I'eutinger,  which  is  of  the  date  of  Constantiiie. 
The  eruption  of  h.  D  471  was  probably  the  most  frightful  on 
recoril ;  and  if  we  may  lielieve  Marcellinus,  the  ashes  of  the  vol- 
cano were  vomited  over  a  great  portion  of  Europe,  reaching  to 
(_'oustantiuople,whereafestival  was  institutedin  commemoration 
of  the  strange  phenomenon.  After  this,  ^ve  hear  no  more  of  the 
cities,  but  tlie  portion  of  the  inhalJitants  who  escaped  built  or 
occupied  suburbs  at  Nola  in  Campania  and  at  Naples.  In  the 
latter  city,  the  Regie  Hi rnilmtfrisui7n,  or  (jimrtrr  nf  llie  Her- 
culuiitnnx,  an  inscription  marked  on  several  lapidary  monu- 
ments, indicates  the  part  devoted  to  the  population  driven  Irom 
the  doomed  city. 
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From  Pliny  we  learn  that  the  papyrus  plant  grew 
in  the  marshes  of  Egypt  or  in  the  sluggish  waters  of 
the  river  Nile  in  pools  which  did  not  exceed  31  feet 
in  de]ith,  forming  a  gracefully  tapering  stalk,  trian- 
gular in  cross-section  and  not  over  16  feet  (l(f cubits) 
in  hight. 

The  paper  made  from  papyrus  was  of  nine  different  qualities, 
varying  in  size,  color,  and  texture.  It  was  made  "  by  splitting 
the  successive  folds  of  the  stalk  with  a  needle  into  very  thin 
leaves,  due  t  are  being  ti  ken  that  they  should  be  as  broad  as 
pos^ible.  That  of  the  first  quality  is  Uken  from  the  center  of 
the  plant,  and  so  on  in  regular  suciession,  according  to  the  or- 
der of  divi'ion  "  .<  ,         ,    „ 

Each  quuiitv  was  known  by  a  different  name,  as     Augusta, 
'•  Uviana,''  "  Ilieratica,"  etc.,  the  latter  from  the  fact  that  it 
was  resened  for  religious  books.     The  "  tamotic  "  and   'enipo- 
ratica  "  were  sold  by  weight,  and  used  by  dealers  for  wrapping, 
while  the  bark  was  used  for  making  cordage. 

All  these  various  kinds  were  made  upon  a  table  moistened 
with  Nile  water;  a  liquid  which,  when  in  a  muddy  state,  was 
supposed  to  have  some  of  the  properties  of  glue.  There  is  little 
douht,  however,  that  this  adhesive  property  was  inherent  in  the 
plant  itself,  and  in  some  instances  we  know  that  paste  was  em- 
ploved.  The  table  being  first  inclined,  theflakes  of  papyrnSNVere 
l:iid  upon  it  lengthwise  to  snch  length  as  the  papyrus  would  ad- 
mit of  thej  ggcd  edges  being  cut  offat  either  end;  after  which  a 
cross-l'ayer  was  plated  over  it.  When  this  was  done,  the  leaves 
were  pressed  close  together  and  then  dried  in  the  sun,  after 
which  they  were  united  to  ore  another,  the  best  sheets  ' 
always  taken  first,  and  the  inferior  .itldcd  afterward.  1 
were  never  n  ore  than  twenty  of  these  sheets  to  a  roll, 
width  varied  according  to  quality  from  thirteen  to  six  fingers 
breadth.  ,  .        ,       i      .»i. 

In  making  the  leaves  were  beaten  and  thinned  out  with  a 
mallet,  and  the  1.  aves  united  by  paste.  Roughness  was  subse- 
nuently  smoothed  down  with  a  burnishing  tooth  or  shell,  which 
polished  the  surfnte  We  may  rcmaik  that  modern  microscop- 
ital  investigation  has  tlemonstrated  the  fact  that  three  instead 
of  two  lujers  of  the  liber  were  usually  if  not  universally  eui- 

''  As  a  material  for  writing  upon,  the  Mexicans  used  cotton 
cloth  or  skins  iiiiely  prepared,  or  a  composition  of  silk  and 
cum  but  prinripiilly  a  fabric  prepared  from  the  aloe,  Agm-e 
imerirmia.  called  hy  the  natives  m.^gmy,  which  grows  freely 
over  the  table-land  of  Mexico.  The  paper  somewhat  nsemblcs 
the  Egviitian  pnp^iruss.  and  is  polished  to  refcuihle  parchment. 
It  took  color  andink  excellently,  and  n.any  spctimens  rcn'alii. 
It  was  sometimes  rolled  up  in  scrolls  ;  at  other  times  was  n.ade 
up  in  packs  of  Icnves,  with  a  tablet  ot  wood  lor  the  outsides. 
The  leaves  were  separate. 

A  species  nf  incombu.stible  paper  was  made  from 
a.sliestus  in  the  time  of  Pliny. 

To  o-ive  an  idea  of  the  bulky  nature  of  papyrus 
manusTiiiits  it  may  be  mentioned  that  Ovid's  Meta- 
morphoses occnjiied  fifteen  rolls. 

The  abundance  of  papyrus  m  Egypt,  the  chief 
source  of  its  production,  the  magnificence  ot  the 
kings  of  that  country,  and  the  concourse  of  learned 
met?  who  resorted  thither,  caused  it  to  become  the 
seat  of  those  immense  libraries  which  we  read  of  as 
having  iieri.she.l  in  the  flames  during  the  siege  ot 
Alexandria  by  Julius  Ciesar,  B.  c.  47.  linder  Theoilo- 
.sius  about  A.  D.  388,  and  finally  under  Omar  the 
Saracen  about  A.  D.  639.  During  this  interval, 
however,  the  Alexandrian  library  had  been  increased 
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by  the  ajilition  of  that  of  Emnunes,  king  of  Perga- 
mos,  wliich  bad  bepu  iiresented  by  Marc  Antony  to 
Cleopatra.  The  volumes  composing  this  latter  were 
written  largely  on  parchment,  and,  according  to  the 
old  story,  this  material  was  invented  or  discovered 
by  Eumenes,  about  200  B.  c,  in  consequence  of  a 
prohiliition  laid  on  the  exportation  of  papyrus  from 
Egypt,  due  to  the  fact  that  one  of  the  Ptolemies 
wished  to  have  no  rivals  in  the  mattei'  of  libraries, 
and  proposed  by  this  means  to  prevent  Eumenes  from 
proceeding  with  his  proposed  collection.  The  latter, 
Iiowcver,  it  app.Mrs,  was  not  to  be  thus  deterred  frour 
his  favorite  project,  and  contrived  a  method  of  2're- 
paring  skins  of  animals  which  fully  answered  his 
iutjuvled  purpose. 

As  skins  for  records  had  been  known  for  so  many 
ages,  among  the  fiebrews  for  instance,  we  may  fairly 
presume  that  the  invention  of  Eumenes  merely  re- 
lated to  a  ])eculiar  mode  of  dressing.  It  may  be 
conjectured,  perhaps,  that  previous  to  the  time  of 
this  king  writing  upon  skins  had  been  done  with 
paint,  and  not  with  ink.  Paint  consists  of  a  pig- 
ment ground  in  oil,  and  ink  is  a  dye  dissolved  in 
water.  The  fornier  does  not  flow  freely,  and  cannot 
well  be  used  with  a  pen,  but  requires  an  implement 
of  the  hrush  kind  for  its  proper  application.  Neither, 
however,  can  well  be  applied  to  skins  which  still  re- 
tain a  large  portion  of  their  fatty  matters  ;  an  ink 
can  hardly  be  used  at  all  lor  forming  legible  charac- 
ters on  skins  in  this  condition,  though  a  paint,  to  a 
certain  extent,  may. 

Parchment,  in  addition  to  having  been  selected 
and  reduced  to  a  regnl.u-  thickness,  has  been  sp;^- 
cially  treated  with  detergents,  and  a  proper  surface 
raised  by  pumice-stone,  so  that  it  is  adapted  to  receive 
ami  retain  ink.  Papyrus  h  ung  the  ordinary  mate- 
rial for  writing,  and  being  eminently  calculated  to 
receive  the  aqueous  colored  solution  called  ink,  it 
was  the  object  of  liumenes  to  render  tlie  skins  of 
animals  .suitable  for  the  reception  of  such  a  fluid, 
and  avoid  the  necessity  of  going  hack  to  the  use  of 
paints.  The  name  of  (.'rates  of  Mallos  is  honorably 
associated  with  that  of  Eumenes  in  the  enterpri.*, 
if  not  the  invention. 

All  public  documents  under  Charlemagne  were 
written  on  parchment  e.vcept  by  the  Popes,  who 
u.scd  jiapyrus  till  the  twelfth  century.  Papyrus  con- 
tinued to  be  used  for  e|iistolary  corj'cspondence  till 
the  introduction  of  [lajier  by  the  Saracens. 

The  bull  of  I'ope  Agapetus,  dated  951,  was  writ- 
ten on  paiiyrus,  and  perished  in  the  burning  by  the 
French  communists  of  the  library  of  the  Louvre, 
May  24-20,  1S71. 

Many  ages  must  have  passed  in  Egj'pt  before  the 
ingenious  mode  of  obtaining  ])aper  from  [mpyrus  was 
devised.  At  this  distant  pei-ioil  we  may  assume  that 
Pliny's  remarks  were  true  of  the  Nile  land,  as  in 
that  writer's  own  age  they  were  true  of  Asia  and 
parts  of  Europe. 

"At  first  men  wrote  upon  leaves  and  afterward 
upon  the  bark  or  rind  of  trees."  Reference  has  al- 
ready been  maih-  to  the  terms  volunmi  and  lihrr, 
and  the  origin  of  another  set  of  words  is  no  less  aji- 
parent.  The  modern  word  ;m</c  is  from  the  Latin 
word  jHigiiiai,  flat  leaves  ;  and  the  word  leiivcs  is  also 
ap|ilied,  being  the  translated  form  of  jvmiiiai,a.^  piiijc 
is  the  derived  word.  Fotin  is  also  Uom  folium  ( Latin), 
a  leaf,  indicating  the  mateiial  so  (-ommonly  used. 
A\  riting  on  pidm-leavcs  was  practiced  among  all 
peoples  where  that  tree  flourished  ;  the  Singhalese 
and  other  East-Indian  nations  retain  it  to  the  pres- 
ent day.  Oblong  ]iieces  of  the  green  leaf  are  trimmed 
unifonnly,  so  as  to  be  strung  together  to  form  a 
book,  —  a  shaky  and  insecure  binding,  but  one  quite 


common  in  museums.  The  writing  is  scratched 
through  the  external  cellular  matter  of  the  leaf, 
which  shrinks  away  from  the  incision,  into  which  a 
blac;k  pigment  is  sometimes  rubbed. 

Many  other  mateiials  have  been  used  by  savage 
and  semi-civilized  nations  for  records  more  or  less 
enduring.  Umlcr  the  article  Pes  may  be  found  .some 
references  to  pictured  and  inscribed  rocks,  to  writings 
on  tablets,  skins,  stones,  slabs  of  clay,  bones,  shells, 
linen,  metallic  plates,  and  ivory.     See  Pen.  ' 

Close  at  home  we  have  an  excellent  substitute  in 
an  emei'gency,  birch-bark,  used  by  the  northern  tribes 
of  Indians.  In  Polynesia  and  Oceanic'a,  as  well  as  in 
China  and  Japan,  the  Moras  ixipyrifcra,  or  paper- 
mulberry,  yields  an  inner  bark  which  is  of  great 
value.  In  Java  and  Sumatra  it  is  the  ordinary 
material  lor  writing  upon.  Its  use  as  a  garment  is 
perhaps  most  extensive  among  the  Feejees. 

Among  the.se  ingenious  cannibals  the  lappa  cloth, 
as  it  is  termed,  is  made  by  removing  the  bark  from 
the  tree  in  stri]is  six  feet  long  and  three  inches  wide. 
These  are  soaked  and  then  beaten  on  a  table  with 
flat  grooved  mallets,  until  the  strip  is  extended 
into  a  sheet  as  vide  as  it  is  long.  This  is  then  flat- 
tened with  a  smooth  mallet,  and  pieces  may  be  united 
by  beating  their  edges  together. 

In  the  due  eouree  of  the  ages,  papyrus  and  parch- 
ment having  rendei'ed  an  elastic  pen  (calamus,  a  reed) 
and  a  fluid  ink  the  most  convenient  materials  for  writ- 
ing, we  lind  they  long  maintained  an  almost  uninter- 
rui>ted  sway,  the  variations  being  in  the  use  of  waxed 
tablets,  leaden  plates,  and  waxed  linen,  as  explained 
under  Pex. 

The  great  change  occurred  when  tnce  p  ipef  was 
made  of  Tags  or  other  vrgetabh  fiber,  reduced  to  a 
pulp,  (jathercd  into  a  sheet,  felted  in  scttincf,  and 
dried. 

Human  invention  bad.  in  thi,^  case,  been  anticipated  I'v  tlie 
wasp,  whioli  insect  may  be  considered  as  a  pvofes-sional  paper- 
malvur,  devoting  a  large  portion  of  her  time  and  energies  to  tlie 
production  of  this  fab  ic,of  which  .she  builds  her  nest.  For 
t  jis  purpose  she  peeks  dry  wood, — fence-rail.s  and  weather-beaten 
boards  are  a  favorite  source  of  .supply,  —  which  she  saws  or  rasps 
by  mastication,  mixes  with  a  natural  size  e-\uded  for  the  pur- 
pose, works  into  a  paste,  and  spreads  into  sheets  in  a  n.anner 
truly  marvelous  Any  one  who  has  pelted  hornets'  nests  with 
stones  from  a  safe  distjincc,  or  given  them  a  pas.sing  blow  with  a 
stick  as  they  hang  from  a  limb  in  the  orchard,  will  be  led  to 
admire  the  strength  which  a  pulp  of  chewed  wood  and  albumen 
may  be  capable  of  exhibiting 

The  structure  is  generally  a  prolonged  irregular  spheroid, 
wonderfully  light,  and  is  bound  by  repeated  layers  and  bands 
of  paper  to  the  bough  fioni  which  it  is  suspended.  The  mate- 
rial resists  rain ,  partly  from  the  shape,  the  roof  being  rounded ; 
partly  from  the  fact  that  the  successive  layers  overlap,  or,  in 
other  words,  that  the  dome  is  sitinickfl ;  and  partly,  we  pre- 
sume, from  its  being  rendered  semi-.vaterproof  by  the  size  in 
its  composition 

The  mode  of  procedure  is  interesting.  Having  finished  the 
ceiling,  the  hornet  begins  to  build  the  first  terrace  of  her  city. 
The  females  and  neuters  do  most  of  the  work  among  all  insects 
of  this  class.  The  charges  ami  distractions  of  maternity  are, 
however,  in  nio=t  cases  removed  from  the  workers  whose  gender 
is  suppressed,  though  the  mother  hornet,  unlike  the  liueen  bee, 
is  eminently  industrious.  To  rvsunie:  the  upper  termce  of 
cells  in  the  interior  oft  le  structure  is  of  a  general  circular  shape, 
and  is  suspended  from  the  ceiling  of  the  dome  by  astalk  and  staya 
of  the  same  material  which  composes  the  body  of  the  nest.  Tlic 
cells  in  the  telTaceare  hexagonal  in  form ,  and  have  their  mouths 
downward.  These  are  not  ajipropriared  to  honey, as  the  insects 
do  not  lay  up  provisions,  but  they  are  devoted  to  the  rearing  of 
the  young.  A  set  of  cells  Ining  completed  and  eggs  laid  theivin, 
the  work  is  intermitted,  and  the  mother's  time  devoted  to  sup- 
plying fooil  for  the  grubs,  which  soon  require  hercare.  \\'hen, 
ina  few  weeks,  they  are  able  to  go  abroad  themselves,  they  help 
extend  the  quarters,  and  a  pew  terrace  is  con.structed,  supported 
by  stems  from  that  above.  The  community  of  paper-makers  may 
amount  to  30,000  in  a  single  season,  according  to  Iteaumur. 

j  The  Chinese,  at  the  time  of  Kung-fu-tze  (about  600 
B.  C),  wrote  with  a  style  upon  the  liber  of  trees,  as 
their   records   state.     Paper  was  used,   perhajis  in- 

!  vented,  in  that  country  in  the  reign  of  Wan-te,  179- 
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156  B.  c.  That  made  previous  to  the  Christian  era 
is  supposed  to  liave  been  of  silk.  Engrossing  on 
cloth  anil  siiki-n  stuffs  had  lieeii  praetii'ed  for  many 
centuries  previously.  The  Chine.se  silk  )iaper  is  stated 
by  -Martini  to  have  been  invented  in  China  about 
120  11.  I-.,  and  to  have  tbund  its  way  into  Persia  and 
Arabia  aljout  .\    D.  020. 

The  bark-paper  of  China  is  made  in  tiie  following  manner: 
The  small  Ijraurhes  of  a  species  of  tree  resiMnblnig  the  uiulberry 
(Brouxsontsia)  arc  boiled  in  l)e  to  loosen  the  bark  ;  this  is  then 
niaefratL'd  in  water  for  several  divs,  the  outer  part  scraped  off, 
and  the  inner  part  boiled  and  agit-itej  in  lye  until  it  separates 
into  libers.  It  is  tlieti  wa-fhej  in  a  pan  or  sieve  and  worked 
by  the  hands  into  a  p  ilp,  which  is  afterward  spread  on  a  table 
and  beaten  fine  with  a  mallet.  The  pulp  is  next  placed  in 
a  tub  containing  an  infusion  of  rice  and  a  root  caUed  oreni, 
and  tht)roughly  stirred  to  nux  the  materi  ils.  The  sheets  are 
firmed  by  dipping  a  mold,  made  of  .strips  of  bulrushes  confined 
in  a  frame,  into  the  vat  containing  the  pulp,  and  are, after  mold- 
ing, laid  one  on  another  with  strip?  of  reed  between.  A  board 
and  weig.its  are  laid  on  the  pile  to  express  the  water,  and  they 
are  then  sepai-ated  and  dried  in  the  sun.  This  piper  is  so  deli- 
cate as  to  bear  writing  on  one  side  only.  When  it  is  desired  to 
write  on  two  sides  a  couple  of  sheets  are  pasted  together  back 
to  back. 

The  Chine.se  pajier  of  bamboo  liber  is  likewise  very 
an(;ieiit,  and  is  mailu  by  pulping  and  g.athering  the 
pulp  in  films. 

The  Chinese  rice-paper,  so  called,  is  prepared  from 
the  inner  portion  of  the  stems  of  a  hardy  legumi- 
nous jdant  that  grows  ]iU'ntifully  about  the  lakes 
near  Calcutta  and  also  in  the  i.slanil  of  Formosa, 
whence  the  Chinese  import  it  in  large  riutmtities. 
The  stems  of  the  plant  being  cut  into  the  j)roper 
lengths  for  the  sheets,  the  pith  is  cut  spirally  into  a 
thin  slice,  then  Hatteueil,  pressed,  ami  dried.  It 
thus  resembles  very  closely  the  paiiyrns  in  the  mode 
of  manufacture. 

It  is  s;dd  that  in  Japan,  previous  to  the  year  A.  D. 
230,  silken  stulf,  with  a  facing  of  linen,  was  used 
for  writing  upon.  Subseipiently  paper  was  imported 
from  the  Coiea,  and  about  610  A.  D.  the  L'raunso- 
nrsid  papyrifcra  (paper  mulberry)  was  iutroiluited, 
from  w  hieh  the  greater  part  of  the  paper  now  used 
in  that  country  is  maile. 

This  is  manufactured  by  boiling  the  stalks  of  the  plant,  caus- 
ing the  bark  to  .separate.  The  outer  portion  of  this  is  converted 
into  paper  of  an  inferior  quality,  while  the  inner  skiti  is  treated 
by  firther  boiling,  washed, and  pounded  by  beating  with  clubs 
on  a  wooden  tihle.  The  pulp  tlius  formed  is  made  into  balls, 
from  .vhic'l  portions  are  broken  oiT.as  required  and  ini.xed  with 
a  piste  made  from  the  root  of  the  troro,  a  sort  of  shrub.  The 
mixture,  thoroughly  incorporated  and  of  proper  consistency,  is 
poured  into  a  mold  consi.ting  of  an  inner  and  outer  frame,  the 
former  having  a  f  ilse  bottom.  The  sheet  thus  formed  is  turned 
out  of  the  moid  and  dried  on  bo.ards.  The  whole  process  and 
its  manipnlations  bear  a  striking  analogy  to  those  employed  in 
making  h  ind-lai  I  piper  in  the  Knropean  way,  as  will  be 'snb.se- 
quently  described  The  process  differs  in  some  respects  from 
the  Chinese  plan  described  above. 

The  conrpiests  of  the  Saracens  cut  off  the  snii]ily 
of  pajiyrus  to  Europe,  and  tliat  energetic  jieople 
made  tmuM^ds  by  introducing  true  papei". 

Tliey  are  supjioscd,  by  their  coni|Ucsts  in  P>ucharia 
about  the  year  701,  to  have  aci^uired  the  art  of  mak- 
ing cotton  jiaper,  and  substituted  it  for  the  .silk  of 
the  far  East  and  the  pajiyrus  of  the  South.  In  the 
eighth  century  the  .Saracens  compiered  Sp.tin,  and 
thiough  thtit  peninsula  the  art  of  making  jiaper 
reached  the  rest  of  Europe.  In  the  .same  centurv, 
tlie  art  is  said  to  have  lieeii  introdnceil  into  Constan- 
tinople from  the  East.  Ptipcr  was  made  by  the  Sar- 
acens in  Spain  from  tla.x,  and  afterward  from  cotton. 
Some  time  jirevious  to  this,  however,  a  cotton  paper, 
made  in  Danmscns  and  designated  as  C'liarta  dama- 
sceiM,  had  been  known  in  Kuio]ie. 

An  .\nibian  author  of  the  thirteenth  century  states 
that  cotton  \a\«'r  was  invented  at  .\leci-a  liy  one  Jo- 
seph Amru,  about  the  year  of  the  Heyira  SS,  that  is, 


A.  D.  706.  A.iiother  .\rabian  authority  states  that 
a  ]ia|ier  manul'actory  was  found  at  Samtiicand,  in 
liucharia,  when  the  Artibs  compiered  that  country 
in  the  year  of  the  Ilegira  So. 

The  oldest  inauuscript  written  on  cotton  paper  in 
England  is  in  tlie  liodleian  colli-utiim  of  the  British 
Museum,  anil  liears  date  lOli).  The  most  ancient 
manuscript  on  the  same  material  in  the  Librarv  of 
Paris  is  dated  1050.  In  108.")  a.  d.,  the  Chris'tian 
successors  of  the  Sjianish  Saracens  made  piiper  of 
rags  instead  of  raw  cotton,  which  is  recognized  by 
its  yellowness  and  brittleness.  A  very  early  speci- 
men of  linen  paper  is  found  in  a  manuscript  bearing 
the  date  of  1100  A.  D. ;  though  some  twelve  years 
afterward  we  lind  Roger,  king  of  Sicily,  granting  a 
charter  to  some  pa]ier-niakei's  who  were  then  estab- 
lished on  that  islanil.  The  paper  made  l>y  them  was, 
however,  probably  of  cotton,  which  was  then  exten- 
sively grown  in  Sicily. 

In  1151,  we  learn  from  an  Arabian  author  that 
paper  of  a  superior  (jnality  wtis  manufactured  at 
Xativa,  in  Spain,  the  Christian  Spaniaids  having 
improved  upon  the  jirocesses  of  the  Moors,  from 
whom  they  learned  the  art,  by  stamping  the  raw 
material,  law  cotton  and  rags,  by  the  aid  of  a  water- 
mill. 

In  1170,  En.stathius,  the  commentator  on  Homer, 
remarks  that  papyrus  had  fallen  into  disuse. 

In  1178,  we  find  several  siiecimens  of  llax  paper 
in  Spain,  and  in  the  University  of  iiiteln  in  Germany 
a  document  is  prcseived,  .signed  by  Adoljihn.s,  Count 
of  Schaunibeig,  made  from  linen  rags.  A  letter  from 
Joinville  to  Louis  X.  of  France,  dated  1315,  and 
written  on  paper  made  from  rags,  is  yet  extant.  Alter 
this  period  the  notices  of  jjaper  and  of  paper-making" 
become  IVeiiuent. 

liinen  jiaper  is  found  in  documents  of  1241  (edict 
of  Emperor  Freil.  II.)  and  1300.  The  Arabian  phy- 
sician Abdolhitii>h,  who  visited  Egypt  in  1200,  says 
that  the  mummy-cloths  (//wch)  were  habitually  n.sed 
to  make  wrapping-paper  for  the  shop-keepers.  The 
linen  paper  of  the  thirteenth  ceiittiry  had  the  water- 
lines  and  water-mark.      One  siiecimen  had  a  tower. 

The  earliest  manuscript  on  linen  jitiper  known  to 
be  English  bears  date  fourteenth  year  of  Edward  III., 
1320.  The  hrst  water-mark,  a  ram's  hetid,  is  found 
in  a  book  of  accounts  belonging  to  an  otlicitil  of  Bcr- 
deau.x,  whiidi  was  then  subject  to  England,  dated 
1330.  It  has  been  claimed  that  linen  paper  wois 
made  in  England  as  early  as  1330,  though  it  is  sup- 
i  posed  tluit  no  linen  pajier  was  made  in  Italy  previ- 
I  ous  to  1367. 

]  In  1390,  Ulman  Strother  established  a  paper-mill 
at  Nuremberg  in  Bavaria,  operated  by  t«  o  rollers, 
which  set  in  motion  eighteen  stamper.s.  This  indi- 
cates the  process  of  pulping  the  liber  by  beating, 
which  continued  in  use  for  ncttrly  four  centuries. 
This  was  the  fir.st  ]iii]ier-mill  known  to  have  been 
estttblished  in  Germany,  and  is  .said  to  have  been  the 
first  in  Eurojie  for  manufacturing  paper  from  linen 
rags. 

In  1498,  an  entry  appears  among  the  privy  ex- 
penses of  Henry  VII.  for  "a  reward  given  to  the 
paper-mill,"  16s.  8  rf.  This  is  inobably  the  paper- 
mill  mentioned  by  Wynkin  de  M'orde,  the  father  of 
English  typograi)liy.  It  was  located  at  Hartford,  and 
the  water-mark  he  einplo}'ed  was  a  star  within  a  double 
circle.  The  jug  or  pot  was  a  favorite  water-mark 
abmit  the  middle  of  the  fifteenth  century,  jneceding 
the  fool's  cap,  whicli  has  given  its  name  to  the  lar- 
gest size  of  writing-paper  now  in  common  use.  About 
1540,  it  appears' that  Henry  VIII.  of  England,  to 
show  his  animosity  to  the  Pope,  witli  whcini  he  liad 
then  quarreled,  used  for  his  private  correspondence  a 
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paper  of  which  the  water-mark  was  a  hog  with  a 
miter. 

The  barbarous  law  of  England  imposing  a  duty 
on  paper  appears  to  have  had  a  precedent  in  France 
under  Charles  IX.,  the  author  of  the  St.  Bartholo- 
mew massacre,  who,  in  1565,  levied  an  impost  on 
tliat  article,  wliich  was  soon  abolished  at  the  insti- 
gation of  the  University  of  Paris. 

It  appears  that  wall-paper,  as  a  substitute  for  tap- 
estry or  hangings,  began  to  come  into  vogue  about 
the  year  1610. 

It  does  not  appear  that  the  paper  manufacture 
flourished  in  England  until  after  the  revolution  of  j 
1688,  as  we  find  that  in  1663  England  imported  from  i 
Holland  alone  paper  to  the  amount  of  £  100,000.        j 

This  hardly  preceded  the  establishment  of  paper  : 
manufactories  in  America,  as  we  find  that  William  i 
Rittinghiiysen,    anglicized    Rittenhouse,  —  a   name  i 
afterward  memorable  in   the   history  of  American 
scieni:e,  —  a  native  of  Holland,  in  conjunction  with  \ 
old  William  Bradford,  one  of  the  earliest  of  Ameri- 
can printers,  who  will  be  doubtless  remembered  by 
those  who  have  read  Franklin's  Autobiography,  es- 
tablished a  paper-mill  at  Roxboroiigh,  near  Phila- 
delphia, on  a  str.-am  still  called  Paper-mid  Run,  a 
tributary  of  the  Wissahickon.     The  raw  material  for 
its  supply  was  derived  from  linen  rags,  the  produce 
of  the  old  clothes  of  the  vicinity,  and  native  rags 
long  continued  to  be  the  chief  source  from  which 
American   paper   was   derived.       In   1710    another 
paper-mill  —  the  second  iu  America — was  erected 
at  Crefeld,    now   forming  part  of  Germantown,    by 
William  De  Wees,  a  connection  of  the  Rittenhouse 
family.     In  1724,  William  Bradford  endeavored  to  ; 
induce  the  New  York  legislative   council  to  grant  ! 
him  a  monopoly  for  the  exclusive   manufacture  of  I 
pa)i3r  for  fifteen  ycai-s,  but  was  unsuccessful.  | 

Reaumur  in  1719  suggested,  from  the  examination  * 
of  wasps'  nests,  that  a  paper  might  be  manufactured 
from  wood,  but  we  do  not  tind  this  idea  farther  acted  ; 
upon  until  a  later  period,  when  inventors  seem  to 
have  exhausted  their  ingenuity,  regardless  of  expense,  I 
in  the  selection  of  materials  from  which  paper  might 
be  manufactured. 

Paper,  in  fact,  cannot,  as  a  general  thing,  be  eco- 
nomically made  from  fibrous  material  which  has  not 
already  previously  been  manufactured.  That  is  to 
say,  so  long  as  the  prices  of  vegetable  fibrous  sub- 
stances, as  cotton,  liax,  etc.,  remain  the  same,  it 
will  be  much  more  economii-al  to  use  them  for  the 
purpose  of  reducing  into  l>ulp  for  paper-making  after 
they  have  already  undergone  the  process  of  manu- 
facture into  clothing,  than  to  take  them  in  their  raw 
state,  when  they  may  still  he  subserWent  to  the  i 
economic  physical  wants  of  man.  | 

Since  Reaumur  first  suggested  wood  as  a  substance  i 
from  wliich  pap.*r  could  be  made,  the  articles  pro-  , 
posed  for  that  purpose  have  been  almost  innumera-  j 
ble  ;  in  fact,  anything  having  a  fibrous  texture  may 
be  used,  and  the  question  resolves  itself  into  one  of 
economy.     See  Pulp-boiler. 

Koops  in  ISOO  published  a  work  on  paper,  which  , 
was  printed  on  paper  made  of  straw,  with  an  appen- 
dix on  paper  made  of  wood.  A  second  edition  was 
published  in  1801,  upon  paper  re-made  from  old 
printed  and  ^Titten  paper.  In  1835,  Piette  pub- 
lished a  work  on  the  subject  of  "  Paper  from  Straw," 
etc.,  giWng  160  specimens. 

In  1765,  Schaeifer,  of  Ratisbon,  printed  a  book  on 
sixty  varieties  of  paper  made  from  as  many  ditferent 
materials  ;  a  copy  is  now  iu  the  Smithsonian  Insti- 
tute Library. 

In  1786,  the  Marquis  de  Vilette  published  in  Lon- 
-  don  a  small  book,  printed  on  paper  made  from  marsh 


mallow  ;  at  the  end  are  leaves  of  paper  manufactured 
at  Bruges  from  twenty  different  plants,  such  as  net- 
tles, hops,  reeds,  etc. 

The  following  is  a  list  of  materials  (numbering  in 
all  402)  from  which  iiaperluis  been  made  or  proposed 
to  be  made,  with  references  to  the  authorities  from 
which  the  information  has  been  derived. 

Paper-making  Materials. 

The  following  materials,  among  others,  have  been 
used  or  suggested  for  pa2>er-making.  The  authori- 
ties are  cited  as  follows :  — 

a  refers  to  Engii'^h  patents. 

b  refers  to  Exuoiiner's  Digest,  Patent  Office. 

c  refers  to  Munsell  on  Paper-making. 

d  refers  to  Schaeffer  on  Paper. 

€  refers  to  "  Central  Blatt,"'  "  Papierfabrikation,"  Dresden. 

freicva  to  "  Journal  des  Fabricants  de  Papier,"  Paris. 

g  refers  to  "  Die  Fabrication  des  Papieres,"  Piette,  Coin. 
Abelmoschusesculentus,f,xiv.  i  Broom  corn,  b. 

17. 
Abutilon  avicenna?,  6. 
Acacia,  a ;  /,  xii.  y7,  xiv.  354, 

xvi.  117- 
Agave,  a ;  d, 
Alfe  fiber,  c. 
Alg.i  marina,  b. 
Aig»  (fresh-water),  b. 
Aloe  fiber,  d. 
Aloes,  a  :  d :  e,\.  107,  iii.  520, 

vi  210,  X  119.  xiii.  117,126, 

xiv   17,  xvii.  Ill ;  g,  ii.  114 ; 


/,  xiv  354, 
Alsiniastrum.  a. 
Althea,  f,  xiii.  117. 
Amnionum,  a. 
Anacharsis,  a. 
Ananas  (see  PnfEAPPLE). 
Animal  excrement,  a. 
Animal  substances,  c. 
Anonaceae,  a. 
Apociuese,  a. 
Aporentype,  c. 
Arroche,  c. 
Artemisia  bark,  d. 
Artemisia  wood,  d. 
Artichoke,  a. 
Artiplex,  d. 
Artocarpefe,  a. 

Arundinariamacrosperma,6;  c. 
Asbestus,  a;  6:  d\  g-,  ii.  149: 

/,viii.  296.  See  also  page  167, 

supra. 
Asolepiadise.  a. 
Asclepias,  d ;  /,  si.  29. 
Asparagus,  a. 

Aspen,  c\  dx  e,  vii.  81,xvi.  184. 
Asphodel,  a. 
Bagasse,  a. 
Bagging,  c. 
Bamboo,  «  ;  6 ;  e,  xiv.  17,  xvi. 

n  :  /,  XV.  187. 
Banana,  a\  e,  i.  107,  iii.  520, 

vi.  210,  xvii.  171. 
Bark  of  wood  (various),  e,  v. 

557:  ^,31.32,33. 
Barks  of  resinous  woods,  6, 
Barley  straw,  c, 
Basswood,  c. 
Bean  leaves,  d. 
Bean  vines,  a  ;  f ,  xiii.  117. 
Beans,  b. 
Beech  wood,  d. 

Beet,n;  e,iii  519,  ix.  181,186. 
Beetand  mangold-wurzel  root,  b. 
Begonaceje,  a. 
Berries,  a. 

Birch,  a  ;  e,  xiii.  184,  xviii.  9. 
Black  berrie-s,  a. 
Blue  cabbage  stalks,  d. 
Blue  grass,  c. 

Boehmeria,  a ;  e,  xiii.  126- 
Bombax,  a. 
Bracken,  c. 
Bran,  a  ;  c. 
Brazil  wood,  fl. 
Brazilian  grass,  c. 
Brewery  refuse,  a. 
BromeliaceEe,  a;  f,  v.  142,  vi. 

210.  xvii.  171. 
Broom,  o;  -=.  v.94.  vi.210,  xiii. 

117,  XV.  113. 


234, 


Broom,  swamp,  6. 
Brous.sonesia,  a ;    e 

xvii   171. 
Bryona,  a. 
Buckwheat,  a. 
Bulru.'=:hes,  a. 
Burdock,  a ;  d. 
Cabbage,  b 
Cabbage  stumps,  c. 
Cactus,  a. 
Canes,  a ;  6. 
Cardanus  metans,  c. 
Cat-tail  down  and  leaves,  d. 
Cocrops  dracena,  a. 
Cedar  wood,  b. 
Ceoodru'.i,  a. 
Chaff,  f,  iii.  137, 148.  1*^4, 184, 

iv.  3,21,33,51,60.  b2,  16i, 

v.  2f^,  117, 132, 189  2U4,  221, 

Ti.  87, 106,  ix.  67,  xii.  121. 
China  gross  {Hhra),  e,  v.  142, 

Ti.  222,  xiU.  126,  xvii.  171, 

xix  134 :  /,  X.  339,  xiv.  354, 

xvi  117. 
Cissus  family,  a. 
Clematis  bark,  d. 
Clematis  wood,  d, 
Clematite,  c. 
Clover,  a. 

Coir,  f,  xiii.  126,  xiv.  17. 
Coltsfoot,  c. 
Composjteje,  a. 
Conferva,  c ;  d. 
Conifene  leaves,  a. 
Convolvulaceae,  a. 
Coral  moss,  d. 
Cordage,  a. 
Cork,  fl  ;  e,  xvii.  54. 
Com  cobs,  6 :  c. 
Com  husks,  a  ;  d. 
Corn  leaves,  c. 
Com  stalks,  b  ;  c. 
Coton  du  peuplier,  c. 
Cotton,  a. 
Cotton  plant,  6. 
Cotton  Seed.  6. 
Cotton  stalks,  6. 
Couch irrass,  a. 
Cruciferfe,  o. 
Cryptogams,  a. 
Cucumbers,  a. 
Cucurbitaceae,  a. 
CupheiB,  a. 
Cyprian  asbestus,  d. 
Daphne,  e,  iv.  673,  vi  210,247, 

xiv.  17,  xvii.  171,  xviii.  5. 
Decaj'ed  wood,  c. 
Dis?,  g.  ii.  115. 
Dog's  grass,  a. 
Dunhee  (  Sesbanea  aculeatd),  e, 

xiii.  126. 
Durv,  f,  i.  248. 
Dust,  a. 
Dwarf  palm,  c;  c,  xi.  210,  xriL 

171. 
Dyewoods  (spent),  a. 
Earth  moss,  d. 

Ejno,  *■,  xiv.  17 ;  y;  xii.  19, 146. 
Elder,  a. 
Elm,  c. 

Ericaceae  rushes,  a. 
Erigerone,  c. 
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Erytoxylon  guttafereae,  a. 

lisparte,  c. 

Espartero,  c. 

E'parto  grass,  i  ;  c  ;  c,  xiv.  19, 
XV.  69,  lu8,  121,  138;  /,  vi. 
132,  150,  lu6,  180,  vii.  5,21, 
xiv.  ITS,  290;  ^,  ii.  24,  110, 
xvi.  187. 

Euphorbiaceae,  a. 

Excrement  of  herb-catiug  ani- 
mals, a;  i>; /,  iii.  59,Tiii.54. 

Fenequen{Sisulhemp,Sosquil), 

e,  vi.  247,  xvii.  171. 
Ferns,  a ;  /,  iii,  100,  xUi.  117 ; 

^,  ii.  80,81,84. 
Fibrilia,  e,  xiii.  117. 
Fir,  c. 
F  ags,  o. 
Flax, a;  e,  vi.236,xiH.  llT,xiv. 

17;/,  xiv.  354,  xvi.  17, 119. 
Flax,   New   Zealand,  xiii.   126, 

xvi.  17,  282,  xvii.  171. 
Flax,  hemp,  etc.,  6. 
Floss  silk,  c. 
Fourdrini,  a. 
Frog  spittle,  c. 
Furze,  «. 

Galeg  officinalis,  h. 
Galcga  oriehtalis,  b. 
Galingale,  a. 
Genist:i,  a  ;  d. 

Genista  after  extracting  dye,  fl. 
Geld  {Mrtndejiia  tenaciystTJia), 

f,  xiii.  126. 
Gnaphalium,  c. 
Gramina,  a. 
Grauiiueffi,  a. 

Grape-vine,  inner   and   outer 

bark,  </. 
Grape-vines,  c,  xiii.  117. 
Gras.^ej,  a  ;  e,  xiii.  117  ;  /,  vii. 

117 
Grass,  Spanish,  b. 
Grass,  Tule,  6. 
Gutta-percha,  a. 
Gunny,  p,  xvii.  4. 
Gun  cotton,,/i  iv.  90. 
Hair,  a. 

Hay,  a  ;  §r,  ii.  4. 
Heather,  a;  f,  xiii.  117- 
Hemp,  o;  f/;   f,  vi.  222,  xiii. 

119,  xvii    171;  /,  xiv.  854, 

xvi.  17,  119. 
Hemp,  flax,  etc.,  b. 
Hemp,  jute,  dressed,  b. 
IDbi-:cua  esculentus,  6 ;    c;   f, 

Ti.  249,  283,  viii.  126,  xiv.  19, 

xvii.  171. 
Hides,  c. 
Hollyhock,  c. 
Hop  bark,  d. 
Hop  vines,  a;  d;  e,  vii.  77,  xiii. 

117,  xvii.  171. 
Hornet's  nest,  c. 
Horse-cbestnut  leaves,  d. 
Horse-dung,  a. 
HorBe-ndish,  a. 
Immortelle     (cudweed,     Gna- 

p/ialium),  e,  vi.  248. 
Indian-corn  husks,  (/. 
Iris,  a. 

Ivory  shavings,  h  ;  c. 
Indigo,  e.  xiii    117- 
Jucca  C  Yucca)f  e,  xiii.  126- 
Junraceffi,  a. 
Juniper,  a. 
Jute,  a\    e,  vi.   234,  xiv.  17, 

xvii.  171 ;  /,  xiv.  17,  354  ;  §, 

ii.  129. 
Kaolin./. i.  4, 12,  v.  14, 84. 190, 

vi.  21,  ix.  54. 
Libitaa?,  a. 

Lace  from  aloe  fiber,  d 
Leather,  6  ;  e,  ii.  302 ;  /,  i.  133, 

136. 
Leather  cuttings,  a 
Leaves,  c  ;  *■,  vi-  319  ;  /,  i.  165  ; 

g,  ii-  64. 
Leaves  of  trees,  h. 

Leaves  of  trees,  withered,  c. 

Lecistera  forniosa,  a. 

Leguminous  plants,  a. 

Lentils,  e,  v.  160. 

LiliacejB,  a. 

Lily  of  the  valley,  c. 

Lily  of  the  valley  leaves,  d. 


Lily  root,  a- 

Lime,  c. 

Linden,  c  :  e,  xviii   9. 

Linden  leaves,  d. 

Liuou,  a. 

Liquorice  wood,  c. 

Liquorice  root,  e,  ix.  173. 

Long  moss,  e,  vi   249. 

Lucerne,  «;  /,  xi.  361,  430. 

Lucipodium  equisetum,  a. 

Lychnophora,  a 

Madder,  a. 

Maize,  a ;  e,  ix.  184,  x.  358,  xi. 

10,  xiii.  117,  xiv.  33,  xv.  31, 

49,  xvii.  171. 
Maize  husks,  b. 
Mallow,  d;  e,  xiii.  11". 
Malpighiacea^,  a. 
Malva,  a. 
!\Ialvace£e,a. 
Mandioca.  a. 
Maugel-wurzel,  a. 
M-.inila,  a;  b. 
Manispernuui,  a. 
Manure,  c. 
Maple,  a. 
Marzi,  a. 
Ma-sse-d'eau,  c. 
Medichey,  a. 
Mclastomacere,  a. 
Mineral  fiber,  b. 
Moorva,  e,  xiii.  12G. 
Morus  bark,  a. 
Jlosses,  a;  d;  e,  xvii.  171. 
Moth  wort,  c. 
Mudar(  Calotroph  gigantea),  e, 

xiii.  126,  xviii.  6. 
Mulberry,  a;   e,  vi.  234,  xiii. 

117;/,  xii  97,107. 
Mulberry  inner  bark,  */. 
Mulberry -trees,  b  ;  /,  viii.  262. 
Mulljerry  wood,  d. 
Mummy  cloth,  c. 
Musacejp,  a;  e,  vi.  247,  xiii. 

126,  xvii,  171. 
Muscovy  mats,  c. 
Mustard,  a. 
Mya  grass,  a. 
Myrfcicea",  a. 
Nettle  bark,  (/. 
Nettle  wood,  d. 
Nettles,  a  ;  e,  vi.  210,  234,  xiii. 

117;  g.  ii.21. 
Oak,  c. 
Oakum,  c. 

Okra  {Hibiscus  escidtjitus),  b. 
Orache,  d. 
Osier,  a. 

Onocarpus,  batava,  e,  xiv.  17. 
Palm,  dwarf,  c. 
Palm  leaves,  a. 
Palm,  palmetto,  etc.,  A;  ^,  xiii 

117,  xiv.  17;  /.  xiv.  296;  g. 

ii.  113 
Palmetto  and  chamaTops  (pal- 
metto cabbage),  6. 
Falygalea*.  a. 
Pampas  grass,  a. 
Panax,  a. 
Pandanus,  a. 
Pappus,  c. 

Papyrus,  n  ;  /  xv.  1G2. 
Pasteboard  scraps,  c. 
Peas,  b. 

Pea  stalks.  a\  f,  xiii   117- 
Peat,  a;  6;  d 
Pederia  fcetida,  e,  xiii.  126. 
Phormium,  «. 
Phormium  terrax,  n 
Pine  cones,  d,  e,  xiv.  7,  xvii 

171. 
Pine  shavings,  c 
Pine-tree,  inner  bark  of,  b. 
Pineapple  leaves,  a  ;  e,  xiii.  117, 

126. 
Pisang,  e,  xvii.  171 ;  g",  ii.  125. 
Pita,  f,  V.  142,  vi.  210,  xiv.  17, 

xvii.  171. 
Plane-tree  (buttonwood),e,  vi. 

247 
Plantain,  c;  c.vi. 210, 222, viii. 

142,  xvii   171. 
Plantain  cocoa,  a. 
Plantiiin  -  tree   ( I\Iitsa    sapien- 

tiini  ami  /mradisiaca),  b. 
Pollen  of  plants,  c. 


I  Poplar,  a :  e,  xviii.  9. 
Poplar  down, '/. 
Poppy,  g,  ii.  36. 
'  PoUtues,  //,  ix.  126,  173,182, 
I      xiii.  117. 

Potato  skins,  b  ;  d. 
I  Potato-vines,  b. 
I  Pourretia  plantanifolia,  b. 
Printed  waste,  c. 
Pteris  (brake),  f ,  ii.  52,  68,  84, 

115,  iii.  6,  54. 
Pulps,  a. 

Puluugor,  «,  xiii.  126. 
Rags,  a. 
I  Ramie,  e,  viii.,  vi.  210. 
I  Raspberry,  a. 
1  Reed ,  d. 
Ilceds,  a. 
Ilhamnea?,  a. 
Rhubarb,  a. 
Rice  plant  (  Oryza),  b 
Rice,  stalks  of  tne  wild,  b. 
Rice  straw,  a. 
Ricinus,  a. 
Roots,  a. 
Roots  of  grasses,/,  i.  182,  ii.  5, 

19,33. 
Rope,  a. 
Rosacece,  a. 

Rose  mallow  {Hibiscus),  a. 
Rubiacest*,  a 
Rue,  c,  xiii  117 
Rushes,  a  ;  e,  xiii.  117,  xiv.  17, 

xvii.  171 ;  /,  xv.  289. 
Rutacew,  a. 
Rye  gras.*:,  a. 
Sacks,  old,  c. 
Sago,  b. 
Satin,  c. 

Sawdust,  a;  6  ;  d. 
Scotch  ferus,  c. 
Sea  hiallow,  a. 

Sea  grass,  e,  vi.  210,  xvii.  171- 
Sea  weed,  a]  b. 
Secrate,  a. 

Sedge  (anticlc),  6  ;  e,  vi,  210. 
Seed  down  of  thistles,  d, 
Seratula  ervansis,  c. 
Shavings,  d. 
Shavings,  wood,  b. 
Shingles,  old,  (/. 
Sida,  a  ;  e,  xiii    126. 
Silk,  a:  ^,  ii.  135. 
Silk  plant  {Asclepias),  d. 
Skins,  pieces  of,  b. 
Solanea*,  n. 
Solonaccje,  a. 
Sorghum.  « ;  h;  /",  xi.  436. 
Spargauiuni  fan.ily,a 
Spartium  (Spanish  broom),  a; 

e,  iii,  594,  x.  199,  xvii.  171. 
Spartina  juncea,  b. 
Spartina    cynosuroides    (cord 

gniss),  b. 
Spindle-tree,  c. 
Spruce  fire-wood,  d 
Stereulia  urens,  e,  xvi.  17- 
Stinging  nettle,  d. 
Stipa  teuacissima,  a. 
Stone,  c. 

Straniotiium  or  stinkweed,  h. 
Straw,  rt  ;  b;  c,  xiii.  117  ;  /,  xi. 

6,20,45,  325, 411,  xii  19,43, 

xiii.  341,  364,  xv.  1,  187;  >; 

iii    449,  519,  657,  593,  v  13, 

63,  109.  126,  vi  211,319,  ix 

184,  X  93,  202.  xi.  38,  xvi.  13. 

127,  xvii.  38,  xx,  1 ; /,  v  51, 

141,  XV.  152. 


Straw,  barley,  d. 

Straw  paper.  Books  printed 
on  KoopsV  "  Historical  Ac- 
count," 1800. 

Stypa  spartum,  a. 

Sugar-cane,  a:  e,  xiii.  117;  ^, 
ii.  113. 

Sultana  bark,  c. 

Sunflower,  a  ;  f ,  xvi.  13 

Suun,  f,  xiii.  126. 

Sweet  broom,  e,  xiii-  117. 

Tan,  €. 

Tan  bark, etc., /.f ;  ^,iii  519,  vi. 
124,  287.  X.  252;  ^,  ii.  89. 

Tan  (spent),  a. 

Tarred  rope,  f.  x.  6,  xi.  292. 

Tercbinthenaca*,  a. 

Thistle  down,  d. 

Thistle  stalks,  d. 

Thistles,  a  '.  r,  xiii.  117  ;  /,  ii. 
12G;  e,  ii.  24. 

Tillandsia,  a. 

Tobacco,  a  ;  e,  xi.  126. 

Tow,  c;  d;  e,m.  519,  vii,  121, 
x.  17, 119.  353. 

Tracena  endivisa,  6. 

Tree  moss,  (/. 

Traphis,  e,  xviii  4. 

Tulip  leaves,  //. 

Turf,  n:  d  :  p.  iv.  671,  vi.  210» 
249,  xi  147,  xxii.  171 ;  g-,  ii- 
150 

Turnips,  a 

T^.jtch  grass,  n. 

Typlm,  d:  ^,  xvii.  170. 

Typha  lutefolia,  b. 

Ulmus,  a. 

Ulva  marina,  r. 

Urticex,  n  ;  f,  xiii.  126,  xiv.  17. 

Usnea,  d. 

Vureck,  f,  xvii.  171 ;  /,  xi.  427. 

A'elloziii?,  ft. 

Vines,  grape,  d. 

Vines,  hop.  d. 

Walnut  leaves,  d. 

Wasps'  nests,  d. 

\V'ater  broom,  c. 

Water  lilies,  a. 

Water  moss,  d. 

Water  plants,  a;  f,  iii.  519. 

Water  weeds,  a. 

Wayfaniig  tree,  c. 

Weeds,  b- 

Wheat  straw,  b. 

AV'hin,  a 

Whitewood,  r. 

U'illow,  n ;  f,  xiii  117,  xviii   9. 

Willow,  inner  bark,  d ;  e,  v. 
557;  ?,  31.^32,  33. 

Willow  twigs,  c. 

Willow  wood,  d. 

Wood,  etc  ,  rt  :  b;  e,  iii.  463, 
519.  V.  94,  vi.  211,  vii  ,  viii. 
241,  375,  ix.  183,  x.  148,  xi. 
78, 81 ,  IfJl,  177 ;  Supplement, 
16;  /,  vi.  129,  197,  vii.  23, 
129,l35,137,ix.241,  xiii.  184, 
xiv.  65,273,  xv.  150,  xvi  120; 
g,  ii.  36. 

Woolen,  rt  ;  g,\\  134. 

Woolen  grass  (  Tijpha),  d. 

\\'rack  grass,  a. 

Yellow  wood  after  extracting 
dye,  d. 

Yucca  filanientosa,  Yucca  an- 
pustifolia,  Agr.  I)c)>*t  Muse- 
um, 1868,  ej  xiii,  126- 

Zopissa,  f,  XVI  7,  68. 


In  tlie  modern  process  of  paper-niaking,  tUo  rags, 
linen  or  cotton  as  tlie  case  may  be,  are  sorted  by 
hand  into  various  qualities,  jiroper  lor  diU'crent  kinds 
of  iniper,  tlie  best  and  finest  of  eour.se  being  selected 
for  the  stock  from  whicli  the  better  qnalitics  of  writ- 
I  in<:r-l>aper  are  to  be  made. 

The  sorting  is  done  by  women  and  children,  \vho 
work  at  tables  covered  with  wire-net.  Each  table 
has  a  stationary  knife  at  its  edge,  against  which  the 
rags  are  drawn  so  as  to  divide  them  into  shreds,  the 
dust  and  dirt  falling  through  the  nit'shes  into  a  re- 
ceptacle bc'.ow.     Tlie  sorted  rags  are  next  washed 
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with  hot  water  and  alkali,  usually  in  a  circular  pan 
Bimihir  to  the  bttckidi/  kcir  eniijloyi'il  in  bleaching, 
and  are  afterward  reduced  to  pulp  by  the  rag-engine. 
It  was  formerly  customary  to  allow  them  to  ferment 
or  rot  by  steeping  them  for  several  weeks  in  vats  ; 
but  this  praetiee,  occasioning  great  loss  and  some- 
times injuring  the  rags  by  discoloration,  has  caused 
the  process  to  be  superseded  by  the  treatment  of 
boiling  in  alkaline  lye,  by  which  a  large  saving  is 
effected.  The  fermentation,  however,  materially 
assists  in  the  process  of  disintegration,  rendering  the 
pulping  comparatively  easy.  Pulping  was  tbrmerly 
effected  by  beating  in  mortars  of  hard  wood  having 
ail  iron  bottom  provided  with  teeth,  the  pestles  or 
hammers  being  grooved  so  as  to  cut  the  rags  to 
pieces.  The  hammers  were  either  so  arranged  as 
to  rise  and  fall  jierpendicularly,  like  the  stamps  of 
an  ore-crusher,  or  else  were  so  disposed  as  to  operate 
in  the  manner  of  a  trip-hammer.  Tlie  mortars  were 
finally  superseded  liy  the  rag-cMigiue,  which  was  in- 
vented in  Holland  about  the  middle  of  tlie  seven- 
teenth century,  and  which  still  maintains  its  place 
in  the  manufactuie.  Of  tliese  two  are  employed,  ' 
sometimes  arrangeil  one  above  the  other  so  that  the 
stuff  when  partially  pulped  in  the  upper  one  may  be 
let  down  into  the  lower.  The  two  are  alike  in  gen- 
eral construction,  consisting  of  an  oldong  trough 
with  semicircular  ends.  They  are  maile  of  wootl  lined 
with  lead,  or  may  be  entirely  formeil  of  cast-iron. 
The  trough  is  divided  by  a  longitudinal  partition, 
on  one  side  of  whith  is  journaled  a  revolving  cylin- 
der provided  with  teeth.  This  cylinder  is  capable 
of  being  raised  or  lowered,  and  works  against  a  block 
fi.Ked  in  the  lower  part  of  the  trough,  which  is  also 
provided  with  cutters  corresponding  to  those  of  the 
cylinder. 

The  first  or  upper  machine  is  termed  the  washer, 
as  into  it  the  rajs,  after  being  boiled  in  lye,  a-s  pre- 
viously described,  are  introduced.  A  current  of 
water  is  allowed  to  How  through  the  trough,  and  the 
roller,  in  its  elevated  jiosition,  is  set  in  motion,  which 
thoroughly  washes  and  cleanses  the  rags.  The  roller 
is  then  lowereil  in  its  bearings  and  the  speed  of  rota- 
tion increased,  causing  a  constant  current  circularly 
around  the  trough,  carrying  the  pulp  between  the 
roller  ami  the  block  until  it  is  reduced  to  what  is 
technically  known  as  li'i'/sttiff,  which  is  tlien  trans- 
ferred to  the  second  engine,  known  as  the  beater. 
During  this  part  of  the  process  the  bleaclung  mate- 
rial is  added.  The  beater  or  pulping-engine  is  pre- 
cisely similar  to  the  washer,  hut  its  roller  and  block 
are  proviiled  with  a  larger  number  of  cutteis,  and  it 
is  driven  at  a  higher  speed.  Size,  and  smalt  for  im- 
parting a  blue  color  to  the  paper,  w'ere  formerly  added 
at  this  stage  of  the  process,  but  the  latter  (uactice 
has  now  fallen  into  disuse.  It  is  a  pity  that  the 
same  Ciinnot  be  said  with  regard  to  liai'ytes  and  other 
substances  employed  to  imjiart  whiteness  and  facti- 
tious weight  to  the  ]ia])er,  so  is  to  make  a  very  infe- 
rior article  appear  good  to  the  unpracticed  eye. 

The  pnl|)  in  its  tinislied  condition  is  called  whole 
stuff,  and  is  run  into  a  reservoir,  whence  it  is  taken 
out  as  wanted  to  supply  the  vats. 

Formeily,  all  paper  was  made  by  hand,  and  it  is 
believeil  that  a  lietter  article  I'an  be  produced  in  this 
way  than  machine  made.  However  this  may  be, 
machine-ma<le  paper  has  carried  the  day,  and  is  now, 
perhaps,  the  only  kind  made  in  this  country,  though 
in  England  and  the  Continent  of  Europe  luind-laid 
writing-paper  is  still  manufactured. 

The  process  is  as  follows  :  The  pulp,  after  having 
been  sufficiently  comminuted  in  the  beater,  is  trans- 
ferred to  the  vat  wdieuce  it  is  to  be  molded  into 
sheets  of  paper.     The  mold  is  a  shallow  rectangular 


frame,  having  a  top  composed  of  close  parallel  longi- 
tudinal wires,  which  are  crossed  at  more  distant  in- 
tervals by  transverse  wires  of  larger  size.  The  marks 
of  these  wires  are  very  evident  in  examining  old 
si)ecimens  of  paper.  The  water-mark  is  also  in- 
woven into  the  mold,  so  as  to  leave  its  impress  in 
the  i>ul]:i  in  a  way  which  cannot  afterwards  be  eradi- 
cated. To  the  mold  is  applied  an  open  rectangular 
frame,  called  the  deckle,  the  interior  dimensions  of 
which  exactly  correspond  with  those  of  the  intended 
sheet  of  paper.  It  is  held  closely  against  the  tnold 
by  the  hands,  and  the  two  together  are  dipped  into 
the  vat  containing  the  pulp  and  withdrawn  horizon- 
tally, leaving  a  layer  of  jiul)!  on  the  mold,  to  which 
a  horizontal  vibration  is  given  while  the  water  is 
draining  off',  in  order  to  insure  a  uniform  distribu- 
tion of  the  pulp  and  conseipient  uniformity  in  the 
thickness  of  the  paper.  AVhen  sufficiently  drained, 
the  deckle  is  removed  from  the  mold,  and  the  sheet 
of  papei-,  now  )iaitially  solidified,  is  transferred  to  a 
sheet  of  felt  and  covered  w  ith  another  sheet  of  the 
same  material,  on  which  another  sheet  of  felt  is  laid, 
and  so  on  alternately  until  a  jiile,  usually  of  six 
cjuires,  has  accunuilated,  when  the  whole  is  trans- 
ferred to  a  press,  in  whii  h  they  are  kept  until  an 
equal  amount  has  again  accnmidated,  when  the  first 
are  removed,  the  alternating  sheets  of  felt  withdrawn, 
and  the  pajier  itself  without  the  internjediate  felts  is 
again  subjected  to  jires.sure.  It  is  then  hung  up  to 
dry  on  racks  overhead,  two  or  three  sheets  deep, 
sized  by  dipping  in  a  solution  made  from  the  clip- 
pings of  leather  and  parchment,  again  dried  and 
pressed,  examined  and  sorted.  The  blueing  previ- 
ously referred  to  constituted  a  part  of  the  sizing 
process.  Smalt  was  ibinierly  employed  for  this  pur- 
pose, but  was  finally,  to  a  gieat  extent,  superseded 
by  ultramarine,  which  latter,  however,  had  the  dis- 
agreeable result  of  allowing  the  gelatine  size  to  de- 
compose, thus  imparting  a  most  offensive  smell  to 
the  paper,  as  may  be  well  recollected  by  those  of 
our  readers  who  may  have  been  brought  in  contact 
with  the  blue  writing-papers  at  one  time  so  much  in 
vogue. 

In  1798,  Robert  announced  that  he  had  discov- 
ered a  means  of  making  by  machinery  paper  of  large 
size,  even  12  feet  wide  and  50  feet  long  ;  and  in  the 
succeeding  year  the  invention  was  carried  into  prac- 
tical effect  at  tin;  paper-mill  of  Francois  Didot,  at 

1  Essone,  France,  in  whose  employment  Robert  was 
at  the  time.  The  invention  wa.s  patented  in  this  year. 
In  1800,  a  rcwanl  of  8,000  fiancs  was  granted  by 
the  French  government  to  Robert,  and  permission 

I  was  granted  him  to  carry  his  working  model  to  Eng- 
land, where,  in  fact,  the  invention  was  first  brought 
into  practical  working  form. 

Gamble,  in  1801,  olitained  a  patent  for  a  machine 
similar  to  that  of  Robert,  but  the  cre<lit  of  intro- 
ducing the  maehine  into  England  is  due  to  the  Four- 
driniers  and  Donkin,  the  former  of  whom  fui'nished 
the  capital  and  the  latter  the  skill.  Donkin  com- 
pleted his  first  machine,  acting  on  the  ideas  of  Rob- 
ert, in  1803  ;  and  in  the  succeeding  year,  Henry  and 
Sealy  Fourdrinier  purchased  the  patents  of  Didot 
and  Gamble.  These  gentlemen  may  be  considered 
as  the  great  introducers  of  machine-made  paper,  and, 
like  many  other  projectors,  were  rewarded  by  im- 
poviMishment. 

The  Fourdrinier  machine  (1)  receives  the  pulp  on  an 
endless  web  of  wire-cloth,  which  passes  over  rollers. 
The  Dickenson  machine  (2)  employs  a  perforated 
cylinder,  which  serves  as  a  substitute  for  this  end- 
less web.  See  Plate  XXXVII.,  P.\i'Eii-M.\KiXG 
Machine,  where  several  kinds  of  paper  and  card- 
board machines  are  represented. 
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Two  liuiiilred .111(1  niiu!ty-nine  Fourdriiiiermachines 
were  niiiiiiiis  in  tlie  United  States  in  1872. 

In  1S09,  Mr.  Dickenson,  an  Englisli  iiaper-niaker, 
invented  the  cylinder  machine,  in  whicli  a  fjolished 
hollow  bra.ss  cylinder,  perforated  witli  holes  and  cov- 
ered with  »ire-elolh,  i.ssubstitutedlbr  the  endless  wire- 
web  of  the  Foiirdrinier  machine.  In  this  the  air  is 
exhausted  through  the  trnniiions  or  axis  of  the  ma- 
chine. (See  Plate  XXXVII.)  In  the  year  1872,  689 
cylinder  machines  were  running  in  the  United  States. 

The  patents  on  the  subject  of  paper-making  are 
very  numerous.  Donkin,  however,  who  devoteil  so 
much  time  and  talent  to  the  matter,  undoubtedly  is 
entitleil  to  the  first  rank  after  Robert,  who  suggested 
the  idea  of  making  paper  in  a  continuous  web. 

One  great  dilKcnlty  to  be  obviated  was  the  wetness 
of  the  sheet  of  pulp,  which,  of  course,  impaired  its 
tenacity,  rendering  the  manipulations  exceedingly 
difficult.  This  was,  in  a  large  degree,  removed  by 
the  invention  of  the  thiiidi/  by  Wilkes,  patented  in 
England  in  1830.  This  is  a  hollow  perforated  roller, 
corresponding  to  the  duffer  of  a  carding-maehine, 
over  wliich  tlie  paper  is  caused  to  pass  and  is  jjressed 
under  another  roller.  The  dandy  may  be  so  con- 
structed as  to  e.\haust  the  air  I'rom  beneath  the  pa- 
per by  forming  It  of  an  inner  and  exterior  casing  of 
sheet-metal,  but  in  practice  this  has  not  been  ibund 
necessary. 

The  introduction  of  threads,  net,  or  other  woven 
material  into  the  paper  is  described  in  Dicken.son's 
English  patent,  ISOU. 

In  the  machiue-made  papers  the  trouble  of  assort- 
ing, trimming,  and  hanging  up  to  dry  is  entirely 
avoided,  a  perfectly  uniform  thickness  is  attained,  the 
time  i'i'i|uired  to  produce  a  sheet  from  the  pulp  is  re- 
duced I'rom  weeks  to  minutes,  anil  sheets  of  indefi- 
nite length  may  be  produced;  for  example,  a  sheet 
was  made  at  t'olinton,  England,  iu  1839,  on  the 
Fourdrinier  machine,  over  a  mile  long,  50  inches 
wide,  and  weighing  .')33  pounds.  This  length  might 
perhaps  be  extended  indelinite'.y. 

Dickenson,  who  has  been  aln'ady  mentioned 
astheinventor  of  the  cylinder  paiier-macliine, 
invented  a  pai>er  composed  of  two  webs  of 
different  texture,  which  were  united  while  in 
a  pliant  condition,  so  as  to  render  them  in- 
separable ;  the  web  constituting  the  face  was 
made  of  finer  material  than  that  intended 
for  the  back.  This  paper  was  particularly 
designed  for  cojiperplate  printing.  To  pre- 
vent counterfeiting  special  papers  have  been 
devised,  such  as  that  used  by  the  Bank  of 
England  and  by  the  United  States  Treasury 
Department.  In  the.se  cases  the  ililficulty 
of  numufacturiug  a  similar  article  is  relied 
on  to  prevent  fraud  ;  complicated  and  expen- 
sive machinery,  not  within  the  reach  of  or- 
dinary counterfeiters,  being  required.  The 
paper  on  which  United  States  currency  is 
printeil  contains  silk  fiber  mixed  with  the 
pulp,  producing  a  peculiar  apjiearanee,  which 
is  readily  recognized,  and  which  would  be 
difficult,  if  not  impossible,  to  imitate  without 
the  aid  of  the  iieouliar  machinery  by  which 
the  paper  is  produced. 

A  paper  has  also  been  made  with  a  knitted 
fabric  inclosed,  which  leaves  an  unerasable 
mark  on  the  back  of  the  fabric,  and  prevents 
all  erasures  and  alterations  of  writing  on  its 
surface. 

Analine  (fin,  jiriv.,  without  7 hie,  i.  e.  flax) 
is  a  name  apjjlied  to  paper  destitute  of  Hax, 
and  must  not  be  eonrounded  witli  iini/inf. 

jS/w/ti/cpaperismadeby  adding  finely  divid- 


ed sponge  to  ordinary  pajier  pulp.  The  paper  absorbs 
moisture  readily  and  retains  it  for  a  long  time.  It 
has  been  used  to  advantage  for  dressing  wounils,  and 
is  capable  of  several  important  technical  applications. 

litcumbus/ib/r  paper  and  cloth  were  made  of  asbes- 
tns  in  the  time  of  Pliny.  The  pulp  is  prepared  in 
the  usual  manner  from  a  \m\p  consisting  of  vegeta- 
ble fiber,  asbestus,  alum,  and  borax,  in  about  the 
following  proi«irtions  :  Vegetable  fiber,  one  part  ; 
asbestus,  two  parts  ;  borax,  one  tenth  part  ;  and 
alum,  two  tenths  of  a  [lart.  The  vegetable  fibers 
are  minutely  divided,  ami  treated  in  the  manner 
usual  in  the  production  of  ordinary  paper  ;  the  as- 
bestus is  also  divided  as  much  as  possible,  and  the 
two  are  then  intimately  mixed  with  the  alum  and 
borax  in  a  sufficient  quantity  of  water  to  make  a 
pulp  of  the  reipiisite  consistency,  whiidi  is  then 
made  into  paper  by  any  of  the  well-known  processes. 

The  fire-proof  ink  for  writing  or  printing  on  in- 
eombustilile  pa]ier  is  made  according  to  the  follow- 
ing recipi! :  Graphite,  finely  ground,  22  drams  ; 
copal  or  other  resinous  gnm,  12  grains  ;  sulphate 
of  iron,  2  drams  ;  tincture  of  nutgalls,  2  drams ; 
and  sulphate  of  indigo,  8  drams.  These  substances 
are  thoroughly  mixed  and  boiled  in  water,  and  the 
ink  thus  obtained  is  said  to  be  both  fire-proof  and 
insoluble  in  water.  When  any  other  color  but  black 
is  desired,  the  graphite  is  replaced  by  an  earthy 
mineral  pigment  of  the  desired  color.  Paper  is  ren- 
dered transparent  by  a  varnish  composed  of  Canada 
balsam  dissolved  in  tur|ientine. 

Carbolic-acid  paper  is  now  much  used  foi-  pai'king 
fresh  meats  fiu'  the  purpose  of  preserving  them  against 
spoiling.  The  paper  is  prepared  by  melting  five  parts 
of  stearine  at  a  gentle  heat,  and  then  stirring  in  thor- 
oughly two  parts  of  carbolic  acid,  after  which  live  jiarts 
of  melted  paraffine  are  adiled.  The  whole  is  to  be  well 
stirred  together  till  it  cools,  after  which  it  is  melted 
and  applied  with  a  brush  to  the  paper,  in  (piires,  in 
the  .same  way  as  in  ju'eparing  the  waxed  juqier  so 
much  used  in  Europe  for  wrapping  various  articles. 

Sizes  of  Papers. 
Printinii  Papers.  ^ 


Demy 
Medium 
Itoyiil 

Super-royal 
Impi^rial     . 
Doubli;   foolscap 
Double  crown 
Double  post   . 


Sheet. 


Inches- 

22V  xm 

24'xl9 
25  x2U 
27JX20.V 
30  x22 
27  Xl7 
30  x20 
32  X20 


Folio. 

4to. 

Sto. 

16mo. 

32mo. 

Inches. 

Inches 

Inches. 

Inches. 

Inches. 

I7;xiii 

lliX  83 

83  X  5i 

5JX  43 

43x23 

19  Xl2 

12  X  91 

ajx  6 

6  X  43 

43x3 

20  Xl2* 

121x10 

10  X  61    64  X  5 

5  X3! 

20iXl33 

ISixlOl  lOJx  63    63  X  5i 

5jx3| 

22  xlo 

16  Xll  ill  X  "4    7*x  6J 

5ix3i| 

17  Xl3! 

13*  X  8*    8jx  63    63  X  4 J 

4  X31 

20  Xl5 

15  xlO    10  X  7i    7JX  5 

5  x33 

20  Xl6 

IB  XlO 

10  X  8 

8X5 

5  X4 

Drmving  Papers. 


Emperor  .  .72  x43  48  X36  36  X24  24  XlS  18  Xl2 
.\ntiquiiriiin  .  S3  x31  '.31  x26i  26iXl5V15.*xl31  13ix  73 
Double  elephant  40   X 26}  263x20  .20  xl3V131XlO    10  x  6* 


Atliis 
Columbia 
Imperial    . 
Elephant 


12  X9 
73X6J 
6.1X5 


36  x26   26  Xl8  il8  xl3  13  x  9  9  x  Oj!  6ix4J 

.34*x23t2.3Vxl7il7ixll3113X  8J  8Jx  53i  53x4J 

30"x22':22'xl5   15  xll  11  X  7i  7JX  5!i  5ix33 

28  x23  |23  Xl4   14  xlli HiX  7  7  X  53  53x3" 


IVriiinri  Papers. 


Super-royal 
Royal 
Medium  , 
Demy 
Large  post 
Small  post 
Foolscap    . 


27  Xl9  119  xl3i  131x91 

24  Xl9    19  Xl2"  12"x9i 

22  xl7,':17*xll    11  VS3 

20  xl'>>  15^x10   10    ■  73 
203X1'!^  lf!3Xl01  lOl^-SJ 

19  xlo'  l.nSx  9i   9i.-7* 

17  xisnsix  8i   8ix63 


9ix63 
9.i-6 
83  --5.1 
73  5" 
81  -5S 
■i  43 
63^4i 


63  43 
6  ;  43 
51-41 
5  >3J 

43  -33 
4i  -31 
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Copi>erplate  papei-s  are  made  the  same  size  as 
drawing-papers  down  to  medium.  Below  this  they 
are  cut  by  tiie  printer.  The  paper  is  more  absorbent 
than  drawin(i-\M\\)<^r. 

This  absorbent  paper  is  without  size,  and  is  known 
as  soft  plate. 

Wiien  engravings  are  to  be  colored,  they  are 
printed  on  sized  drawing-paper,  which  is  known  as 
hard  phi fi:  when  used  in  thic>  connection. 

See  under  the  following  heads  :  — 


AUJressing-machine. 

Antiquarian  paper. 

A-is. 

Atlas-paper. 

Autographic  paper. 

Bark-paper. 

Bath  note-paper. 

Beating-engine. 

Bill-holder. 

Billet-note. 

Binder's  board. 

Blotter. 

Blotting-paper. 

Board. 

Bond-paper. 

Bristoi  board. 

Bronzing. 

Brown  paper. 

Calendering-paper. 

Cap-paper. 

Card-board. 

Card-cutting  machine. 

Carton. 

Carton-pierre. 

Cartridge-paper. 

Case-paper. 

Cloth-paper. 

Colunibier. 

Copy-paper. 

Copying-paper. 

Cosaques. 

Cotton-paper. 

Cross-rule  paper. 

Crown-paper. 

Curtain-paper. 

Cylinder-engine . 

Dandy. 

Dekle. 

Demy. 

Devii. 

Diluting  roller. 

Doctor. 

Double-cap. 

Double-elephant . 

Double-imperial. 

Double-medium. 

Double-royal. 

Double  super-royal. 

Drawing-piiper. 

Drum-paper. 

Drying-paper. 

Dry-press. 

Duster. 

Elephant. 

Embossed  paper. 

Embossing-uiachine. 

Enameled  board. 

Euamel-paper. 

Engine -sized. 

Envelope. 

Enrelope-dryer. 

Envelope-mac  hine. 

Exchange-cap. 

Fanning-out. 

Filer. 

Filtering- paper. 

Finisher. 

Flat  cap. 

Flock. 

Folding-machine. 

Foolscap. 

Formiug-eylinder. 

Fourdriuier-machine. 

Glazed  boai-d. 

Glazing-machine. 

Half-stuff  nuichine. 

Hog. 

Hot -press. 

Imperial. 

InJia-paper. 

Inkstand. 

Ivory -paper. 


Knotter. 
Label. 

Lace. 

Laid-paper. 

Letter-clip. 

Letter-file. 

Letter-p:iper. 

Letter-stamping  machine. 

Lifter. 

Linen-paper, 

Lithographic  paper. 

Littress. 

Mailing-machine. 

Manilla-paper. 

Map  and  chart  holder, 

Marbk'-paper. 

Medium. 

Metallic  paper. 

Mill-board. 

Mu*ic-paper. 

Nepaul-paper. 

Newspaper  clamp. 

Newspaper-folder. 

Oiled  paper. 

Paper-bag  machine. 

Paper-boat. 

Paper-bos  machine. 

Paper-cHp. 

Paper-cloth. 

Paper-collar, 

Paper-coloring. 

Paper-cutting  machine. 

Paper-enameling  machine. 

Paper  floor-cloth. 

Paper-folding  machine. 

Paper-gage. 

Paper-hanging. 

Paper  hot-pressing. 

Paper-kuife. 

Paper-making  machine. 

Paper-mold. 

Paper-muslin. 

Paper-punch. 

Paper-polishing  machine. 

Paper  size. 

Paper-splitting. 

Paper-stock  bleacher. 

paper-stock  washer. 

Paper- tube  machine. 

paper-twine. 

Papier-mach^. 

Parchment-paper. 

Pasteboard. 

Pasteboard-cutter. 

Peel. 

Perforati  ng-machine . 

Porcelain-paper. 

Portfolio. 

Poit. 

Potcher  engine. 

Potterv-tissue. 

Pott. 

Pounce  paper. 

Printing-paper. 

Profile- pa  per. 

Protective  paper. 

Pulp 

Pulp-boiler. 

Pulp-dresser. 

P  u  I  pi  ug-mac  hi  ne . 

Pulp.     JIaking  articles  from 

Pulp-mill 

Pulp- washer. 

Quire. 

Rag-dusting  machine. 

Hag-engine . 

Razor-paper. 

Ream. 

Register. 

Rice-paper. 

Roll -blotter. 

Rooting -paper. 


Rotary  cutter. 

Royal. 

Ruling-machine. 

Safety -pa  per. 

Sheathing- pa  per. 

S  tarn  p-attac  her. 

Straw-board. 

Straw- boiler. 

St  raw- pa  per. 

Stuff-chest. 

Stuff-engine. 

Stuff-shoveL 

Super-royal. 

Tar-board. 

Test-paper. 

Tinted  paper. 

Tip- pa  per. 

Tissue-paper. 

Tobacco-paper. 


Token. 

Toued  paper. 

Touch-paper. 

Tracing-paper. 

Transfer-paper. 

Tribble-paper. 

Vegetable-parchment. 

Velvet- paper. 

AVa  11- paper. 

Wall-paper  cutter. 

Washer. 

Water-mark. 

Water-proofing  paper. 

Wet-press. 

Wood -pa  per. 

Wove- pa  per. 

Wrapping-paper. 

Writing-case. 

Writing-paper. 


Pa'per-bag  Ma-chine'.  A  machine,  usually 
autuniatic,  operating  upon  paper  from  the  roll  or 
upon  blank.s  previously  cut,  to  fold  and  paste  it 
into  bag  shape. 

The  kinds  are  various,  and  the  prominent  ones 
will  be  cited  in  order  of  date.  The  principal  and 
most  succes-sful  ones  take  the  paper  Irom  the  roll, 
either  of  a  widtli  for  forming  a  bag,  or  else  cut  into 
strips  which  are  simultaneously  acted  upon  by  sep- 
arate sets  of  devices.  The  strip,  assuming  there  to 
be  but  one,  is  bent  over  into  tubular  shape,  cut  oft' 
into  lengths,  the  shape  at  the  jioint  of  severance 
being  such  as  to  leave  a  flap  to  paste  over,  and  thus 
close  the  bottom  ;  or  a  piece  is  cut  oft'  the  flat  strip 
and  portions  ol  it  are  folded  over  the  remainder  and 
flaps  pasted  for  closing  the  side  and  bottom  ;  or  a 
piece  ia  folded  into  a  conical  form  with  pasted  flap. 
Other  minor  variations  might  be  cited.  Much  of 
the  ingenuity  has  been  expended  in  cutting  the  pa- 
per to  make  no  waste  ;  also  in  Ibrms  for  so  folding 
the  portions  at  the  bottom  as  to  make  wdiat  is  called 
a  satchel-bottom,  where  the  parts  are  folded  upon 
each  other,  making  several  thicknesses  at  the  part 
most  exposed  to  wear  and  tear. 

Fig.  3505  is  a  hand-machine,  having  two  ends  at  which  square 
and  conical  bags  are  made  respectively.  In  puch  case,  a  piece 
of  paper  of  the  required  size  and  shape  is  laid  upon  the  table 
and  held  by  a  hinged  piece  which  corresponds  to  the  inner  size 
and  form  of  the  bag  ;  this  former,  holding  down  the  sheet,  side 
flaps  are  folded  over,  carrying  with  them  portions  of  the  paper 

Fig.  3505. 


Paper-Bag  Machine. 

which  lap  upon  each  other  a  sufficient  width  for  a  painting  sur- 
face. One  machine  is  shown  operated  by  a  hand-lever,  the 
other  by  a  treadle.  The  farther  one,  for  square  bags,  has  a 
bottom  flap  for  the  bottom  piece,  which  folds  over  upon  and 
is  pasted  to  the  side  pieces. 

Wolle,  October  26,  1852,  and  May  29,  1855,  was  perhaps  the 
first  to  make  bags  by  automatic  machinery.  The  bag  made  is 
shown  at  a  a',  Fig.  3-506.  a  is  the  blank  with  a  notch  :  the 
portion  1  i^  folded  over  tiie  part  2,  ajid  then  appears  as  repre- 
sented at  a'.     The  folding  over  of  the  top  and  bottom  flaps  fin- 
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Fig.  3506. 


/        /' 
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Blanks  for  Paper  Bags. 


ishes  the  operation. 
The  paper  is  fed  from  a 
roll,  the  web  is  cut 
into  oblouj;  sections, 
notched,  folded  by  u 
blade  which  drives  the 
bottom  edge  between 
rollers,  from  whence 
tUefoliied  blank  passes 
to  the  gummers  and 
flap-folders. 

bed  shows  a  bag  in 
successive  stages  as 
made  in  WoUe's  ma- 
chine of  July  6,  18o8. 
The  piece  is  not  re- 
moved to  form  the 
notch,  but  is  folded  iu 
to  make  double  the 
bottom  of  the  bag. 

The  Uice  machine, 
Api"il  28, 1857,  was  the 
first  to  beud  a  contin- 
uous web  of  paper  over 
into  a  tubular  shape 
and  cut  it  off  oblique 


ly,  so  that  an  angular  piece  is  left  to  be  bent  over  and  form  the 
flap  of  the  bag-bottom. 

€  represents  a  blank  cut  from  a  continuous  web  in  a  Goodale 
machine,  May  29, 1805.  The  narrower  portion  is  folded  on  to  the 
wider,  and  the  side  Haps  pasted  and  turned  down.  The  bag 
has  a  projecting  lip,  due  to  the  curved  line  of  severance. 

ff  shows  Goodale's  paper  bag,  July  12,  1859.  This  cuts 
from  tlie  web  without  waste,  and  the  bottom  has  two  flaps, 
strengthening  it  at  that  point.  See  also  his  patent ,  Aug.  23, 1859. 

Koch's  paper-bag  machine,  March  13,  1855,  is  adapted  for 
making  bags  or  bo.-ces,  the  paper  from  a  continuous  web  a  be- 
ing drawn  between  successive  sets  of  rollers,  etc.,  which  are 
caused  to  turn  intermittingly  in  one  direction  by  means  of  cams 
on  a  shaft  operating  jointed  levers  and  connecting  rods.  _  As  the 
paper  moves  onward  it  is  cut  to  the  proper  form  and  size  by  a 
cutter  or  cutters  vertically  reciprocated  by  the  lever  g,  which, 

Fig.  3507- 


a  drum,  passes  beneath  the  folder,  which  consists  of  two  longi- 
tudinal strips  with  an  opening  between  them,  through  which 
one  edge  of  the  paper  projects,  enabling  paste  to  be  applied  by 
means  of  a  horizontally  revolving  paste-wheel.  Passing  onward, 
it  is  .seized  by  two  clamps,  drawn  over  a  alide,  and  the  two  sides 
united  so  as  to  form  a  tube.  As  it  is  released  by  these  clamps, 
it  is  seized  by  a  second  pair,  which  pass  over  the  first,  drawing 
it  forward  by  a  hand-over-hand  movement,  and  p.issing  it  be- 
tween the  two  blades  of  a  stationary  clamp,  which  holds  it 
while  it  is  severed  by  a  reciprocating  knife.  It  is  theu  subjected 
to  the  action  of  a  wedge-shaped  trough  containing  paste.  The 
lower  edge  of  this  trough  has  a  longitudinal  slit,  the  width  of 
which  may  be  adjusted  so  as  to  deposit  the  proper  quantity  of 
pjuste  on  the  bottom  of  the  cut-off  bag.  At  the  moment  of  dp- 
pnsitiag  the  p;uste  the  edge  of  the  trough  forces  this  ptirt  be- 
tween two  rollers,  which  bend  over  the  edge  of  the  bottom  and 
complete  the  bag.  The  various  motions  requisite  to  the  oper- 
ation of  the  machine  are  derived  from  a  driving-shaft,  having 
belt  and  pulley  connection  with  the  motor. 

g.  Fig.  35(tS,  represents  the  Armstrong  machine,  October  2, 
1860.  The  bag  is  made  from  a  continuous  web,  bent  by  a  spin- 
dle-shaped roller  and  by  side  guides  into  a  tube,  the  lapping 

Fig.  3508. 


Koc/i^s  Paper-Bag  Machine. 

together  with  a  corresponding  lever  on  the  other  side,  derives 
its  motion  through  an  intermediate  seines  of  levers  from  cams 
on  tlie  sliafts  c  c.     The  lever  g  also  operates  the  paster. 

After  being  pasted  the  blank  is  carried  forward  by  the  two 
succeeding  pairs  of  rollers  and  received  upon  a  slide  which 
forms  one  aide  of  a  hollow  mold  within  which  the  bag  is  formed  ; 
at  the  same  time  the  shaft  k  is  rotated  one  quarter  around ,  so  that 
one  of  the  formers  t  is  in  proper  position  to  permit  slides  corre- 
sponding to  the  three  otiier  sides  and  the  bottom  of  the  bag  to 
be  successively  brought  up  against  it:  this  is  effected  by  cams 
on  the  shafts'  c  f.  which  operate  compound  levers  connected 
with  the  sHJes  and  having  toes  against  which  the  cams  strike 
during  the  rotation  of  the  shaft. 

The  forward  movement  of  each  slide  turns  in  its  side  of  the 
paper  upon  the  former  /  and  joins  the  pasted  edges.  The  bot- 
tom is  also  similarlv  turned  in  and  united  to  the  sides.  Farther 
rotation  of  the  shafts  c  c  causes  the  withdrawal  of  the  slides  and 
imparts  a  movement  to  the  former,  on  which  is  the  completeil 
bag.  This  is  withdrawn  from  the  funwr  by  a  pair  of  nippers 
or  pinchers,  which  are  caused  to  rise  at  the  proper  moment  and 
seize  tlie  bag,  by  the  bent  lever  n  actuated  by  a  spring  <>.  The 
nippers  is  withdrawn,  tsiking  with  it  the  bag.  by  a  semicircular 
cam  on  the  shaft  r,  its  jaws  being  opened  and  closed  at  the  right 
time  by  projections  on  the  standards  between  which  it  works 

Pettee's  machine.  May  29,  18tiO.  Tlie  roll  of  paper  is  fed  be- 
neath an  elevated  roller,  and,  passing  over  and  partially  arouud 


Paper-Bag  Machines. 

edge  pasted,  the  tube  flattened,  and  then  a  bag  cut  off.  The 
sides  of  the  bag  are  held  apart  at  different  parts  of  the  length 
of  the  tube,  so  that  a  single  stroke  makes  an  oblique  cut  across 
the  tube  of  paper.  The  projecting  serrated  flap  is  pasted  and 
folded  over  upon  the  body  of  the  bag 

Oreenough's  machine,  February  3,  1S03,  works  from  a  con- 
tinuous web,  making  square-bottomed,  box-shaped  bags,  por- 
tions being  removed  from  each  side  of  the  strip  to  make  the 
requisite  indentations  and  flaps. 

Pettee,  May  5, 1863,  bends  a  continuous  web  of  paper  into  a 
trough  shape,  by  a  pair  of  rollers  adjustable  in  re'ative  distance 
according  to  size  of  bag  Then  the  edges  are  bent  over  by  an- 
other roller  to  form  a  tube,  the  edges  gummed,  a  portion  cut  off 
obliquely  to  make  a  bottom  flap. 

Taggart,  August  15, 18(55,  has  a  table  with  a  slitwhich  holds 
the  flatly  folded  bag,  exposing  that  portion  above  the  table 
which  is  to  be  folded  satchelwise. 

/( is  the  Goodale  machine.  September  12, 1865.  The  continu- 
ous web  is  cut  by  the  descending  knife  a,  giving  the  edge  of  the 
blank  a  wavy  shape  The  sides  are  theu  folded  over  by  side 
flaps,  the  folded  portions  lapping  over  each  other  the  width  of 
the  pasted  surface.  The  bottom  flap  is  turned  over  and  pasted 
on  to  the  sides 

i  i'  are  two  views  of  the  Ilollingsworth  bag,.7anuary  24,18G5, 
which  is  made  upon  a  vertical  former  with  dilatable  sides. 

.faeger's  machine,  May  7,  1857,  is  shown  in  Fig.  3509.  It 
is  somewhat  similar  to  the  one  shown  at  Fig.  3508.  It  takes  a 
stiviare  blank  and  folds  over  two  angular  flaps,  making  a  coni- 
cal bag. 

Mallary's  machine,  July  28,  18(38,  like  the  Goodale  machine 
just  citeil,  ha^  side  and  end  flaps  which  fold  those  portions  over 
the  former  As  the  continuous  sheet  of  paper  is  fed  to  the  ma- 
chine, the  several  devices  perform  their  respivtive  functions  of 
delivering  the  paper  to  a  knife,  which  cuts  off  a  piece  of  suit- 
able length  for  a  bag,  drawing  such  piece  into  the  folders  which 
produce  the  side  laps,  pressing  the  end  lap  against  the  pasting- 
roUer,  and  at  the  same  time  turning  it  upward  over  the  edge  of 
the  folding-blade,  and  then  moving  the  bag  forward  between 
pressure-rollers,  which  join  the  pasted  edges  of  the  laps  to  the 
bag. 

In  his  patent  of  November  3, 1868,  one  edge  of  the  sheet  is 
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Jaeger^s  Paper-Bos:  Machines. 


pasted  by  means  of  a 
roller  as  it  passes  into 
the  machine ;  then  quo 
of  its  Pities  is  folded  over 
a  former,  and  over  it  is 
fokk'd  the  pasted  side. 
The  bag  so  far  formed  is 
drawn  off  by  rollers,  by 
which  it  is  passed  into 
an  iiiclosure  made  with 
a  bottom  of  a  series  of 
rollers,  which  carry  it 
for«v;ird.  One  roller  ap- 
plies paste  across  the  bug 
near  the  bottom,  while 
another  forms  a  fold  for 
the  bottom  lap.  It  then 
passes  out  between  an- 
other pair  of  ro'.lers, 
which  drc^a  the  bottom 
fold  of  the  b:i^  into  place. 
In  Amazeen's  machine, 
November  IT,  1868,  the 
paper,  in  passing  into 
the  machine  from  a 
mounted  roll,  has  paste 
applied  to  i*s  margin  at 
one  side,  and  is  fed  for- 
ward to  toothed  knives, 
which  cut  off  a  piece 
large  enough  to  form  a 
bag.  The  pasted  and  de- 
tached piece  is  then  made 
to  pass  on  beneath  a  plate 
or  former,  around  which 
it  is  deflected  into  tubu- 
lar form  by  bent  guide- 
plates.  The  pjper,  be- 
ing delivered  from  this 
forming  device,  has  its 
p^isted  side  pressed  down 


rated  knife  and  a  movable  knife  below  it.  The  endless  belt 
n  conveys  the  bag  into  a  position  to  be  acted  on  by  a  knife, 
which  is  brought  alternately  into  contact  with  a  roller  revolv- 
ing in  a  paste-trough  aud  with  the  end  of  the  bag,  which  it 
pastes  and  creases  preparatory  to  being  seized  by  the  rollers 
which,  by  pressing  the  turned-over  portion  and  the  body  of  the 
bag,  form  the  bottom  and  complete  the  operation. 

M.  E.  Knight's  machine,  July  11,  1S71,  manufactures  flat  or 
satchel-bottomed  bags  from  a  continuous  tube  of  paper  fed  from 


Fig.  3510. 


upon  the  adjoining  edge.  One  side  of  the  paper  tube  is  now 
longer  than  the  other  (a  result  due  to  the  shape  of  the  knives), 
and  the  mechanism,  which  finally  conies iato  play,  applies  paste 
to  the  projecting  end,  folds  it  over  to  finish  tae  bag,  and  dis- 
charges the  latter  from  the  machine. 

Lockwood's  machine,  March  9,  1869  The  web  of  paper  is 
drawn  over  rollers  a  (/,  paste  being  appl  ed  to  one  eilge  by  a 
roller  in  the  trough/.  It  is  partially  formed  in  a  tubular  shape 
by  the  pivoted  bail  §■,  which  prepares  it  for  the  action  of  the 
former  A,  by  which,  and  the  siJe  clamps  (  i,  the  two  edges  are 
thrown  over  toward  each  other,  but  are  prevented  from  touch- 
ing by  a  finger  until  arriving  at  or  near  the  guides  and  press- 
rollers  which  unite  the  two  edges. 

The  tube  is  p-assed  onward  by  a  roll  and  endless  band,  which 
hold  it  firmly  while  being  severed  between  the  stationary  ser- 


Forming  a  Strip  tnto  a  Flat  Tube. 

a  roll  over  a  former,  and  cut,  folded,  and  pasted.  The  peculiar 
feature  is  a  device  to  hold  back  a  point  or  portion  of  one  edge 
of  the  paper  tube,  while  the  blade  or  tucking-knife  makes  the 
first  fold.  The  successive  conditions  of  the  ibid  ai-e  sh.own  at 
p  p'  })'',  Fig.  3510- 

In  Arkell's  machine,  December  26,  1871,  square-bottomed 
bags  are  made  from  a  roll  of  paper,  which  is  passed  over  a  former, 
and  its  edges  pasted  together  so  as  to  be  delivered  in  the  form 
of  a  tube,  which  is  cut  into  lengths,  one  end  of  which  is  cut, 
folded,  and  creased  to  facilitate  the  operation  of  forming  the 
bottom.  .The  partially  formed  sark  is  carried  automatically 
through  the  machine  on  a  carrier,  which  moves  continuously 
in  one  direction,  and  on  which  it  is  subjected  successively  to 
the  mechanism  for  applying  the  paste  and  finishing  the  bag 
bottom.  Fig.  3510  shows  the  8ucce,-!sive  shapes  assumed  by  the 
paper  in  forming  a  strip  into  a  flat  tube. 

The  Benner  bag,  January  9,  1^72,  is  shown  at  k  k'  jt".  A 
strip  double  the  length  of  the  bag  to  he  formed  is  folded  at  mid- 
length.  By  the  action  of  long  formers,  having  at  their  sides 
I  hinged  blades,  the  edges  of  the  blank  are  folded ,  reverse  folded, 


Fig.  3511. 
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Lockn'ood's  Paper'Bag  Machine. 
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and  lapped  to  form  a  tube  which,  when  distended,  is  rectangular 
in  Section.     See  also  (iuild''rt  patent,  January  23, 1872 

Bibby  and  Baron's  Euf^lish  machine,  October  1,  1872,  for 
making  square -bottomed  bags,  takes  the  paper  tube  from  a  roll, 
cuts,  pastes,  folds,  presses,  prints,  and  delivers  the  completed 
bag. 

Annan's  machine,  November  12,  1872.  A  strip  of  paper,  one 
edge  pasted,  is  fed  over  curved  guides  (carrying  diagonal 
spreadiug-rolU)  aitjiclied  to  pivoted  lever-arms,  and  its  sides 
turned  iuward  and  lapped  by  twisted  guides.  This  tube  is 
pressed  and  fed  forward  by  rolN  (between  which  it  is  cut)  upon 
a  folding-table,  where  its  lower  ply  is  held  down  and  the  freshly 
pasted  seam  protected  by  an  exhaust  through  orifices  in  the 
beJ,  and  the  forward  end  of  the  upper  ply  blown  up  by  a  blast 
through  a  pipe.  Three  rollers,  journaled  in  cross-heads  which 
reciprocate  in  radial  slots  of  the  revolving  frame,  successively 
carry  the  upper  ply  back  on  the  tube  to  form  the  first  diamond- 
end  fold,  the  tube  having  been  damped  by  fingers  at  the  angle 
thus  formed;  then  deposit  two  Hues  of  paste  over  the  laps 
clamped  by  double  fingers  at  the  points  where  they  are  next 
to  be  folded,  and  after  a  folding-plate  has  folded  over  the  last 
flap  then  lap  the  last  fold  on  the  opposite  end  of  the  bottom, 
the  finished  bag  being  fed  out  by  rolls  or  belts. 

In  Uotchkiss's  machine,  January  28, 1373,  the  bag  shown  at 
I  V  I"  I'"  is  made.  The  paper  is  fed  by  rolls  fro[u  under  the  de- 
livery-table over  the  recess  of  the  folding-table,  where  it  is  held 
on  one  side  by  a  spring  and  on  the  other  by  a  gravitating  bar, 
when  a  bag-length  is  cut  by  the  shears.  A  right  angular  bar, 
rocked  in  and  out  of  a  vat,  applies  paste  to  one  edge  and  part 
of  the  rear  end.  The  rectangular  former,  descending,  carries 
the  blank  into  the  forming-bo.x,  causing  its  sides  to  stand  verti- 
cally, that  which  is  dragged  from  under  the  bar  being  longest  to 
form  the  overlap  or  seam.  The  folding-plate  moves  forward  to 
lay  one  lap,  followed  by  the  opposite  combined  plate  and  roller, 
which  lays  the  other  flap  and  completes  a  square  tube.  These 
folding  devices  are  so  connected  by  levers,  tliat  one  shall  move 
in  advance  of  the  other,  and  the  last  folder  plays  under  the 
pas  ting- table.  The  side-end  folders  are  reciprocated  succes- 
sively to  lay  the  side  folds  of  the  big  end,  the  pasted  one  first, 
over  which  partially  completed  end  a  paste-roll,  vibrated  out 
of  a  paste-vat,  lays  a  line  of  paste  on  the  inside  surfaces  of  the 
top  and  bottom  end-fold'*,  the  latter  being  protected  by  a  sup- 
porting lip.  The  side-folders  retreating,  the  uppur  end-folder 
descends  and  lays  its  fold,  and,  retreating,  is  followed  by  the 
lower  end-folder,  which  completes  the  bottom.  The  former  now 
rises,  and,  as  a  new  feed  is  accomplished,  its  interior  piston 
ejects  the  b;ig  from  the 
Fig.  3512.  former   Oii    to    a    table, 

,  from  which  it  is  fed  by 
I  /  //  //  /  an  apron  against  the  up- 
per of  a  pair  of  rolls, 
where  a  vibrating  bar 
breaks  down  its  upper 
edge  and  forces  the  lower 
corner  of  the  bottom 
into  the  bite  of  said  rolls, 
which  press  and  deliver 
it  Hat. 

Fig.   3512    shows    the 
,  Crowell    bag,    April    8, 
1873,  in  which  the  edges 
of  a  strip  of  paper  are 
folded  in  and  then  a  por- 
tion  lapped   outwardly, 
the  face  of  the  latter  be- 
ing pasted.    By  doubling 
the  strip  thus  prepared 
inward  and  outward, zig- 
zag fashion,  as  at  m,  the 
parts  become  united  to- 
gether   in    pairs,    faces 
fastening  paste  to  paste, 
and  alternating  with  nnpastcd  portions  lying 
back   to  back.    The  bolt  thus  uiade   is   cut 
along  the  edge'*  7h',  which  separates  the  pile 
into  bags  which  are  like  m"  when  fully  dis- 
tended.    See  also  his  patent,  October  14,1873, 
in  which  the  paper  is  cut  longitudinally,  in- 
termittingly  piisted  by  the  paste-wheels  and 
scraper,  the  edges  then  being  folded  under 
and  paste  applied  to  them.     Thence  it  passes 
over  a  cylinder  between  it  and  a  second  cylin- 
der,  when    the    bottom    is   foliied,  the   bag- 
length  cut  off,  and  the  edges  pressed  together. 
Then  the  bag  passes  over  the  printing-roll  to  the  table,  where 
it  is  automatically  removed  and  counted. 

n  represents  the  Parker  bag,  January  6, 1874,  which  is  formed 
by  folding  inwardly  the  opposite  edges  of  two  strips  of  paper, 
uniting  the  folded  edges,  and  folding  and  pasting  one  end  of 
the  united  strips. 

Crowcll's  paper-bag,  January  13, 1874.  o  has  a  bottom  made 
by  a  central  transverse  fold  of  the  paper.and  has  its  sides  closed  by 
edge-folds  which,  at  each  side  of  the  paper,  ai'e  cemented  to- 
gether and  to  one  of  the  adjacent  sides  of  the  bag. 

q  <f'  illustrate  Murphy's  mode  of  making  the  division  of  the 
paper  tube  so  that  when  the  side  portions,  which  are  deeply 


serrated,  are  folded  over  upon  the  mid  portion,  both  will  be 
exposed  to  the  pasting-brush,  as  shown  at  (/,and  may  be  se- 
curely fastened  down  to  the  side  of  the  bag  over  which  the 
bottom  flap  is  folded. 

Fig.  3513. 


Crowell  Bag 


Paper  Bags. 

r  r'  illustrate  the  mode  of  making  the  Taggart  bag,  the  blank 
being  slipped  into  a  slit  plate,  and  then  tlie  portion  projecting 
above  the  plate  being  folded  down,  first  the  ends  and  then  the 
sides. 

Biedinger's,  March  10,  1874,  is  an  upright  machine  in  which 
the  web  of  paper  is  fed  upon  its  edge  between  a  pair  of  vertical 


Fig.  3514. 


rollers,  is  wound 
around  a  mandrel, 
and,  its  side  joint 
pasted, the  bag  cut 
off,  the  mandrel 
contracts  and  allows 
it  to  slip  on  to  a 
former.  Its  bottom 
then  falls  into  a 
cradle  formed  of  re- 
Tolvingcams,  where 
folding  pieces  and 
fingers  combine  to 
bend  over  the  flaps 
which  constitute 
the  satchel  bottom ; 
and  the  bag  passes 
between  the  rollers. 
To  describe  it 
somewhat  more  at 
length  :  main  feed- 
rolls  m  deliver  the 
web  to  shears,  and 
cease  their  motion 
as  a  bag-length  is 
cut.  This  blank  is 
carried  forward  by 
auxiliary  feed-rolls 
77i',  seized  by  a  grip- 
er, and  wound  on 
the  former,  the  for- 
ward end  receiving 
paste  from  a  roll, 
and  being  united  to 
the    rear    end    by 


Biedinger'^s  Paper-Bag  Machine. 
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pressure  against  the  delivery-roll.     ThQ/ormfr  consists  of  a  set 
of  roils  a  a  oa  eccentric  shafts,  partially  rotated,  to  expand  the 

Fig.  3616. 
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Eiedin^fr's  Paper-Ba^  Machine 
{Series  of  Opt  rations). 

former  while  making  the  tube,  and 
farther  rotated  to  contract  it  to  release 
the  tube,  which  falls  oa  to  a  supple- 
mental former  b,  over  which  it  is  fed 
by  eudle.^s  belts  r  c  being  made  to  pass 
over  spring-arms  and  extended  flat, 
and  into  the  discharge-rolls,  which  pro- 
pel it  until  a  proper  length  projects 
above  tlie  bottom-folders.  Folders^*/" 
now  move  inwardly,  pressing  against 
the  retii-ing  spring-iirms,  and  form  the 
^^^^  I  triangular  end-folds  (Fig.  C);  retract- 

^~^^-,^^    !  ing,  they  are  followed  by  the  descend- 

^^  ing  piston,  which  rests  on  this  partial 

bottom  (Fig.  D).  The  continuously 
revolving  folders  crease  the  sides  against  the  angles  of  the  pis- 
ton, press  a  line  of  paste  thereon,  carry  the  piston  and  bag 
downward  together  until  the  central  rib  of  the  piston  enters 
and  spreads  the  bag-bottom  in  the  bite  of  the  discharge-rolls 
(Fig.  E),  where,  the  piston  rising,  the  folders  lay  the  side-laps 
successively  (Figs.  F,  G),  one  folder  (Fig.  H)  carrying  a  knife, 
folding  the  bottom  centrally  and  into  the  rollers  which  dis- 
charge it  pressed  flat  for  packing. 

PVP3U-B.\G  MiCIIIXES   P.VTENTED   IN  THE   U.VITED   STATES. 


No. 

9,355, 
12,511, 
12,786, 
12,945, 
12,982, 
13,647, 
17,184, 
19,.506, 
20,838, 
21,657, 
22,199, 
24,7.34, 
25,191, 
27,959, 
23,188, 
2^,t37, 
30,191, 
32,777, 
37,573. 
37,726, 
38,353, 
38,4.52, 
40,001, 
42,313, 
43,773, 
45,999, 
49,454, 
49,736, 
49,951, 
62,3*2, 
64,537, 
70,601, 
74,190, 


Name. 
F.  Wolle,    . 
Louis  Koch     . 
Smith  and  Pettee 

E.  W.  fioodale 

F.  Wolle     . 

E.  W.  Qoodale 

B.  F.  Rice  . 
.Jacob  Keller  . 
Francis  \Volle     . 
Henry  R.  David 
S.  E.  Pettee 
William  Tioodate     . 
Willi.am  Goodale 
Louis  D.  Barran'd  . 

G.  F.  Lufberry  . 
S.  E   Pettee     . 
U.  G.  Armstrong 
John  Miller,  Jr. 
,1.  .1.  Greenough 

C.  H.  Morgan 
.loseph  Wells  , 
S.  E.  Pettee  . 
Joseph  Wells 
Joseph  Wells . 
J.  M    Ilurd 

E.  \.  Hollingsworth 
B   B.  Taggart    . 
B.  F    Ellis      . 
E    W.  tJoodale  . 
Kirk  and  Hewlett . 
G.  L.  Jaeger 
E   B   Olmsted 
James  Arkell 


Date. 
Oct.  26, 1852. 
March  13, 1855. 
May  1,  1S.55. 
29, 18,55 
29.  1S55. 
9,  1855, 
28,  1S57. 
2, 1858. 


May 
Mav 
Oct. 
April 
March 


July 
Oct. 
Nov. 
July 
Aug, 
April 
May 
May 
Oct. 
July 
Feb. 
Feb. 


6.  1S5S. 
5,  1858, 

30. 1858. 
12, 18.59. 

23. 1859. 

24. 1860. 

8,  1860. 
29, 1360 

2,  1860. 

9,  1361. 
3, 18(33 

17.  1863. 


April    2l',  1863. 

May 

Sept, 

April 

April 

Jan, 

Aug, 

Sept, 

Sept. 

Feb. 

May 

Nov. 

Feb. 


6,  1863. 
15,  1863. 
12,  1864, 
12,  1864. 
24, 186.5. 
15, 1865. 

5,  1865. 
12, 1865. 
26.  1867. 

7, 1867. 

5, 1867. 
11, 1868. 


80,298,  George  H.  MalLarv.         .        .         .  July  28,1868. 

8:3.648,  George  H.  Mallary     ....  Nov.  3,  1868. 

84,076,  C.  Amazeen Nov.  17,  1868. 

87,608,  Joseph  Wells March    9,  1869. 

87.689,  H.  U.  Lockwood      ....  March    9,  1869. 

90,624,  C.  F.  Annan June  1, 1869. 

94  511,  J.  P.  Pultz Sept.  7,1869. 

101^2,99,  C.  J.  Moffatt March  29,  1870. 

104,169,  H.  L,iw June  14,  1870. 

105,099,  Lorton  and  Davison  ....  July  5,  1870. 

110,636,  C.  F.  Annan Dec.  27,  1870. 

111.802,  C.  F.  Annan Feb.  14,  1871. 

111.803,  C.  F.  Annan Feb.  14,  1871. 

112,005,  P.  E,  Armstrong        ....  Feb.  21,1871. 

114,743,  A.  Adams May  16, 1871. 

116,842,  M.  E.  Knight July  11,  1871. 

118  .327,  James  Arkell Aug.  22,  1871. 

119,307.  J.  M.,  J.  P.,  and  S.  IL  Bryant  .        .  Sept.  26,1871. 

119,915,  B.  S.  Binnev  .         .         .   '     .  Oct.  17,  1871. 

122,099.  James  Arkell Dee.  26,  1871. 

122,510,  L.  D.  Benner Jan.  9,  1872. 

123,013,  George  Guild Jan.  23,  1872. 

123,812.  L.  C.  Crowell Feb.  20, 1872. 

131.S41,  Bibby  and  B.aron        ....  Oct.  1,1872. 

1S2,:J12,  U.  B.  Morris Oct.  15,  1872. 

132,S!.lil,  U.  F.  Annan Nov.  12,1872. 

133,395,  J.  Arkell Nov.  26,  1872. 

134,035,  B.  Cole Dec.  17,  1872. 

1.34,.580,  C.  F.  Annan Jan.  7, 1873. 

135,146,  M.  Murphy Jan.  21,1873. 

1.35,275,  T.  Hotchkiss Ian.  28,  1873. 

138,844,  L,  D,  Benner May  13,  1873. 

13SM04,  H.  G,  Armstrong    ....  Mav  20,  1873. 

140,342,  N.  Biedinger July  1,  1873. 

141,862,  O.  Dunham Aug.  19,  1873. 

143,a58,  W,  Liddell Sept.  3",  1873. 

143,674,  L,  C,  Crowell Oct.  14,  1873. 

148,925,  J.  S.  Ostranger Oct.  21,1873. 

146,125,  J.  P.  Raymond        ....  Dec.  2,  1873. 

146,372,  W.  Webster Jan.  13,  1874. 

146.773,  R.  W.  Murphy        ....  Jan.  27,  1874, 

146.774,  M,  Murphy Ian.  27,  1874. 

147,998,  C.  B.  .Stilwell          ....  Feb.  24,  1874. 

14.8,280,  C.  G,  Biedinger March  in,  1874. 

151,258,  W.  F.  West May  26, 1874. 

161,862,  G.  Dunham June  9,  1874. 

Pa'per  Boat.  Paper  boats  or  ".sliells  "  have  of 
late  years  largely  suiiiilaiited  those  of  wood  for  racing 
and  sijortiiig  jniriioses.  These  are  made  by  applyinc; 
sheets  of  maiiiila  paper,  or  paper  prepared  from  pui'e 
unbleaehed  linen  stoek,  to  the  exterior  of  a  model  or 
former  corresponding  to  the  interior  lines  of  the 
shell.  The  sheets  are  fully  equal  in  length  to  the 
model  ;  and  if  manilla  be  employed,  the  first  sheet 
is  damped,  applied  smoothly  to  the  surface  of  the 
model,  and  secured  by  tacking  to  strips  on  its  upper 
face  ;  it  is  then  coated  with  an  adhesive  varnish, 
another  sheet  is  applied  over  the  first,  and  so  on 
successively  until  the  required  thickness  is  attained. 

When  linen  paper  is  used,  but  a  single  thickness 
of  jltr  to  ^  of  an  inch  is  employed.  The  model  with 
its  envelope  is  then  removed  to  a  drying-room  and 
exposed  to  a  heat  of  150'  Fah.,  which  obliterates  all 
wrinkles  in  the  paper  and  hardens  it ;  it  is  next 
covered  with  boiled  linseed-oil  and  turpentine,  and 
afterward  with  shellac  varnish  ;  the  framing  is  then 
inserted,  and  the  decking  and  metal  work  put  in 
place.  Such  boats  may  be  made  about  one  tliird 
lighter  than  wooden  boats  of  the  same  dimension.s, 
are  impervious  to  water,  and  the  skin  is  not  liable 
to  spring.     See  Boat  ;  Canoe. 

Pa'per  Box.  Paper  boxes  are  made  in  several 
ways. 

1.  Pill-boxes.  Paper  from  a  coil  is  wrapped  around 
a  former,  making  a  cylinder  of  a  thickness  depend- 
ing upon  that  of  the  jiaper  and  the  number  of  plies. 
The  inside  surface  of  the  paper  is  coated  with  paste, 
and  thus  the  joint  is  made.  Such  boxes  are  com- 
pleted by  pushing  a  ilisk  of  paper  into  the  cylinder. 
The  lid  is  but  a  shallow  box,  a  trifle  larger.  Such 
boxes  are  also  made  by  coiling  a  wide  sheet  of  paper  on 
a  mandrel  in  the  manner  described,  and  then  cutting 
it  into  lengths  as  desired.  Lids  are  made  in  the 
same  way.     Colored  boxes  are  made  by  an  outer  ])ly 
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of  folored  i)a])er.  Such  boxi'S  arc  also  iiKule  by  nia- 
ehiiiery.  (See  Fig.  3516.)  In  one  mode  ol' uoveriug, 
the  strip  wliich  i.s  to  cover  th('  cylindrical  portion 
has  gored  margins,  which  laj)  over  upon  the  bottom 
of  the  box  or  the  top  of  the  lid,  as  the  ca.se  may  bo, 
and  match  together. 

2.   Boxes  are  made  from  a  roll  of  paper,  which  is 
bent  over  into  shape,  cut  oil',  the  bottom  folded  in 
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Paper  Boxes. 

against  a  former,  the  contacting  portions  heing  pasted 
in  transitu,. 

3.  Roxps  of  paper  or  past^^lioard  cut  from  the  roll, 
shappfl,  and  secnred  by  rin-ts  or  staiiles. 

4.  Boxes  made  from  blank.s  of  tlie  required  size 
and  shape,  the  machine  taking  them  from  the  pile, 


shaping  and  fastening  the  parts  together.  See  Pa- 
I'KK-nnx  Macmim:. 

a  a'  art-',  respfctivtdy,  a  blank  and  a  box  made 
therefrom,  tlu'  .scab'  of  the  latter  being  enlarged 
somewhat.  Witli  the  exception  of  two  slight  gores 
on  tlie  I'dges  of  thr  lid-flap,  no  ])ortion  is  wasted. 
Some  portions  of  the  box  are  double  and  others 
treble.      Parts  secured  by  paste  or  rivets. 

h  b'  h'  show  a  round  box  and  the  metallic  fasten- 
ings wliich  hoM  the  hipped  portions. 

c  c'  are  tlie  plan  of  the  pattern  an<l  the  folded  box 
with  a  tuck  and  keeper,  dd'  illustrate  nnother  mode 
of  shaping  and  folding,  e  e'  still  another,  with  a 
Inpping  lid.  (j  g\  a  paper  box  with  dovetailing  an- 
gles, h  /(',  the  plan  of  a  blank  and  the  box  made 
from  a  similar  larger  blank. 

/,  a  box  made  from  a  circular  blank,  cut  on  the 
prineii>le  of  I',  but  of  larger  size. 

jj'j'f'i  Heyl's  box,  whose  overlapping  pasteboard 
flaps  are  secured  by  rivets. 

Seamless  paper  boxes,  lamp-shades,  hats,  and  ntlier 
hollow  articles  of  paper  are  made  upon  formers  wliiidi 
are  dipped  into  the  pulp  ;  the  latter  collects  on  the 
reticulated  surface  by  means  of  a  partial  exhaustion 
of  the  air  from  the  interior  of  the  former,  the  air 
being  withdrawn  thi'ough  an  elastic  pipe  communi- 
cating with  a  bellows  or  cylinder. 

The  water  being  drawn  through  the  perforations, 
a  film  of  pulp  adheres  to  the  surface  of  the  fonner, 
which  is  then  raised  from  the  vat,  and,  the  coating 
of  paper-pul])  being  removed  and  dried,  forms  a 
seandess  article  which  retjuires  no  farther  manipula- 
tion for  most  ordinary  purposes,  but  for  ornamental 
uses  may  be  covered  wholly  or  in  part  with  a  second 
coating  of  colored  pulp,  and  embossed  or  otherwise 
ornamented  by  stamps,  swaging,  or  perforation.  See 
Papeu-moldixg. 

Pa'per-box  Ma-chine'.  A  machine  for  mak- 
ing boxes  from  the  roll  or  from  blanks  of  paper. 

Iljitfield's  machine,  March  8, 1870,  is  designed  for  attaching 
the  bottoms  to  cylimlriral  paper-box  bodies  previously  formed 
by  another  machine.  The  sliaft  a  is  hollow,  and  through  it 
works  a  spindle,  operated  by  means  of  a  hand-ievcr  c ,  aud  car- 
rying a  fixed  head  or  disk. 

On  the  end  of  tlie  shaft  n  is  an  expanding  he.ad  fi,  formed  in 
segments,  which  are  pushed  radially  out.vard  by  links  operated 
by  a  lever  and  arm. 

/  is  a  tube  containing  the  bottoms  of  the  boxes ;  these  are 
pressed  by  the  follower  g,  kept  in  contact  therewith  by  a  cord 
and  weight  h  ;  i  is  a  plunger  cut-off  by  which  the  bottoms  are 
pushed  down  one  by  one  into  contact  witU  the  follower  i-.  This 
b*  advanced  by  a  k-vor  /  operated  by  the  hand-lever  c  through 
tlie  medium  of  the  rod  »j  ;  o  is  a  treadle  connected  by  cranked 
arms  and  rods  to  the  rock-shaft  /*  of  the  lever  /,  and  to  the  arm 
of  a  lever  having  a  divided  head  in  which  a  roller  is  journaled. 

The  head  d  is  rotated  by  the  pulley  r  on  its  shaft,  and  tlie 
treadle  depressed;  this  throws  the  rollerout  of  contact  with  the 
expanding  head  f/,  and  also  partially  rotates  the  rock-shaft  p, 
throwing  the  latch  I  into  position  to  engage  the  plunger-rod  /^. 
A  box-body  is  slipped  over  the  expanding  head,  which  is  then 
I  expanded.  The  lever  c  is  depressed,  thrusting  out  the  disk 
within  the  expanding  head  aud  bringing  it  into  position  to  re- 
ceive one  of  the  bottoms  which  has  been  pushed  down  by  the 
plunger  cut-off  j.  By  an  upward  movement  of  the  lever  the 
box-ijottom  is  pushed  into  contact  with  the  disk,  which,  by  the 
same  niovement.is  withdrawn  andbrings  the  Ijottoni  into  contact 
with  the  box-body  on  the  expanding  head  ;  a  slip  of  prepared  pa- 
per, pasted  on  one  side,  is  applied  to  the  junction,  ttie  treadle  is 
released,  bringing  the  roller  in  contact  with  the  side  of  the  box, 
the  rotary  movement  of  which  winds  the  strip  around  it,  where 
it  is  fixed  by  the  roller  and  vibrating  fingers  on  an  eccentric. 

G.  L.  Jaeger,  February  26,1873.  In  this  machine,  an  address 
or  label  is  imprinted  and  the  box  cut  out  and  formed  at  one 
continuous  operation.  The  paper  passes  first  bctwit-n  the  im- 
pression-roller a  and  the  type-roller  b.  which  is  supplied  witli 
ink  from  the  trough  c  by  inking-rollers  rf. 

Circular  knives  and  creasers  on  the  roller  g  cut  it  into  the 
shape  shown  on  the  plan  view  during  its  passagi-  between  that 
and  the  roller  (.  Paste  is  applied  to  its  edge  by  the  rollers  A-  /, 
in  connection  with  a  smaller  roller  not  shown.  Proceeding 
onward,  two  of  the  flaps  are  turned  up  and  secured  by  pivoted 
wings  m  »,  the  other  two  being  similarly  treated  by  other  wings, 
leaving  the  end  flaps  to  be  folded  in  by  hand. 

F.  Gates,  April  5,  1870.    For  making  rectangular  boxes.    The 
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Fig.  3517. 
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Hatfield's  Paper-Box  Machine. 


finish  the  comers.     The  gumming  or  pasting  ia 

afterward  done  by  hand- 

Keating  and  VVaymouth,  June  8,  1869.  For 
making  and  sanding  mat*h-boxes.  The  blanks, 
cut  to  shape,  are  advanced  and  gummed  by  means 
of  ;i  roller  ;  each  blank  us  it  is  gummed  is  carried 
forward  to  a  die,  through  which  it  is  forced  by  a 
descending  plunger,  uniting  the  gunmied  edges, 
and  deposited  in  one  of  a  series  ol  receptacles  on 
an  endless  conveyer,  which  carries  it  forward  to  a 
roller  by  which  its  bottom  is  gummed  ;  it  thence 
passes  over  a  box  containing  sand,  a  portion  of 
which  is  deposited  on  its  bottom  by  a  lifter,  and 
is  finally  discharged  by  a  plunger 

Heyl's  patent,  October  31, 1871.  is  for  making 
and  covering  paper  boxes,  the  flaps  being  secured 
by  paste. 

The  pieces  of  pasteboard  from  which  the  boxes 
are  to  be  made  are  placed  directly  over  the  ma- 
chine in  a.  box,  from  whi.h  they  can  be  dropped 
one  by  one  at  each  revolution  of  the  machine,  di- 
rectly behind  the  crimping-fnmie  or  fumur,  and 
in  front  of  the  reciprocating  plunger.  The  plunger 
then  moves  forward,  pressing  the  piisteboaid 
through  an  opening  in  the  former ,  which,  being 
barely  large  enough  to  admit  of  its  pas&tgf,  bends 
the  pasteboard  close  to  the  piunger,  where  it  is  he.d 

Fig.  3519. 


paper  web  from  the  roll  a  passes 
bet.veen  the  rollers  6  r,  by  the  upper 
one  of  which  paste  from  the  trough 
d  i*  applied  to  its  edges.  It  is 
then  carried  forward  by  the  feeJ- 
rollers  e  f,  and  the  necessary  slits 
cut  by  a  vertically  reciprocating 
cutter,  after  which  it  is  subjected 
to  the  action  of  aplunger  A,woich 
shapes  it  by  forcing  it  within  one 
of  a  series  of  molds  i,  on  an  endless 
chain  t,  adv-inced  intermittingly 
bya  p-iwl  /operated  by  an  oscillat- 
ing lever  from  the  driving-shaft. 
Tile  boxes  are  carried  around  by 
the  endless  chain  until  they  suc- 
cessively arrive  in  a  sufficiently 
dry  condition  at  a  point  over  an 
aperture,  where  they  are  forced 
out  of  the  molds  by  a  vertically 
reciprocating  plunger  w. 

Foster.  March  19,  1837.  For 
making  match  and  other  tubular 
boxes.  The  previously  cut  blanks 
are  fed  upward  by  a  follower,  and 
pu^hf.l  forward  by  a  reciprocating 
feed-bar  into  the  flaring  mouth  of 
a  former,  by  which  the  paper  is 
pre-^sed  intr>  shape  around  the 
head  of  the  feed-b:ir.  It  is  drawn 
onward  and  delivered  from  the 
feed-bar  by  angularly  placed  roll- 
ers, which   also   turn    down    and 
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Gates^s  Paper-Box  Machine. 

by  a  Bet  of  nippers  attached  to  the  plunger.  The  plunger 
thpn  stops  its  forward  movement  a  short  distance  in 
front  of  the  former  to  receive  the  covering-paper.  A 
strip  of  paper  of  sufficient  length  to  go  entirely  around 
the  box  is  inserted  at  the  extreme  right  of  the  machine, 
and  is  caught  by  and  carried  around  the  pas  ting-wheel, 
which,  in  its  return  motion,  transfers  the  paper  to  the 
pre.s?ing-wheel,  pasted  side  out:  from  this  wheel  it  ia 
again  transferred  to  the  sides  of  the  box  by  a  forward 
movement  of  the  pressing- wheel  (until  it  rests  against 
the  box)  and  a  revolution  of  a  plunger.  The  box  with 
the  covering-paper  around  it  is  then  carried  forward  by 
the  plunger  into  tlie  folding-frame,  when  the  cover- 
paper  is  lapped  around  agiiinst  the  bottom  of  the  box  by 
a  set  of  li'aves  or  folders  which  move  inward  across  the 
bottom  as  the  box  is  pressed  upon  them.  The  plunger 
then  returns  to  its  first  position,  leavin?  the  box  in  the 
folding-frame,  which  then  rocks  over  into  a  horizontal 
position  directly  under  the  vertical  plunger.  The  next 
operation  is  to  fold  the  upper  edge  of  the  cover-paper 
over  the  top  and  down  into  the  inside  of  the  box.  This 
is  done  by  the  inward  and  downward  motion  of  the 
square-grooved  feet  of  a  vertical  plunger  as  they  pa.«s 
down  into  the  box.  The  label  or  square  piece  of  paper 
for  the  bottom  of  the  box  is  pa«ted  by  being  laid  upon 
the  i^iste-roller.  from  which  position  it  is  thrown,  pasted 
side  out,  up  against  a  platform  by  a  lifling-rack.     Small 
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nippers  or  fingers  attached  to  the  platform  grasp  the  label  at 
either  eiul  mid  hold  it  against  the  platform,  while  the  latt«r 
turns  upward  and  brings  the  label  immediately  under  the 
box.  The  box  is  then  pushed  down  through  the  folding- 
frame  upon  the  label  that  lies  under  it,  and  the  label  is 
made  to  adhere  to  the  box  by  a  firm  pressure  of  the  verti- 
eal  piutiger.  This  completes  the  operation,  and  the  verti- 
cal plunger  returns  to  its  original  position,  leaving  the 
fini.-ihed  box  upon  the  platform,  whit-h  in  proper  time 
again  turns  down  and  casts  the  box  out  at  the  end  of  the 
machine. 

Patent  132,077  is  an  improvement  on  this,  and  patent 
132,070  is  a  pasting  and  sanding  device  for  the  ends  of 
match -boxes. 

Ileyl's  patent  for  making  wire-fastened  paper  boxes, 
Octobers,  1S72. 

The  machine  is  intended  primarily  for  making  boxes  of  paper 
or  pasteboard  without  cement,  the  fastening  being  effected  by 
wire  staples,  which  are  produced  and  applied  by  the  maciiine 
which  forms  the  boxes.  The  box-blanks  are  placed  in  a  recep- 
tacle provided  with  a  sliding  bottom,  which  is  drawn  up  by  a 
weight  and  cord  applied  to  a  fusee-pulley  adapted  to  graduate 
the  power  of  the  weight  to  correspond  with  the  number  and 
weight  of  the  blanks  remaining  in  the  receptacle.  The  weight- 
pulley  is  detiiined  by  a  ratchet,  which  prevents  the  drawing  up 
of  the  sliding  bottom,  excepting  when  the  said  ratchet  is  re- 
tracted. The  blanks  are  taken  one  by  one  from  the  top  of  the 
pile  by  a  pneumatic  or  suction  feeder  provided  with  automatic 
valves  to  adapt  it  to  seize  and  drop  the  blanks  at  the  proper  mo- 
ments. The  said  feeder  in  its  descent  retracts  the  detent-ratchet 
and  receives  a  slight  upward  pressure  from  the  pile  of  blanks, 
As  the  feeder  rises  again  with  one  blank,  the  detent,  being  re- 
leased, catches  the  weight-pulley,  so  that,  whether  the  quan- 
tity of  blanks  be  greater  or  less,  the  top  of  the  pile  always  rests 
at  one  level  to  receive  the  feeder.  The  blank,  being  deposited 
on  a  table  by  the  feeder,  is  carried  forward  by  a  follower  to  a 
position  over  the  mold,  into  which  it  is  forced  by  a  plunger, 
the  bottom  flaps  being  first  bent  up  and  the  end  flaps  next 
folded  over  them  as  the  plunger  descends.  The  wire  to  furm 
staples  is  in  continuous  lengths,  contained  on  suitabje  reels, 
equiil  i#number  to  the  staples  used  in  each  box.  The  lengths 
of  wire  are  cut  oiT,  bent  into  square  form  over  suitable  mandrels, 
which  latter  then  recede,  and  the  staples  are,  by  sudden  per- 
cussion, driven  through  the  lapped  sides  of  the  box  Cavities 
in  the  plunger  receive  the  inwardly  projecting  ends  of  the  sta- 
ples, wliich  ends  are  then  bent  in  opposite  directions,  either 
toward  or  away  from  each  other,  by  slides  working  in  the  sides 
of  ihe  plunger.  The  plungeris  then  withdrawn,  and  its  descent 
with  a  new  box  discharges  that  which  was  previously  formed. 
The  various  parts  are  made  changeable  or  adjustable,  to  adapt 
them  for  the  manufacture  of  boxes  of  various  sizes  or  forms. 

Fig  3516  is  a  view  of  a  box  so  made, 7  being  a  sectional  per- 
spective view  of  the  box  and  cover,  7' a  longitudinal  section. /'a 
plan  of  a  paper  blank  adipt^d  for  the  formation  of  a  box,  and 
j"'  a  plan  of  a  blank  adapted  to  form  a  cover. 

Pa'per-clamp.  A  device  forhoklingnewspaiiers, 
sheet  music,  periodicals, 
etc.,  in  convenient  tbrni 
for  reference,  and  at  the 
,  same  tiinepreservingthem 
from  injury  hy  keeping 
them  clean  and  ihit. 

Of  the  various  forms, 
some  fulfdl  these  condi- 
tions very  imperfectly,  be- 
ing maiidy  intended  to 
keep  the  issues  of  a  news- 
d  paper  together  and  keep 
them  from  being  carried 
off  or  dropped  upon  the 
floor.  Of  the.se  there  are 
two  kinds,  the  portable 
and  the  clcsk-clam}).  a  b 
c  d^  Fig.  3520,  are  porta- 
bles forms,  in  which  the 
6  folding  edges  of  tiie  news- 

GM    ^  papeis    are    clamped    be- 
/     tween  two  bars   or  wires 
^     hinged  together. 

Fig.  3521  shows  several 
forms,  of  which  c  f  g  are 
intended  for  desks. 

h  i  j  k  I  m  n  are  all  forms  of  temporary  binders, 
in  which  the  periodicals,  papers,  or  sheet  music  are 
held  liy  the  folded  edge,  either  by  a  simple  clamp. 
as  in  h  i ;  by  cords,  as  in  j ;  by  impaling  wires,  as 
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Paper-Files  and  Temporary  Binders. 


in  the  other  tigures,  which  need  no  lengthy  expla- 
nation. 

Pa'per-clip.  A  clasp  for  holding  papers  togeth- 
er. A  means  of  filing  bills,  letters,  etc.  It  may 
be,— 

A  suspensible  hook  on  which  the  papers  are  strung. 

A  wile  on  a  stand  or  suspensible,  on  which  the 
papers  are  impaled. 

A  pair  of  jaws  grasping  papers,  as  with  the  finger 
and  thumb,  and  intended  to  lie  on  the  desk  or  be 
suspended  bv  a  ling. 

See  al.'^o  Papru-clamp  ;  Paper-file,  etc. 

Pa'per  Cloth.  A  fabric  patented  in  England  in 
1S43  by  Henry  C'ha]mian.  It  is  prepared  by  wind- 
ing cotton,  linen,  or  other  cloth  upon  a  roller,  which 
is  iiitroduce.l  bet^veen  tlie  third  press-felt  of  a  Four- 
drinier  machine;  between  this  roller  and  the  endless 
felt  is  placed  a  trough  containing  an  adhesive  solu- 
tion, which  is,  by  means  of  a  roller  in  a  trough,  ap- 
plied to  the  cloth  ;  at  the  same  time,  the  continuous 
sheet  of  paper  formed  by  the  mndiint'  in  the  usual 
manner  is  carried  forward,  meeting  the  cloth,  and 
the  two  passing  together  througli  tlie  pressing-rolls 
are  caused  to  adhere.  By  reversing  the  cloth,  a 
simihir  jiaper  fncing  may  be  given  to  the  other  side. 

Pa'per  Collar.  One  made  from  paper  in  imi- 
tation of  linen.      Pefore  the  advent  of  the  factitious 
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article,  made  as  an  object  of  merchandise  and  so 
mueli  worn,  canal's  were  occasionally  made  of  [laper, 
either  as  by  Lord  Byron,  who  alfected  a  coUai'  of 
peculiar  shape,  somewhat  on  the  sailor  pattern,  or 
by  mountebanks  and  wandering  minstrels  ol  the 
colored  persuasion.  The  festive  collars  of  "  Brudder 
Bones"  and  his  partner  on  the  left  wing  were  exag- 
gerated turn-downs  or  chokers  made  from  eardboanl. 
The  first  patent  on  a  collar  concerned  its  shape, 
and  is  somewhat  curiously  described.  It  was  of 
fabric,  and  was  called  the  "  Belvidera"  collar,  pat- 
ent to  Cantelo  and  Kerrison,  November  19,  1833. 

**The  band  has  a  breadth  equal  to  the  length  of  the  wearer's 
neck.  It5  lower  edge  is  cut  curving  down  in  the  center,  to 
cover  the  cricoid  cartilage  and  the  thyroid  gland,  and  curving 
upward  on  each  side  to  avoid  pressing  the  clavicle  and  the  ster- 
nocleido-mastoideus  muscle.  The  upper  edge  of  the  band  pro- 
ceedjs  upward  on  each  side  from  the  center  in  a  line  correspond- 
ing with  the  inclination  upward  of  the  lower  jawbone  to  a  point 
under  the  angle  thereof,  and  thence  downward  at  a  nearly  equal 
angle,  so  as  to  avoid  pressure  of  the  mastoid  process  of  the  tem- 
poral bone.  A  small  oval  piece  of  a  size  according  with  the 
parts  to  be  fitted  is  cut  out  of  the  center  of  the  upper  edge  of 
the  band,  so  as  to  give  room  for  the  angle  of  the  thyroid  carti- 
lage or  pomum  .\dami." 

(Nothing  like  being  precise  !) 

In  1854,  Walter  Hunt,  after  his  unsuccessful  suit 
with  Howe  in  the  matter  of  the  sewing-machine, 
confidently  asserted  to  an  intimate  friend,  "  I  will 
make  a  machine  which  will  imprint 
a  stitch  more  perfect  than  that  of  the 
sewing-machine."  The  paper  collar  with 
an  imitation  stitch  made  by  an  indented 
tool  was  the  result.  Long  experiments 
upon  paper,  its  combinations  with  cloth 
and  combined  fabrics  attached  by  means 
of  paste,  followed.  The  article  he  put 
upon  the  market  consisted  of  thin  wliite 
cotton  muslin,  coated  upon  both  bides 
with  a  very  thin  white  paper.  The  face 
was  enameled  and  polished  by  calender- 
ing. The  collar  was  cut  out  in  several 
pieces,  after  the  manner  of  the  old  cheek- 
piece  standing  collar,  being  in  every  re- 
spect similar,  except  in  material  and 
stitches.  The  collar  was  made,  like  its 
linen  predecessor,  in  three  pieces,  unit- 
ed by  eyelets,  and  was  fastened  by 
strings.  It  was  coated  with  colorless, 
transparent,  water-proof  varnish. 

In  1S56,  he  united  two  thicknesses  of 
cotton  cloth,  bleached,  sized,  and  calen- 
dered, and  fasliioned  into  collars.  He 
was  also  the  first  to  produce  a  substi- 
tute for  the  linen  collar  which  had  the 
necessary  rigidity,  imitation  stiffening 
embossed  thereon,  and  holes  punched 
therein,  forming  a  merchantable  arti- 
cle. 

In  1857  -  59,  W.  E.  Lockwood,  having  purchased  [ 
the  effects  of  Hunt,  added  the  farther  improvement 
of  producing  a  paper-faced  fabric  having  embossed 
upon  its  surface,  by  means  of  an  electrotype  die  taken 
from  the  fabric  itself,  an  exact  imitation  of  the  warp  , 
and  woof  of  the  fabric,  and  also  of  the  stitches  which  : 
constituted  its  embroidered  pattern.     Thisomament- 
ed  surface  is  produced  upon  all  paper  collars  now  in 
the  market.    Lockwood  also  printecl  fanciful  designs 
on  the  face  of  collars,  in  imitation  of  calico  fabrics.    ' 

In  1863,  the  button-holes,   which  had  formerly 
been   simply  jnmctured,  were  reinforced  by   cloth  I 
patches  by  an  English  maker. 

In  1863,  Gray  of  Boston  rolled  a  garrote  collar 
from  a  single  piece   of  paper,   so  as  to   make  the 
standing  lappel  flare  from  the  neck.     He  also  turned  ^ 
a  B)Tou  collar  upon  a  defined  curved  line,  so  that  1 


the  outer  portiou  would  have  the  larger  curve,  and 
to  avoid  puckering  the  material,  and  also  to  provide 
for  the  neck-tie. 

Evan,  in  the  same  year,  im|iroved  the  paper  for 
collars  by  constructing  it  of  long-fibered  stock. 

Lang,  in  1S66,  made  pajjer  collars  and  cuffs  in 
imitation  of  lace. 

In  the  same  year,  Alden  made  them  of  the  proper 
flaring  form  ilirect  from  pulji. 

Lockwood,  in  1869,  embossed  coarse  cotton  sized 
cloth  by  means  of  linen  cloth  under  pressure. 

Paper  collars  are  made  in  several  ways  :  — 

1.  The}'  are  cut  out  of  piles  of  sheet.s,  in  the  same 
manner  as  envelopes,  by  means  of  a  properly  shaped 
knife  in  a  platen  press  ;  the  resulting  blanks  are 
embossed,  button-holed,  folded,  and  curved  for  tlie 
neck  by  other  machines. 

2.  The  collar  is  cut,  button-holed,  and  creased  for 
folding  by  pa.s.sing  through  a  pair  of  rotary  compound 
cutters  and  dies. 

3.  The  collar  is  made  by  machines  which  auto- 
matically complete  the  collar  for  wear  from  a  web 
of  paper.  A  good  example  of  this  is  Snow's  nia- 
chine. 

Fig.  3522  is  a  view  of  Snow's  patent  of  1865.  The 
paper  is  intermittingly  fed  forward  by  rollers  the 
width  of  a  collar  before  each  descent  of  the  platen, 
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Snow^s  Paper-Collar  Machine. 

which  carries,  arranged  in  proper  relative  position, 
(1)  a  set  of  end  knives  and  end  and  middle  button- 
hole punches,  all  adjustable  to  cut  different-sized 
collars  ;  (2)  a  die  having  serrated  teeth  to  emboss 
imitation  stitches,  which  is  detachable  ;  and  (3)  a 
knife,  also  adjustable,  the  front  and  rear  edges  of 
which  may  be  of  different  curves,  for  cutting  the 
upper  and  lower  edges  of  the  collar.  The  bed  has 
coiTesponding  intaglio  cutting-dies  and  a  duplicate 
embossing-die,  so  as  to  ornament  both  sides  of  the 
collar.  As  the  ends  and  button-holes  are  being  cut 
for  one  collar,  that  next  in  advance  is  being  era- 
bossed  with  stitches,  while  the  forward  one  is  sev- 
ered from  the  sheet  and  slides  down  the  inclined 
table  between  end  guides  until  it  rests  against  the 
stop  b'.  In  this  jiosition  it  is  stnick  by  tlie  folding- 
blade  G  and  pushed  through  a  slot,  resting  on  a 
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shelf  until  it  is  carried  emlwise  out  of  the  inacliine 
by  the  belt  K  between  it  and  one  of  the  jiressing- 
roUs  c,  wliich  curves  it  and  comiiletes  it  ibr  wear. 

In  Knishing  the  blanks,  in  lien  of  several  machines 
performing  individual  operations,  a  machine  nuide 
by  Denison  carries  the  blank  through  the  machine, 
tinishing  it  at  successive  stages. 

The  proper  points  on  the  collar  are  moistened  ; 
patclies  arc  cut  Irom  glntcnized  cloth  strips,  and 
pressed  on  the  moistened  spots  ;  through  these  re- 
inforced points  tile  button-holes  are  punctured  ;  the 
crease  for  folding  is  indented  ;  the  embossed  stitch- 
ing is  impressed,  and  the  collars  ejected. 

At  the  present  time,  Denison  and  Snow  have  in 
operation  machines  which  cut  the  blanks  from  webs 
of  paper  without  the  slightest  loss  of  stock  ;  while 
Snow  also  produces  by  a  novel  machine  nearly  all  of 
the  combined  cloth  and  paper  used  in  the  collar 
traile  at  the  present  time. 

Tile  principal  manufactories  are  at  Springfield  and 
Boston,  .Mass.,  New  York,  and  Philadelphia. 
Pa'per-col'or-ing  Ma-chine'.    One  in  which 

the  paper  is  fed 
3523.       .  in     sheets     be- 

tween color- 
rollers  which 
give  it  a  coat 
of  color.  The 
example  has  an 
up])er  reservoir 
for  the  coloring 
matter,  and  an- 
other placed  be- 
low the  rollers, 
so  that  both 
sides  of  a  sheet 
of  paper  may  be  colored 
at  one  operation.  The 
lower  view  is  a  dia- 
gram of  the  movingparts, 
and  shows  the  color-roll- 
ers, feed-rollers,  sta- 
tionary and  revolving 
brushes,  and  a  table,  on 
the  right,  on  which  the 
sheets  are  received.  By  disuse  of  one  reservoir  the 
paper  will  be  colored  on  one  side  only. 

iPa'per-cut'ter.  1.  An  ivory  blade  for  cutting 
paper,  the  folded  edges  of  uncut  books,  etc.  A 
paper-knife. 

2.  A  machine  for  cutting  the  edges  of  paper  in 

piles.       Sec  PAPEll-CrTTING  MACHINE. 

Pa'per-cut'ting  Ma-chiue'.  A  machine  for 
cutting  paper  in  piles  or  in  sheets,  or  for  trimming 
the  edges  of  books,  pamphlets,  etc. 

Owing  to  the  sizing  and  coloring  matter,  pajiei'  is 
a  very  difiicult  substance  to  cut,  and  re(piires  a  strong 
knife  to  pass  through  any  consiilei'able  quantity. 
The  knife  must  also  have  a  draw  or  shear  cut,  and 
requires  frequent  grinding. 

One  form  nf  paper-cutter  is  a  straight-edge  and 
traveling  knife.  Another  has  a  revolving  traveling 
knife  sliding  on  a  bar  parallel  with  a  stationary 
knife  which  acts  as  one  blade  of  a  shears. 

Another  form  has  a  knife  hinged  at  one  end,  which 
descends  on  a  pile  of  paper  with  a  shear  cut.     See 

CAUn-CL'TTF.R. 

Sanborn's  paper-cutter  (Fi-g.  3524)  has  a  cast-iron 
frame  which  sustains  the  horizontal  bed  7"  upon 
which  the  paper  to  be  cut  is  placed.  Working 
through  vertical  slots  or  guides,  formed  in  theupjier 
part  of  the  frame  jnst  mentioned,  is  the  knife-stock 
Z,  which  carries  the  knife  or  cutter,  the  latter  being 
detachable,  .so  that  when  required  it  may  be  removed 
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for  sharpening.  The  cutter-stock  is  susjiended 
from  a  horizontal  cross-piece  at  the  top  of  the  frame 
by  means  of  two  toggles  or  swinging-bars,  wliich, 
when  the  cutter-stock  is  elevated,  as  shown  in  the 
engraving,  occupy  an  inclined  position.  The  cutter- 
stock  is  connected  by  a  pitman  with  a  crank  arranged 
underneath  the  table,  and  rotated  when  the  appara- 
tus is  in  use  by  a  belt-wheel  operating  through  a 
suitable  system  of  gearing,  and  arranged  at  one  side 
of  the  frame  ;  this  belt-wheel  being  furthermore  fur- 
nished with  a  suitable  balance-wheel.  The  table  is 
made  adjustable  under  the  cutter  by  suitable  ajipli- 
aiices  worked  by  a  crank,  and  has  a  gage  (  s  r  ar- 
ranged at  one  edge  and  in  suitable  i>ro.\imity  there- 
to, so  as  to  guide  the  attendant  or  operator  in  regu- 
lating the  position  of  the  mass  of  paper  upon  th« 
table  and  in  relation  to  the  cutter.  The  damp  for- 
clamping  the  pa])er  tightly  in  place  upon  the  table, 
previous  to  and  during  the  descent  of  the  cutter,  is 
operated  by  a\ipropriate  devices,  to  which  movement 
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is  given  by  a  hand-wheel  iJ'  arranged  at  the  side  of 
the  upper  portion  of  the  frame. 

Tlie  mass  of  paper  having  been  properly  placed 
upon  the  table  and  underneath  the  cutter,  as  just 
above  indicated,  the  diiving-lielt  is  shipped  to  turn 
the  driving-pulley  and  rotate  the  crank  A'  which 
ojierates  the  cutter-stock.  As  this  latter  is  drawn 
longitudinally  inward  by  the  action  of  the  pitman, 
the  suspending  bars  or  toggles  are  brought  into  a 
more  or  less  vertical  ]«isition,  thus  forcing  the  stock 
and  its  attached  cutter  downwivrd,  and  consequently 
giving  a  compound  downward  and  longitudinal  mo- 
tion to  the  same,  which  insures  the  gliding  cut 
essential  to  the  perfect  working  of  a  machine  of  tins 
character.  As  the  crank  completes  its  revolution 
the  pitman  is  of  course  forced  outward,  thereby 
bringing  the  cutter-stock  upward  and  outward  to 
its  original  position,  ^ireparatory  to  a  repetition  of 
the  cutting  o]ieration.  , 

Soule's  undercut  machine  has  the  knife  below  the 
bed,  and  the  knife  lifts  with  a  shearing  cut  against 
a  pile  of  paper  held  down  on  the  bed  by  a  clamp. 
The  )Kirtion  of  the  bed  or  table  outside  the  knife  is 
attached  to  the  knife-carrier  in  .such  manner  as  to 
yield  sufficiently  to  receive  the  part  of  the  pa]ier 
cut  off.  The  knife  moves  only  far  enough  to  cut 
through  tile  paper,  instead  of  passing  through  its 
whole  stroke,  as  in  guillotine  machines. 
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Semple's  paper-cutter  (Fig.  3525)  is  used  tor  trim- 
ming the  folded  edges  of  books  and  magazines  after 
the  sheets  are  stitched.     Two  bundles  of  books  are 

Fig.  3525. 
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placed  on  platform  a  with  tlieir  backs  to  the  stand- 
ards c  c,  and  are  lield  down  by  the  screw  b.  Tlie 
platform  is  then  drawn  up  the  inclined  track  by  the 
action  of  worm-gear  c,  and  the  sheets  are  brought 
against  the  knife  d  with  a  drawing  cut.  Phitfomi 
a  is  pivoted  to  carrier/,  and  revolves  to  present  the 
top,  bottom,  and  sides  of  the  books  to  the  knife. 

Pa'per-en-am'el-ing  Ma-chiue'.  I  ii  Fig.  36-26, 
the  enameling  rai.xture  is  thoroughly  stirred  within 
the  chest  A  by  stationary  and  revolving  brushes 
B  C  ;  falling  through  the  diaphragm  D  to  the  cham- 
ber F,  it  passes  tlirough  the  gate  a  to  the  spout  G, 
whence  it  is  admitted  by  the  ailjustable  screw-valves 
4  c  to  the  brush-roller  /,  rotating  within  a  cylinder 
having  an  opening  at  its  lower  side,  through  which 
the  brushes  spread  the  enamel  on  the  sheet  of  paper 
passing  along  on  the  endless  belt  J.  This  is  re- 
volved by  two  cylinders  L  £,  having  fingers  i  i,  which 
clutch  the  sheet  when  presented  to  them,  and  after 
carrying  it  past  the  spreaders  iV  and  blenders  P  fall 
and  release  it. 


Fig.  3526. 


Pa'per-feed'er.  A  device  for  delivering  paper 
singly  in  sheets  to  a  iirintiiig-press,  ruling-machine, 
envelope-cutte]-,  |)aper  box  or  bag  machine,  etc. 

Sheets  are  freijuently  fed  to  a  press  or  ruling-ma- 
chine by  hand  ;  the  pile  lies  on  a  feed-board,  and 
the  sheets  are  thrust  forward  against  a  guide  by  a 
slight  blow,  the  grippers  or  feed-rollers  then  seizing 
the  sheet  by  its  edge  and  carrying  it  over  the  guide. 

A  form  of  pneumatic  feeder  has  a  number  of  suck- 
ers exhausted  by  an  air-pump.  Tlie  suckers  raise 
the  edge  of  the  top  sheet,  when  a  puff  of  air  prevents 
(Tther  sheets  from  following.  The  edgt^  of  the  lifted 
sheet  is  brought  parallel  with  the  grippers,  which 
then  carry  it  to  the  press. 

One  form  of  feeder  uses  a  revolving  bru.sh,  which 
sweeps  the  top  sheet  from  a  pile  against  guides.     As 
the    pile    dimin- 
ishes in  hight,  it  Fii;.  3527. 
is    raised    by 
springs       under- 
neath. 

File-cut  fingers 
to  draw  a  sheet  by 
friction  to  posi- 
tive grippers  are 
also  used. 

Envelope  and 
paper  -  bag  ma- 
cliines  sometimes 
seize  their  sheets 
by  a  gummed  roll- 
er or  claw.  The 
gummed    surface 

of    the    paper    is  Leiter-FUe. 

utilized     in     tlie 
subseiiuent  folding  of  the  parts  together. 

Pa'per-file.  A  device  to  hold  letters  or  other 
papers  in  a  jiack.  Among  the  many  forms  may  be 
noticed  :  — 

Fig.  3528. 


Temporary  Binder/or  Letters. 

Fig.  3527,  in  which  the  papers  are  pressed  upon 
a  bottom  board  by  a  spring 
follower  above. 


Fig.  3529. 
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Paper-File. 
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Fig.  3528,  in  which  letters  are  impaled  by  their 
edges  and  held  in  ;v  rase  or  temporary  binder. 

Fig.  35"2H,  in  wliifh  tlie  lpo:irds  ot"  the  files  are 
made  to  t'olcl  together,  and  are  held  at  a  right  angk' 
when  opened,  by  u  pointed  brace.  The  follower  is 
jointed  to  a  bar  wliose  lower  end  slides  and  clamps 
in    a    lougitndinal,    nnder-cut    groove.      See    also 

P.\PKU-UL.\.M1'  ;    LlOTTKIi-FlLE. 

Pa'per  Floor-cloth.  An  artificial  cloth,  used 
as  a  substitute  tor  oil-clotli  for  floor  covering  and 
otiier  purposes.  It  usually  consists  of  a  thick  slieet 
or  associated  sheets  of  paper  treated  with  paints  or 
varnish. 

Fig.  3530  is  a  machine  for  converting  two  sheets 
of   p.vper   into   parchment-paper    by   passing   them 


Fig.  3530. 
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through  dilute  sulpliurio  acid  and  uniting  them  so 
as  to  form  a  compound  sheet  suitable  for  Hoor  covcr- 
ing.s,  belting,  etc.  The  two  webs  pass  conjointly 
over  tlie  roller  Z)  to  a  second  roller  working  against 
a  tootheil  perforator,  which  assists  in  uniting  them, 
this  part  of  the  operation  being  comjileted  by  the 
rollers  0  G  in  the  auid-box  0  0.     It  is  afterward 


washed    by    passing    between  rollers  in   a  water- 
trough  T. 

Pa'per-fold'er.  A  bone  knife  used  in  folding 
jiaiiir,  fiilding  signatures  for  sewing,  and  feeding 
paper  from  tin'  h'lnk  to  the  press. 

Pa'per-fold'iiig  Ma-chine'.  A  machine  for 
folding  printed  sheits  preparatory  to  binding. 

J.  y.  Gallaher  completed  a  ioldiug-machine  in 
1843,  deposited  a  niudel  in  the  United  ."states  Patent 
Ottice,  and  ))ulilislied  a  description  in  the  IJaltimore 
"Sun."  It  endiodies  a  vibrating  blade,  folding  a 
slu'et  through  a  slit  in  the  feed-table  into  the  bite 
of  rollers,  from  whii.h  it  is  carried  by  endless  bands 
to  a  second  knife  between  a  second  set  of  folding- 
rollers,  and  finally  deposited  in  a  trough. 

Birchall's  English  patent  of  1847  shows  mechan- 
ism for  folding  the  sheet  by  a  reciprocating  knife 
into  folding-rollers. 

Black  (English),  1850,  had  registering-pins,  which 
were  vibrated  out  of  the  sheet. 

See   also   Snuth's   patent,    November   27,    1849 ; 
Snow,  October  15,  1850  ;  English  patent  No.  13,315, 
for  1850  ;  North's  parent,  October  15,  1856  ;  Cros- 
by,   December  23,    1856  ;    Smith,    May    19,    1857  ; 
North,  August  10,  1858  ;  Endriss,  March  8,  1859. 
Chambers,  1856,  had  registering-pins  to  fit  the 
perforations   made  by  the  printing-press.     (See 
Point.)     'I'liese  pins  or  points   are   adjustable, 
and,  as  the  folding-blade  descends,  recede  by  a  cam 
movement. 

Chandiers's  machine  (Fig.  3531)  is  adapted  to  fold 
large  double-sheet  papers.  The  sheet  to  be  folded 
is  spread  upon  the  folding-table,  and  the  register 
secured  by  points.  The  folding-blade  overhead  falls 
on  the  middle  of  the  sheet  and  carries  it  down, 
douliled,  through  a  slot  in  the  table.    The  blade  is 
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then  withdrawn,  and  a  second  fold  riven  the  doubled 
sheet  at  liuht  angles  to  the  first,  by  a  blade  belnw 
the  bed.  The  inside  .sheet  is  autoniaticnlly  placed 
in  its  position,  both  receive  their  final  fold,  and  are 
deposited  in  a  trough  under  the  bed  of  the  ma- 
chine. 

In  a  maclune  exhibited  at  the  London  Exposition 


of  1862.  the  sheets  are  put  singly  by  a  boy  under 
the  points  of  the  machine  in  the  same  manner  as  in 
the  printing-machine.  A  knife  moving  up  and  down 
takes  hold  of  the  slieet  lenirthw'ise  in  the  center, 
draws  it  through  a  .slit  in  the  table,  and  the  first 
fold  is  made.  The  knife  returns  instantly,  and  the 
sheet  is  taken  by  a  second  vertical  knife,  folding  it 
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at  right  aiigles  to  the  first  fold.  Before  the  third 
fold  is  made  the  stitching  operation  commences  ;  two 
needles,  i)rovided  with  hooks,  jxissiug  through  the 
middle  of  the  sheet  about  an  iuidi  distant  from  each 
other,  draw  through  the  cotton  unwound  from  a 
bobbin  and  cut  to  the  required  length.  The  sheet 
is  then  folded  a  third  time  by  a  kiiil'c  acting  at  right 
angles  with  the  second  one,  which  takes  hold  o(  the 
sheet  and  pushes  it  between  a  pair  of  ribbed  rollers, 
whence  it  passes  directly  to  another  pair  of  polished 
rollers,  and  is  deposited  on  the  table. 

Ford's  combination  of  a  folding-machine  with  a 
printing-press  (1872)  is  arranged  so  that  the  tlyer  of 
the  press  will  deposit  the  papers  upon  tapes  instead 
of  on  the  ordinary  tables,  the  papers  being  thence, 
by  and  upon  the  tapes,  conveyed  to  tlie  folding  ap- 
paratus, and  there  folded  as  rapidly  as  they  are 
printed.     See  Folding-macuixe. 

Pa'per-gage.  {Prinlinrj.)  An  instrument  for 
measuring  the  tj'pe-face  or  measure  of  printed  matter 
and  the  width  of  margin.  It  is  usually  a  squared 
stick  on  the  sides  of  which  are  numbered  columns 
of  the  ditferent  sizes  of  type. 

Pa'per-hang'ing.  The  art  of  covering  walls  with 
decorated  ]>aper.  The  sheet  of  paper  is  unrollfd, 
cut  to  a  proper  length,  the  eilge  trimmed,  a  coat  of 
paste  applied  to  the  back  ami  one  end  of  the  piece 
attached  to  the  upper  part  of  the  wall,  the  lowei- 
part  hanging  suspended  thereby  ;  the  workman  then 
lightly  dabs  the  face  of  the  paper  with  a  cloth,  com- 
mencing at  the  top  and  working  downwardly  until 
he  reaches  the  bottom,  causing  its  adhesion  to  thi' 
wall  and  insuring  a  smooth  sui-face.  AVhen  the  wall 
has  been  covered  in  this  way,  a  narrow  slip  is  pasted 
around  its  upper  edge,  concealing  the  ends  of  the 
pieces  and  serving  for  ornament. 

The  name  is  derived  from  the  tapestry  hangings, 
for  which  it  forms  a  substitute. 

The  art  originated  in  China,  where  it  has  been  in 
use  from  time  immemorial.  England  appears  to  have 
been  the  first  European  country  into  which  it  was  in- 
troduced ;  Lanyer,  1634,  having  obtained  a  patent 
for  a  velvet  paper  surfaced  with  a  short,  dyed,  wool- 
en Hock,  which  adhered  to  figures  printed 
Fig.3532.  in  glue  on  the  paper.  Tins  invention  was  also 
clainied  by  several  Continental  inventors. 

Among  the  kinds  of  paper-hangings  may 
be  cited :  — 

That  simply  printed  in  colors  by  stencils, 
blocks,  or  cylinders. 

Flock  paper,  hax-ing  a  thick  covering  of 
woolen  stuff,  chopped  fine  and  dyed.  This 
adheres  to  the  required  portions,  wliich  are 
printed  in  glue. 

Metallic-dust  paper,  in  which  flattened 
specks  of  metal  are  cau.sed  to  adhere  to  the 
figures  on  the  paper.      See  Wall-p.\I'eii. 

Pa'per  Hot-press.  This  was  invented 
by  TurubuU  of  England,  who  adapted  the 
press  tlren  used  for  packing  and  hot-pressing 
cloth  to  the  purpose  of  hot-pre.ssing  paper. 
Notii.-ing  the  damp  and  uneven  character  of 
the  printed  work,  he  placed  some  circulars 
between  the  hot  iron  plates,  and  brought 
down  the  heavy  .screws  upon  them.  He  then 
started  the  business  which  his  descendants 
retain. 

Pa'per-knife.  A  blade  of  ivory,  mother- 
of-pearl,  or  bone,  used  in  cutting  leaves  of 
books,  folding  sheets  of  paper,  etc. 

The  illustration  shows  one  with  an  ivory 
blade  riveted  to  a  tang,  which  is  socketed 
in  a  vulcanite  handle. 
Pa'per-mak'ing  Ma-chine'.    The  his- 


tory of  paper  is  considered  under  the  caption  Paper 
{which  see).  The  making  of  paper  by  machinery  com- 
menced near  the  close  of  tlie  last  century.  Previous 
to  this  time  paper  had  been  made  in  hand-molds  of 
wire,  which  molds  were  made  by  hand  of' wires  laid 
parallel  and  secured  at  intervals  bya  fine  wire  binding. 
This  could  be  readily  made  of  sufficient  size  for  such 
sheets  as  were  then  recjuired,  and  the  paper  of  that 
day  shows  by  its  margin  the  mark  of  the  deckle. 

The  following  will  indicate  the  succession  and 
dates  of  the  inventions  in  ihe  line  of  paper-making 
machines.  Some  collateral  points  of  interest  are 
also  noted  :  — 

1750.    Woven  paper-molds  introduced  by  Ba-skorville. 

1759.  The  rag-engine  introduced  into  England  from  IloUand, 
where  it  was  invented  about  175Ct. 

1790.  The  practice  of  bluing  pap-r  i^  said  to  have  originated 
about  this  time  from  tue  cin  um.st;Lnce  of  an  English  papur- 
maker'3  wife  having  accidentally  drnpf>ed  her  blue  bag  into 
some  pulp  in  an  advanced  state  of  preparation. 

1798.  Louis  Robert,  a  workman  in  the  establishment  of  Didot, 
at  Essone,  France,  announced  that  he  had  discovered  a  way 
of  making  sheets  of  paper  of  large  size  by  machinery. 

1799.  Paper  in  an  endless  web  actually  made  by  Robert. 

1800.  8,000  francs  awarded  by  the  French  government  to 
Robert  for  his  invention,  and  leave  granted  him  to  take  his 
working  model  to  England 

1801.  John  Gamble,  an  Englishman,  who  had  accompanied 
L.  Didot  from  Paris  with  Robert's  machine,  obtained  a  patent 
therefor  in  England. 

Matthias  Koops  made  paper  from  straw,  wood,  and  other 
vegetable  matters  without  the  addition  of  other  pa^»er  stuff. 
lie  abo  discovered  a  process  for  extracting  ink  from  old  paper. 

18u3.  Br>an  Doukin  produced  a  .eelf-ucting  paper-machine 
on  Robert's  plan  He  had  been  employed  by  Didot  and  Gamble 
for  this  purpose,  and  appears  to  have  madegreat  improvements 
on  the  original. 

1804.  Heury  and  Sealy  Fourdrinier  of  London  purchased  the 
patents  of  Didot  and  Gamble.  From  the  improvements  made 
under  their  auspices  and  their  manufacture  of  it  on  an  exten- 
sive scale,  it  received  the  name  of  Fourdrinier  machine,  by  which 
it  is  generally  known. 

1S05.  Donkiu  altered  the  pos^itinn  of  the  cylinders,  and  by 
dispensing  with  the  upper  web  sin  plificd  the  machine  and 
enabled  it  to  perform  a  greater  amount  of  work. 

ISi.itj.  Francis  Guy  of  Baltimore  obtained  a  patent  for  paper 
carpeting. 

lHi)9.  The  cylinder  machine  invented  by  Dickenson,  an  Eng- 
lish p:iper-maker- 

1817.  Higli  glazing  introduced  by  Heath  ;  also  English  card- 
board manufacture. 

1819.  The  London  Society  of  Art;  and  Manufactures  awarded 
thirty  guineas  to  Mr   Finsley  for  the  invention  of  ivory  paper. 

1821.  T.  B.  Crompton  in  England  obtained  a  patent  for  dry- 
ing and  finishing  paper  by  means  of  a  cloth  again^t  heated  cyl- 
inders, and  the  application  of  a  pair  of  shears  to  cut  the  paper 
into  suitable  lengths  as  it  issued  from  the  machine. 

182ti.  Causou  in  France  applied  the  system  of  rarefying  the 
air  beneath  the  web,  used  in  the  Dickenson  cjliuder  machine, 
to  the  Fourdrinier  machine. 

1827-  Canson  invented  a  method  of  siring  pulp  in  the  vat, 
using  wax  as  a  basis  ;  Delcambre  in  the  same  year  employed  a 
I  size  having  rosin  as  a  basis ;  and  Obry  conceived  the  plan  now 
generally  adopted  in  France  of  using  rosin  and  alum  dissolved 
ill  a  solution  of  soda  and  combined  with  potato  starch,  for  the 
same  purpose. 

1828    George  Dickenson  patented  an  improvement  in  paper- 
miU'hines,  consisting  in  giving  an  up-and-down  movement  to  the 
piper  instead  of  the  shaking  lateral  movement  imparted  to  the 
I  wire  web  of  the  Fourdrinier  machine,  which  tended  to  form 
:  longitudinal  streaks  or  ribs  in  the  paper. 
i       A  similar  contrivance  was  also  introduced  by  Donkin. 
i      1828.    Professor  Cowper  patented  in  England  a  paper-cutting 
machine  which  served  as  a  biisis  for  subsequent  improvements. 
Richard  Waterman  and  G.  \V.  Annis,  of  Providence,  R    I., 
patented  a  method  for  making  double  paper  by  bringing  a  sheet 
previously  formed  in  contact  with  the  stuff  oo  the  belt  and 
passing  both  between  press-rollers  :  any  number  of  thicknesses, 
it  was  claimed,  might  be  combined  in  this  way. 
I      Crompton  and  Miller  patented  a  method  of  cutting  an  endless 
I  web  of  paper  lengthwise  by  means  of  revolving  blades  on  a 
j  rotary  shaft. 

M;ison  Hunting,  of  Watertown,  Mass.,  patent-ed  an  improved 
[  top  press  roller,  adjustable  so  as  to  form  paper  of  any  desired 
'  thickness  by  a  sinarle  operation 

Marsden  Haddock  of  New  York  obtained  a  patent  for  a  ma- 
chine for  making  paper  bv  dipping,  as  in  the  hand-process 
I      1829.    W.  Dobit,  of  Ea^t  Hartford,  Conn.,  p^itented  a  machine 

for  cleansing  and  preparing  r.ig.'*  for  use  in  paper-stock. 
1      I.>*aac   Saunderson,  of  .Milton,  .Mass.,  patented  a  horizontal 
I  whirl-wheel  and  sheet-forming  rollers  in  connection  with  the 
I  cylinder  machine,  to  cause  a  more  uniform  felting  of  the  fibers, 
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insure  equality  of  strength  in  both  directions  of  the  paper,  and 
enable  tiiicker  papers  tn  be  made 

Reuben  Fairchild,  of  Trunibull,  Conn  ,  patented  an  agitator, 
a  semicircular  cylinder  in  the  vat  vibrating  transversely  to  the 
making  cylinder,  for  the  same  purpuse. 

Thomas  Ccibb  of  England  patent4.-d  a  method  of  tinting  paper 
and  embossing  it  during  the  process  of  making  by  pa.ssing  it 
between  engraved  rollers,  also  surfacing  paper  with  silk,  velvet, 
or  other  fabric. 

183IJ.  A  sheet  of  paper  13,800  feet  long  and  4  feet  wide  was 
manufactured  at  Whitehall  Mill,  Derbyshire,  England. 

Richard  Ibotson  patented  a  device  for  separating  from  the 
sluff  the  knots  which  had  passed  the  strainer.  These  had 
previously  been  picked  out  by  hand. 

In  England,  John  llall  pitented  a  modeof  introducing  water 
to  the  vat,  by  which  a  considerable  pressure  was  effected  on  the 
exterior  of  tlie  cylinder,  causing  the  pulp  to  adhere  more  firmly 
thereto. 

John  Wilks  added  a  perforated  cylinder  to  the  Fourdrinier 
mujhine  to  ficilitite  the  escape  of  water  from  the  web  previous 
to  its  p.LSsagii  through  the  pressing-rolls;  and  Dickenson 
patented  a  machine  for  forming  a  double- web  paper  by  uniting 
the  Web  in  process  of  formation  with  a  sheet  pieviously  formed. 
Thouias  Barratt  obtained  a  p  itent  for  a  means  of  impressing 
the  water-mark  and  maker's  name  in  continuous  paper,  so  a^ 
to  resemble  that  made  by  hand  Thomas  and  Woodcock,  of 
Brattleboro',  Vt.,  patented  a  pulp-dresser  ;  andThomaa  (iilpin, 
of  Philadi^lphia,  a  paper-calenieriug  apparatus 

1831.  J  J-  Jaquir  obtained  a  pitent  for  making  continuous 
paper  with  mre-marks  similar  to  hand-made  piper. 

Edward  Pine,  of  Troy,  and  E.  N.  Fourdriuier  paten  ted  appara- 
tus for  cutting  continuous  paper  into  lengths;  and  Turner,  a 
strainer  designed  to  supersede  the  agitating  vat  of  the  Four- 
drinier machine.  Carvil,  of  Manchester,  Conn.,  patented  a 
screen  with  fans;  and  John  Ames,  of  Springfield,  Mass.,  in- 
troduced a  wire  cylinder  for  the  purpose  of  cleansing  rags. 

1832.  James  Sawyer,  of  Newbury,  Vt.,  invented  a  piston  pulp- 
etrainer  ;  John  Ames,  a  sizing-macliine. 

1852.  G.  W.  Turner,  Londun,  England.  Improved  mode  of 
applying  an  endless  wire-web  in  a  paper-machine;  also,  mode 
of  passing  the  paper  through  a  trough  of  size  between  two  end- 
less felts. 

1853.  Brown  and  Mcintosh,  Aberdeen,  Scotland.  Hollow 
perforated  mold,  covered  with  felt,  to  wliii-h  the  pulp  is  caused 
to  adhere  by  rarefaction  of  the  contained  air. 

1853.  Machine  patented  in  England  fur  prepxring  wood  for 
making  paper. 

1856.  Horace  W.  Peaslee,  Maiden  Bridge,  N.  Y.  Drying  cyl- 
inder for  paper-machines,  comprising  spiral  tubular  heater, 
non-conducting  cylinder,  and  exterior  metallic  ca.sing. 

V.  0.  B.ihom,  Bedford,  M:iss.  Revolving  pulp-tub  with 
grooved  grinding  roller  rotated  therein  at  a  different  rate  of 
speed . 

Thomas  Lindsay  and  Wm.  Geddes  of  Connecticut.  Varying 
the  width  of  paper  while  the  machine  is  in  operation  by  forming 
the  trough  which  delivers  pulp  to  the  web  in  two  pirts.  piiding 
one  over  the  otiier  and  varying  the  distance  apart  of  the  deckte- 
strai-s. 

1859.  M.  L.  Keen,  Roger's  Ford,  Pa.  Paper-stock  boiler  for 
ligneous  matters. 

Martin  Nixon,  Philadelphia.  Boiler  for  treating  paper-stock 
under  pressure  by  the  acti_»n  of  up.vard  current  of  steam  and 
downward  current  of  hot  alkaline  solution. 

Crocker  and  Marshal,  Lawrence,  Mass.  Combination  of 
drying-cylinders,  moistening  apparatus,  and  calender-rolls  for 
finishing  piper. 

1860.  Jordin  and  Kiney  (rei.ssued  patent).  Conical  grinder 
and  case  having  induction  and  eduction  pipes  for  rags  and 
size. 

C.  S.  Buchanan,  Ballston  Spa,  N.  Y.  Rotary  boiler  with  cyl- 
indrical concentric  strainer  and  hollow  trunnions,  for  treating 
paper-stock. 

Geiston  Sanford,  New  York.  Pulper  with  conical  ribs  and 
serrated  rubbers. 

A.  Randel,  Ne.v  York.  Rig-machine  with  differential  rolls, 
shreddi.ig  cylinder,  and  spiked  concave. 

A.  S.  Lyman,  New  York.  Separating  fibrous  matters  by 
subjecting  them  in  a  close  ve.-^-el  to  the  action  of  an  apparatus 
for  beating,  rubbing,  grinding,  or  picking,  and  water  at  high 
temperature  and  pressure. 

1863.  E-  G.  Rutledge,  Dayton.  O.  Creating  a  current  in  the 
vat  in  the  direction  of  the  pulp-cylinder. 

J.  F.  Jones.  Means  for  conveying  away  water  from  the  in- 
terior of  the  malciu^  cylinders  through  hollow  journals. 

John  Cowpor,  England.  Rag-mill  comprising  endless  feeder 
which  feeds  the  material  to  tinted  rollers  that  deliver  it  to  a 
toothed  rotating  cylinder. 

J.  F.  Jones,  Rochester,  N.  Y.  Machine  by  which  a  number 
of  continuous  webs  may  be  made,  or  they  may  be  united  to 
form  pasteboard. 

M,  L.  Keen.  Roger's  Ford,  Pa  Pulp-boiler  with  perforated 
diaphragm,  discharge  pipe  and  valve  for  blowing  out  the  con- 
tents under  pressure 

Ladd  and  Walsh,  New  York.  Boiler  for  treating  fibers  with 
or  without  alkali,  having  a  perforated  diaphragm  for  keeping 
the  mass  submerged  during  the  process. 


The  Fourdriuier  machine,  as  improved  by  Bryan 
Donkiii  and  subsequent  inventors,  is  ilhistrated  in 
Fig.  1,  Plate  XXXVII.  That  shown,  built  by 
George  Bertram  of  Edinburgh,  is  what  is  known  as 
an  SO-inth  machine,  that  is,  the  endless  web  of  wire 
cloth  on  which  the  inilji  tlows  is  SO  inches  wide  and 
33  feet  in  length,  cuj)able  of  fomiing  jiaper  over  6 
feet  wide  after  trimming  the  edges,  and  of  indefinite 
length.  The  whole  machine  is  about  68  feet  long. 
Tile  operation  is  as  follows  :  — 

Pulp  from  the  beating-cylinder  is  admitted  to  the  chest  a 
through  a  strainer  b,  cousisting  of  a  sheet  of  metal  tlirough 
which  strips  are  cut  ;  it  is  here  constantly  agitated  by  a  i-tirrer 
c,  and  is  caused  to  flow  into  a  second  and  smaller  chnuibcr  pro- 
vide d  with  a  similar  stirrer,  which  delivers  it  (after  pjissing  over 
a  channeled  plate  by  which  extraneous  matters  of  greater  spe- 
cific gravity  than  the  pulp  are  arrested)  on  to  the  endle.^t?  wira 
«ib  or  apron  (/ ;  to  this  a  shaking  moven.ent  is  imiuirteil,  dis- 
tributing the  pulp-fiber  evenly  over  its  surface.  It  is  supported 
on  a  f-eries  of  small  rollers,  and  the  width  of  the  paper  i»  gov- 
erned by  deckle-straps  e  at  each  side,  which  are  carritd  by  roll- 
ers//", their  tension  being  regulated  by  the  arrangement  j^hown 
at  g.  A  is  a  vacnum-box  from  which  the  air  is  partially  ex- 
hausted by  a  set  of  air-pumps,  and  which  withdraws  in  part  the 
moi.-^ture  from  the  paper  as  it  pastes  over  the  box.  It  is  then 
carritd  between  the  cloth-covered  rollers  i  i,  by  the  lower  one 
of  which  and  the  rollers^y^'  the  nire-apron  returns  to  receiv* 
a  fresh  supply  of  pulp,  tlie  paper  being  transferred  to  the  blan- 
ket felt  ik,  which  conveys  it  to  the  press-roUs  /  /;  these  are 
solid,  and  over  the  upper  one  is  a  thin  edge-bar,  which  removes 
adhering  particles  of  fiber  from  the  roll,  and  also  serves  to  ar- 
rest the  progress  of  the  paper  should  it  stick  to  the  roll,  thus 
prevcLting  injury  to  the  blanket.  The.^e  rolls  are  adjusted  in 
their  Learings  by  the  screw  rv,  so  as  to  exert  greater  or  less 
pressnie.  Tiie  blanket  then  conveys  the  sheet  to  a  pos-ition 
where  it  may  be  received  by  the  second  press-roPers  ;i  H,\\liich 
farther  compress  and  expel  the  moisture  from  it,  and  the  blan- 
ket returns  by  way  of  the  rollers  o  o  o  to  the  point  whence  it 
set  out.  After  passing  the  press-rolls,  the  paper  is  received  on 
a  second  endless  blanket,  which  carries  it  to  the  first  of  a  series 
of  steam-heated  cylinders,  12  3  4  5,  between  which  it  is  par- 
tially dried  and  conveyed  between  other  pressure-rollers  5,  and 
thence  to  a  second  set  of  drying-cylinders  6  7  8,  whence,  after 
being  subjected  successively  to  the  pressing  and  stietching  ac- 
tittn  of  the  rolls  //  p,  it  is  delivered  on  to  the  cylinder  or  reel  /. 
Registering  mcchaui-sm  indicates  when  a  certain  quantity  has 
been  delivered  on  to  the  reel,  which  is  then  removid  and  a  fre^h 
one  substituted. 

The  number  of  drying-cylinders  in  a  machine  of  this  class 
may  be  indefinitely  increased.  In  some  cases  nore  than  100 
are  emplo,ud,  the  object  being  to  allow  the  sizing  material  to 
become  thoroughly  incorporated  and  to  form  a  prcdnct  resem- 
b  ling  hand-laid  paper  In  quality. 

Dickenson's  patent  of  1847,  imj>rovement  on  pat- 
ent of  1830,  is  for  an  arrangement  so  that  the  uj)per 
side  of  the  double  sheet,  that  which  has  not  been  in 
contact  with  the  wire  grating  of  the  making-cylinder, 
shall  be  brought  in  contact  vith  the  metallic  press- 
roll,  and  in  the  use  of  an  e.vhau.st- trough  between 
the  hrst  and  second  press-rolls. 

In  Fig.  2,  Plate  XXXVII.,  a  a'  are  the  two  making-cylinders; 
b  b',  the  couching-rotls.  From  these  the  pap*.T  is  taken  by  the 
endless  felt  c  to  the  first  press-rolls  (/  tj,  where  it  is  slightly 
pressed  between  the  felt  c  and  another  felt  (,  which  revolves 
around  the  upper  press-roll;  the  paper  is  then  detached  from 
the  first  felt  and  led  upon  another  endless  felt  /,  which  conducts 
it  to  the  second  press-rolls  ^  g,  where  it  is  farther  slightly  com- 
pressed, and  afttr  pas^iI]g  over  the  guide-rolls  A  A  is  carried  to 
the  third  set  of  rolls  i  /,  where  a  greater  pressure  is  imparted, 
and  thence  to  the  steam-heated  cWinders  J  J',  where  it  is  dried 
and  finally  wound  upon  the  reel  k.  t  is  the  exhaust-trough  \ 
it  is  connected  by  a  pipe  with  an  air-pump,  and  has  rollers  tor 
supporting  the  paper  passing  over  it  on  longitudinal  partitions 
adjustable  to  the  width  of  tlie  paper. 

In  the  same  patent  Dickenson  describes  a  modification  of  his 
machine  for  making  triple-webbed  paper,  the  face  consisting  of 
a  ready-made  sheet  wound  upon  a  reel  to  which  the  others  were 
applied  during  their  joint  passage  between  the  press-rolls. 

In  Scanlan's  paiier-niaking  machine,  the  cylinder 
and  Fourdrinier  machines  are  combined  for  the  pur- 
pose of  making  a  double-webbed  paper.  The  two 
webs  may  be  of  ditfereut  texture  aud  color. 

In  Fig.  3,  Plate   XXXVII. 
a  a',  framework  of  Fourdrinier    6  6,  rollers  beneath  the  wire 
machine.  apron  c. 


ScaiHaii's  Paper-iuuking  jracliiue, 
(Flatueb  and  Cytindei-  combined.) 


PAPER   AND 


Plate  XXXXll 


Fourdrinier  Pajier-niaking  Maeliiiie. 
{Ptat  web.) 


Jones'  Pasteboard  MacMue 
^Multiple  Cylinders.) 


Field's  StrawTjoard  Machine. 
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q,  coucher-frame. 

r,  making-felt. 

12  3  4,  making-felt  rollers. 

5  6,  tightening-roUera. 

7,  squeeziQg-rollers. 

s,  felt-wa3her. 

r,  shower  wat*r-pipe. 

u,  drip-water  guard,  heated  by 

steam  from  z  z. 
f,  junction  felt 
X,  guide-roller  for  sheet. 
y  y,  second  pressure-rollers. 


d  il,  apron-rollers, 
e,  guide-roller. 
/",  tighteniug-roller. 
g,  coucher. 
A,  sheet  of  paper. 
I,  first  felt, 
i,  tightening-roller. 
I,  guide-roller. 
m  m,  first  press-rollers. 
n,  pulp-7at  of  cylinder-ma- 
chine. 
0,  making-cylinder. 
Py  coucher. 

The  two  webs  pass  from  each  macliine  in  tlie  direc- 
tion indicated  by  the  arrows  between  the  rollers  y  iv, 
and  are  united  by  the  pressing-rollers  m  m,  the  final 
pressure  being  given  by  the  rollers  y  y. 

The  advantages  claimed  are  that  a  less  quantity 
of  pulp  may  be  used,  requiring  a  less  vacuum  under 
the  wire  apron  of  tlie  Fourdrinier  machine,  and 
causing  less  strain  upon  it ;  that,  the  backs  of  the 
two  sheets  being  united,  an  equally  hard,  smooth 
face  may  be  formed  on  each  side  of  the  paper,  and 
that  any  defective  parts  in  either  sheet  are  covered 
by  the  other. 

Either  the  cylinder  or  Fourdrinier  part  of  the 
apparatus  may  be  separately  used,  if  recjuired. 

In  Jones's  pasteboard  machine  (Fig.  4.  Plate  XXXVII.)  the 
web  formed  by  the  first  cylinders  at  k'  passes  the  rolls  /  /',  and 
first  press-rolls  ?n'  m' ,  and  is  united  between  the  rolls  I- 1-  with 
the  web  formed  by  the  second  pair  of  cylinders  at  a' ;  the  com- 
bined web  passes  through  the  rolls  ??i-  ;«-,  and  is  united  between 
P  f*  with  the  third  web  formed  by  the  cylinders  at  a  •,  and  so  on , 
successively  taking  up  the  webs  formed  byeachpair  of  cylinders 
until  the  combined  sheet  passes  through  the  press-rolls  P  P , 
and  is  conducted  through  an  opening  in  the  rtoor  above  to  the 
press-rolls  itiJ  m^,  which  convey  it  to  the  drying-cylinders /»'  /?', 
j>2  qi  and  calendcring-rolls  s'  s'-,  etc.,  on  emerging  from  which 
it  is  carried  between  the  final  set  of  calenderlng-rolls  O  to  0 , 
and  thence  to  a  cutting  apparatus  consisting  of  a  fixed  knife 
and  a  vertically  reciprocating  knife  working  in  guides  10,  which 
cut  it  into  sheets.     The.se  are  delivered   singly  by 
an  endless  band  tj  on  to  a  fly  which  deposits  them  one 
by  one  as  fast  as  cut  on  a  receiving-table.    Each  of 
the  webs  which  combine  to  form  the  board  may,  if 
desired,  be  kept  entirely  separate  from  the  others, 
by  winding  on  the  rolls  ([  q  after  passing  through 
its  own  press-rollers  ;  or  the  thickness  of  the  board 
may  be  varied  by  connecting  together  two,  three, 
or  more  of  the  webs  independently  of  the  rest ;  or 
some  of  the  making-cylinders  and  couchers  may 
be  thrown  out  of  action. 

Field's  machine  (Fig.  5,  Plate  XXXVII.)  is  of  the  cylinder 
class,  and  an  endle.ss  wire  belt  is  employed  in  combination  with 
an  endless  felt,  a  is  the  vat,  b  b  the  making-cylinders,  c  c  the 
couchers.  The  web  passing  between  the  cylinder  and  coucher 
is  conveyed  on  the  under  side  of  the  felt  d  to  the  squeeziug-roUs 
tf,  the  lower  one  of  which  is  arranged  to  the  left  of  the  upper, 
80  that  the  water  expressed  from  the  web  may  not  flow  biick 
and  remove  the  pulp  from  the  felt.  The  web,  thus  partially 
dried,  passes  under  the  wire-cloth  and  between  the  pressure- 
rolls  h  ij  \  the  final  pressure  being  applied  by  the  rolls  o  o. 

This  invention  is  particularly  designed  for  manufacturing 
straw-board  and  other  thick  papers. 

In  Harris's  double-cylinder  machine  ( Fig.  6,  Plate  XXXVII.), 
the  left  conching-roUer  a  is  placed  at  the  left  of  the  making- 
cylinder  6,  a  gauze-covered  roll  e  and  solid  roll  h  receive  the 
single  web  from  the  right-hand  cylinder  b  and  coucher  a',  from 
whence  it  pa-sses  by  the  apron  /  between  the  left-hand  cylinder 
6  and  coucher  a,  and  is  united  to  the  web  formed  thereon. 

Vertical  agiUitors  w  are  provided  at  each  end  of  the  tank  n, 
instead  of  horizontal  agitators  between  the  making-cylinders, 
as  in  the  common  construction. 

Pa'per-mold'iug  Ma-chine'.  One  in  which 
paper-pulp  is  molded  to  the  form  required,  the  sh.ape 
being  afterward  dried.  The  object  is  then  fini.shed  by 
sizing,  varnishing,  painting,  or  what  not,  according 
to  its  purpose. 

Brown  and  Macintosh,  English  patent  14,131  of 
1852,  describes  a  mode  of  making  paper  and  articles 
of  paper  in  hollow  molds  or  frames  with  permeable 
surfaces,  and  within  which  a  partial  vacuum  is  ob- 
tained. The  mold  has  preferably  a  covering  of  felt, 
upon  which  the  fiber  is  depositeil  while  the  water 
passes  through,  and  this  felt  is  removed  from  the 
funncr  with  its  deposited  pajier  envelope. 


See  also  American  patent  of  French  and  Frost,  1866 ;  Brown 
and  Smith,  1851 ;  Hatfield,  1862. 

Fig.  3533  illustrates  the  principle  of  action.  A 
former  of  the  shape  requiretl  —  in  this  case  a  rec- 
tangular lamp-shade  —  is  made  of  wire-gauze  C 
stifiened  with  internal  strengthening  plates.  The 
figure  shows  a  mold  B  with  a  hollow  handle,  con- 
necting by  a  fle.\ible  tube  with  an  air-pump.  The 
pulp  is  collected  upon  the  foraminous  surface,  through 
which  the  water  passes  as  the  air  is  e.xhausted  from 
the  interior  of  fke  former.    The  sheet  of  pulp  is  dis- 

Fig.  3533. 


Knight's  Paper-Molding  Apparatus 


charged  by  the  internal  pressure  of  air,  the  pump 
being  worked  as  a  compressor.  The  fiber  of  slightly 
felted  pulp  is  received  from  the  former  by  a  felt  cap 
which  tits  upon  the  film,  and  is  from  it  transferred 
to  a  block  on  which  it  is  dried. 

The  machine  just  described  depends  upon  an  ex- 
hausting air-pump  to  draw  water  through  the  meshes 
of  the  wire-gauze  which  detains  the  fiber  of  the  pulp, 
and  the  thickness  of  the  film  of  pulp  will  depend 
upon  the  thickness  of  the  ]iulp  and  the  rajiidity  and 
duration  of  the  stream  of  water  passing  the  wire- 
gauze.  The  compression  system,  in  which  a  (juantity 
of  pulp  is  driven  through  the  mcslies  of  a  former  on 
whose'  surface  the  fiber  collects,  has  also  been  re- 
peatedly tried.  A  third  plan  is  that  in  which  a  dis- 
placing plunger  descends  into  a  molding-former  and 
drives  out  the  water,  compacting  the  pulp  against 
the  sides  of  the  former. 

Fig.  3534  is  a  machine  for  pre.ssing  and  compact- 
ing the  molded  article.  The  rigid,  ])erfoi-ated  frame, 
with  the  article  formed  in  pa)ier-])ul]i  u]ion  it,  is  re- 
moved and  placed  beneath  a  die  which  e.vpresses  the 
water  from  the  pulji. 

In  another  machine,  the  blanks  are  made  from 
|iaper-pulp  in  shape  suitable  for  forming  boxes,  etc. 
The  crea-ses  made  in  the  blanks  facilitate  the  bending 
into  form,  and  the  notches  in  the  corners  obviate  the 
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Fig.  3534. 


necessity  of  cutting 
into  sliape.  See  also 
Kimbair.siiatent,186S. 
In  Sniitli'.s  machine, 
1S6S,  the  paper-pulp 
box  is  made  by  the 
.sudden  de.scent  of  a 
])lunger  into  a  per- 
forated mold,  which 
has  a  permanent  per- 
forated lining  and  re- 
movable bottom.  The 
plunger  is  constructed 
to  automatically  admit 
air  beneath  its  lower 
end  just   previous   to 

'-,  its  withdrawal  from 
1  the  cavity  of  the  com 

2y  pleted   ■ 


Press  for  Articles  of  Moblr^l  Pulp. 


box  or  other 
hollow  article.  The 
bottom  drops  to  dis- 
charge the  molded  box.  * 

Leclerc's  machine,  December  8,  1868,  is  designed 
for  the  formation  of  hollow  paper  articles  from  paper- 
pulp,  and  operates  by  employing  over  a  pervious 
former  a  column  of  tliin  pulp,  which  in  hight  several 
times  exceeds  the  higlit  of  the  article  to  be  made. 

The  pulp  is  condensed  on  the  former  and  the  wa- 
ter expelled  therefi'om  against  the  atmospheric  press- 
ure by  covering  the  pulp-covered /or?;it'r  with  a  close 
vessel,  and  admitting  air  under  pressure  within  the 
former.  The  paper  is  removed  from  the  cap  which 
received  it  from  the  former,  and  transferred  to  a 
receiving  block  by  covering  the  block  with  the  cap 
and  admitting  an  air-blast  into  the  latter. 

Pa'per-mus'lin.  (Fabric.)  Glazed  muslin  used 
for  linings,  etc. 

Pa'per-per'fo-rat'ing  Ma-chine'.  1.  A  ma- 
chine for  perforating  paper,  as  with  postage-stamps 
in  sheets,  to  make  a  weak  line  which  may  enable 
them  to  be  separated  by  tearing. 

2.  {Tchijraphy.)  A  machine  to  perforate  strips 
of  paper  according  to  a  code,  the  holes  allowing  the 
circuit  to  be  closed,  so  that  the  circuit  may  be  made 

Fig.  3535. 


Eddison^s  Perforating-Machine . 

and  broken  in  a  given  sequence  to  indicate  charac- 
ters. Eddison's  machine  for  this  purpose  is  shown  at 
Fig.  3535.  a  is  the  machine  ;  b,  a  portion  of  a 
strip  perforated  for  tlie  use  of  an  automatic  telegraph- 


ing apparatus.  A  range  of  finger-keys  is  provided, 
and  also  a  range  of  slide-plates  operating  U|)on 
punches.  A  presser-lever  is  connected  by  a  cam  with 
each  finger-key,  and  contiguous  thereto  are  projec- 
tions upon  .such  of  the  slide-plates  as  are  to  be  actu- 
ated by  the  said  finger-key  ;  thereby,  on  striking 
the  finger-key,  the  proper  punches  are  actuated  to 
punch  the  perforations  necessary  for  the  message 
complete  ;  and  on  releasing  the  tinger-key,  the  paper 
is  drawn  along  the  proper  distance  by  a  peculiar 
feeding  mechanism,  and  the  perforations  are  made 
in  two  lines,  so  that  where  three  or  more  perfora- 
tions are  placed  triangularly,  a  long  pulsation  may 
result  from  the  metallic  connection  being  made 
through  these  perforations  successively,  the  contact 
being  made  through  the  second  perforation  before 
ceasing  through  the  first,  and  so  on.  See  also  Lit- 
tle's patents,  Nos.  91,240,  91, '241. 

Pa'per-pol'ish-ing  Ma-chine'.  A  machine  for 
surfacing  jiaper  by  a  burnisliing  action.  A  fine  sur- 
face is  given  to  paper  by  calendering  and  by  press- 
ure between  glazed  boards  or  hot  plates.  See  Cal- 
endering. 

In  Fig.  3536,  the  paper  i3  carried  on  an  endless  belt  f  of  rub- 
ber, velvet,  or  other  material,  passing  over  the  table  B.     The 


Fig.  3636. 


Paper- Polishing  Machine. 


bomishing-roller  G  rotates  in  the  same   direction  with  the 
endless  belt,  but  with  greater  velocity,  or  it  maj  turn  in  an 


Fig.  3537. 


Machine  for  Polishing  Enameled  Paper. 

opposite  direction  ;  it  has  also  an  endwise  reciproeating  move- 
ment. A  pprinj;  presser-plate  T  keeps  the  paper  down  to  the 
endless  belt,  and 

it  or  the  table  i8  Fig.  3538. 

made  eliis'tie. 

Fig.  353".  The 
paper  passes  suc- 
cessively between 
the  rollers  Z)  CF 
G  HI. 

The  burnish- 
ing-rollers  G  I 
rotate  faster  than 
their  fellows  F 
H,  and  /  has  a 
greater  Telocity 
than  G,  so  as  to 
exercise  a  dniw- 
ing  action  on  the 
paper. 


Paper- Polishing  Machine. 
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PAPER-TUBE  MACHINE. 


Fig.  3538  The  hollow  aunular  bed  Cis  supported  on  rollers 
b  b  within  its  circumference,  and  has  a  reducio^;  roll  D  re- 
volving in  contact  with  it  to  keep  its  periphery  in  true  fomi. 
The  paper  is  polished  by  passing  between  the  rolls  B  E  Band 
the  hoUow  cylinder. 

Pa'per-punch.  An  hnplement  for  making  holes 
in  papers  tor  the  purposes  of  hling,  temporary  hiiid- 
iug,  for  the  reception  of  eyelets,  or  for  canceling. 
It  is  similar  to  tlie  punches  described  under  the  titles 
oi ticket^  conductors,  spriuff,  leather  punches,  etc. 

Pa'per-rul'ing   Ma-chine'.    See   Kulixg-ma- 

CHINE. 

Pa'per-size.    "Writing-papers  arc  sized  with  gel- 
atine prepared  from  tanners',  cui'riers', 
and      parchment-makers*      clippings. 
Plate-paper,  when  intended  to  receive 
impressions  in  colors,  is  sized  with  a 
clear  solution  of  isinglass.     These,  or 
other  gelatinous   substances,   as  they 
impair  the  tenacity  of  the  semifluid 
pulp,  are  ap])lied  subsequently  to  the 
formation  of  the  paper  into  sheets  or 
into  a  continuous  roll.     For  printing 
papers,  a  compound  of  alum  aud  rosin 
dissolved  in  a  solution  of  soda  and  combined  with 
potato-starch  is  generally  used  ;  this  is  mixed  with 
the  paper  in  the  state  of  pulp. 

Starch  is  also  used,  either  in  the  form  of  a  paste 
or  as  a  clear  solution. 

Pa'per-split'ting.  Two  pieces  of  muslin  are 
tirmly  cemented  on  the  sides  of  the  paper  and  dried. 
By  a  pull  on  each  piece  the  paper  is  split  open,  a 
portion  adhering  to  each  piece  of  muslin.  The  halves 
are  then  loosened  from  the  fabric  by  damping. 

Pa'per-stock  Bleach'er.  The  machine  (Fig. 
3539)  is  intended  for  expressing  the  bleaching  mate- 


The  rags  are  fed  into  the  hopper  B  and  are  drawn  into  the 
tank  A  and  agiUited  by  the  arms  of  the  wheel  C.  The  axis  of 
this  wheel  is  surrounded  by  a  wire-gauze  drum,  which  permits 
the  escape  of  the  dirty  water  througli  the  aunular  channel  a 
in  the  end  of  the  wheel  Taud  aperture  a  in  the  tank,  through 
which  a  current  of  water  is  continually  flowing  ;  the  cleansed 
stuff  is  carried  up  the  incline  E  and  delivered  at  any  required 
point  by  means  of  rakes  bbb  b  attached  to  an  endless  chain  F, 
passing  around  rollers  D  D'.  The  rake  teeth  are  .so  long  that 
they  press  with  some  force  against  the  incline  E,  so  that  when 
released  therefrom  they  straighten  out  with  considerable  energy, 


Fig.  3540. 


Paper-Stock  Bleacher. 

rial  from  paper-stock,  without  having  recourse  to  the 
draining-vat. 

The  stuff  is  delivered  by  a  spout  upon  an  endless 
apron,  which  is  moved  and  kept  tense  by  a  series  of 
revolving  rollers,  aud  passes  between  two  rubber- 
covered  rollers  B  B,  ailjustable  to  any  desired  press- 
ure by  screws  Fy  which  squeeze  out  the  bleaching 
solution. 

Pa'per-stock  "Wash'er.  A  machine  for  cleans- 
ing shredded  nigs  })reparatory  to  pulping. 


Paper- Stock  Washer. 


throwing  off  the  stuff.  A  screen  G  separates  gravel  or  other  large 
particles  accidentally  intermixed. 

Pa'per-tube  Ma-chine'.  Fig.  3541  illustrates 
a  machine  for  forming  paper-tubes,  which  are  sev- 
ered into  lengths  suited  for  making  bags,  the  bottoms 
being  formed  at  a  subsequent  operation. 

A  continuous  roll  of  paper  is  wound  upon  the  flanged  cylin- 
der B,  and  is  thence  drawn  upwardly  on  the  mil  C,  passing  be- 
tween the  furrowed  roller  F,  which  is  partially  immersed  in  a 
trough  containing  paste  or  mucilage,  and  the  rubber-covered 
roller  Z>,  by  which  its  edge  is  pasted  ;  it  thence  passes  over 
the  guide-roller  E,  and  is  conducted  downward  along  the  curved 
plate  /,  which  is  concave  on  its  upper  fide,  the  concavity 
gradually  increasing  as  it  approaches  the  blades  L.  one  on  eacii 
side  ;  two  pressure-rollers  h,  suspended  from  adjustible  bars  K, 
serve  to  hold  up  the  edges  of  the  strip  until  it  is  acted  on  by 
the  blades  L,  which  fold  the  edges  over,  the  folding  process 
being  completed  by  a  second  pair  of  blades  i>,  attached  to  ad- 
justable arms  O.  It  next  passes  between  the  rollers  Q  Q 
geared  together  at  one  end,  the  upper  one  of  which  has  a  series 
of  grooves  r  r  corresponding  to  projections  u  u  on  the  lower, 
which  form  creases  in  the  tube,  while  at  the  same  time  incis- 
ions are  made  by  the  cutters  /  /  at  ejich  side  ;  the  pasted  edges 
are  thus  attached  aud  the  bottom  shaped.  The  tube  next 
passes  over  a  loop  or  guide  Vattached  to  pivoted  arms  by  which 
the  tension  is  regulated  as  it  is  presented  to  the  action  of  the 
cutters  R  R' :  one  of  these  ( R)  is  stationary  and  the  other  (R') 
attached  to  a  plate  5,  vibrated  by  means  of  a  rock-shaft ;  be- 
tween the  two  the  tube  is  cut  at  the  proper  points  into  lengths 
suitable  to  form  the  bag.    See  also  Paper-bag  Machine. 


ArketVs  Pnper-Tuhe  Marhmt. 
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Pa'per-twrine.  A  kind  of  wrapping-twine  jne- 
paivd  by  twisting  a  long,  continuous  strip  of  paper. 

In  De  Guillen's  jiapcr-twine  niacliine,  tliu  strip  is 
wound  around  a  central  spindle  in  a  shallow  circular 


Fig.  3542. 


Machine  Jbr  Sizing  Paper-  Ttoine. 


pan  revolving  on  journals,  one  of  which  is  hollow 
and  receives  a  tube  through  which  the  strip  is  drawn, 
being  twisted  at  the  same  time  by  the  revolution  of 
tile  pan. 

The  twine  is  sometimes  sized  or  varnLshed.     This 


is  effected  by  drawing  it  through  a  ]ian  containing 
the  sizing  material.  In  the  machine  (Fig.  3542)  it 
is  at  tlie  same  time  caused  to  pass  over  cone- pulleys 
0  C,  gradually  approaching  their  larger  ends,  so  as 
to  stretch  it,  and  is  then  wound  upon  a 
reel  D. 

Pa'per  'Wa'ter-proofiiig  Ma- 
chine'. A  iiiachiiie  for  impivgiiating  or 
surl'acing  paper  with  a  water-resisting 
material. 

Hudson's  process  of  water-))roofing  pa- 
per passes  it  through  a  number  of  trouglis 
containing  chemical  agents,  by  which  it 
is  acted  upon  successively. 

Fig.  3543  sliows  a  series  of  tanks  used  for  this  purpose,  a 
contains  a  solution  of  sulpliuric  acid  and  water.  To  maintain 
this  at  a  proper  temperature,  —  about  60'^,  —  a  tanlt  of  ice  b  is 
placed  underneath. 


Fig.  3543. 


Hudson's  Paper  Water-proofing  Machine. 


From  the  tanit  a  the  roll  of  paper  is  fed  over  a  cylinder, 
passes  between  a  pair  of  pres.«ing-rolIers,  and  down  into  tank  f, 
filled  with  clear  water.  It  then  goes  over  another  roller,  and 
down  into  tank  d,  filled  with  dilute  ammonia.    It  then  passes 


Paper- Coating  Mar/tine. 


over  another  roller,  is  again  pressed,  and  goes  through  the  vat 
of  water  ^,  where  it  is  again  washed-  s  contains  lime-water, 
and  after  the  roll  of  paper  has  passed  through  this,  and  been 
again  washed  in  A,  it  is  finally  treated  with  glycerine  in  the 
vat  1. 

A  machine  for  coating  paper  with  tar  or  asphal- 
tum  is  shown  in  Fig.  3544. 

a  is  a  tar  vat.  b  is  a  roll  of  paper,  which  is  fed  down  into  the 
tar,  and  is  drawn  out  over  the  scrapers  d  e,  and  is  wound  upon 
the  roll  c 

Pa'per-Tjpeight.  Paper-weights  are  made  of  va- 
rious materials,  as  metal,  ornamental  stone,  or  glass. 
The  former  two  are  made  by  casting  or  cutting,  but 
the  latter,  the  most  beautiful  objects  of  their  kind, 
are  formed  by  arranging  a  series  of  small  glass  tubes 
of  different  colors  so  as  to  constitute  the  desired  jjat- 
tern  within  cavities  in  a  thick  disk  ;  a  layer  of  trans- 
parent molten  glass  is  then  applied,  to  which  they  ad- 
here so  as  to  be  removable  from  the  disk,  after  which  a 
second  layer  of  molten  glass  is  applied  to  the  opposite 
side  ;  the  whole  is  then  heated  and  shaped  by  means  of 
a  moistened  wooden  concave  spatula,  and  is  afterward 
annealed  and  polished  on  the   wheel.     Figures  or 


portraits  made  from  refractory  clay  are  inclosed  in  a 
similar  way  ;  but  metallic  objects,  which  would  he 
injured  by  extreme  heat,  are  merely  inserted  in  a 
properly  shaped  cavity  previously  formed  in  the 
weight  and  secured  by  a  cloth  glued  to  its  lower 
surface.  See  MiLLKFloRE-GLASS.  See  also  list  un- 
der Oi,.\.ss, 

Pa'pier-mache.  A  material  composed  principal- 
ly of  paper,  to  which  otiier  substances  may  be  added 
to  impart  special  qualities. 

The  art  was  probably  derived  from  China.  Paper- 
pulp  was  combined  with  gum  or  China  clay  by  Mon- 
tin,  a  German  snutf-bo.\  maker,  who  is  said  to  have 
learned  the  art  from  Lefevie  about  1740.  In  1745, 
the  year  fatal  to  Lochiel,  it  was  introduced  into 
Birmingham,  England. 

The  commoner  varieties  are  prepared  by  pulping 
any  kind  or  mixture  of  diflerent  kind.s  of  p,Tper  into  a 
homogeneous  mass  of  a  doughy  consistence.  Some 
earthy  material  may  be  mixe<l  with  the  pulp,  as  well 
as  chemicals,  resinous  substances,  and  glue  to  harden 
it  and  to  prevent  the  attacks  of  insects.  The  pulp 
is  rolled  into  thick  sheets,  and  a  sufficient  quantity 
is  taken  to  form  the  article  of  ornament  desired ;  this 
is  subjected  to  heavy  pressure  between  cameo  and 
intaglio  dies  and  afterward  dried.  Its  surface  may 
now  be  gilt,  painted  with  oil  or  size  colors  or  var- 
ni.shed.  The  toughness  and  lightness  of  this  mate- 
rial peculiarly  adapt  it  for  talile-ware,  talile  and  desk 
furniture,  interior  architectural  and  other  oniainents. 

The  papier-mache  used  lor  tea-trays  and  similar 
thin  articles,  which  was  introduced  during  the  last 
century,  and  now  forms  an  important  dejiartment 
of  industry,  is  made  from  sound  whole  sheets  of 
paper  of  p.articular  quality,  somewhat  resembling 
blotting-paiier.  These  are  pasted  in  successive  lay- 
ers, usually  three,  upon  a  metallic  mold  or  pattern, 
and  then  liried,  the  exterior  tiled  to  give  it  a  smooth 
surface,  and  another  layer  of  three  thicknesses  ap- 
plied by  jiasting  ;  the  whole  is  then  again  dried, 
three  more  sheets  pa.sted  on,  and  the  alternate  dry- 
ing and  pasting  processes  thus  continued  until  the 
required  thickness,  usually  30  to  40  sheets,  is  at- 
tained.    In  some  cases  as  many  as  I'iO  thicknesses 


PARABOLIC  ILLUMINATOR. 


1629 


PARAFFIN  E. 


Fig.  35i5. 


of  paper  are  employed.  The  article  is  now  removed 
from  the  mold  by  inserting  a  knife  under  its  edges, 
and  its  surfaces  smoothed  by  the  plane,  the  file,  and 
the  knife,  after  which  it  is  colored  and  decorated. 
For  this  purpose,  several  coats  of  shellac-varnish  are 
applied.  Japan  varnish  is  used  for  finishing  the 
surface.  Tliis  is  generally  highly  polished,  the  very 
highest  polish,  it  is  said,  being' imparted  by  the  fric- 
tion of  the  hands  of  women.  Tlie  final  decorations 
in  paint  or  gilding  are  in  the  commoner  class  of  work 
laid  on  by  stenciling,  but  in  that  of  the  finest  quality 
the  artist's  brush  or  pencil  is  used,  with  inlaying  of 
mother-of-pearl. 
Par-a-bol'ic  H-lu'mi-na'tor.  A  reflector  placed 
over  an  object  beneath 
a  microscope.  Its 
shape  is  that  of  a  half- 
paraboloid,  the  object 
being  in  the  focus. 
The  interior  is  sil- 
vered. 

Fig.  3545  shows 
Beck's  ilhnninator 
with  Couch's  adaptor, 
a  b  ;  this  is  jointed 
to  admit  of  free  ver- 
tical movement,  and 
its  lower  branch  is 
sleeved  so  that  it  may 
be  turned  by  the 
thumb-screw  c  to  focus 
the  reflector  on  the 
object.  It  is  intended 
especially  to  illumi- 
nate opafjue  objects. 

(?  is  a  parabolic  re- 
flector. 

Par-a-bol'ic  Re- 
flect'or.  A  cone  of 
glass  (<^,  Fig.  3545) 
with  a  paraboloidal  de- 
pression which  con- 
centrates the  illumi- 
nating rays  upon  an 
object  placed  in  the 
focus.  X  small  disk  mounted  on  an  a.xial  pin  forms  a 
dark  background  behind  the  semi-translucent  object, 
which  is  illuminated  by  an  annular  pencil  of  rays 
pas.sing  around  the  edge  of  the  disk.  See  Spot-lens. 
Par'a-cen-te'ri-um.  (Surgical.)  A  small  tro- 
car for  piincturiii,'  a  dropsical  eye. 

Par-a-chute'.  A  device  by  which  a  descent  is 
made  from  a  balloon  or  eminence.  It  is  a  light 
structure,  and  attords  a  large  area  of  resistance  to 
the  atmosphere. 

Loubere,  in  his  account  of  Siam  published  200 
years  since,  describes  a  machine  of  this  kind  used 
in  descending  hights. 

It  was  not  employed  in  Europe  till  1783,  when 
M.  le  Normand  proved  its  eflicacy  by  letting  him- 
self from  tlie  windows  of  a  lofty  house  in  tlie  city 
of  Lyons. 

Blanchard.  in  a  balloon  ascension  in  August,  1785, 
let  down  a  dog  from  a  great  bight  by  means  of  a 
parachute,  without  injury.  He  afterward  applied 
it  to  descending  from  a  balloon,  in  1793,  but,  tlie 
niacliiue  failing  to  expand  fully,  he  broke  liis  leg  in 
alighting. 

The  first  successful  descent  by  a  parachute  from  a 
balloon  was  by  lions.  Garnerin,  in  Paris,  October 
21,  1797  ;  he  descended  again  September  21,  1802, 
when  on  a  visit  to  England  for  the  purpose  of  prac- 
ticing aiirostation  among  the  islanders.  This  para- 
chute consisted  of  thii-ty-two  gores  of  white  canvas. 


Parabolic  JUuminaiors  and 
Rejiectors. 


formed  like  an  umbrella  of  23  feet  diameter  ;  at  the 
top  was  a  round  disk  of  wood,  10  inches  in  breadth, 
having  a  hole  in  its  center  to  admit  short  ]iieces  of 
tape  to  fasten  it  to  the  gores  of  the  canvas.  About 
4i  feet  below  the  top  was  a  hoop  8  feet  in  diameter, 
attached  by  a  string  to  each  seam,  and  below  the 
hoop  the  wicker-work  car  was  suspended. 

On  this  occasion,  owing  to  one  of  the  stays  giving 
way,  the  parachute  was  caused  to  "wobble"  during 
its  descent,  so  as  to  assume  a  nearly  horizontal  ]iosi- 
tion  at  times,  and  the  aeronaut  was  thrown  on  his 
face  and  iiijuieil. 

On  the  24th  of  July,  1837,  Mr.  Cocking  ascended 
in  a  parachute  attached  to  Mr.  Gieen's  balloon  for 
the  purpose  of  making  a  descent  in  a  machine  of  his 
own  contriving.  It  was  the  reverse  of  Garnerin's, 
presenting  its  convexity  downward,  like  an  umbrella 
reversed,  and  was  no  improvement  upon  the  French- 
man's machine.  He  thought  that  it  would  not  be 
subject  to  the  fearful  swaying  incident  to  the  um- 
lirella  form,  but  would  cleave  its  way  directly,  and 
so  it  did.  He  ndscalculated  the  amount  of  resist- 
ance, also,  and  provided  his  larwitli  a  large  rpiantity 
of  ballast.  Wlien  he  detached  his  parachute,  the 
balloon  of  Mr.  Green  ascended  at  a  fearful  rate,  en- 
dangering the  fabric  ;  the  gas  poured  down  on  Green, 
and  might  have  sutibcated  him  but  for  the  precau- 
tion he  had  taken  of  having  some  bags  of  atmos- 
pheric air  to  support  respiration. 

Poor  Jlr.  Cocking  shot  downward,  his  framework 
expanded  at  a  bang,  breaking  some  of  the  cords, 
which  gave  it  unequal  areas  of  resistance  on  the 
respective  sides.  This  made  it  sway  fearfully  until 
some  more  cords  broke,  when  down  he  went  and 
was  killed  upon  the  spot. 

The  writer  will  hazard  the  prediction  that  the 
true  fomi  of  the  parachute  will  be  found  in  a  struct- 
ure reseuibling  the  thistle-seed  ;  a  multitude  of 
parts,  each  light  and  relatively  weak,  but  opposing 
an  extended  and  pliable  surface  to  the  atmosphere, 
the  resistance  of  the  parachute  being  the  sum  of  the 
multitudinous  resistances  of  the  gauzy  or  fibrous 
portions.  The  present  type  seems  to  be  the  um- 
brella, or  the  pair  of  wings,  —  one,  subject  to  de- 
struction if  a  portion  give  way  ;  the  other,  requiring 
skill  in  direction  and  change  with  vai-ying  circum- 
stances and  currents  of  air. 

Par-a-chute'-light.  A  suspended  light  for  use 
in  war  to  illuminate  an  enemy's  jiosition. 

It  consists  of  a  large  muslin  parachute  packed  in 
on  iron  hemisphere,  and  attached  to  a  second  hemi- 
s]iliere  containing  a  light  composition.  The  hemi- 
spheres are  soldered  together.  The  ball  is  fired  at  a 
high  elevation  from  a  mortar,  and  when  the  time-fuse 
explodes  the  hemispheres  are  separated,  the  composi- 
tion lighted,  the  parachute  expanded,  and  the  light 
floats  along,  gradually  descending,  the  flame  issuing 
in  a  jet  below. 

Par-a-chute'-light  Ball.  A  combustible  ball 
projected  from  a  mortar  to  discover  an  enemy.  The 
heated,  evolved  gases  impinge  upon  tlie  under  surface 
of  the  jiarachute  and  keep  it  sus]iended  in  the  air. 

Par'a-close.  (Arcldledure.)  A  screen  separat- 
ing a  chapel  from  the  body  of  a  church. 

Par'a-dos.  (Fortification.)  A  traverse  covering 
the  interior  of  a  work  from  reverse  fire. 

Par'af-fine.  A  solid  hydrocarbon,  crystalline  and 
white  at  oidinary  atmospheric  temperatures,  discov- 
ered by  Reichenback,  in  1829,  in  the  tar  derived 
from  the  dry  distillation  of  beechwood.  It  has  since 
been  obtained  in  large  (piantities  from  coal,  from 
liituminous  shale,  and  especially  from  petroleum,  by 
distillation  and  rectification  by  treatment  with  solu- 
tion of  caustic  soda,  and  subsequently  w  ith  sulphu- 
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rie  acid.  Several  oily  products  analogous  in  compo- 
sition but  dirt'cring  in  appearance  result  from  tliese 
processes,  aiid  are  used  for  illuminating  or  lubricat- 
ing puri)0se3.  The  solid  parattiue  is  derived  from 
the  densest  of  these  oils  ;  the  jiaratfine  crystallizing 
on  standing  a  length  of  time.  It  is  farther  |iuriK(Hl 
by  the  centrifugal  machine  and  by  treatment  under 
pressuie  with  a  small  percentage  of  sulphuric  acid. 
Solid  imraltine  is  enijiloyed,  either  alone  or  in  com- 
bination with  the  fatty  acids,  for  making  candles. 
Us  cognate  hydrocarbon  oils,  the  various  derivatives 
from  petroleum,  are  well  known  and  largely  employed 
for  illumination,  etc. 

The  name  is  from  pariim  affinis,  on  account  of  the 
few  substances  for  which  it  has  an  affinity. 

The  stronger  acids,  as  nitric,  sulphuric,  or  hydro- 
fluoric, the  former  of  which  act  energetically  ujion 
most  of  the  metals  and  the  latter  upon  glass,  exert 
no  destructive  action  upon  paralhne  ;  nor  does  aipia 
regia,  a  mixture  of  hydrochloric  and  sulphuric  acids, 
by  winch  gold  is  readily  dissolved.  It  eciually  re- 
sists the  action  of  alkalies,  such  as  potash  and  soda, 
and  is  therefoie  adapted  and  used  for  the  purpose  of 
making  joints  which  shall  be  impervious  to  acids  and 
alkalies  ;  for  bottle-stoppers,  which  may  be  made  of 
soliil  paralline,  or  may  consist  of  corks  covered  with 
it ;  and  as  a  coating  for  labels  and  for  surfaces 
ex]>osed  to  acids  or  acid  fumes.  For  this  purpose  it 
may  be  simply  melted  and  applied  with  a  brush.  It 
may  also  be  applied  in  a  similar  way  to  paper  show- 
bills, etc. ;  permeating  the  pores  of  the  paper,  it  ren- 
ders it  water-proof,  and  efficiently  protects  it  against 
the  effects  of  rain. 

The  process  of  obtaining  paniffine  on  a  large  scale  from  coal 
or  bituminous  shale  waa  discovered  and  patented  by  .James 
Young  about  1850.  That  employed  in  the  works  of  )Ir.  Young 
at  Itathgate  and  Addiewell,  Scotland,  is  briefly  as  follows  :  The 
shale  is  broken  small  iu  a  crusher  and  then  placed  in  the  re- 
torts; these  lire  commonly  tlattened  cylinders  of  cast-iron, 
about  12  feet  long  and  contracted  toward  the  ends,  which  are 
open,  the  lower  one  dipping  in  a  pan  of  water  ;  heat  is  applied 
by  a  furnace  until  the  middle  part  of  the  retort  is  at  a  red  heat ; 
at  a  temperature  of  300°  the  hydrocarbons  are  disengaged  in 
the  form  of  gas,  most  of  which  is  condensible,  and  is  collected 
as  an  oil,  which  is  again  distilled  and  agitated  with  sulphuric 
acid  in  closed  vessels,  where  a  black  tarry  substance  resulting 
from  the  combination  of  the  acid  with  the  impurities  of  the  oil 
subsides  to  the  bottom.  The  clear  portion  is  similarly  treated 
with  caustic  soda,  and  again  distilled  in  combination  with 
vitriol  and  soda,  the  result  being  a  thin,  light,  and  colorless 
liquid  known  as  parafline  oil. 

Solid  paratfine  is  obtained  from  the  heavier  and  thicker  oil, 
of  which  about  20  gallons  are  derived  from  each  100  of  the  crude 
oil ;  this  is  refrigerated  by  a  machine  in  which  a  stream  of 
brine  is  cooled  below  32"  by  a  cold-air  blast,  when  the  paraflfine 
assumes  the  solid  form. 

Par'a-gon.  {Prinlinfr.)  A  size  of  type  between 
Great  Primer  and  Double  Pica. 

Par'a-gran'di-ne.  An  instrument  to  avert  occur- 
reme  of  hail-storms.     See  PAit-ioRELE. 

Par'a-graph.  A  reference-mark  (H).  Also  used 
to  indicate  a  new  subject. 

Par-a-grele'.  A  small  lightning-conductor  set 
up  by  nieans  of  a  pole  in  French  vineyards  to  aid  in 
drawing  off  the  electricity  from  the  atmosphere  over 
them.  The  intention  is  to  prevent  the  occurrence 
of  hail-storms.  Arago  proposed  that  the  conductors 
should  be  raised  and  supported  by  small  balloons 
connected  by  slender  wires  or  chains  with  the 
giou  n  d .     I'll  rag  randinc. 

Par'al-lel.  1.  (Fortification.)  A  wide  trench  par- 
allel to  the  attacked  work,  for  protecting  the  besieging 
troops.  The  parallels  connect  the  approaches  or  zig- 
zags by  which  advances  are  made  on  besieged  works. 

2.  (Print in;/.)     A  reference-mark  (||). 

Par'al-lel  Bar.  (.SVeron.)  A  rod  in  the  side-lever 
engine,  forming  a  connection  with  the  pump-rods 
and  studs  along  the  center  line  of  the  levers. 


Par'al-lel  File.  One  which  has  no  tapei-,  but 
preserves  its  size  fiom  tang  to  point. 

One  which  is  Hat  and  strictly  correct  is  known  as 
a  drad-paralhl  hie. 

A  round  file  without  taper  is  njoiut-fih ;  used  for 
filing  the  apertures  in  snuH'  and  musical  boxes, 
hinges,  etc.,  for  the  reception  of  joint-wire. 

Par'al-lel  Knife.  Two  knife-blades  in  one  han- 
dle, set  parallel  to  each  other,   with  one  or  more 

Fig.  3546. 
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screws  to  regulate  their  distance.  Used  for  cutting 
thin  sections  for  microscopic  examination.  A  Valen- 
tine hiij'c  or  double  knife. 

Par'al-lel  Lathe.  A  small  bench-tool  for  den- 
tists', jewelers',  and  watchmakers'  u.ses.  As  shown, 
it  is  capable  of  running  five  corundum  stones,  a 
brush,  and  a  drill  at  the  same  time.  It  has  a  cast- 
iron  frame,  with  steel  spindle  and  axles,  and  weighs 
about  eight  pounds.  It  is  adjusted  to  the  table  or 
work-bench  by  a  screw-clamp.  The  collars  that  re- 
tain  the  grindstones  are  made  of   wood,   and  the 

Fig.  3547. 


White's  Paralld  Lathe 


lengths  are  proportioned  according  to  the  require- 
ments of  the  operator. 

Par'al-lel  Mo'tion.  (Steam-cnrjine.)  The  de- 
vice and  its  name  are  the  invention  of  .James  Watt. 
It  is  designed  to  connect  the  piston  and  pump  rods 
with  the  working-beam  in  such  a  manner  that  the 
former  shall  move  in  straight  lines. 

The  principle  of  the  mechanism  consists  in  the  fact  that  in 
every  parallelogram  three  angles  being  attached  and  revolving 
in  arcs  of  circles,  the  fourth  will  continue  nearly  in  a  straight 
line  of  movement. 

Fig.  3548  illustrates  Watt's  parallel  motion. 

The  equal  rods  a  b,  connected  by  the  link  f,  are  pivoted  at  d 
and  e ;  the  piston-rod  is  connected  to  the  middle  point  of  the 
rod  c.    During  the  upward  and  downward  movements  of  the 
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Walt's  Parallel  Motion. 

piston,  the  free  ends  of  the  rods  a  b  are  caused  to  vibrate  in  the 
arcs  fg,  i  k  ;  one  end  of  the  rod  c  being  drawn  to  the  left  and  the 
other  eud  an  equal  distance  to  the  right,  compelling  its  middle 
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point  A,  to  which  the  pistou-rod  is  attached,  to  reciprocate  in  a 
line  which  does  not  vary  sensibly  from  a  straight  one,  and 
which  may  for  all  practical  purposes  be  considered  such. 

Fig  3549  shows  various  other  devices  for  causing  parallel 
motion,  A  was  used  in  Watfs  original  single-acting  bL-am-en- 
gines;  the  piston-rod  has  a  rack  gearing  with  a  tuot'.ied  seg- 
ment on  the  beam  and  working  against  a  roller. 

B  is  commonly  used  in  stationary  beam-eugines. 

C  is  used  for  side-lever  marine-engines;  the  parallel  rods 
from  the  beam  or  side-lever  a  are  connected  with  an  arm  on  a 
rock-shaft  b. 

D,  another  parallel  motion  for  side-lever  engines  ;  a  &  is  the 
radius  bar,  and  c  the  cross-head  to  which  the  parallel  bar  c  U 
is  att;iched. 

E'\s  used  only  in  some  particular  cases. 

F,  the  radius"  rod  a  is  connected  to  the  lower  end  of  a  short 
vibrating  rod,  the  upper  end  of  which  is  connected  with  the 


Parallel  Motions. 

beam  and  its  center  with  the  piston-rod  h 

G,a  modification  oftheforeLToing  in  which 
the  radius  bar  is  placed  above  the  beam 

H,  one  end  of  the  bar  a  (>  is  connected 
with  the  piston-rod  and  the  other  sliJes  in 
a  slot :  the  radius  bar  is  pivoted  to  tliis  bar 
and  the  piston-rod,  at  c  and  d. 

/,  the  beam  a  6  is  pivoted  on  a  vibrating 
standard  c  d\  the  radius  bar  f  produces  the  parallel  motion. 

K,  "  grasshopper"  be im-engine;  a  is  a  rock-shaft  support- 
ing one  end  of  the  beam  ;  the  shaft  b  is  placed  as  near  the  cyl- 
inder as  the  crank  c  will  work,  and  in  conjunction  with  the 
radius  bar  '/  causes  the  beam  to  reciprocat*  in  a  vertical  line. 

L,  used  in  upri:^ht  engines ;  n  a  are  radius  rods  connected 
at  one  end  with  the  framing  and  at  the  other  with  a  vibrating 
piece  at  top  of  the  pi>ton-rod- 

ilf,  invented  by  Dr.  Cartwright  in  1787  :  the  wheels  a  a  have 
equal  diameters  and  numbers  of  teeth  ;  the  cranks  b  h  are  of 
equal  radius  and  are  set  in  opposite  directions,  keeping  the  con- 
necting rods  c  c  attached  to  the  cross-head  of  the  piston-rod 
at  equal  obliquities  during  its  upward  and  downward  move- 
ment and  causing  the  piston-rod  to  move  in  a  straight  line. 

N,  the  piston-rod  a  is  connected  with  a  wrist  on  the  cog- 
wheel 6,  which  turns  on  a  crank  pin  carried  by  a  plate  f ,  which 
is  fast  on  the  shaft ;  the  wheel  b  revolves  within  a  stationary 
internally  toothed  gear  a,  of  double  its  diameter,  giving  motion 
to  the  crank-pin,  by  which  means  the  piston-rod  is  kept  up- 
right. 

A  very  original  arrangement  for  causing  a  mathe- 
matically perfect  parallel  motion  was  invented  in 
France,  about  ten  years  ago,  l\v  M-  Peaucellier,  an 
officer  of  engineers,  but  lias  only  recently  attracted 
the  attention  which  its  importance  seems  to  demand. 
Professor  Sylvester,  who  first  brought  it  into  notice 
in  England,  .says  :  — 


PeaucelUer's  Parallel  Motion. 


*'  It  will  give  to  the  mechanician  unlimited  command  over  the 
means  of  transforming  motion,  and  is  an  instrument  that 
amounts  to  a  new  vital  element  of  machinery;  perhaps  the 
most  important  addition  to  it  since  Archimedes's  invention  of 
the  screw,  about250  [236]  years  b.  c.  ;  one  that  raises  the  theory 
of  link-work  to  the  dignity  of  a  calculus,  that  enables  the  alge- 
braist to  fashion  and  write  out  in  his  study,  by  the  rules  of  his 
science,  a  working  plan  for  compellingasysteui  to  perform  some 
of  the  most  complicated  movements  that  can  be  required  for 
any  purposes  of  the  useful  arts  in  their  most  refined  and  varied 
applications." 

It  consists  of  six  pieces,  a  d,  a  e,  b  d,b  tfd  c,  e  c,  jointed  to- 
gether, as  shown  in  Fig  3550. 
At  a  is  the  fulcrum  on  which  Fig  3550- 

the  apparatus  turns.     6  is  the  ^ 

point  at  which  power  is  ap- 
plied, and  cthe  point  at  which 
itacts.  At6arod///isattached 
to  the  rhomb  d  b  e  Cj  and  this 
may  be  pivoted  at  any  portion 
of  its  length  ;  if  pivoted  at  a 
point/,  less  than  half-way  be- 
tween o  and  b,  and  power  be 
applied  at  the  point  6,  this  will 
describe  an  arc  of  the  circle  ^, 
exterior  to  a,  while  the  point 
c  will  follow  a  curve  1  convex 
toward  a  ;  on  the  other  hand, 
if  the  pivoted  point  be  at/', 
the  point  b  will  move  in  an 
arc  of  the  circle  h  interior  to 
a,  and  the  point  c  will  describe 
a  curve  2  concave  toward  a. 
When,  however,  the  arm  /  b 
is  pivoted  at  a  point/*,  mid- 
way between  a  and  6,  the  arc 
traversed  by  b  will  of  course 
form  part  of  a  circle  whose 
circumference  passes  through 

a,  while  the  point  c  will  move,  not  in  a  line  approximately 
straight,  as  the  head  of  the  piston-rod  dues  under  the  operation 
of  the  parallel  motion  of  Watt,  butiuu  uiathcmaticallystraight 
line. 

Bv  varying  the  position  of  the  pivotal  point  the  point  c  may 
be  caused  to  describe  an  infinite  number  of  curves  either  con- 
cave or  convex  toward  a- 

By  an  amplification  of  the  parts  other  curves  may  be  de- 
scribed, as  parabolas,  hyperbolas,  and  other  conic  sections. 

Par'al-lel  Rul'er.  A  draftsman's  instrument, 
con.si.sting  of  two  wooden  or 
metallic  blades,  so  joined  to-  < 
gether  by  jointi^d  cross-pieces 
as  to  ojten  to  diH'ereiit  intervals 
and  yet  retain  their  parallel- 
ism. 

A  still  simpler  form  is  a  roll- 
ing cylinder  a. 

b   is   the   ordinary  form  of  c 
two  -  leafed     ruler    with    two 
links. 

c  is  a  two-leafed  ruler  with 
cross  links. 

d  is  a  three-leafed  ruler,  the 
middle  .section  being  united  by 
links  to  the  main  sections. 

c  is  a  Hat  ruler  with  a  pair 
of  grooved  wheels,  fixed  on  an 
axis,  rotating  in  bearing-posts  fastened  to  the  ruler. 

Fig.  3552  is  a  form  of  ruler  having  a  graduated 
ruling-blade  moving  in  contact  with  a  graduated 
blade  which  represents  the  vertical.  In 
the  two  parallel  arms  of  the  ruler  are  slots 
parallel  to  the  ^^^\g^^  of  the  ruler.  Through 
these  slots  pass  pins  from  the  ends  of 
cross-arms,  the  other  extremities  of  which 

Fig.  3552. 


Fig.  3551. 
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are  pivoted  to  the  two  parts  of  the  ruler  ;  distances 
apart  of  tlie  bars  are  measured  on  the  vertieal  bar. 

Par'al-lel  Vise.  A  vise  wliose  jaws  move  in 
exai-t  parallelism,  a  bar  on  one  slipping  in  a  socket 
in  the  other;    in  contradistinction  to  the  kind  in 


Fig  3563. 


Fig.  35S6. 


Parallel  Vise. 

which  the  shank  of  one  jaw  is  pivoted  to  that  of 
the  other  and  moves  in  an  arc  of  a  circle. 

Par'a-mat'ta.  (Fabric.)  A  light  twilled  goods 
having  a  cotton  warp  and  a  merino-wool  weft.  Para- 
matta doth. 

Par'a-pet.  1.  (Fortification.)  A  breast-high  de- 
fense ol'  earth  or  stone  around  a  work  for  shielding 
troops  from  the  enemy's  fire.  It  is  so  formed  that 
the  earth  of  the  excavation  (deblai)  is  sufficient  for 
the  ramparts  and  parapets  (remblai).  Inside  is  the 
body  of  the  place  ;  outside  are  the  ditch,  glacis,  etc. 

Fig.  3554. 


Eartlmwrk. 


1,  interior. 

2,  interior  slope. 

3,  terre-pleiu. 

4,  banquette. 
6,  parapet. 

6,  superior  slope. 

7,  exterior  slope. 

8,  berme. 


9,  fraize. 

10,  scarp  or  revetment, 
ll.diteh. 

12,  counterscarp. 

13,  covered  way. 

14,  banquette  of  the  glacis, 
l.ij,  glaci.s. 

16,  abattis. 


2.  (Architecture..)  A  wall  carried  up  on  the  brink 
of  a  i|nay,  bridge,  or  house-top. 

Par'a-sol.  k  sunshade,  usually  smaller  than  the 
parapliiie  or  umbrella  (which  see). 

Parasols  and  feather  fans,  large  enough  for  sun- 
shades were  carried  by  attendants,  and  are  shown  in 
the  ruins  of  Egypt,  Persepolis,  Ninirouil  (Nineveh). 

Sylax,  au  ancient  historian,  asserted  that  there 
dwelt  in  India  countrymen  with  feet  of  so  large  a 
size  that  they  used  them  for  parasols.  (Philostratus.) 
Herodotus  rejected  the  yarn,  as  also  the  statement 
repeated  by  Strabo,  that  the  ears  of  some  of  these 
Indians  were  like  winnowing-fans,  and  that  they 
wra|)ped  themselves  in  them  to  .sleep. 

The  Chinese  invented  the  folding  parasol  or  um- 
brella. Their  modern  u.se  dates  from  1820,  and  their 
present  form  is  said  to  have  been  devised  by  the 
Duchess  of  Rutland.  The  Chinese  pa]ier-parasols, 
called  Icitty.tols,  are  now  largely  exported.  The  gift 
of  a  parasol  is  said  to  be  a  mark  of  kingly  favor  in 
China. 

"  Artaxerxes  gave  to  Entimus,  the  Gortinian,  a  couch  with 
tilver  feet,  and  cushions  for  it,  and  a  flowered  tent  surmounted 
■with  a  canopy,  and  a  silver  chain,  and  a  irilt  parasol,  and  vessels 
of  gold  and  silver,  and  100  girls  and  100  boys,'"  etc.  —  .\th^- 

VMCS. 

Par'a-ton-nerre'.  (French.)  A  lightning-con- 
ductor. See  LlGHTNING-ARHESTER  ;  LlGHTNlXO- 
iiiin. 

Par'buck-le.  A  double  sling  a  made  of  a  single 
rope,  for  hoisting  or  lowering  a  cask  or  gun. 

A  means  for  raising  or  lowering  (b).     The  bight  of 


Parbuclcte. 

the  rope  is  placed  round  a  post  ;  the  cask,  spar,  or 
gun  lies  in  the  double  loop. 

This  plan  is  adopted  in  Captain  Cunningham's 
mode  of  furling  sails  by  rolling  the  yard.  The  lat- 
ter lies  in  the  bight  of  the  chain,  and  is  rolled  as  it 
is  raised  or  lowered,  the  yard-arms  resting  in  hoops 
slung  from  the  lifts. 

Par'cel.    (A'autical.)    A  wrapping  of  tarred  can- 
vas on  a  rope  to  prevent  chafing.     It  is  cut  in  long, 
narrow  strips,  well  tailed,  and  made  up  into  rolls 
before  commencing  to  lay  it 
on  the  rope.     Usually,  the  Fig.  3556. 

rope  is  wormed,  then  par- 
celed, and  then  served.  See 
under  those  heads. 

Par'cel-ing-ma-chine'.  i 
1.  A  press  in  which  yarn, 
cloth,  or  wool,  etc.,  is  bun- 
dled up  compactly  for  tying. 
See  BuNDLl.vc-PUESS,  page 
405  ;  Fleece-tyeu  ;  WoOL- 
p.\CKEfi,  etc. 

The  example  is  a  machine  Wool-Packer. 

for     bundling     and     tying 

fleeces.  The  fleece  is  laid  upon  the  table,  the  slotted 
belt  brought  over  it  and  attached  to  the  treadle-lever, 
whose  deiiiession  draws  the  belt  and  brings  up  the 
twine-carrying  fingers  through  the  slots  in  the  belt 
and  over  the  fleece. 

2.  A  machine  in  which  strips  of  canvas  or  cloth  are 
dipped  preparatory  to  wrapping  around  ropes  or  ca- 
bles. 

The   example  is  fig,  3557. 

forthe  manufacture 
of  parceling  or 
tarred  canvas  cov- 
ering for  ropes, 
seams,  etc.,  in  ves- 
sels. The  machine 
consists  of  cutting 
and  drawing  and 
pressure  rolls,  in 
combination  with 
an  interposed  tank 
for  the  tar  in  which 
the  material  is  im- 
mersed, and  bob- 
bins or  spools  upon 
which  the  prepared 
canvas  is  wound  in  rolls. 

Paicli'ment.  Fine  parchment  is  manufactured 
from  the  skins  of  young  calves,  kids.  Iambs  ;  also 
from  sheep  and  goat  skins.  Extra  fine,  thin  ]iarch- 
ments  are  made  from  the  skins  of  still-born  lambs, 
kids,  and  calves. 

Coarse  parchment  for  drum-heads,  etc.,  is  made 
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from  calves',  wolves',  as-ses',  and  he-goat  skins.  The 
ass's  skiu  is  said  to  be  remarkably  sonorous,  and  it 
is  no  wonder,  seeing  the  amount  of  noise  it  has  con- 
tained at  various  times.  The  Greeks  found  tlie  bones 
of  the  ass  to  be  a  superior  article  for  making  tlutes. 
The  flute  and  drum,  a  rich  asinine  combination, 
which  probably  suggested  the  bagpipe,  whose  drone 
is  the  ucai'est  to  the  paternal  blare  of  anything  arti- 
ficial. 

After  removing  the  wool,  the  skin  is  steeped  in  lime  and  then 
stretched  in  a  wooden  frame ;  its  face  is  then  scraped  with  a 
half-round  knife.  The  next  proces.s  consists  in  rubbing  the 
skin,  previously  sprinkled  \vith  powdered  chalk  or  slacked  lime, 
and  scraping  it  with  a  knife.  It  is  then  rubbed  with  a  lamb- 
skin having  the  wool  ou,  to  smooth  the  surface  and  raise  a  very 
fine  nap;  after  which,  if  any  grea.sy  matter  remains,  it  is  again 
steeped  in  the  lime-pit  for  a  few  days.  The  grain  surface  is  then 
removed  with  a  knife  and  the  skiu  pumiced,  if  necessary,  to  give 
it  an  equal  thickness. 

In  coloring  parchment,  a  green  color  may  be  given  by  spread- 
ing with  a  brush  a  solution  made  with  cryst:illized  acetate  of 
copper,  30  parts ;  bitartrate  of  pota^a,  8  parts ;  rain-water, 
500  parts ;  nitric  acid,  4,  added  when  cold. 

Tlie  substance  is  said  to  have  been  invented  by 
Euinenes,  king  of  Pergamus,  as  a  substitute  for  pa- 
pyrus, ou  which  an  embargo  was  laid  by  Ptolemy 
Kpiphanes  as  Eumenes  was  collecting  a  library  in 
emulation  of  the  famous  one  in  Alexandria.  After 
the  lilu'ary  in  the  Bruchion  was  burned,  during  the 
siege  of  Alexandria  by  -Julius  C;esar,  ilarc  Antony 
presented  to  Cleopatra  the  rival  library  of  Pergamus, 
consisting  of  200,000  volumes  (vohmicji,  a  scroll). 
It  was  subsec|uently  destroyed,  tlie  Saracens  burning 
what  Tlieiiilosius  hiid  left.  "  See  Papek. 

Parch'ment-pa'per.  ilade  by  immersing  ordi- 
nary unsized  paiier  ill  sulphuric  acid,  diluted  with 
about  half  its  volume  of  water.  It  is  withdrawu  in 
a  few  moments,  and  ou  drying  is  found  to  have  as- 
sumed a  new  character,  resembling  rather  that  of 
animal  membrane  than  vegetable  fiber,  and  its 
strength  is  nearly  doubled.  After  the  immersion  it 
is  washed  in  water,  afterward  in  dilute  ammonia, 
and  if  any  of  the  latter  remains  it  is  removed  by 
lime  or  baiyta. 

It  was  invented  and  patented  in  England  by  llr. 
Caine.  Figuer  and  Pomareile  made  attempts  in  the 
same  direction  in  France,  1846. 

Karchiski,  in  1860,  subsequently  treated  the  paper  with  gly- 
cerine, to  give  it  suppleness.  Stuart  Gwynne  made  fractional 
currency  of  it  about  1S6.5  or  1868. 

To  avoid  the  imperfect  penetration  of  tlie  acid,  .T.  .1.  Ott 
treated  a  number  of  thin  .sheets  with  the  acidulous  solution,  and 
combined  tlicm  into  a  homogeneous  sheet. 

A.  T   Schmidt  added  the  glycerine  to  the  acid. 

Thomas  Taylor  (England,  1869  ;  United  States,  1871)  treated 
the  paper  with  chloride  of  zinc.     See,  — 
Hudson,  March  16,  18fi9.  Sheldon,  January  2,5,  18T0. 

lludson,  September  27,  1870,     Schmidt,  April  4,  1871. 

two  patents.  llanna,  October  31,  1871. 

Pai'close.    (Nautical.)    The  limber- hole. 


Fig.  3558. 


Apple-Parer. 


Pa-ren'the-sis.  A  mark  consisting  of  two  curved 
lines  face  to  face  ( ).  They  inclose  matter  which  is 
cognate  to  the  subject,  but  which  may  be  omitted 
without  impairing  the  grammatical  construction  or 
the  substantial  meaning. 

Par'er.  In  Fig.  3558,  the  apple,  fixed  on  the  rotary 
fork  c,  is  pared  liy  the  knifi;  1-,  also  rotated  by  bevel 
gearing.  When  the  knife  makes  a  revolution,  com- 
pleting the  paring  operation,  a  projection  m  on  the 
horizontal  bevel-wheel  strikes  the  foot  of  the  pivoted 
lever)),  throw- 
ing its  upjier  F'K  3o59. 
entl  forward 
so  as  to  ]uish 
the  apple  iiom 
the  Ibrk.  The 
lever  is  then 
brought  back 
to  place  bj'  a 
spring  p. 

In  the  ap- 
]ile-parer  (Fig. 
355y)  the  cut- 
ter is  carried 
on  an  upright 
A,  pivoted  at 
bottom,  hav- 
ing a  project- 
ing arm  k, 
which  is  once 
during  each 
revolution  .struck  by  an  inclined  cam  on  the  upper 
side  of  the  bevel-wheel  /,  causing  it  to  make  a  ]iar- 
tial  revolution,  and  throwing  the  knife  back  so  that 
the  ai>)ile  may  be  readily  removed  from  the  fork. 

Par'get.  (Plcistcriug.)  a.  A  J>laster  formed  of 
lime,  sand,  hair,  and  cow-dung,  for  lining  the  inte- 
rior of  Hues.     Panieling. 

b.  A  plaster-work  executed  in  raised  ornamental 
figures,  molded  or  impressed  by  the  trowel. 

c.  A  stucco. 

Pa'ri-an.  (Potlcry.)  A  varietj' of  porcelain  hav- 
ing the  appearance  of  Carrara  marble,  an<l  made  by 
the  substitution  of  soft  feldspar  for  Cornish  stone  in 
the  porcelain  process. 

It  derives  its  name  from  the  celebrated  marble  of 
Paros,  and  is  much  employed  for  statuettes  and 
other  works  of  art. 

It  is  composed  of  about  5  silica  and  nearly  J  alu- 
mina, with  a  sin.all  pro]iortion  of  soda,  potash,  lime, 
magnesia,  and  iron.  'These  are  finely  ground  and 
thoroughly  mixed  to  a  creamy  consistence.  The  fiuid 
is  poured  into  a  mold  and  afterward  baked.  Some 
of  the  articles  made  by  this  jirocess  consist  of  many 
pieces  which  require  to  be  joined  together.  The  in- 
equalities of  the  joints  are  then  obliterated  and  the 
work  baked  and  annealed. 

Par'iiig.  (Bovlcbindinrj.)  Thinning  the  leather 
toward  its  edge  so  as  to  prevent  a  square  projection 
at  its  terminating  edge. 

Par'ing-chis'el,  A  joiner's  chissel  having  the 
basil  on  one  side,  used  in  fitting  and  finishing  ;  not 
ditfering  essentially  from  a  firmer.  Its  name  is  de- 
rived from  its  being  used  by  hand,  with  a  paring 
action,  in  contradistinction  to  the  socket  anil  the 
mortise  chisels,  which  are  adapted  for  the  mallet. 

It  is  usually  longer  in  the  blade  than  a,  firmer- 
chisel  and  lighter  than  a  »iO)Vi'sc-chisel. 

Par'ing-knife.  1.  A  knife  used  by  wood-turners 
and  otliers  for  roughing  out  work  ;  it  has  a  hook  at 
one  end  passing  thi-ough  an  eye-bolt  in  the  block  a, 
allowing  considerable  freedom  of  motion  ;  the  block 
is  secured  to  a  lathe  or  work-bench  \>y  screw  attach- 
ment h;  c  is  a  piece  of  wood  being  pared. 
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Fig.  8560. 


Paring-Knife. 


2.  One  used  for  peeling  fruit,  having  a  guard  to 
regulate  the  depth  of  cut. 

3.  A  farrier'.s  hoof-paring  tool. 

4.  (Surgical.)  A  knife  used  in  removing  the 
cuticle  or  ragged  edges  of  parts  which  are  to  be  placed 
in  apposition  that  they  may  grow  together. 


^ 


^^^^^    Surgical  Paring  Knives  and  Scissors. 

The  examples  are  respectively,  — 

Upjier  one,  Sim's  knife  for  paring  edges  in  the 
operation  of  vesico-vaginal-fistula. 

Below  it,  curved  knife  for  same  operation  and 
that  of  cleft  palate. 

Par'ing-ma-chine'.     A  key-grooving  machine. 

Parlng-plowr.  Ulaslxmilrii.)  A  plow  for  cut- 
ting sods  or  turfs  from  the  surface  of  the  ground. 
A  sod-phnr. 

Par'iiig-sois'sors.  (SargkaK)  A  scissors  for 
trimming  the  edges  ol'  wounds,  or  I'resliening  the  edges 
of  tistuhius  openings,  in  order  that  they  may  grow 
together  when  brought  into  apposition  and  secured. 

Fig.  3561,  lower  cut,  represents  Dr.  Emmett's 
double-curved  scissors  for  paring  edges  in  the  oper- 
ation of  vesico-vaginal-fistula  and  cleft  palate. 

Par-is'ian  Gold-col'ored  Al'loy.  A  facti- 
tious gold.  See  Oroide  ;  also  Alloys  for  jewelers, 
page  63. 

Par-is'ian  ■White-met'al.  An  alloy  composed 
of  copper,  tJli.S  parts  ;  zinc,  5.5  ;  nickel,  19.8  ;  cad- 
mium, 4.7.      Si'e  .\LLi)V,  ]iage  63. 

Pa-risth'mi-o-tome.  (Surjical.)  An  instru- 
ment for  .scarifying  the  tonsils. 

Park.  j\  ])laje  of  encampment  of  an  artillery  train. 

Par'lia-ment-heel.  (A'autiad.)  The  position 
of  a  ship  when  careeneil. 

Par-line.  The  mean  or  normal  line  of  a  barom- 
eter for  a  giv(^n  station. 

Par'lor-skate.    A  skate  on  rollers  for  use  on  a 

floor  or  carpet. 
Fig  3562, 

JL 


(See  Skate.) 
In  the  one 
s  h  0  w  11 ,  the 
wheeling  mo- 
tion of  the  skat- 
er is  facilitated 
by  a  middle 
driving  -  wlieel 
which  descends 

below  a  line  dr;i\vu  between  the  other  two  wheels. 
Pa'ros-mar'ble.      A      semi-transparent     wliite 

marble  tingeil  with  ^•ellow. 

Par'point-'wrork.     (Masonry.)     Squared  stones 


Parlor-  Skate. 


laid  in   strrtcher-coixrsK  and  with  Acnrfcr-courses  at 
intervals  of,  say,  3  feet. 

Par'quet-ry.  An  ornamental  mosaic  woodwork 
in  the  ditlerent  colors  of  woods,  or  their  difl'erent 
grains  are  so  ordered  as  to  form  patterns.  See  also 
]\lAi:(jri;TiiY  ;  Mosaic;  Buhl;  Reisneh-wouk. 

Par'ral.  (Nautical.)  The  hoop  or  collar  of 
greased  rope  by  whicli  a  yard  is  shackled  to  the  mast, 
at  the  slings,  the  ptirral  slipjiing  on  the  mast  as  the 
yard  is  raised  or  lowered. 

Iron  parrals  are  now  in  common  use. 

'I'lie  parral  is  connected  to  sling-cleats  on  the 
yard,  and  has  strung  upon  it  jmrral -trucks,  that  is, 
snudl  wooilen  globes  to  prevent  friction  or  binding 
against  tlie  mast,  in  hoisting  or  lowering. 

Par'ral -rope.  (Nautical.)  A  single  rope,  well 
.served,  and  rinund  into  a  collar  around  a  mast  for 
slinging  an  ujjjM-r  yard. 

Par'rott-gun.  (Ordnance.)  A  kind  of  rifled  can- 
non invented  by  Captain  E.  G.  Parrott  of  the  Cold 
Spring  Foundry,  "West  Point,  N.  Y.,  and  much  em- 
ployed in  the  United  States  service  during  the  late 
civil  war.  The  body  of  the  gun  is  of  cast-iron,  and 
is  reiiilbreed  at  the  breech  by  shrinking  on  a  ring 
of  wrought-iron. 

The  ealilicrs  are,  Ifl-pounder,  2.9  inches  bore  ;  20- 
pounder,  3.67  inches  bore;  30-]iounder,  4.2  inches 
bore  ;  100-pounder,  6.4  inches  lioie  ;  200-ponnder, 
8  inches  bore:  corresponding  respectively  lo  3,  6,  9, 
32,  and  64  pounder  smooth  bores.  The  number  of 
grooves  increased  with  the  caliber  of  the  gun,  the 
Id-pouuder  having  tliree. 

Part.  (Founding.)  A  certain  portion  of  a  mold 
or  flask  ;  as  the  top  part  or  drag,  the  hottmn  part  or 
cope,  the  middle  jmi't  contained  in  the  middle  jior- 
tion  of  a  three-part  flask,  etc.  (See  Flask.)  The 
false  jmrt  is  a  tla.sk  rammed  up,  generally  a  top  part 
turned  over,  stricken  off,  and  a  cavity  scooped  in  it 
to  receive  temporarily  the  bulge  of  a  pattern  while 
.sand  is  being  rannucd  upon  the  upper  surface.  The 
Avliole  is  then  turned  over,  the  false  jMrt  destroyed, 
and  tlie  parting  made. 

Part'ing.  1  (Metallurgy.)  Separating  silver  from 
gold  by  an  acid. 

2.  (Paper.)     Separating  the  moist  sheets. 

3.  (Nautical.)  Breaking  cable,  leaving  the  an- 
chor ill  the  ground. 

4.  (Founding.)  The  meeting  surfaces  of  the  sand 
rammed  up  in  the  eopr  an<l  in  the  drag. 

A  powder  is  applied  to  tlie  faces  to  enable  them  to 
separate  readily.  This  parting  may  consist  of  dry 
sand  free  from  clay  or  otlier  tenacious  matter,  or  of 
brick  powder. 

The  facing  is  a  material  applied  to  the  sand  where 
the  metal  will  come  in  contact  with  it.     See  Facino. 

The  parting  of  loam  surface.  See  Loam-moluiko, 
page  1461. 

5.  (Comb-making.)  A  mode  of  making  combs  to 
economize  material,  in  which  a  pair  of  combs  are 
made  from  a  single  slip  a  little  over  comb-w  idtli.  A 
cutter  has  a  vertical  motion  upon  the  blank,  which 
has  an  intermittent  feed  licneath  it,  making  a  .series 
of  cuts,  the  tci'th  of  each  comb  occupying  the  inter- 
dental s|i;ic,-s  of  the  other.     See  Comb-making. 

Part'ing-line.  (Founding.)  Tlic  line  ujioii  a 
pattern  as  it  lies  imtiedded  in  the  sand,  below  which 
the  draw  of  the  ]iattern  is  upward,  and  above  which 
it  is  downward.  This  lini'  in  the  majority  of  cases 
t  is  uncUilatory,  and  the  .surface  of  the  sand-parting 
extends  from  it  to  the  edges  of  the  lla.sk  all  round. 

Part'ing-sand.  (Founding.)  Diy  saiul  free 
from  chivey  compounds  placed  between  the  two 
mcnibcis  111'  a  mold  lo  facilitate  their  separation. 

Part'ing-tool.     1.    (Marble-working.)      A    rasp 
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of  peculiar  shape,  coarse  or  fine 
in  grain,  and  used  by  marble- 
workers  (rt  b  c  il.  Fig.  3563). 

2.  (Turnitirj.)  A  cutting-tool 
used  by  wood  and  ivory  tnrneis 
tor  separating  turned  pieces  from 
the  block,  turning  out  interior 
cylinders,  etc. ;  c  /,  jjarting-tool 
lor  soft  wood  ;  g,  for  hard  wood  ; 
/t,  inside  parting-tool  for  remov- 
ing rings  from  the  interior  of 
solid  woi'ks,  avoiding  loss  of  ma- 
terial in  sliavings ;  it  is  also  use- 
ful in  some  otiier  under-cut 
works. 

3.  {Carving.)  An  angular 
gouge  like  a  hollow  graver,  used 
for   marking   outlines,   tendrils, 

]   stems,  and  markings  of  leaves, 
J    etc. 

4.  {Joinery.)  A  chisel  with 
a  bent  edge. 

{Carpentry^    A  division  between 


Par-ti'tion 

rooms,  etc. 

The  scantling  in  a  partition  is  as  follows  :  — 

Si'.t,  the  bottom-piece. 

Hfful^  tile  upper  plate. 

Fnnn pal  posts,  the  maia  uprights. 

Quarters,  the  iutermediate  studding. 

Braces,  oblique  ties. 

Part'ner.  {Xaulical.)  A  framework  or  bushing 
in  or  around  a  hole  in  a  deck  to  receive  the  heel  of 
a  mast,  lutt,  or  pump,  or  to  form  a  basis  for  the 
pawls  of  a  capstan. 

The  framework  consists  of  fore-and-aft  partners^ 
CT03^-pxrtner.%  and  eorner-chocks. 

Par'ty-gold.  {Mutalliirgy.)  Beaten  or  leaf  sil- 
ver witli  a  cci:iting  of  gold  on  one  side. 

Par'ty-wall.  (Building.)  A  wall  separating 
two  adjoining  tenements.  Originally,  it  meant  a 
wall  built  upon  the  lands  of  two  adjoining  proprie- 
tors which  furnished  support  for  the  Hoors  and  roofs 
of  the  tenements  on  each  side.  Laws  regulating  this 
right  of  joint  occupation  are  in  force  in  Europe  and 
America.     It  should  ran  above  the  roof 

Par'vis.  An  area  before  the  entrance  of  a  church 
or  around  it.      Parvise, 

Pas-de-sou'ris.  {Fortification.)  A  staircase 
from  the  ravt-lin  to  the  ditch. 

Pass.  {liol ling-mil/.)  a.  The  shape  produced 
by  the  grooves  in  the  adjacent  rolls  of  a  rolling-mill. 
The  pass  is  so  formed  as  to  give  the  reipiired  shape 
to  the  metal  rolled  therethrough.  The  most  im])or- 
tant  and  frerjuently  occurring  forms  are  rails,  tires, 
angle-iron,  deck  or  yand  I  beams,  half-round  form.s, 
such  as  felly-iron,  etc.,  and  some  of  the  principal 
varieties  of  spike  and  sash  iron.  See  Iron,  An- 
gle. 

b.  A  single  passage  of  a  plate  or  bar  between  the 
rolls. 

Pas-sa-ree'.  {Xautieal. )  A  tackle  to  spread  the 
clews  of  a  fore-sail  when  sailing  large  or  before  the 
wind. 

Pass-boat.  A  broad,  Hat-bottomed  boat.  A  flat 
or  punt. 

Pass-box.  A  wooden  box  used  for  conveying 
cartridges  from  the  magazine  to  the  guns  in  forts 
and  batteries.  It  is  7  inches  in  depth  ami  width  by 
14  inches  long,  having  a  hinged  cover  and  a  handle 
at  one  end. 

Passe-par-tout'.  1.  {Engraving.)  An  engraved 
plate  or  block,  forming  a  frame  aronud  an  a]ierture 
into  which  any  engraved  plate  or  block  may  be  iu- 
csrtsd. 


This  is  common  in  wood-engraving,  where  an  or- 
namental border  may  be  made  to  do  duty  with 
changing  central  advertisements  or  labels. 

It  was  also  adopted  a  number  of  years  since  with 
the  notes  of  the  State  Bank  of  Ohio,  when  snch 
tilings  were,  the  inserted  blocks  representing  the 
names  of  tile  several  branches. 

Also  understood  to  be  adopted  ill  the  national 
bank-notes. 

2.  A  frame  or  mat  to  go  around  a  picture.  Fre- 
quently a  pasteboard  border  for  a  picture  beneath 
the  glass  and  within  the  frame. 

Pass'ing-place.  {liailwai/  Engineering.)  A  sid- 
ing. 

Pass'key.  One  that  will  open  several  locks.  A 
maslcr-kcy. 

Paste.    A  soft  adhesive  composition. 

1.  A  nii.xture  of  flour,  water,  starch,  etc.,  vari- 
ously compounded  in  ditlerent  trades,  snch  as 
bookbinders,  etc.  The  paste  is  sometimes  strength- 
ened by  starch,  and  preserved  from  mold  by  carbolic 
acid. 

Size  is  a  thin  glue,  but  many  pasty  compositions 
are  called  size  in  the  trades,  as  in  calico-printing. 

2.  {Calico-jyrinling.)  A  boiled  composition  of  Hour, 
starch,  or  gum  with  water,  used  as  a  vehicle  for  mor- 
dant, color,  resist,  or  padding,  or  discharge.  Also 
called  thickening. 

Sieburger's  arlhtsive  paste :  Four  parts,  by  weight,  of  glue  are 
Boaked  for  several  hours  in  15  parts  of  water,  aud  then  slowly 
warmed  until  a  perfectly  clear  solution  is  formed  This 
solution  is  then  diluted  with  65  parts  boiling  water  and 
thfiroughly  stirred.  In  the  mean  time,  30  parts  of  starch  are 
stirred  into  20U  parts  of  cold  water,  so  as  to  form  a  thin  milky 
liquid,  free  from  lumps.  Into  this  is  poured  the  solution  of 
glue,  stirring  continually  and  heating.  When  cold,  ten  drops 
of  carbolic  acid  are  added.  It  is  said  to  possess  extraordinary 
adhesive  power,  joining  leather,  paper,  pasteboard,  etc.  By 
keeping  it  in  closed  vessels,  so  that  the  water  cannot  evaporate, 
it  may  be  preserved  for  years 

2.  For  attaching  labels  to  glass  or  porcelain,  gum  tragacanth 
is  generally  employed  A  small  quantity  of  corrosive  sublimate 
will  preseiTeit,  though  this  is  seldom  neces.sary.  .\  solution 
of  shellac  in  borax  is  also  useful  for  this  purpose.  Dextrine,  or 
Briti-h  gum,  is  generally  used  for  rendering  labels  adhesive, 
but  does  not  adhere  firmly  to  glass. 

3.  For  leather-workers  alum  or  rosin  are  added  to  the  above. 

4.  Chinese  paste  is  a  cement  of  bullock's  blood,  quicklime, 
and  water,  for  stone,  earthenware,  or  wood. 

5.  FitntittcTe  paste  is  beeswax  and  turpentine 

6.  Polish  ins  paste,  for  metals,  is  made  of  materials  of  varying 
grit  and  vehicle,  according  to  the  need,  —  rotten-stone,  emery, 
tripoli,  bath-brick,  soft-soap,  olive-oil,  lard,  turpentine,  etc. 

7.  Sharing  paste  is  a  perfumed  soap. 

8.  Dough  for  pastry. 

9.  Certain  confections,  such  as  jujube. 

10.  {Pottery.)  An  earthy  mixture  for  making  ceramic 
wares. 

11.  {Glass.^  A  highly  refractive  vitreous  composition  of 
pounded  rock-crystal  melted  with  alkaliue  salts  and  colored 
with  metallic  oxides.     Used  for  making  factitious  gems. 

The  kind  known  as  Strnss,  from  its  inventor,  is  a  highly  re- 
fi-active  and  pellucid  glass.  It  contains  a  large  quantity  of  oxide 
of  lead,  and  frequently  of  borate  of  lead. 

The  art  was  linown  to  the  ancients,  some  specimens  having 
been  found  in  the  Egyptian  tombs.  This  wonderful  nation  also 
were  possessed  of  the  art  of  engraving  gems.  Among  the  .Tews 
who  made  their  exodus  from  Egypt  was  Bezaleel,  of  the  tribe  of 
Judah,  who  was  able  to  cut,  engrave,  and  set  precious  stones, 
to  make  the  stones  of  the  breastplate  like  "  the  engravings  of  a 
signet,"  each  one  with  the  name  of  one  of  the  twelve  tribes. 

The  art  of  making  paste  for  gems  was  lost  for  many  centuries, 
but  was  revived  near  the  end  of  the  fifteenth  century  by  a 
Milanese. 

12.  Gypsum  in  water  for  plasterers. 

Paste'board.  A  thick  paper  board,  made  by 
pasting  together  a  number  of  sheets  of  paper.  This 
is  afterward  pressed  to  remove  the  water  of  the 
paste,  dried  and  calendered.  See  also  Cap.d- 
BOAUD. 

In  Hale's  machine  for  lining  straw-board  or  thick 
paper  with  a  thinner  mateiial,  the  thin  lining-paper 
is  wound  on  a  roll  D,  and  is  caused  to  pass  over  a 
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Haters  Pasuljonrit-Machi7ie. 


piisting-i'oller  E  in  the  truuf;li  ( ',  inovidcd  with  an 
adjustable  knife  or  seia(ier  M.  Tlie  tliiek  boai-d  is 
fed  11])  from  below  and  united  to  the  lining  by  a 
pair  of  rolls,  lietween  which  the  two  conjointly  pass. 
Paste'board-cut'ter.  The  >nachiue(Fig.  3565) 
is  for  grooving  and  cutting  pasteboard  strips  em- 
ployed for  making  bo.xes.  The  board  passes  succes- 
sively between  the  rollers  D  F,  C  E.  The  rollers  F 
are  provided  witli  grooving  disks  q,  which  are  op- 


3.  An  additional  or  substitute  piece  in  the 
covering  or  sheathing  of  a  structure. 

4.  A  binding  or  clamp  on  an  emergency  for  a 
ruptured  hose. 

5.  A  block  on  the  muzzle  of  a  gun  to  do  away 
with  tlie  effect  of  dispart  ;  making  the  line  of 
bore  and  line  of  siglit  parallel. 

Pa-tePla  -  ap'pa-ra'tus.  (Surgical.)  An 
apparatus  for  treating  fractures  of  the  kneepan.  It 
consists  of  two  curved  plates  of  sheet-iron  connected 
by  two  side  rods  and  a  back  rod  a,  having  attached 
a  double  reversed  screw  with  a  key  b,  by  turning 
which  the  two  jirojections  c  (I  are  caused  to  ap- 
proach or  recede  from  each  other. 
Two  buckling  straps  are  attached  f'S-  3567. 

to  each  jdate  ;  these  are  applied  to 
the  lower  part  of  the  thigh  and  calf 


Fig.  3565. 


Pastfhrxtnl-  Cutter. 

posed  to  the  surface  of  the  plain  roller  D,  and  may  be 
adjusted  to  crease  the  board  at  any  desireil  distance 
from  the  edges  severed  by  the  cirmilar  cutters  n  n  ; 
the  roller  Bmay  be  raised  or  lowered  by  screws  d  d,  to 
cause  nion:  or  less  overlapjiing  of  the  cutters  in  n. 

Pas'tel.  1.  A  solid  colored  penc'il  made  of  fine 
pipe-clay,  gum-water,  and  the  required  pigment. 
The  executed  work  is  called  a  drawing  in  chalk  col- 
ors.    It  requires  the  protection  of  glass. 

2.  (Dijciiif;.)    Woad.    It  gives  its  name  to  the  vat 

in  which  jBistel  and  indigo  are  u.sed,  the  paslel-vat. 

Paste-mak'er.     A  stirring-machine  for  mi.xing 

the  componentsof  paste. 

Fig.  .35i;6.  The    vertical    shaft    is 

tubular    at    the   lower 

end,  and  receives  steam 

through  its  step-block, 

which  is  screw-threaded 

for     coupling     to     the 

steam- ]>ipe. 

Paste-points. 
(Prinliii'j.)  Register- 
points  on  a  tynipan. 

Paste-pot.  (SooK- 
hiiidimj. )  A  vessel  con- 
taining paste,  which  is 
laid  on  with  a  brush. 

Pas'tem.  (Mowf/e.) 
A  shackle  for  horses 
while  pasturing. 

Pas-tille'.     .\n  aro- 
matic paste  for  burning 
as  a  fuinigator  or  disin- 
composed  of  gum   benzoin,  saudal- 
harcoal-powder,  etc. 


Paste^making  Machine. 


fectant.     It 
wood,  spices, 

Pat'a-mom'e-ter.   An  instrument  for  measuring 
the  force  of  currents. 

Patch.     1.    A   greased   piece   of  cloth   wrn])ped 
arouml  a  rifle  bullet. 

2.   A  reinforce  or  strengthening  piece  on  a  fabric 
at  a  point  of  wear,  or  around  a  hole  or  eyelet. 


Patella  Apparatus, 


of  the  leg.  The  fractured  parts  are  coapted,  and  strips 
of  adhesive  jdaster  c  f  a]iplied  above  and  below  the 
kneepan  ;  these  are  tightened  liy  turning  the  key  i, 
keeping  the  ]iarts  of  tlie  kneepan  together. 

Pat'en.  The  plate  which  holds  the  wafer  or  con- 
secrated bread  of  the  conimunion  service.  It  is 
soinetinn^s  made  to  fit  the  chalici;  or  cup. 

Pat'ent  Leath'er.  A  varnished  or  lacquered 
leather  nsed  for  lioots  and  shoes  and  in  carriage  and 
harness  work.  It  embraces  a  number  of  varieties 
and  qualities.  Black  is  the  usual  color,  liut  it  is 
also  made  of  red,  green,  blue,  and  other  tints. 

The  leather  is  specially  prepared  for  the  pui'pose, 
and  is  usually  hemlock  tanned  ;  it  is  highly  limed 
and  treated  with  weak  sour  liquor,  undergoing  but 
a  light  .•ilujHiKj.  The  hides  are  then  split,  some  of 
the  thicker  ones  being  ]iassed  through  the  macliine 
as  many  as  five  or  si.x  times  ;  the  skin  ami  flesh  side 
splits  are  usually  sold  to  trnnk-makers,  the  interior 
only  being  treated  with  the  Sifrc/tiicaf,  as  the  lacquer 
is  technically  termed  ;  tliis  is  principally  conqiosed 
of  linseed-oil,  with  the  addition  of  jiroper  coloring 
matters.  The  skins,  previously  well  dried  and 
softened  by  beating  and  hoardhi;/,  are  stretchctl  on 
frames,  and  the  su-crtmcal  is  a|iplied  in  several  cuats  ; 
after  each  ajtplii'ation  the  frames  are  slid  into  an 
oven  heated  by  steam-pipes,  where  they  remain  un- 
til the  varnish  has  set  ;  any  roughness  that  appears 
during  any  stage  of  the  process  is  removed  by  pol- 
ishing with  ]iumice,  and  all  traces  of  dust  removed 
with  a  wet  brush  followed  liy  a  dry  one.  The  en- 
tire operation  re(|uires  from  one  to  three  weeks. 

The  variety  known  as  aiai/fhul  leather  is  finished 
by  pa.ssing  through  a  graining-machine  liaving  a 
heavy  brass  roller  with  a  sligjitly  corrugated  face, 
and  boarding  in  a  peculiar  manner  by  liand.  See 
Leathku. 

Pat'e-ra.  (Ardittecturc.)  An  oriiameut  on  a 
frieze  representing  a  round  dish  in  bas-relief. 

Pat'e-re'ro.  (prdnance.)  A  mortar  for  firing 
salutes. 


PATEKNOSTER-PUllP. 


163: 


PATTEKN-CHAIN. 


Pa'ter-nos'ter  -  pump.  A  c7i«/«-pump.  So 
nanit'il  fiom  a  t'auoieil  resemblance  of  the  l.>uttons  on 
the  chain  to  the  beads  of  the  rosary.  The  latter  is 
an  old  invention  of  Central  Asia,  used  by  the  Bood- 
hists.     See  CH.MX-rt'Mr. 

Pa'ter-nos'ter-virheeL  A  water-raising  device 
having  a  nuniher  of  buckets  on  a  chain.  Nauietl 
from   its   resemblance  to  the  rosary.     See  Xoiii.i. ; 

Ch.\IN- WHEEL. 

Pa'tio-pro'cess.  The  patio-process  of  amalga- 
mation is  practiced  in  Peru  and  Mexico.  A  patio,  or 
amahjamation  floor,  is  a  large  paved  area,  walled 
around  to  contain  the  tortus,  or  Hat,  circular  heaps 
of  ground  ore,  salt,  magistral,  etc.,  which  are 
tramped  by  horses,  treated  by  mercury,  etc.,  as  de- 
scribed under  A.M.A.Lr.AM.\Tou,  p.agc  75  (which  see). 
The  process  was  invented  by  iledina  in  1557,  antl  was 
introduced  into  Xevada  with  but  indifferent  success. 
Pat'ten.  1.  A  clog  or  sole  of  wood  mounted  on 
a  frame  to  raise  the 
Fig.  3568.  feet  of  a  person  above 

a  wet  or  muildy  pave- 
ment. The  support 
is  usually  an  iron 
ring.  They  are  much 
used  in  some  coun- 
tries where  sabots  are 
not  in  vogue.  The 
Pattens.  Dutch    wade     round 

in  wooden  shoes  in 
their  dairies  and  sculleries.  The  English  and  French 
of  the  wealthier  class  use  clogs;  the  more  humble 
class  in  England  use  pattens  (a) ;  in  France,  sabots. 
The  Oriental  ladies  patter  round  in  their  baths  and 
paved  courts,  wearing  kubkohs  (b),  to  protect  the  soles 
of  their  ilelicate  feet. 

2.  (Masonry. )  a.  The  sole  for  the  foundation  of 
a  wall. 

b.  The  base  ring  of  a  column. 
Pat'tern.  1.  A  piece  of  card-board,  sheet -metal, 
or  thin  plank  corresponding  in  outline  to  an  object 
that  is  to  be  fabricated,  and  serving  as  a  guide  for 
determiuing  its  e.xact  shape  and  dimensions  ;  such 
are  employed  by  workers  in  leatlier,  textile  fixbrics, 
and  other  thin  materials  for  cutting  out  work,  and 
also  by  wood-workers  for  laying  off  the  outlines  of 
objects  of  irregular  form  whiih  are  afterward  shaped 
by  the  axe  or  saw.  (See  Templ.\te.)  Pattern-pieces 
or  gages  are  largely  used  in  making  special  machin- 
ery, such  as  riHes,  sewing-machines,  American 
watches,  and  numerous  machines  in  which  all  the 
parts  are  made  separately  by  gages  and  th,*n  assonblcd. 
The  system  is  known  as  making  by  gages  and  as- 
sembling.    See  Gage  ;  Assemblixo. 

2.  (Fabric.)  A  design  of  figures,  woven  in  cloth 
or  printed  thereon. 

3.  (Founding. )  The  counterpart  of  a  casting  in 
Avood  or  metal  from  which  the  mold  in  the  sand  is 
made.  When  dry-sand  or  loam-cores  are  xised  to 
fonn  the  cavities  in  a  casting,  projections  of  suitable 
size  and  shape  are  affixed  to  the  pattern  to  secure 
such  cores  in  place.     See  Pjiixt. 

Patterns  are  often  made  in  two  parts,  sometimes 
in  several  parts,  held  together  by  steady-pins  or 
dowels. 

Straight-giained  pine  or  mahogany  is  preferred 
for  patterns  of  this  kind  ;  screws  rather  than  nails 
are  employed  for  joining  the  pieces.  Foundry  pat- 
terns are  made  somewhat  tapering  in  those  parts 
which  have  to  enter  deeply  into  the  molding  sand 
or  loam,  in  order  to  facilitate  tlieir  removal  ;  this 
taper  may  amount  to  -^>g  or  i  of  an  inch  to  the  foot, 
and  in  some  cases  even  more. 

Ordinary  iron  shrinks  about  i  inch  to  the  foot  in 


cooling  ;  brass,  i',;  inch  ;  and  this  must  be  allowed 
for  in  the  pattern.  For  this  purpose  a  contraction 
rule  is  employed,  giving  measurements  about  one 
per  cent  in  excess  of  the  true  length  ;  this  avoids 
the  trouble  of  calculating  the  extra  dimensions  to 
be  given  the  pattern  in  each  particular  case. 

Wooden  patterns  should  be  well  oiled  and  var- 
nished. This  preserves  them  and  assists  their  free 
delivery  from  the  mold,  whicli  is  farther  insured  by 
rubbing  them  with  black-lead.  In  their  construc- 
tion, sharp  interior  angles  should  be  avoided  as  tend- 
ing to  cause  a  breaking  down  of  the  mold  at  that 
point  and  weakening  the  casting.  Patterns,  especial- 
ly for  small  castings,  are  sometimes  made  of  metal. 
These  have  the  advantage  of  being  more  durable,  Imt 
if  of  iron  reciuire  to  be  taken  good  care  of  to  prevent 
rusting.     See  list  under  Founding  ;  Molding. 

For  machine  for  pattern-making,  see  numbers  of 
American  Artisan  for  May  and  June,  1874. 

Pat'tem-box.  (Jl'eaving.)  a.  A  box  in  a  loom 
holding  a  numlier  of  shuttles,  either  of  which  may 
be  projected  along  the  shed,  according  to  the  pattern. 
The  automatic  means  for  operating  the  shuttles  in 
due  sequence  is  a  Patterx-cvlinder  or  Pattern- 
chain  (which  .see). 

b.  The  box  perforated  for  the  harness-cards  in  the 
Jaci|nard  hguie-loom.     See  Pattekx-c.\rd. 

Pat'tern-card.  {JFearing.)  One  of  the  perfo- 
rated cards  in  a  Jacquard  loom  througli  which  the 
needles  pass  ;  the  perforations  are  according  to  the 
pattern. 

Fig.  3569  shows  the  ]:attem-cards  and  pattern-box 
detached  from   the  loom.      The 
box  is  perforated  with  as  many  F'g-  356a. 

holes  as  there  ai-e  warp-threads, 
and  rods  connected  with  each 
thread  are  suspended  over  it. 
The  pattern-cards  are  perforated 
to  correspond  with  the  figure  to 
be  woven.  As  the  box  revolves, 
carrying  the  cards  suceessivelj 
over  its  faces,  the  rods  drop 
down  whenever  the  holes  in  the 
cards  and  bo.x  coincide,  each 
rod  lifting  its  own  warp-thread 
Tlie  cards  are  hung  together  in 
an  endless  belt,  as  shown  in 
the  figure.  See  also  pages  1356, 
1357. 

Pattern-chain.  ( Jf'cai'ing.) 
A  device  for  automatically 
bringing  to  the  picker,  accord 
ing  to  the  sequence  required  by 
the  pattern,  the  shuttles  in  the 
shuttle-boxes  at  the  ends  of  the 
race. 

In  Fig.  3570,  the  pattern- 
chain  is  shown  [lassing  over  the  Pattern- Card  of  Joe- 
wheel  M.  It  has  links  of  vary-  qiard  Loom. 
ing  bight,  which,  as  they  pass  beneath  the  roller  on 
lever  /,  raise  it  to  a  greater  or  lesser  hight,  and  with 
it  the  rod  G  and  the  shuttle-box  at  its  summit, 
and  so  bring  the  required  shuttle  in  position  to  be 
struck  by  the  picker. 

In  Fig.  3571  the  pattern-chain  is  shown  beneath 
the  levers  P,  from  whose  ends  de]iend  rods  which 
control  the  movements  of  the  lever  E.  This  lever 
is  connected  by  a  link  to  a  standard  F,  upon  which 
latter  the  shuttle-boxes  B  are  mounted,  and  is  oper- 
ated by  two  cams  H  and  /,  in  such  a  maimer  as  to 
raise  or  lower  the  standard  upon  which  the  series  of 
shuttle-boxes  are  placed,  so  that  any  one  of  the  boxes 
may  be  brought  to  the  race  from  any  po.sition  at 
every  pick.     The  cams  are  actuated  by  a  pawl  and 
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Pattern-  Chain. 


ratchet  connected  by  rods  with  le\'crs  P  [ilaced  in 
contact  with  the  revolving  iiatti'ru-(.'hain. 


Fig.  3571 


der  with  projections  which  come  in  contact  in 
dne  unicr  of  time  with  the  n-.s^ective  levers 
which  work  the  .shed.  In  the  e.xamjde,  the 
pattern-cylinder  shaft  is  free  at  one  end  to  ad- 
mit of  changing  the  cylinder  readily  for  chang- 
ing tlie  pattern.  The  graduation  in  tlic  sizes  of 
the  pulleys  placed  in  series  on  the  same  .shaft 
allows  a  true  vertical  pull  upon  each  of  the 
jacks,  which  are  arranged  side  by  side  be- 
neath. 

Pat'tern-mak'ers'  Ap-pli'aa-ces.  These 
embrace  variims  modiiicati<ius  of  the  tools  and 
machines  ordinaiily  used  by  the  turner  and 
joiner.  Among  others  may  be  cited  the  face- 
latlu  (A,  Fig.  3573),  for  turning  hubs,  bosses, 
core-prints,  etc.  This  is  a  com]iact  machine, 
occupying  a  space  of  but  two  feet  scpiare  ;  the 
cone-pulleys  are  of  iron  :  the  spindle  of  steel 
turns  in  brass  bearing.s,  and  the  face-plates  a, 
of  which  two  are  provided,  are  capable  of  tak- 
ing work  up  to  16  inches  in  diameter.  The 
rest  b  is  adjustable  on  the  table  c  by  a  nut  and 

screw,  and  the  hight  of  the  cutter  d  is  also  regulated 

by  a  screw. 

£  is  a  blocking  and  cropping  saw  adapted  for  cross 

Fig.  3573. 


Pat  tirn- Chain  for  operating  Shuttle-Box. 


Pat'tern-cyl'in-der.     (JFcaving.)     A  means  of 
operating  the  harness  of  a  loom  by  means  of  a  cylin- 

Fig.  3572. 


cutting  and  slit- 
ting. Tlie  table 
a  is  ]iivoted  on 
the  standard  f>, 
so  that  it  may  be 
thrown  back  if 
necessary.  Gages 
c  are  provided 
for  varying  tlie 
angle  of  pres- 
entation of  the 
timber  to  the 
saw,  the  spindle 
of  which  may  be 


Patient- Makers^  Fnrr-Lathe,  Blocking- 
Sato,  and  Glue-Heater. 
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raised  or  lowered  by  means  of  the  wrench  d. 

C'is  a  steam  glue-hcalcr.  The  pots,  three  in  num- 
ber, have  flanges  resting  on  the  smooth  upper  svirface 
of  the  heater,  which  consists  of  a  water-bath  sur- 
rounded by  a  steam -chamber,  a  is  the  steam  and  b 
the  waste-watiT  jiipc. 

Pat'tern-wheel.  1.  (Iforolngy.)  The  comit- 
whccl  or  lockinq-plate  of  the  striking  portion  of  a 
clock -movement.  That  which  has  notches  of  such 
number  or  sncdi  distance  as  will  determine  the  num- 
ber of  blows  in  regular  order. 

2.  {Weaving.)  A  Pattern-cylindek  (which 
see). 

Pat'tin-sou's  Pots.  (Melnlhirgy.)  An  ar- 
rangement invented  by  Mr.  H.  L.  Pattin.son  of 
Newcastle-on-Tyne,   about   1829,    for  separating 


PAUNCH. 


1639 


PAVEMENT. 


silver  from  lead.  Lead  ores  always  contain  a  small 
proportion  of  silver.  By  the  ordinary  process  of 
cupellation,  it  does  not  pay  to  treat  lead  containing 


Pattinson's  Pots. 


less  than  20  ounces  of 
silver  to  tlie  ton  for 
the  purpose  of  e.vtract- 
ing  the  silver,  but  by 
Pattinson's  process 
that  containing  as  lit- 
tle as  3  ounces  per  ton 
may  be  profitably 
worked. 

This  process  is  based  oil  the  fact  that  tlie  melting- 
points  of  alloys  of  .silver  and  lead  are  higlier  in  pro- 
portion to  the  amount  of  silver  contained,  and  that 
if  leail  containing  silver  be  meltcil  and  c'onstantly 
stirred  while  gradually  cooling,  when  it  arrives  at  a 
temperature  near  tlie  meltiiig-iioint  of  lead,  crystals 
will  begin  to  form,  which  sink  to  tlie  bottom,  leav- 
ing the  still  fluid  portion  much  richer  in  silver  than 
the  whole  mass  originally  was,  while,  on  the  con- 
trary, the  crystallized  portion  has  become  poorer. 

The  apparatus!  consists  of  u  scries  of  eight  or  ten  cast-iron 
pots  set  in  a  row,  with  fireplaces  beneath.  At  tlie  commence- 
nient  of  the  operation  one  of  tlie  central  pots,  as  /,  is  charged 
with  lead  from  the  calcining-furnace,  which,  when  melted,  is 
skimmed  with  a  perforated  ladle  and  the  fire  witlidrawn  ;  cool- 
ing is  accelerated  by  throwing  water  on  the  surface  of  the  metal , 
which  is  kept  constantly  agitiited  by  means  of  a  stirrer  or  slice. 
Crystals  soon  appear  and  fall  tit  the  bottom,  whence  they  are  re- 
moved by  means  of  a  perforated  ladle  and  transferred  to  the  pot « 
at  the  left ;  this  operation  is  carried  on  until  about  two  thirds 
of  the  charge  lias  been  transferred  to  the  pot  e,tit  which  time, 
supposing  tlie  original  charge  to  have  contained  20  02.  of  silver 
per  ton,  that  remaining  in  the  pot  f  will  contain  about  40  oz., 
and  that  removed  to  e  but  about  10  oz.  per  ton-  The  rich  lead 
in  /is  then  ladled  into  ^,  a  fresh  charge  of  calcined  lead  intro- 
duced into  /",  and  the  operation  repeated,  the  richer  metal  being 
consblntly  transferred  from  one  pot  to  another  towardthe  right, 
while  the  poorer  is  passed  from  pot  to  pot  in  the  reverse  direc- 
tion. In  this  way  the  crystals  obtained  from  the  pots  to  the 
left  are  gradually  deprived  of  their  silver,  while  those  on  the 
right  are  being  continually  enriched,  the  metal  in  the  pot  on  the 
extreme  right  frequently  being  concentrated  until  it  contains 
501)  oz.  of  silver  per  ton,  while  that  in  the  pot  on  the  extreme 
left  should  not  contain  more  than  12  dwts.  per  ton. 

A  is  the  plan  ;  B,  the  elevation  ;  and  C,  a  transverse  section  of 
the  apparatus;  n  is  the  mar/:f(-7)of, from  which  the  desilverized 
lead  is  ladled ;  b  c  ft  e  f  g  h  i,  the  tforhin^-pots ;  a'  h'  c'  d'  e'  f 
g'  W  i',  their  respective  fireplaces ;  and  k  k  k  k,  the  temper-pots, 
in  which  the  ladles  are  heated  wlien  they  become  cool. 

In  the  section,  a  is  a  pot ;  b,  grate  ;  c,  ash-p^t ;  rf,  main  flue. 

The  ladles,  if  operated  by  hand,  are  about  16  inches  in  di- 
ameter and  5  inches  in  depth  ;  when  cranes  are  employed  much 
larger  ones  may  be  used. 

Paunch.  1.  [Nautical.)  A  thickly  thrummed 
mat  of  sennit  wrapped  around  a  spar  or  rope  to  keep 
it  troin  chafing. 

2.  Tlie  rim  of  a  bell.  The  part  against  which  the 
clap)ii'r  .strikes. 

Paved  Way.  A  tramway  whose  tracks  are  of 
stone. 

Pave'ment.  Tlie  hard  covering  of  the  surface  of 
a  road  or  foot-way. 

According  to  Pliny  (A.  D.  79),  "  pavements  are  an 
invention  of  the  Oreeks."  As  usual,  lie  forgi'ts  Egypt 
and  is  oblivious  of  India  and  China.  Sosus  of  Per- 
gamus  (founded  2S3  11.  c. )  made  ornamental  mosaic 
pavements  representing  natural  objects.  The  first  Ko- 
man  pavement  in  blocks  of  diamond  (rhoinbal)  form 


was  laid  in  the  temple  of  Jupiter  Capitolinus  during 
the  third  Punic  war. 

The  Greeks  invented  (says  the  same  author)  ter- 
race-roof pavements,  and  he  gives  the  Ibllowiiig  direc- 
tions for  their  construction  :  — 

"Begin  with  two  layers  of  boards  crossing  e-ich  other  and 
nailed  together  at  their  extremities,  to  prevent  warping.  Next 
place  a  layer  of  pounded  pottery  and  lime  ;  upon  this  place  a 
layer  of  broken  pottery  with  a  large  proportion  of  lime,  one  foot 
thick  and  rammed.  Another  layer  of  pottery  three  parts,  lime 
one  part,  is  laid  down,  six  fingers  in  depth.  Square  stones,  two 
fingers  thick,  are  laid  on  this  on  a  slope  of  1^  inches  to  10  feet. 
Then  polish  the  surface." 

Pliny  gives  a  formula  for  pavement  which  has  the 
ordinary  appearance  of  the  ground  when  in  the 
rough,  but  may  be  poli-shed  to  resemble  mnrhle:  — 

Upon  well-rammed  ground  place  a  layer  of  broken  crockery, 
above  this  a  layer  of  charcoal  well  trodden  down  with  a  mixture 
of  sand,  lime,  and  a.shes,  making  the  upper  layer  a  depth  of  six 
inches. 

Strabo  informs  us  that  the  city  of  Babylon  was 
paved  at  a  veiy  early  date.  The  date  assigned 
(2000  B.  c.)  is  perhaps  fabulous,  though  it  was  quite 
within  the  capacity  of  the  builders  of  the  city  walls, 
palaces,  and  the  bridge  across  the  Euphrates,  to  (lave 
the  city  in  good  style. 

I.sodoi'us  says  that  the  Carthaginians  had  the  first 
paved  streets,  and  that  their  example  vns  soon  cop- 
ied liy  the  Romans.  Ajipius  Claudius,  the  1  ensor, 
constructed  (312  B.  c.)  the  road  named  after  him, 
the  Appian  Way,  which  was,  on  account  of  its  ex- 
cellence, called  the  queen  of  rcarh.  This  was  about 
ten  years  after  the  death  of  Alexander  the  Great. 
The  time,  however,  when  the  streets  of  Pome  were 
first  paved  cannot  be  detei mined  with  certainty.  We 
are  infonned  by  Livy,  that  in  the  year  of  the  city  584 
(about  170  B.  c),  the  censors  caused  the  streets  to  be 
paved  from  the  ox-market  to  the  temple  of  Venus. 

The  extra^■agant  Heliogabalus  caused  the  streets 
around  the  palace  or  on  the  Palatine  Mount  to  be 
paved  with  foreign  marble.  Streets  paved  with  lava, 
lun'ing  deep  ruts  worn  by  the  wheels  of  carriages, 
and  raised  banks  on  each  side  for  foot-passengers, 
are  found  at  Pompeii  and  Herculaiieum. 

Roman  conntry  roads  were  8  feet  wide  on  the 
straight  lines,  15  feet  at  angles.  Cattle  might  be 
driven  on  each  side,  if  not  fenced  in. 

Abderahnian,  the  khalif  of  Cordova,  Spain,  caused 
the  streets  to  be  solidly  paved,  A.  II.  236  (A.  D.  950), 
and  a  man  might  walk  after  sun.set  ten  miles  in  a 
straight  line  by  the  light  of  the  public  lamps.  700 
years  after  this,  London  and  Paris  were  unpaved  and 
had  no  public  lamps. 

The  capital  of  France  was  not  paved  in  the  twelfth 
century,  for  Rigord,  the  physician  and  historian  of 
Philip  IL,  relates  that  the  king,  standing  one  day 
at  a  window  of  his  palace  near  the  Seine,  and  ob- 
serving that  the  carriages  which  passeil  threw  up  the 
dirt  in  such  a  manner  that  it  produced  a  most  ofl'en- 
sive  stench,  his  m.ajesty  resolved  to  remedy  this  in- 
tolerable nuisance  by  causing  the  streets  to  be  paved, 
which  was  accordingly  done.  The  orders  for  this 
purpose  were  issued  by  the  government  in  the  year 
1184,  and  upon  that  oecasicui,  it  is  said,  the  name 
of  the  city,  which  was  then  called  Lutetia,  on  account 
of  its  dirtiness,  was  changed  to  that  of  Paris.  In 
1641,  the  streets  in  many  quarlicrs  of  Paris  were  not 
yet  ]iaved. 

Dijon,  at  that  time  rockoned  one  of  the  most  beau- 
tiful cities  of  France,  had  jiaved  streets  as  early  as 
1391  ;  and  it  is  remarked  by  historians  that  after 
this  period  dangerous  diseases,  such  as  dysentery, 
sjiotted  fevei',  and  others,  became  less  fretjtient  in 
tiiat  city. 

The  streets  of  London  were  not  paved  at  the  end 
of  the  eleventh  century.     It  is  related  that  in  the 
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year  1190  the  chixrcli  of  St.  Mixiy  le  Bow,  in  Cheap- 
side,  was  unroofed  by  a  violent  wind,  and  that  four 
pillars,  26  feet  iu  length,  sunk  so  deep  into  the 
ground  that  scarcely  four  feet  of  them  apjieared  above 
the  surface  of  the  soft  earth  forming  the  bed  of  the 
street. 

The  pavements  of  this  great  city  appear  to  liave 
been  gradually  extended  as  ti-ade  and  opulence  in- 
creased, though  the  period  of  their  first  introduction 
is  unknown.  Several  of  the  principal  strt'cts,  among 
which  was  Holborn,  were  paved  for  tlie  first  time  in 
1417.  Smithtield  cattle-market  was  tirst  paved  iu 
It)]  4. 

Blocks  of  wood  set  endways  are  a  common  pave- 
ment in  Russia  and  Germany.  Blocks  of  wood  or 
stone  inclosed  iu  iron  frames  were  in  use  in  England 
thirty  or  forty  years  ago. 

In  1812,  Loudun  suggested  laying  cubic  blocks  on 
a  foundation  of  fi;ig-stones,  or  cast-iron  plates  on  a 
bed  of  mortar. 

George  Knight  (Loudon,  P.  3720),  London,  1829, 
suggested  hiying  the  granite  blocks  on  a  macadam- 
ized foundation.  This,  with  grouting  for  rendering 
the  pavement  water-tight,  and  with  under-drainagK, 
is  pronounced  by  Loudon  one  of  the  best  modes  of 
paving. 

Lieutenant  Brown  (England,  1830)  suggested  a 
gravel  foundation,  dressed  blocks  of  granite  laid  in 
mortar  and  grouted. 

One  form  of  the  London  pavement  has  granite  blocks 
6x4  inches  on  a  bed  of  gravel,  tilled  in  witii  grouting, 
and  solidified  by  a  hot  liquid  cement  of  gas  asphalt. 

A  part  of  Broadway,  between  Chambers  and  War- 
ren Streets,  was  laid  in  1S35  with  hexagonal  wooden 
blocks.  Various  foundations  were  tried:  cobble-stones, 
flagging,  and  macadam.  The  upper  surface  of  the 
pavement  was  coated  with  a  layer  of  tar  and  gravel. 

An  English  patent,  183S,  describes  tapi^ring  wood- 
en blocks  boiled  in  tar  and  doweled  together. 

A  subsequent  English  inventor  aggregated  his 
blocks  in  clusters  in  iron  frames,  which  were  fitted 
together. 

In  Parkin's  English  patent,  1840,  the  blocks  arc 
placed  at  angles  of  from  40'  to  70'.  The  surfaces  of 
the  blocks  were  channeled,  and  they  were  cemented 
together  in  the  pavement,  their  interstices  being 
tilled  with  pitch.  Sand  or  ashes  and  tar  was  used 
iu  the  foundation. 

Previous  to  1841,  a  system  of  foundation-boards 
was  exhibited  in  New  York,  and  in  1S41  the  blocks 
were  interlocked  by  notched  shoulders. 

A  pavement  has  been  suggested,  composed  of  iron 
perfurated  in  such  a  manner  as  to  alibrd  a  footing  for 
horses,  and  to  permit  the  sweepings  to  fail  through 
upon  a  sub-pavement  made  of  cement  and  depressed 
at  the  center,  so  that  tlie  offiil  can  be  swept  there- 
from to  the  sewers  by  simply  flushing  with  water. 
It  is  saiil  to  have  been  j)ut  in  operation  in  St.  Louis. 
Cost,  S3. 66  per  square  yard. 

Knight's  patent  consisted  of  blocks  made  of  iron 
run  into  molds  packed  with  hot  granite  fragments. 
This  saved  metal,  which  nevertheless  could  be  run 
into  form,  and  the  granite  gave  the  requisite  rough- 
ness to  the  wearing  surface. 

Among  the  pavemt-nts  now  in  common  use  may 
be  enumerated  :  — 

Ashlar ^  consisting  of  squared  blocks  of  stone,  generally  pran- 
ite,  usually  12  inches  deep,  8  to  12  long,  and  5  to  7  wide. 

Asphalt,  a  foundation  of  coarse  Liroken  stone  and  a  top  dress- 
ing of  finer  stone  and  perhaps  sand  or  gravel,  all  cemented  to- 
gether by  an  asphalt. 

Belgian^  similar  to  ashlar,  but  of  smaller  blocks. 

Bowlder^  irregular  stones  brought  to  a  comparatively  even 
surface  by  resting  on  an  uneven  foundation  of  sand  or  gravel. 

Cobh'e,  stones  naturally  rounded,  aud  of  nearly  equal  size, 
rammed  down  in  a  bed  of  sand. 


ConcTfte^  similar  to  asphalt,  e:ccept  that  tar  or  pitch  is  used, 
sometimes  in  conjunction  with  natural  asphalt. 

Grnnil€y  blocks  of  granite,  either  ashlars  or  irregular  broken 
stones  from  the  quarry. 

Stag,  refuse  from  the  furnace,  sometimes  concreted  ;  at  other 
times  run  into  molds  to  form  block;*. 

WootUti,  blocks  sawed  to  an  even  length,  set  endwise  to  the 
wear  of  travel. 

Macoilamizing  was  named  from  the  inventor,  and  introduced 
in  lS24.  It  consists  in  substitutiug  broken  granite  for  gravel 
a*  a  top  dressing,  and  is  much  superior  to  the  latter  for  country 
roads,  but  will  not  stand  the  heavy  wear  of  city  travel- 
I  llauesmann  laid  1,250,000  yards  of  macadam  in  the  streets 
of  the  city  of  Paris,  as  a  substitute  for  the  stone  blocks,  the 
material  of  barricades  in  revolutions. 
I  In  the  Snow  pavement  no  natural  asphaltum  is  used;  the 
raw  coal-tar  is  treated  with  suljihuric  acid,  aud  mixed  with  lime 
and  cement,  and  is  said  to  produce  a  compound  similar  to  the 
Neufchatel  rock. 

The  iSc/iflr/?"  pavement  uses  bitumen  and  the  heavy  tar-oils 
for  the  base,  bitumen  and  a  small  quantity  of  natural  asphaltum 
for  the  top  courses. 

The  Vulcanite  pavement  makes  Trinidad  asphaltum  the  ba.*is 
of  the  composition,  treating  the  same  with  sulphuric  acid  or 
sulphur  and  cement. 

The  Neufchatel  rork  pavement  has  a  base  of  a  concrete  of 
broken  stotie  and  bituminous  or  asphaltic  compounds.  This 
base  being  perfectly  dry,  a  coating  of  that  peculiar  formation 
known  as  the  Neufchatel  rock,  and  which  is  a  natunil  and  in- 
timately combined  mixture  of  asphaltum  with  calcareous  mat- 
tor,  is  spread  in  a  powdered  state,  well  heated,  and  coniprus.sed 
by  beating  down  with  heated  cast-iron  pestles  into  a  hard, 
smooth  mass.     The  compression  is  completed  by  heavy  rollers. 

Fig.  3575  shows  three  varieties  of  concrete  pavement. 

Solid  concrete 
and     asphaltum  Fig.  3575. 

pavements  are 
hard  and  elastic; 
are  not  affected 
by  the  alterna- 
tions of  heat  and 
frost ;  they  have 
no  joints  to  en- 
courage the 
growth  of  weeds 
and  accumula- 
tion of  filth ;  are 
therefore  free 
from  dust  and 
mud.  They  dry 
in  a  few  moments 
after  a  rain,  are 
smooth,  and  yet 
not  so  even  as  to 
become  slippery, 

especially  when  occasionally  sprinkled  They  afford  an  easy, 
noiseless,  and  pleasant  drive ,  decrease  the  cost  of  keeping  the 
street  in  repair,  by  confining  the  latter  to  the  top  dressing ;  and 
effect  a  large  annual  saving  in  horst-flesh  and  wear  and  t«ar 
of  vehicles. 

The  Nicolson  pavement,  which  was  among  the  first  wooden 
pavements  used  extensively  in  this  country,  consist*  of  a 
foundation  of  boards  laid  flat  upon  the  ground,  and  a  super- 
structure of  blocks  sawed  to  an  even  length  of  4  to  6  inches, 
and  2^  or  3  inches  thick.  The  blocks  are  laid  across  the  street, 
and  secured  by  a  thin  strip  of  board  nailed  at  the  bottom, 
reaching  not  quite  to  the  surface.  The  space  thus  Itft  above 
the  strip  is  filled  with  fine  gravel,  to  afford  a  holding  surface  to 
horses'  feet.  The  whole  then  receives  a  top  dressing  of  tar. 
Another  form  has  alternate  short  blocks,  the  spaces  filled  with 
gravel. 

Numerous  varieties  of  wooden  pavement  have  been 
patented  in  the  United  States,  and  some  of  tliem 
are  very  exten.sively  used.  Plate  XXXVIII.  shows 
forty  vaiieties  of  patented  pavement.  The  ditterence 
between  them  lies  in  tlie  form  of  blocks,  method  of 
laying,  foundation,  and  chemical  treatment  or  other- 
wise of  the  wood. 

The  greatest  enemy  to  wooden  pavements  has  been 
dry-rot  from  below.    The  surface  of  a  well-laid  pave- 
ment soon  becomes  water-proof  from  dust  beaten 
into  the  pores  of  the  wood,  and  if  sufficient  incline 
is  given  to  the  surface  rain  will  flow  otf  as  from  a 
roof.    Dampness  from  below  is  drawn  into  the  blocks 
by  capillary  attraction,  and   the  lower   part  of  the 
blocks  crumbles  into  clust  while  the  shell  on  top  re- 
mains  perfect.      To  prevent  this  decay,   compound 
'  pavements,    which   exclude   the   absorption    of  the 
I  moisture  of  the  soil  by  means  of  a  layer  of  asphalt, 
1  would  seem  to  offer  more  chances  for  duration  than 
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any  otlier  system,  especiallj-  if  the  wood  has  been 
chemically  treated. 

Of  these  eonipoimd  systems  used,  two  forms  are 
shown   in    Fig.  3576,  one  employing  sijuare  blocks 


Fig  3576. 


Compound  Pavements. 

and  the  other  round  blocks  on  a  concrete  founda- 
tion.     Si-e  WllOl),   PllESERVATlOX   OF. 

Pa-vil'ion.  {Music.)  Fr.  Pni'iV/oK,  from  its  tent- 
shape.  The  daring  month  of  a  horn,  trumpet,  or 
wind-in.strunuMit  of  that  class.  The  in.sevtiou  of  the 
hand  into  the  pnfilion  of  the  French  horn  regulates 
the  inllection  of  the  oonmls. 

2.  (Architecture.)  a.  An  isolated  building  of  or- 
namental character. 

b.  A  turret  rising  from  the  general  bight  of  a 
building. 

c.  A  projecting  apartment  of  a  building. 

d.  A  tent-shapinl  roof. 

3.  A  tent  ;  a  nianpice. 

4.  (Gem.^.)  The  part  of  a  diamond  or  other  gem 
below  tlie  gird/r  and  lietweeii  it  and  the  collet. 

Pa-vil'lon-chi-iiois'.  (Afusic.)  An  instrument 
having  a  nnnibei-  of  small  bells  in  a  frame,  which  is 
agitated  by  striking  the  stall'  on  the  ground.  It  is 
especially  useil  in  marching  music. 

Bells,  high  and  low,  are  used  in  military  music, 
and  occasionally  for  dramatic  effects  in  operas. 

The  (jlockrHSjieil  is  an  instrument  in  which  bells 
are  rung  by  keys  ;  in  one  case  bars  of  steel  are  sub- 
stituted for  bells. 

Gonrfs  and  trianrjlcs  are  but  forms  of  bells. 

Pav'ing-bee'tle.     A  rammer  used  by  paviors. 

Pav.'iug-ma-chine'.     A  traveling  rammer,  like 

Fig.  3577. 
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a  small  pile-driver,  travel- 
ing over  the  surface  of  the 
pavement  and  ramming 
down  till!  blocks,  was  in- 
vented about  1830  by  Colo- 
nel Maciroue,  London. 

A  steam  jiaving-machine 
in  use  in  Paris  ccm.sists  of 
a  small  steam-engine  on 
wheels,  drawn  byone  horse, 
to  the  rear  of  which  is  at- 


tached the  pavior  or  vertical  rammer,  which  is  forced 
upon  the  ground  with  great  force  by  a  blow  from  the 
piston.  It  slides  on  a  bar  some  six  feet  long,  and 
can  thus  be  directed  by  the  driver  to  any  stone  which 
re(|uires  forcing  home. 

lignier's  machine  (French)  consists  of  a  small  Le- 
noir steam-engine,  to  the  lly-wheel  of  which  is  at- 
tached a  rammer  of  steel,  smaller  and  heavier  than 
the  wooden  one  in  general  use.  The  operator  simply 
guides  the  strokes  of  the  machine. 

Pav'ing-roU'er.  A  heated  roller  for  compacting 
asphalt  jiavement.  In  the  exnnijde,  a  cresset  or  tire- 
basket  is  suspended  within  the  roller  in  such  a  way 
as  to  preserve  its  proper  position  during  the  rotation 
of  the  roller. 

Pav'ing-tile.  A  Hat  brick  for  paving  floors.  Such 
are  often  of  an  ornamental  character,  enameled,  .en- 
caustic, etc.      See  TlI.E. 

Tiles  employed  in  offices,  kitchens,  etc.,  are  usu- 
ally from  9  to  12  inches  S((uare. 

Pa'vi-or.     1.   A  paving-brick. 

2.   A  ranuner  for  driving  paving-stones. 

Pa'wl.  A  pivoted  bar  ada]ited  to  fall  into  the 
notches  oi-  teeth  of  a  wheel  as  it  rotates  in  one  direc- 
tion, and  to  restrain  it  from  back  motion.  Used  in 
windlasses,  capstans,  and  sinnlar  machinery.  The 
pawd  acts  l)y  gravitation  or  by  a  s])ring. 

The  same  device  is  called  a  click  when  acting  in 
connection  with  a  ratchet-wheel,  as  in  the  winding 
part  of  a  watch. 

It  is  sometimes  called  a  detent.  This  is  its  office, 
but  the  thing  has  already  names  enough. 

Figs.  3o78,  3579,   3580,  show   three  applications 

Fig,  3673. 


Pawl  in  Hoisting-Apparatus. 

of  the  pawl,  and  many  others  may  be  found  inci- 
dentally shown  in  connection  with  devices,  such  as 
eliclc,  ratchet,  etc. 

Fig.  3578  is  a  hoisting  lever  having  a  pair  of  pawls 
acting     upon 


Fig.  3579. 


ratchet  on  the 
shaft  of  a  wind- 
lass. 

Fig.  3579  shows 
the  pawl  and 
ratchet  gear  of  the 
driving  ap]iaratus 
of  a  harvester.  As 
the  machine  moves 
in  a  curve,  one 
of  the  projielling 
wheels  will  re- 
volve faster  than 
the  otlier,  and  the 
link  which  con- 
nerts  the  jxiwl 
with  the  friction- 
band  is  silently 
disengaged  from  the  teeth  of  the  case  on  tln^  outer 
curve.  When  the  machine  turns  a  curve  in  the  op- 
posite direction,  the  pawl  is  made  to  engage  with 
tlte  teeth. 
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Fig.   3580  shows  the  application   of  a  click  and 
ratchet  holding-device  for  a  wagon-lock.     A  handle, 
which  is  secured  to  the 
Fig.  3580.  pawl,    extends    upward 

and  slides  in  a  guard 
attached  to  the  brake- 
lever.  It  is  used  to  re- 
lease the  pawl  from  the 
ratchet. 

The  mode  of  rotating 
the  barrel  of  the  Colt 

Fig.  3581. 


Pawl  on  Wa^on-Lock. 

pistol  is  by  means  of  a  pawl  pivoted  to  tlie  lower 
part  of  the  lianinier,  and  acting  upon  a  crown  ratchet 
on  the  rear  of  the  barrel.  As  tlie  luiminer  is  brought 
to  the  cock,  the  pawl  a  rises,  being  kept  to  its  work 
by  a  spring  <r,  which  forces  it  into  the  interdental 
spaces  of  the  ratchet.  As  the  hammer  falls,  the  pawl- 
slips  and  takes  hold  of  the  next  ratchet-tooth. 

Pawrl-bitt.  (Xaulkal.)  A  timber  opposite  the 
middle  of  the  windlass  supporting  the  pawls  which 
engage  the  ratchet  of  the  barrel. 

Pa^w^l-post.  {Naatknl.)  A  timbcrto  with.stand 
the  thrust  of  the  pawls  of  a  windlass.  A  pawl- 
bill. 

Pa-wl-press.  A  standing  press  used  by  book- 
binders and  printers  for  pressing  sheets,  etc.  It  is 
next  in  power  to  the  hydraulic  press,  and  is  operated 
by  a  lever  inserted  into  the  sockets  a  b,  and  another 

Fig.  3582. 


not  shown.  The  plate  d  has  beveled  pins  f,  which 
drop  into  the  beveled  slots  /  when  the  lever  is  turned, 
so  as  to  produce  a  downward  motion  of  the  screw, 
and  rise  therefrom  when  it  is  turned  in  the  opposite 
direction  ;  jtawls  are  also  caused  to  engage  the 
smaller  wheels  r/  /i,  each  of  which  in  turn  serves  as 
tlie  driver,  by  inserting  the  lever  into  an  appiojuiate 
socket,  the  smallest  wheel  when  thus  employed  af- 
foriling  the  greatest  power. 

Pawl-rim.  (Xiiulicah)  A  notched  ca.st-iron 
rim  encircling  the  barrel  of  the  windlass,  and  serv- 
ing tor  the  pawls  to  catch  in. 

Pay.  {S'nutical.)  a.  To  cover  or  fill  with  a  wa- 
ter-proof com])osition  or  substance,  as  the  bottom 
of  a  vessel,  a  seam,  a  mast,  yard,  or  rope.  The  ma- 
terials used  are  tar,  pitch,  tallow,  resin,  etc.,  or 
combinations  of  them. 

Weather-decks  are  2>oycd  with  marine  glue  ;  a  so- 
lution of  caoutchouc  and  shellac  with  najihtha. 

Decks  are  payed  with  a  ladle :  seams,  with  a  ladle 
or  mop  ;  other  surfaces  with  a  brush. 

6.   To  fall  off  from 
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the  wind. 

c.  To  run  out  a 
ro}>e  oi"  cable. 

Peach-par'er. 
{Domestic.)  A  de- 
vice   for    peeling 

aches.     The  Ibrk 


Fig.  3584. 


has  two  prongs,  — 

one  stationary  ;  the 

other,  pivoted  to  the 

fork-shaft,  having  a 

handle  resting  over 

a  spring,  so  that  the  fork 

can    be    adjusted    to    any 

sized  fruit. 

"  In   Egypt   is   a   fruit   called 
Peach-Parer.  fierskn,  of  wonderful  swoctneps. 

This  was  brought  out  of  Ethi- 
opia by  the  Persians  when  Cambyses  conquered  these  places." — 
DiODORUS  SlCDLUS  (60  B.  c). 

Eather  say,  brought  by  the  Persians  from  home. 
They  brought  little  with  them  from 
Ethiopia  except  disgrace.  The  peach 
(pcrsica)  is  Persian.  It  was  introduced 
from  the  East  into  Europe  by  the  Arabs. 
Its  congeners,  the  nectarine  and  apri- 
cot, are  also  natives  of  Asia. 

Peach-ston'er.  An  im]ilement  for 
thrusting  the  stone  out  of  a  peach  while 

holding  the  fruit  ;  or,  with  free  peach-      ^ 

es,  dividing  the  fruit,  so  that  the  pit  '^  ; 
may  drop  out.  In  one  case,  the  jieaches 
are  fed  between  wheels  with  correspond- 
ing concave  faces  and  drawn  against 
knives,  which  open  the  peach  and  de- 
liver the  halves  and  the  stones  at  dif- 
ferent places. 

Pea-drop'per.  (Husbandry.)  An 
implement  for  planting  pease  in  hills. 
It  resembles  the  corn-planter  in  mate- 
rial respects. 

AVith  the  down  stroke  the  elbow- 
lever  is  vibrated,  pushing  the  slide  and 
its  contents  over  the  dropping-hole, 
whence  it  falls  into  the  ground.  As 
the  handle  and  implement  are  raised,  the  slide  re- 
turns and  is  refilled. 

Peak.      1.     (Xaulical.)      a.    The    upper,     after 
corner  of  a  try.iail,  spanker,  or  .'J^ri^sail. 
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b.  Tlie  upper  end  of  a  gaff.  The  national  ensign 
is  flown  iit  the  })r.nk. 

c.  To  lo/i  a  giiir  or  yard  more  obliciiicly. 

d.  To  rais('  the  oiirs  upright  aniidsliips. 

c.  Till!  pointed  hi/l  heyond  an  anchor's  ^m/m. 

2.   The  h^atheni  front  of  a  cap. 

Peak-arch.  (Archilcclure.)  A  pointed,  or  ffoWiic 
arch. 

Peak-hal'yarda.  (N'auUcal.)  The  pnrclia.se 
by  whic'h  the  peak  of  a  gaff  is  raised.  The,  throat 
which  rests  against  the  mast  has  iiathroat-hiiliiiinls. 

Pea'nut-dig'ger.  A  kind  of  plow  with  trailing 
branches,  which  raises  from  the  soil  the  \'ines  witli 
the  nuts  attached,  ami  leaves  them  strung  upon  the 
surface  of  the  ground,  to  he  afterward  gathered  and 
picked  liy  haiiil  or  liy  inaehine. 

Pea'nut-pick'er.  A  inarhine  for  separating  pea- 
nuts orthe  pods  of  leguminous  plants  from  their  vines. 

These  are  fed  ilown  the  incline  A,  and,  ia  p.as.sing  between 
the  spoiled  eyliiuler  E  and  upi-iglit  teeth  a  a,  the  pods  are  torn 
from  the  stalks  and  fall  upon  a  sieve  to  which  a  vibratory  mo- 
tion is  imparted  by  a  lever  and  a  cam  on  the  cylinder  B.     A 

Fig.  3585. 
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Peanut- Pickfr. 

strong  blast  directed  from  the  fan  G  above  and  below  the  sieve 
blows  away  the  vines,  while  the  pods  f.iU  throti^'i  upon  the  in- 
cline /  and  are  delivered  into  a  proper  receptacle.  A  rotary 
brush  C  clears  the  spaces  between  the  spoltes  on  the  cylinder  B. 

gathering    the 


Pea-rake.     A  rake 
Fig^  3586. 


a<lapted    for 
field  ])ea. 

The  toothed  cutter  on  the 
rake-head  cuts  olf  the  vines 
which  the  rake  h.as gathered. 

Pear-gage.  A  gage  for 
measuring  the  exhaustion  of 
an  air-pump  receiver.  It 
consists  of  a  tube  open  at 
bottom  and  held  by  a  wire 
passing  through  the  top  of 
the  receiver,  ,so  that  after 
exhaustion  it  may  be  low- 
ered into  a  cup  of  mereurv, 
the  degree  of  exhaustion 
being  shown  by  the  hight 
to  which  the  mercury  rises 
when  the  air  is  readmitted. 

Pearl.      {Prinlinri.)      A 
size  of  type  between  Diamond  and  Agate. 

Dinmoni],  205  omn  to  a  foot. 

Pearl.  178  ems  to  a  foot. 

Agate. 

Nonpareil,  143  ems  to  a  foot. 

Pearl,  Ar'ti-fi'cial.  A  hollow  glass  beail  inter- 
nally coateil  with  a  pi'arly  film  derived  from  the  scales 
of  certain  lish. 

Pearl-ash.  A  stnnewhat  impure  carbonate  of 
potash  cjlitaineil  liy  leaching  wood-ashes. 

Pearl-bar'ley  Ma-chine'.  A  machine  for  tak- 
ing the  hull  from  barley  grains. 

The  grain  is  placed  in  one  of  the  two  hoppers,  and 
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pas.ses  through  the  an- 
nular space  between  the 
toothed  cyliniler  and  the 
case.  The  cylinder  lias 
horizontal  toothed  rings 
alternating  with  plain 
ones.  Tlie  shell  lias 
lioles  with  the  burrs 
inside,  and  oblique  slots 
which  incline  to  the 
right  and  left,  to  operate 
when  the  cylinder  is 
turned  in  either  direc- 
tion, according  as  the 
grain  is  furnished  by 
one  or  the  other  hopper. 
An  adjustable  fan-blast 
removes  the  husks  from 
the  machine.  From  the 
elevatoi'  the  grain  jiasses 
over  a  screen  which  keeps 
back  the  unhuskedgrain, 
and  the  same  is  returned 
to  the  alternate  hopper. 

Pearl-but'ton.  A 
button  maile  of  a  .shell. 
The  blanks  are  cut  out 
by  a  revolving  steel  tube  with  a  serrated  end  ;  it 
forms  an  annular  saw,  like  a  cnnmi  or  trepan  saw. 
The  blanks  are  then  sjJit  by  taking  advantage  of 
the  laminar  structure  of  the  shell,  jilaced  in  a  spring 
chuck,  faced  and  backed  by  a  turning  tool,  drilled, 
ami  ]iolislicd  by  rotteiistone  and  soft-soap. 

Pearl'ing-mill.     A  mill  for  preparing  hominy, 
pearling  barley,  etc. 

The  grain  is  fed  from  a  hopper  E,  and  passes  down  an  incliae 


Fig.  358a 


Ptarl-Barlty  Madiine. 
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Pinto  the  spout  g,  whence  a  screw  conveya  it  into  the  cylinder 
E,  which  contains  a  rotary  shaft  C  provided  with  spiral  arms 
a  a,  by  which  the  grain  is  beaten  and  gradually  conducted  to 
an  opening  at  the  other  end  of  tlie  cylinder,  where  it  is  exposed 
to  the  action  of  an  air-blast  from  tlie  fan  N.  It  thence  pass&s 
down  the  spout  P  to  the  screen  Q.     See  Ho.MI>r-MACHI>'E. 

Pearl-po'W'der.     1.    .\  sulmiuriate  of  bismuth, 
used  as  a  tiiix  fcii'  i-crtaiii  enamels. 

2.   A  msmetic  of  various  cuinpositions. 
Pearl-white.     A  cosmetic.     The  submuriate  of 
bisuuitli,  obtained  by  precipitation  from  nitrate  of 
bisuuitb. 
Pease-meal.      (Foundnj.)      Pease-flour,  dusted 
on  as  facing  on  molds  for  brass- 
Fig.  3oS9.  work.     Used  also  sometimes  to 
give  tenacity  to  very  weak  sand 
when  strong  sand  is  not  to  be 
'1  had. 
/.'       ^     Pea-shell'er.       (Domestic.) 
V.^-^V-f     All  iiiiplemcnt  fortakinggarden 
p;asK  from  their  pods. 

The  sectional  view  (Fig.  3589) 
shows  one  form.  The  corrugated 
rollers  gi-asp  and  Inirst  the  pod  ; 
the  pease  fly  out,  and  the  jiod 
is  cai'ried  away  by  the  rollers. 
Brushes  remove  particles  of  pods 
Pea-Sheller.  from  the  rollers. 

In  Fig.  3590  the  pods  are  fed 
by  a  belt  between  the  elastic  surfaces  of  two  rollers, 
which  burst  them  open,  allowing  the  pease  to  fall 
into  the  ti-ay  while  the  empty  pods  are  carried  off 
by  a  discharging  belt. 

Hg.  a'j90. 


Pea  and  Bean  Skelter. 

Peat.  A  carbonaceous  substance  formed  by  the 
decomposition  of  vegetable  matter  when  the  condi- 
tions as  to  tem|ierature  and  tnoisture  are  favorable. 
The  better  qualities  contain,  when  dried,  from  45  to 
50  per  cent  of  carbon,  the  remainder  consisting  of 
water  and  inoi-ganic  substances  ;  about  ball'  the  wa- 
ter is  chemically  combined  with  the  ]ieat.  It  occurs 
but  in  small  (piantities  or  not  at  all  in  countries 
whc-re  the  summer  heat  is  so  great  as  to  cause  rapid 
decomposition,  and  is  largely  found  in  such  coun- 
tries as  Ireland,  Holland,  and  North  Germany,  where 
the  Slimmer  temperature  is  low  and  the  air  generally 
moist ;  the  deposits  frequently  forming  extensive 
bogs,  called  in  Scotland  and  the  North  of  England 
"mosses." 

Fig.  a591. 


The  peat  of  Ireland  is  estimated  at  4,000,000,000 
tons,  and  is  used  for  fuel  and  for  the  production  of 
naphtha,  paralfiue,  etc. 

The  peat  of  Holland  is  deposited  on  the  bottoms 
of  ponds  and  lakes,  —  this  may  be  equally  true  of 
peat-beds  in  general,  — and  is  dredged  up  and  spread 
on  the  ground  to  dry.  After  draining,  it  is  consoli- 
dated by  the  pressure  of  Hat  boards  fastened  to  the 
feet  of  men  who  walk  over  it.  It  is  then  cut  into 
blocks  and  dried  for  fuel. 

Peat  forms  an  ingredient  in  many  of  the  artificial 
fuels,  being  associated  with  coal-screenings,  coke- 
dust,  charcoal,  cinder-siftings,  pitch,  sawdust,  spent 
tan-bark,  tar,  crude  petroleum,  asphaltum,  wood-shav- 
ings, corn-cobs,  and  other  ingredients,  in  various 
quantities.  Excepting  as  to  the  machinery  involved, 
the  question  is  a  little  outside  of  our  limits. 

Peat  is  prepared  for  use  as  fuel,  — 

1.  By  drying  it  in  stacks  in  the  open  air,  or  bet- 
ter in  sheds,  where  it  is  protected  from  rain  but  has 
free  access  of  air.  Air-dried  peat  contains  25  per 
cent  of  water. 

2.  By  kiln-drying. 

3.  By  compression.  This  has  the  effect  of  render- 
ing it  more  compact  and  increasing  the  heat  yielded 
by  a  given  bulk.  The  compression  assists  the  dry- 
ing. Owing  to  the  fact  that  peat  is  not  homogene- 
ous, the  jirocess  of  compressing  peat  in  its  natural 
state  is  a  difficult  one.  It  is  consequently  usually 
ground  and  lixiviated  with  water,  to  remove  the  min- 
eral imjnirities  previous  to  pressing.  Various  modes 
of  effecting  this  are  practiced  in  France,  Holland, 
and  Germany.  These  efl'eet  a  very  consiilerable  re- 
duction in  the  weight  of  the  prepared  material,  but 
are  objectionable  on  account  of  the  addition  of  water, 
which  has  again  to  he  dried  out  of  the  mass. 

In  the  dry-compression  process  of  Gwynne  and 
Exter,  the  material  is  first  deprived  of  its  natural 
excess  of  water  by  means  of  a  hydro-extractor,  then 
pulped  and  dried  ;  the  product  is  then  ground  into 
powder,  which  is  molded  by  pressure,  heat  being  at 
the  same  time  applied. 

In  another  process  the  peat  is  dried  in  the  air, 
ground  to  a  coarse  powder,  then  stove-dried,  and 
finally  jiressed  and  molded. 

The  Lester  and  Halstead  artificial  fuel  is  composed  of  60  to 
6.5  per  cent  of  peat,  about  20  per  cent  of  anthmcite  dust,  10  per 
cent  coal-tar,  5  per  cent  asphaltum,  but  varying  in  proportion 
for  different  purposes,  whether  metallurgical,  domestic,  or  oth- 
er. The  peat,  dug  in  the  usual  manner,  is  laid  in  the  air  to 
dry ;  and  when  dry  enough  to  be  mixed  with  the  other  mate- 
rials into  an  amalgam,  it  is  put  into  a  press,  and  with  one  blow 
compre.ssed.     Next  day  it  is  ready  for  use. 

Peat-bum'ing  Fur'nace.  Three  furnaces  adapt- 
ed for  this  fuel  as  well  as  coal  are  Bennett's,  Wash- 
burn's, and  Stillman's,  described  under  Air-engine, 
]iage  39. 

Peat-cut'ter.  An  implement  of  the  nature  of  a 
p'.ow   or  excavator,  used  for  paring  peat  from  the 


In  Ireland  it  is  popularly  known  as  "turf,"  and 
forms  a  principal  source  of  fuel  supply  to  tlie  inhab- 
itants, being  merely  cut  into  blocks  which  are  dried 
in  the  air. 
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upper  surface  of  the  stratum,  for  the  purpose  of 
treatment  in  the  peat-miu-hine. 

The  exaniph,'  shows  a  wlieeleJ  vehicle  having  a 
transverse  slicing-knife  9,  which,  by  tlio  force  of 
tlie  draft,  cuts  and  raises  a  broad  belt  of  peat ;  this 
is  delivered  from  the  serrated  rear  ed^e  of  the  apron 
beliiuil  the  Unife  to  the  toothed  breaki'r,  which  is  re- 
volved by  geariiig  from  the  drive-wheels,  and  tears 
the  peat  to  pieces. 

Peat-ma-chine'.  A  machine  by  which  peat, 
either  alone  or  in  combination  with  otiicr  intlani- 
mable  materials,  as  coal-dust,  is  prepared  for  fuel. 

A  large  number  of  tliese  machines  iiasof  late  years 
been  patented  in  the  United  States.    These  are  more 


or  less  complicated,  according  to  their  special  func- 
tion, some  being  merely  designed  to  cut  the  peat  or 
to  cut  aiul  break  it,  while  others  perform  the  whole 
series  of  operations  by  which  it  is  delivered  in  the 
form  of  a  densely  pressed  cake  ready  for  drying  and 
burning. 

A  lew  representative  examples  are  shown. 

Most  of  the  peat-machines  ari^  merely  grinders  and 
pressers,  which  deliver  the  comparatively  homogene- 
ous and  dry  material  in  blocks.  These  machines  are 
so  lil;e  brick-machines  that  it  would  a]ipear  like  du- 
plication to  repeat  them  here.    See  Bi:r'k-M-\ciiin£. 

In  Fig,  3592,  the  peat  is  cut  by  the  pcrew-excavator  B  aud 
delivered  on  to  the  endless  belt  C,  by  which  it  is  carried  to  :i 


3592. 


Boat  Ptat-Machtit 


hopper,  where  it  is  fed  into  the  pulping-troujh  and  separator 
E  F.   Till.?  is  separated  iatu  communicating  compartment.^,  aud 

Fig.  359.S.      ji 


trough,  which  also  contains  a  rotating  shaft  with  radial  arms, 
by  which  it  is  farther  pulped,  jukI  deposited  through  an  aper- 
ture at  bottom,  on  an  endless  band,  which  conveys  it  to  the 
peat-bed,  where  it  is  rolled  and  drained. 

Fig.  .3593  is  for  operation  on  land.    The  conveyor-frame  is 

made   in    three  sections,  the  upper  one  resting  upon  the  top 

of  tlic  framework,  the  others  being  hinged  so  as  to  bo  raised  or 

lowered  to  bring  the  buclvets  into  the  proper  position  to  dig  the 

peat  from  the  bank.     The  buckets  are  carrietl  by  an  endless 

band  from  the  peat-bed  to  the  top  of  tile  machine,  where  their 

contents  are  discharged  iuto  a  disintegrating  mill, from 

whence  the  peat  passes  between  pressure-rollers,  and  falls 

into  a  trough,  which  carries  it  forward  and  distributes  it 

upon  the  ground  to  .be  dried 

In  Fig.  3.594,  the  peat  is  fed  into  a  hopper,  passing 
through  the  tube  h  to  a  series  of  molds  on  an  endles.s 
belt  between  the  rollers  D  E,  by  which  it  is  compressed 
into  cakes ;  these 
are  delivered  from 
the  molds  at  the 
rear  end  of  the  ma- 
chine. 


Bank  Ptat-Machine. 


has  a  shaft  provided  with  radial  arms  by  which  the  peat  is  com- 
miuuted.  afterward  passing  into  the  pulping  and  distributing 
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Peat-Molding  Machine. 


Peb'ble.  By 

custom,    a   lens 

made    of    rock- 

erystal. 

Peb'ble-pav'ing.     Pavement  laid  witli  pebbles 

fioni  3  to  4  inches  deep.      When  larger  stones  are 

used,  it  is  known  as  bowldcr-puvhig,  and  is  from 

6  to  9  inches  deep. 

Peb'bling.  (Lcntkcr.)  An  o])erafion  to  bring 
out  the  gram  of  leather  and  give  it  a  roughened 
ribbed  appearance.  Formerly,  the  skin  was 
doubled  upon  itself  with  the  flesh  side  outward, 
and  the  contacting  surfaces  rubbed  to  and  fio 
upon  each  other  until  the  ilesinnl  appearance  was 
obtained  ;  or  a  ball  of  suitable  material,  grooved 
or  ridged,  was  passed  over  the  hair  side  in  various 
directions. 

In  the  pebbUng-machiiie,  the  .skin  is  subjected 
to  the  action  of  a  roller  with  a  surface  the  reverse 
of  the  gi'ain  or  pebble  to  bi^  proiluced.  This  grain 
may  be  an  imitation  of  some  more  co.stly  piece,  and 
skins  with  a  peculiarly  fine  grain  are  sometimes 
electrotyped,  to  transfer  the  design  with  more 
fidelity  "to  the  roller.     The  machine  has  the  roller 
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mounted  on  an  oscillating  arm,  after  the  manner  of 
the  tool  shown  in  Leather-polishing  Machine 
(which  see). 

Peck'er.  1.  (I'elegrcqihy.)  \  relay.  So  called 
in  Kngland  from  the  appearance  of  the  earlier  appa- 
ratiis,  which  jxckcd  like  a  bird. 

2.  (U'eai-ing.)  The ^>icfa;' of  a  loom.  The  shut- 
tle-driver. 

Peck'ings.  Place-bricks,  from  the  outside  of  the 
kiln  and  iusutlicientlyhurued.  Saiidcl  orscwic/ bricks. 
Ped'al.  (Music.)  A  lever  or  key  actuated  by  the 
foot.  Ill  the  piano,  the  soft  pedal  shifts  the  baiilc  of 
keys,  so  that  the  hammers  do  not  strike  all  the  keys 
of  the  coarse  of  strings.  The  other  pedal  raises  the 
damper  so  as  to  allow  a  more  sonorous  vibration  of 
the  string.s. 

In  the  organ,  the  pedals  open  and  close  certain 
pipes.  Ill  the  parlor-organ  or  melodeoii,  the  pedal 
works  the  liellows. 

When  it  is  used  in  machinery,  as  in  working  a 
lathe  or  a  sewiiig-machiiie,  it  is  called  a  treadle. 

Pedals  were  tirst  useil  on  organs.  (See  Okgan.) 
About  the  middle  of  the  eighteenth  century  they 
were  adopted  as  a  means  of  working  the  stops  of  the 
harpsichord.  These  were  known  as  the  forte,  soft, 
auil  liufl'.     See  Stop. 

Ped'al-key.  {.^fusic.)  The  jwrf. (/-keys  of  an  or- 
gan are  worked  by  the  feet,  the  manual-keys  by  the 
hand. 

Ped'al-or'gan.  (Music.)  That  part  of  a  large 
organ  which  is  played  by  foot-keys,  enabling  the 
larger  pi[jes  to  be  operated  by  the  feet  of  the  per- 
former. 

Ped'es-tal.     1.   (Machinery.)     The  standards  of 

apillow-block, 
Kg-  3595.  holding       the 

brasses  in 
which  the 
shaft  turns. 
See  Pillow- 
block. 
2.  (liailroad- 
ing.)  A  cast- 
ing .secured  to 
the  truck - 
frameandhav- 
ing  vertical 
guides  for  the 
Pedestal.  journal  -  bo.xes 

of  the  axles, 
which  rise  and  fall  in  the  pedestals  as  the  springs 
collapse  and  expand. 

3.  A  pillar,  post,  or  column. 

4.  A  plinth,  base,  or  foot  for  an  object  to  be  rai..ed 
and  displayed.  When  perfect  in  its  parts,  it  con- 
sists of  a  base,  die  or  dado,  and  cornice.  A  stylo- 
bate. 

Ped'es-tal-cov'er.  (Machinery.)  The  cap  of  a 
pillow-block,  which  is  fastened  down  upon  the  ped- 
estals anil  contiiies  the  boxes.     See  Pillow-block. 

Ped'i-ment.  (Architecture.)  A  triangular  struc- 
ture at  the  terniination  of  a  roof,  or  over  a  portico, 
window,  or  doorway,  ditfering  from  a  mere  gable  in 
having  a  horizontal  and  two  raking  cornices,  inclos- 
ing a  tympanum. 

Ped'i-ment-ba-rom'e-ter.  A  barometer  whose 
case  is  surmounted  by  a  pediment  for  the  purpose  of 
ornaiuentatioii. 

Pe-dom'e-ter.  A  pace-measurer.  An  instru- 
ment to  loiiiit  the  steps. 

One  loiin  consists  of  a  string  witli  a  piece  of  lead 
at  the  end,  anil  knotted  at  distances  of  44  feet  apart. 
It  is  to  be  used  in  connection  with  a  seconds  watch. 
]?orty-four  feet  bears  the  same  relation  to  an  English 


statute  mile  (—  5,280  feet)  that  ^  minute  does  to  an 
hour  ;  that  is,  the  knots  are  -rig  of  a  mile  apart. 
Drop  the  lead  and  allow  the  string  to  pass  through 
the  liiind,  tlie  number  of  knots  slipping  through  the 
IuukI  indicate  the  rate  of  walking  in  the  number  of 
miles  per  hour. 

Small  pedometers,  to  be  worn  on  the  person,  con- 
sist of  a  train  of  wheels  in  a  small  case,  and  a  dial 
which  registers  the  number  of  iniiiulscs  derived  from 
a  cord  attached  to  the  foot.  In  this  Ibrm  it  becomes 
a  register  of  tlie  number  of  paces. 

Payne's  jiedomclcr  (English  patent,  1831)  was  of 
the  form  and  size  of  a  common  watch,  having  a  jirn- 
dulum  which  was  swayed  Vjy  the  miivenient  ol  the 
person  in  walking  ;  the  pulsations  being  registered 
in  the  usual  way  and  shown  on  the  dial.  The  pat- 
entee also  attached  his  pedometers  to  an  ordinary 
watch,  in  which  case  the  train  of  wheels  and  other 
jiarts  are  placed  under  the  dial-plate  or  face  of  the 
watch. 

Pee.  The  point  of  an  anchor-arm  which  pene- 
trates the  gi-ouiid.  The  fl%ikc  or  palm  is  the  ex- 
panded nortion  which  affords  an  area  of  holding  sur- 
lace.     The  bill. 

Peek.  (Nautical.)  The  upjier  end  of  a  fore-and- 
aft  sail,  sprit-sail,  etc. ;  or  the  outer  end  of  a  gaff'. 
See  Peak, 

Peel.     1.    (Bakery.)     A   wooden   shovel  with   a 
long    handle,   used    by  bakers  in 
]iuttingin  and  withdrawing  loaves  ^''B'  3596. 

to  aiul  li'om  the  oven. 

2.  A  similaily  shaped  imple- 
ment for  hanging  wet  sheets  of  ]ia- 
per  on  lines  or  lath  to  dry. 

3.  (Nautical.)     The  !('»s/(  of  an 
oar.      The  end  inside  the  gunwale  Peds. 
is  the  loom. 

Peel'ing-i'ron.  A  shovel-shaped  thrusting-in- 
strument  whereby  bark  is  loosened  and  pried  away 
from  the  wood.     See  Bap.king-tooL. 

Peen.  The  sharp  point  of  a  mason's  hammer. 
Sumctimcs  incorrectly  written  jMne. 


Fig.  3597. 
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c  d 

Hamyner-Peerts.' 


a,  narrow  peen  for  riveting.         rf,  cone  poen  for  chasing 

b,  broad  peen  for  machinists.       e,  ball  peen  ;   upsetting  hani- 

c,  cro.'is  peen  for  coopers.  mer  fof  engravers. 

Peg.     A  wooden  nail  or  pin. 

1.  (Shoemaking.)  A  small  pin  of  wood  (majile) 
for  securing  the  tipper  and  counter  to  the  sole  of  a 
boot  or  .shoe  ;  and  for  securing  the  extra  sole  to  the 
up])er  one,  or  the  lifts  of  the  heel-tap  to  each  other 
in  building-up  the  heel. 

Copper-wire  pins  have  been  substituted ;  also 
small  pins  of  leather  ;  also  screw-pegs. 

The  term  gives  rise  to  many  compound  words,  — 
jieggiiig-awl,  peg-making  machine,  peg-driver,  peg- 
Hoat,  jieg-cutter,  etc. 

Fig.  3598  shows  a  number  of  different  kinds  ;  — 

a  has  pegs  glued  to  paper,  so  a:^  to  admit  of  being  fed  in  a 
ribbon. 

6  shows  a  plain  and  a  notched  peg,  wliich  is  designed  to  be 
saturated  with  shoemaker's  wax. 

c  is  a  peg-strip  in  which  a  ribbon  of  wood  is  cut  out  with  one 
sharp  edge,  the  pegs  being  separated  therefrom  in  the  pegging- 
maclline  by  a  chisel  and  driven  by  a  blow. 

fl  tV  d"  ft'"  are  pegs  of  condensed  leather,  nearly  separated  but 
adhering  sufUciently  to  be  fed  as  a  strip. 

e  is  a  battled  peg. 

ff  are  pegs  made  of  wires  of  various  angles  and  twisted. 

g  shows  a  row  of  cable-screw  pegs  soldered  on  to  a  metallic 
ribbon  for  feeding  in  a  pegging-machine. 

h  h'  are  modes  of  making  staple  pegs  for  boots  and  shoes  by 
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folding  the  wire  and  cutting  out  one 
bight,  leaving  the  staple  with  two 
sharp  points,  which  spread  apart  like 
j  in  driving  into  tlie  shoe-sole. 

i  i'  show  another  moile  uf  making 
the  staple  peg. 

j  illustrates  the  position  assumed  by 
the  branches  when  driven  by  a  blow  from  above. 

2.  (Music.)  A  turii-piu  on  which  a  string  of  a 
imisicul  iuHtrumciit  is  stn-tched. 

Peg-cut'ter.  An  instiiinicnt  or  machine  for  re- 
moving tile  ends  of  pegs  from  the  insides  of  boot.s 
and  shoes.  Afliiiit.  In  the  example  this  is  pivoted 
in  tlie  stock   ami  has  a  Hange  beni'ath,  in  one  of 


Fig.  3600. 


Fig.  3599, 


Float. 


Peg- Cutting  Machine. 


The 


tain  t\\c  float  in  the  required  angular  position, 
stock  stands  in  a  hole  in  a  bench. 

In  Fig.  3600,  the  cutters  at  the  ends  of  the  shaft 
have  a  rotary  motion,  imparted  by  gearing  and  a 
hand-crank. 

Peg-float.  An  implement  for  rasping  pegs  from 
boots  and  shoes.  In  the  example,  tlie  cutter,  in- 
stead of  being  worked  directly  liy  hand,  is  recipro- 
cated by  a  crank-wheel,  connecting-rod,  and  elbow- 
lever. 


Peg'ging-awl.  {Shocmakiwi .)  A  stiff  awl  with 
a  four-sided  blaiie,  ajiproxiinating  the  shape  of  the 
peg  which  is 
to  occupy  the 
hole,  it  is 
diiven  by  a 
hammer. 

Peg'ging- 
jack.  -\n  im- 
plement for 
holding  a  boot 
or  shoe  and 
varying  its  po- 
sition wliile  be- 
ing pegged. 

in  the  exam- 
ple, the  latter 
object  iseffccted 
by  varying  the 
position  of  the 
curved  arm  on 
the  standard  A  Z_ 
by  means  of 
cams  with  han- 

B  F.  The  adjustable  pad  H  supports  the  fore- 
part of  the  last,  while  the  heel  may  be  tipped  by 
means  of  the  threaded  rod  K. 

Peg'ging-ma-chine'.  An  apparatus  for  driving 
the  pegs  which  unite  the  soles  and  uppers  of  boots 
and  shoes.  The  jiegs  are  usually  cut  from  what 
is  called  a  peg-stiip,   which  is   a   ribbon  of  wood, 

Fig.  31302. 


Float. 


Pegging-Jack, 

the  grain  running  acro.ss  the  width  of  the  strip, 
and  fed  to  the  parts  which  cut  off  a  peg  and  then 
drive  it. 

In  the  illustration,  the  longjack-standard  is  hinged 
by  a  universal  joint  in  the  foot-lever,  which  is 
weighted  at  one  end  to  hold  the  shoe  in  contact  with 
the  pegging  and  feeding  devices,  and  at  the  other 
with  a  stirrup  or  foot-rest  to  disengage  the  finished 
shoe.  The  jack  is  capable  of  lateral  and  longitudinal 
motions  upon  the  standard,  to  present  tlie  surface 
of  the  sole  at  the  point  of  contact  with  the  pegging- 
devices  in  a  horizontal  plane.  The  vertical  plunger, 
carrying  an  awl  and  a  driver,  is  o]ierated  by  a  cant 
and  gearing.  The  rotary  feed  is  iminediately  back 
of  the  peg-gniile,  and  ojierati'd  by  a  pawl  and 
ratchet  receiving  motion  from  the  main  gearing  in 
any  suitable  manner,  ordinarily  by  a  cam.  The 
]ieg-strip  is  fed  into  the  guide  from  a  coil  of  prac- 
tically indefinite  length  and  from  which  a  peg  is  cut 
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Fig.  3603, 


at  each  fall  of 
tlie  driver,  by 
a  late  nil  knife, 
immediately 
before  being 
driven  in  to  the 
shoe.  The  long 
jack -standard 
b  r  i  n  g  .s  the 
meeh  anism 
near  the  eye  of 
the  workman. 

The  two  re([- 
uisite  condi- 
tions are  that 
the  point  of 
contact  of  the 
shoe-sole  with 
the  IK'gging- 
devices  must 
be  the  center 
of  motion  of 
the  work  for 
the  time  be- 
ing ;  and,  sec- 
ondly, the  sur- 
fiice  of  the 
sole  at  the 
point  of  con- 
tact with  the 
pegging-ma- 
chine nuist  'be 
kiqit  in  a  hor- 
izontal plane. 

In   Goddu's 


Pegging-Macfiine. 

(Fig.  3604),  the  awl  e  and  peg-driver  d  are  simultane- 
ously operated  by  a  spring  actuating  the  plunger  F, 

to  which  they  are 
Fig.  3604.  both       attached. 

The  strip  of  pegs, 
placed  in  a  feed- 
trough  /,  is  ad- 
vanced by  a  fol- 
lower A",  an<l  e.ach 
peg  is  separated 
by  a  flexible  knife 
iV,  which  also 
holds  it  in  posi- 
tion for  being 
driven. 

The  device.  Fig. 
3C05,  is  for  cut- 
ting ott'  the  pro- 
jecting ends  of 
pegs  within  the 
shoe  during  the 
process  of  peg- 
ging. The  shoe- 
supporting  horn 
c  has  a  slot  d  in 
which  works  a 
knife  c,  operated 
by  a  combination 
of  levers  o  p,  the 
upper  niember  of 
Pegging-Machine.  which  has  a  pro- 

jecting pin  work- 
ing in  a  slotted  cam-shaft. 

Sargent's  machine  is  particularly  designed  for 
shoes,  of  which  the  uppers  and  .soles  are  united  by 
screw-threaded  wire  cut  to  proper  length  during 
the  operation  of  pegging.  This  is  effected  by  a 
circular  cutter  connected  with  a  rock-shaft.  As 
the  nails  are  cut  off  they  descend  through  a  peg 
ln4 


Fig.  3605. 


Fig.  3606. 


Feg-CuUing  Machine. 

tube,  assuming  a  vertical  position,  and  are  driven 
home  by  a  plunger  actuated  by  a  spring  a  and  re- 
tracted by  a  pin  on  the  wheel  b  engaging  a  shoulder 
on  the  plunger. 

The  shoe  is  advanced  the  proper  distance  to  drive 
each  nail,  by  a  swing-plate  c,  whose  foot  is  alternate- 
ly lifted  in  and  out 
of  contact  there- 
with, and  is  held  at 
the  moment  of 
driving  by  the  foot 
of  the  peg-tube. 

The  shoe  is  fixed 
on  a  jack  mech- 
anism consisting 
of:  (1)  a  support- 
ing upright  d  piv- 
oted to  the  end 
of  aweighted  lever, 
and  is  so  swiveled 
as  to  admit  of  move- 
ment both  laterally 
and  vertically;  (2) 
jack-holder  cjoined 
to  the  upright  by  a 
pin  /,  its  vibratory 
movement  on  the 
u]iright  being  re- 
strained by  stops 
so  as  to  limit  the 
tipping  of  the  last. 
A  spindle  g  pro- 
jects from  the  hold- 
er on  which  the 
jack  is  mounted, 
and  is  supported 
on  a  socket  piece, 
allowing  free  ro- 
tary movement  of 
the  jack  on  the 
spindle ;  (3)  a  last- 
holder  /;,  supported 
directly  over  the 
spindle  by  a  screw,  and  having  a  curved  arm  i  to 
which  the  arm  k  carrying  the  heel-pin  is  jointed. 
It  has  a  ratchet  and  pawl  for  forcing  the  last  against 
the  toe-piece  I. 


Sargent^s  Pegging- Machine. 
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The  arm  i  forni.s  a  handle  by  which  the  operator 
guides  tile  shoe  being  pegged,  and  another  liandle 
operated  by  the  other  liand  has  eonneetions  whiidi 
cause  the  pin  -in  to  engage  a  slot  in  the  lip  )(,  and 
serves  to  lock  the  shoe  in  stationary  position  rela- 
tively to  the  socket-piece,  so  that  the  ellbrts  of  the 
operator  may  be  wholly  directed  to  guiding  the  shoe 
without  expenditure  of  strength  to  keep  it  in  posi- 
tion. 

Peg'ging-ram'mer.  {FuuiuUtuj.)  A  pointed 
raiiiiner  tor  parking  the  sand  in  molding. 

Peg-lad'der.  A  ladder  with  but  one  standard, 
into  or  through  which  cross-pieces  are  inserted.  It 
is  usually  H.^ced. 

Peg-strip.  A  ribbon  of  wood  whose  grain  runs 
acros.^,  the  strip,  and  having  one  end  sharj>ened,  so 
that  chisel-edged  pegs  may  be  split  therefrom  in 
the  pegging-machine.  The  strip  is  coiled,  placed 
in  the  machine,  and  the  end  fed  into  the  guide. 
Invented  by  Sturtevant,  1858.  See  Pegging-ma- 
chine. 

Pein.  The  small  enil  of  a  hammer.  See  Peen. 
Pei-ram'e-ter.  An  instrument  invented  by  Mac- 
iieil  to  indicate  the  amount  of  resistance  offered  by 
the  surfaces  of  roads.  It  is  a  clumsy  form  of  dyna- 
mometer, being  dragged  along  on  the  ground.  The 
power  required  to  move  it  is  indicated  by  a  finger  on 
a  dial. 

Pel'ham-bit.  A  bit  having  a  flat,  direct-acting 
joint  and  cheek-pieces,  with  bridle-rings  at  the 
mouth-piece,  and  a  ring  or  loop  upon  the  upper 
arm  of  the  cheek  and  a  loose  ring  on  the  lower 
one.  It  can  be  used  as  a  curb  or  for  a  double 
cheek-bridle.  This  name  is  also  given  to  bits  hav- 
ing loose-joiuted  and  port  mouths  with  straight  or 
crooked  clieeks. 

Pel'i-can.  (Ordnance.)  An  old  6-pounder  cul- 
verin. 

Pel'le-tan-j  et.  An  annular  jet  of  steam  used 
as  a  form  of  pumji  to  induce  a  flow  of  liiiuid  in  an 
opening  within  or  around  the  said  issuing  jet.  It 
differs  in  principle  in  no  substantial  respect  fiom  the 
GiFFARD  Injectok  (which  see).  See  also  Steam- 
jet  ;   AsPIRATon  ;   Ejeotor. 

Pe-lo'pi-um.     Symbol,  Pc.     A  rare  metal. 
Pelt.     1.   The  undressed  skin  of  a  beast  with  the 
hair  on.     They  may  be  large  or  small,  but  are  usu- 
ally   (not    always)    intended    for    furs    or    felting. 
Pchry. 

Buffalo,  wolf,  gray  fo.\,  etc. ,  are  for  robes. 
Mink,  otter,  lynx,  marten,  sable,  black  fox,  etc., 
are  for  wearing  furs. 

Musk-rat,  coypu,  beaver,  musquash,  hare,  rabbit, 
and  others,  for  the  fine  hair  nearest  the  hide,  for  the 
purpose  of  felting. 

Slieep.skins  with  the  wool  on  are  also  called  pelts. 
When  the  hair  is  retnoved  they  become 
Fig.  3607.      mere  skins.    As  tanned  pelts  they  form 
mats. 

2.  The  ball-leather  used  in  making 
inking-pads. 

Pei-vim'e-ter.  {Surgical.)  An  in- 
strument to  measure  the  diameter  of 
the  pelvis,  principally  in  the  fore-and- 
aft  direction. 

The  calipers  of  Bandelocque  have 
blunt  extremities,  which  are  placed 
respectively  on  the  symphysis  pubis 
and  the  sacrnm,  about  three  inches 
being  deducted  for  the  thickness  of  the 
mons  veneris,  pubis,  and  the  base  of 
the  sacrum. 

Coutouly's  instrument  is  like  a  shoe- 
Pelvimtier.     maker's  foot-measurer,  having  a  sliding 


lug.  It  is  introduced  into  the  vagina  and  then  sepa- 
rated, so  that  one  })rojection  touches  the  promontory 
of  the  sacrum  and  the  other  comes  behind  the  os 
pubis. 

The  cut  represents  King's  pelvimeter  with  feelers 
half  oi-iened.  It  is  intrudui'ed  into  the  vagina  with 
the  piston  drawn  back.  When  in  po.sition  it  is  pushed 
gently  foi'ward,  which  makes  the  feelers  in  front 
diverge,  the  extent  of  which  is  indicated  on  the 
piston-rod. 

Pely-com'e-ter.    A  Pelvimeter  (which  see). 

Pen.  1.  I'eus,  if  the  term  be  held  to  include  all 
writing  instruments,  are  of  two  general  kinds,  those 
which  scratch  and  those  which  use  an  ink.  The  for- 
mer are  the  more  ancient,  and  consisted  of  a  stylus 
or  bodkin  made  of  bone  or  metal,  and  employed  u])on 
a  leaf,  a  waxed  tablet,  a  sheet  of  lead,  a  stone  slal), 
etc. 

The  instrument  by  which  an  ink  or  pigment  is 
applied  consists  of  a  pen  or  a  brush.  The  pen  was 
made  forty  centuries  since  of  a  reed  {calamus),  which 
held  almost  undisputed  sway  till  the  sixth  century 
A.  D.,  when  the  quill  (pmna)  came  into  use.  The 
mateiials  on  which  the  pen  was  used  were  bark, 
leaves  (especially  palm),  linen,  papyrus,  skins,  parch- 
ment, and  eventually  paper. 

Job,  chap,  xix.,  seems  to  refer  to  the  above-cited 
modes  of  writing.      It  is  rendered  In  our  version  :  — 

"  Printed  [inscribetlj  in  a  book." 

"  Graven  with  an  iron  pen  and  lead." 

Pliny  remarks  :  "At  first  men  wrote  upon  palm- 
leaves  and  afterward  on  the  bark  or  rind  of  trees." 
The  Latin  words  vohimcn,  a  scroll,  folio,  a  leaf, 
liber,  the  inner  bark,  a  book,  are  preserved  in  our 
language,  indicating  the  form  and  the  character  of 
the  material  on  which  the  writings  of  our  distant 
predecessors  were  executed. 

Writing  on  pieces  of  palm-leaves  was  a  very  an- 
cient ])ractice,  and  the  Cingalese  retain  it  to  the 
present  day.  Oblong  pieces  are  cut  from  the  large 
leaf  of  the  tree,  and,  being  made  of  a  uniform  size, 
are  neatly  strung  together  with  a  cord.  Many  mu- 
seums and  libraries  contain  Hindoo,  Burmese,  and 
Cingalese  books  of  this  kind.  Tlie  mode  of  writing 
upon  tliese  leaves  was  by  a  sharp  instrument,  a.slylus. 
The  point  scratched  through  the  external  cellular 
matter,  which  shrank  away  from  the  incision,  leav- 
ing a  shallow  groove  which  was  made  more  plain  by 
rubbing  a  black  pigment  into  the  lines  so  nuide. 

AVe  learn  from  Pausanias,  a  Greek  topographical 
writer  who  flourished  in  the  second  century  of  our 
era,  that  the  "Works  and  Days"  of  Hesiod,  in- 
scribed on  leaden  plates,  were  preserved  at  the  foun- 
tain of  Helicon  in  Bteotia  down  to  his  time,  but 
were  partly  obliterated  by  the  efl'ects  of  wear  and 
time.  Hesiod  lived  abo\it  900  B.  c,  but  how  long 
the  plates  had  been  engraved  is  another  matter. 
Pliny  mentions  sheets  of  lead  and  tablets,  and  refers 
to  their  use  in  the  remote  past. 

The  Romans  also  used  ivory  tablets  named  libri 
cbnrci  or  lihri  eleplmnliyii,  and  Uliiian  states  that 
the  transactions  of  the  great  were  usually  in  a  black 
color  on  ivory. 

A  number  of  engraved  bronze  tablets  of  Rome  and 
Carthage  are  now  in  the  British  Mu.seum.  Eight 
bronze  tablets  were  found  in  a  subtej'raneous  cabinet 
at  Gubbio,  Italy,  in  1444.  Seven  of  them  bore  in- 
scriptions in  Latin  and  one  in  I'^truscan.  The  civil, 
criminal,  and  ceremonial  laws  of  the  Greeks  were 
engraved  on  bronze  tables.  Tlie  speech  of  Claudiu.s, 
on  the  same  alloy,  is  preserved  in  the  town  hall  of 
Lj'ons,  France.  The  pacts  between  the  Romans, 
S|iartans,  and  .Tews  were  written  on  brass.  In  many 
cabinets  in  Europe  are  discharges  of  Roman  soldiers 
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written  on  copper  jilatt-s.  Tlie  laws  of  the  twelve 
tables  at  Koine  were  inscribed  on  oaken  boards  ; 
then  transcribed  on  i\'ory  tablets  and  hung  up  pro 
roslris,  that  they  might  be  read  by  the  whole  peo- 
ple ;  after  approval,  they  were  permanently  engraved 
on  bronze  and  dejjosited  in  the  Capitol,  where  a  large 
collection  was  melted  upon  the  occasion  of  the  con- 
flagration occasioned  by  that  edifice  being  struck  by 
lightning. 

The  Cretans  also  used  bronze  records. 

Among  the  ancient  inscriptions  on  bronze  yet  ex- 
tant are  the  "Scriptunide  Bacchanalibus,"  Imperial 
Library  ;  Trajan's  "Tabula  Alimentaria"  ;  the  hel- 
met found  at  Cannaiwith  Punic  letters,  in  the  museum 
at  Florence,  and  various  others  in  the  Italian  muse- 
ums, containing  inscriptions  in  Etruscan  and  Latin. 

A  deed  for  land,  engraved  on  copper  in  Sanscrit 
characters  and  beaiing  date  about  100  b.  c,  was  dug 
up  at  Mongheer  in  Bengal.  The  grantor  was  a  Bid- 
erani  Gunt. 

Pliuy  informs  us  that  such  documents  were  rolled 
up  like  a  cylinder.  Two  letters  are  still  preserved 
which  passed  between  Pope  Leo  III.  and  Luitbrand, 
king  of  the  Longobards.  Montfaucon  notices  an 
ancient  book  composed  of  eight  leaves  of  lead,  the 
outside  two  forming  the  covei-,  and  the  whole  held 
together  by  a  leaden  rod  passing  through  rings  at 
the  back  of  the  plates.  The  book  contained  myste- 
rious figures  of  the  Basilideans,  together  with  words 
in  the  Greek  an<l  Etruscan  characters. 

The  writing  of  the  ancient  Assyrians  was  impressed 
by  knives  or  stamps  upon  cylinders  or  prisms  of  soft 
clay  very  carefully  compounded  and  shaped.  Some 
of  these  are  rough,  others  polished  or  glazed.  The 
writing  is  the  cuneiform,  the  lettei's  one  eighth  of  an 
inch  long. 

The  cylinders  of  carnelian,  chalcedony,  etc.,  -were 
engraved  seals  by  which  the  terra-cotta  records  were 
verified.     See  Se.\l. 

The  use  of  wooden  tablets  covered  with  wax  is 
closely  allied  to  that  of  sheet-lead  and  a  pointed 
stylus,  but  the  product  is  of  a  more  ephemeral  char- 
acter. The  practice  was  very  common  in  business 
and  friendly  correspondence,  and  also  in  official  mat- 
ters which  did  not  require  to  be  laid  up  for  record. 
Such,  for  instance,  is  believed  to  have  been  the  tab- 
let jiresented  by  the  Roman  legate  Popilius  to  Anti- 
ochus  Epiphanes,  ordering  him  to  evacuate  Egj'pt, 
which  he  did,  as  prophesied  by  Daniel  366  years 
previously  (Daniel  xi.  29,  30). 

"  Make  it  phuu  upon  tables,  that  he  may  run  who 
readeth  it"  (Habakkuk  ii.  2).  An  allusion  to  the 
old  system  of  relay  couriers.  Not  "that  he  who 
runs  may  read,"  as  often  said. 

The  tables  referred  to  by  Isaiah  and  Habakkuk  may  have 
been  of  wood.  The  civil  laws  of  Solon  were  recorded  on  wood, 
and  placed  in  a  machine  constructed  to  turn  easily,  and  called 
axones:  such  boards  were  called  by  the  Greeks  schedfs  or  sch^- 
ditUe;  when  covered  with  wax,  p»^'«ares  cer«(,  Pliny  and  other 
writers  refer  to  the  custom.  When  a  number  of  such  boards 
constituted  a  series  of  leiives,  they  were  de-scribed  as  cera  r^ima^ 
cera  secutif/a,  tertia,  etc.  Tabid'm  and  cerfT  are  terms  used  by 
the  ancient  jurists  as  describing  ivritten  statements  and  records. 
See  also  Book. 

The  reporters  who  wrote  down  the  speeches  in  the 
forum  preferred  writing  on  waxed  tablets,  which  re- 
quired but  a  scratch  of  the  stylus.  No  speed  could 
have  been  effected  with  a  brush  and  jiaint  in  follow- 
ing the  Roman  orators. 

In  the  Abbott  collection  of  Egyptian  antiquities, 
now-  in  the  possession  of  the  New  York  Historical 
Society,  are  a  number  of  these  tablets,  made  like  our 
school  slates  and  used  for  fhe  same  purpose.  The 
niidiUe  portion  was  sunken  to  protect  the  writing, 
which  was  executed  by  a  sharji  bronze  stylus  upon 


a  coating  of  black  wax  spread  over  the  depressed 
surface.  The  latter  was  on  both  sides  like  our  slates. 
The  specimens  were  obtained  from  Abouseer,  along 
with  tee-to-tums,  dolls,  toys,  and  other  evidences 
that  the  amusements  of  the  children  in  the  times  of 
the  Pharaohs  were  much  like  the  modern. 

Two  ancient  waxen  tablets  wei-e  discovered  a  few  years  since 
in  gold-mines  near  and  in  Abrudbanya,  in  Transylvania.  Each 
consisted  of  three  tablets  with  raised  margins'  (like  a  school 
slate)  to  protect  the  wax  surface.  The  sections  folded  on  each 
other;  the  middle  one  had  two  waxen  surfaces;  the  outer  ones 
but  one  each,  on  the  inside.  Tlie  Latin  writing  on  one  set  of 
tablets  was  still  visible,  and  was  a  copy  of  a  document  whose 
date  determined  it  to  be  of  .4.  d.  169.  The  inscription  on  the 
inner  tablet  was  in  Greek  and  nearly  illegible. 

For  important  purposes,  such  tablets  were  care- 
fully inscribed  and" fastened  consecutively  by  a  coid; 
or  for  letters,  the  boards  were  covered  with  a  linen 
cloth.  In  Hanover  and  Geneva  scliedules  of  this 
kind  are  yet  preserved. 

Leaves  were  also  very  generally  employed  in  the 
early  stages  of  society,  and  with  some  previous  prep- 
aration are  still  in  common  use  in  the  East. 

In  the  University  of  Gottingen  is  still  preserved 
a  Bible  containing  5,376  pieces  of  leaf,  formed  into 
45  sheets.  A  large  number  of  such  books,  princi- 
pally Asiatic,  are  found  in  vaiious  museums. 

The  Syracusians  and  Athenians  used  olive-leaves 
for  writing  sentences  of  banishment  upon,  —  a  mode 
of  punishment  inflicted  upon  ]niblic  men  under  a 
cloud  in  those  turbulent  republics. 

The  Balinese,  the  inhabitants  of  Bali,  an  island 
of  the  Malay  Archipelago,  write  with  a  steel  point 
on  the  lantcr-\e^i. 

The  sacred  books  of  the  Brahmins  and  Buddhists 
."ire  written  on  leaves  of  the  talipat  palm  (hilipuin,  a 
piiest),  which  is  a  niaujmoth  variety,  growing  as 
much  as  200  feet  high  and  4  feet  in  diameter.  The 
sacred  fans  of  the  Buddhists  are  made  of  its  leaves. 
It  lives  to  the  age  of  a  century  and  blossoms  but 
once.  The  bloom  is  thirty  feet  in  length,  and  at 
maturity  explodes  and  scatters  its  seed. 

Sir  Hans  Sloane's  museum  had  more  than  20  man- 
uscripts of  palm-leaves  written  in  different  Asiatic 
languages. 

To  leaves  succeeded  the  Hher,  or  inner  bark  of 
trees  ;  this  was  united  together  so  as  to  foiiu  a  con- 
tinuous roll,  vol-umcn,  upon  which  the  matter  was 
written. 

Skins  of  animals,  parchment,  fish-skins,  and  bones 
have  been  used,  as  existing  .specimens  testify. 

Puricelli  mentions  a  grant  by  the  Italian  kings 
Hugo  and  Lotharis  to  the  Amhrosian  church  of 
Milan  written  on  the  .skin  of  a  fish. 

In  the  history  of  Mahomet  it  is  recorded  that  his 
disciples  wrote  parts  of  the  Koran  on  the  shoulder- 
blades  of  sheep,  which  they  strung  together.  Aiab 
jioetry  was  not  unfrcquently  inscribed  on  these 
scapula:,  probably  trimmed  for  the  purpose. 

The  Alexandrian  Library  contained  the  works  of 
Homer  written  in  golden  letters  on  the  .skins  of  ani- 
mals ;  and  the  Iliad  and  Odyssey,  written  in  golden 
letters  on  the  entrails  of  animals,  collectively  120 
feet  long,  were  extant  at  <  onstantinople  in  the  icign 
of  the  Emperor  Basileus.  Other  instances  are  known 
of  the  use  of  entrails  for  this  purpose. 

Before  papjTus  became  common,  the  lonians  used 
instead  the  skins  of  sheep  and  goats,  "on  which 
material,"  says  Herodotus,  "the  barbarians  are  even 
now  wont  to  write."  Ctesias  says  he  obtained  the 
matter  for  his  Persian  history  "from  the  royal 
parchments"  or  skins.  The  invention  of  parch- 
ment is,  however,  ascribed  to  Eumenes,  king  of  Per- 
gamos,  about  200  B.  c. 

For  notices  of  papyrus  and  parchment,  see  P.^pek. 
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Tlu'  former  instauee.'S  particularly  concern  the  u.se 
of  the  stylus.  That  of  the  pen  proper  will  now  claim 
our  attention,  after  we  liave  stated  that  the  brush  has 
been  used  for  many  centuries  in  Eastern  Asia,  and  still 
holds  its  career  of  usefulness  in  forming  the  Chinese  ! 
and  Japanese  letters.    It  has  even  been  suggested  that 

the  brush  pre- 
Fig-  3608.  ceded  the  pen, 

B^i- as  the  picture 

'^^  J5P^  or  ideograiihic 
%  .-is  writing  pre- 
ceded the.pho- 
uographic;tlie 
language  of 
symbols,  that 
of  arbitrary 
signs  denoting 
sounds. 

The  charac- 
ters of  some 
written  lan- 
guages are 
well  adapted 
for  the  brush, 
and  the  skill 
displayed  by 
Chinese  and 
.Japanese  gen- 
tlemen is  cu- 
rio u  s  and 
pleasing  to  us 
Japan,  s,  Scribr.  their      neigh- 

bors, "  upon 
whom  the  ends  of  the  world  are  come,"  in  a  sense, 
for  we  meet  directly  by  a  reverse  course  the  ultimate 
Orient  of  our  predecessors,  ourselves  occupying  the 
median  line  between  the  new  civilizations  of  Greece, 
Rome,  and  their  derivatives,  and  the  far  older  and, 
to  us,  fantastic  forms  of  Cathay  and  the  lands  thereto 
adjacent. 

Fig.  3609  has  two  views  from  paintings  at  Thebes. 
The    upper   figure 
_  Fig.  3609.  represents  a  scribe 

taking  an  account 
of  the  stock  of  an 
estate.  It  is  a 
part  of  a  much 
larger  picture,  in 
which  the  shep- 
herds and  groups 
of  animals  are 
shown.  The  scribe 
is  writing  upon  a 
tablet  ;  before  him 
are  two  cases  for 
carrying  writing- 
materials.  On  his 
left  is  the  inkstand 
with  black  and  red 
ink. 

The  lower  figure 
shows  a  scribe  with 
his  inkstand  upon 
the  table.  One 
pen  is  behind  his 
ear,  and  he  is  writing  with  another. 

The  illustrative  history  of  the  Egyptians  does  not 
point  to  a  time  before  the  reed  was  used  as  a  pen. 
The  various  ]iaintings,  palatial  and  sepulchral,  show 
the  scribes  at  work  in  their  avocations,  taking  the 
tale  of  the  hands  and  ears  of  slaughtered  enemies, 
the  numbers  of  the  captives,  the  baskets  of  wheat, 
the  numbers  of  the  animals,  the  tribute,  the  treaties 
and  public  records. 


Egyptian  Scribes  (  Thebes). 


The  Egyptian  pen  of  the  time  of  Joseph  was  a 
reed,  and  the  scribes  used  red  and  black  inks,  con- 
tained in  different  receptacles  in  a  desk.  When 
this  Hebrew  viceroy  had  a  small  army  of  clerks  and 
store-keei)ers  employed  throughout  Egypt  in  his  ex- 
tensive grain  business,  his  scribes  carried  their  writ- 
ing-implements in  bo.Kes  with  pendent  leather  tops, 
and  with  handles  at  the  sides.  As  the  scribe  had 
two  colors  of  ink,  he  needed  two  pens,  and  we  see 
him  on  the  monuments  of  Thebes,  busy  with  one 
pen  at  work,  and  the  other  placed  in  that  most  an- 
cient pen-rack,  behind  the  ear.  Such  is  rejireseuted 
in  a  painting  at  Beni  Has.san. 

It  i^  said  that  the  best  reeds  for  the  purpose  fornierly  grew 
near  Memphis, ou  the  Nile  ;  nearCnidusof  Caria.  in  Asia  5linor; 
in  Armenia  and  in  Italy  :  those  of  the  latter  being  of  relatively 
poor  quahty.  A  place  yet  famous  for  them,  and  which  may  have 
supplied  the  ancient  demand  in  part,  is  in  the  vicinity  of  the 
Persian  Gulf,  *'  in  a  large  fen  or  tract  of  soggy  laud  supplied 
with  water  l)y  the  river  Uelle,  a  place  of  Arabia  formed  by 
united  arms  of  the  Euphrates  and  Tigris.  They  are  cut  in 
March,  tied  in  bundles,  laid  six  months  in  a  manure-heap, 
where  they  assume  a  beautiful  color,  mottled  yellow  and 
black."  (Cb.^rdin.)  Tournefort  saw  them  growing  in  the 
neighborhood  of  Teflis  in  Georgia.  Miller  describes  the  cane 
as  "  growing  no  higher  than  a  man,  the  stem  three  or  four  lines 
in  thickness,  and  solid  from  one  knot  to  another,  excepting  the 
central  white  pith."  The  incipient  fermentation  in  the  manure- 
heap  dries  up  the  pith  and  hardens  the  cane.  The  pens  are 
about  the  size  of  the  largest  swan's  quills.  They  are  cut  and 
sht  like  oiu-  pens,  but  have  much  longer  nibs. 

A  little  bundle  of  ancient  pens  from  Egypt,  with 
the  .stains  of  the  ink  yet  upon  them,  may  be  seen  in 
the  museum  of  the  Historical  Society  of  New  York, 
corner  of  Second  Avenue  and  Eighth  Street.  Beside 
them  is  a  bronze  knife  used  in  making  the  pens.  In 
the  East,  the  reed  is  yet  the  ordinary  implement  for 
writing. 

"  When  he  had  finished,  he  dried  the  bamhoo-pen 
on  his  hair,  and  replaced  it  behind  his  ear,  saying, 
'Yak  pose'  (That  is  well).  ' Teviou  chu'  (Rest  in 
peace),  we  replied  ;  and,  after  politely  putting  out 
our  tongues,  withdrew."  —  Abbe  Hue  at  Lha-Ssa. 

The  Christian  monks  of  the  land  once  known  as 
Assyria  still  use  a  reed  for  writing  the  Chaldean 
character  ;  the  ink  has  a  fine  glossy  character,  the 
paper  resembles  jiarchment,  and  the  scrilies  dispense 
with  a  table  or  desk,  resting  the  paper  on  the  knee. 

Reeds  are  still  used  by  the  Arabs  ;  their  ink  is 
thick  and  gummy.  Reed  pens  are  also  found  in 
Herculaneum.  The  ancient  ink  was  of  a  viscid 
nature  ;  some  of  it  was  found  in  a  closed  glass  bottle 
in  the  examination  of  the  city  just  mentioned. 

The  quills  of  birds  came  intojuse  as  pens  in 
the  sixth  century  A.  D.;  so  we  learn  from  Isiilore 
(died  A.  D.  6.36)  and  others.  Previous  to  this  time, 
the  writing-implement  is  spoken  of  as  calamus,  a 
reed  ;  after  this  we  read  of  2xn)ia,  a  feather  :  the 
reed,  however,  was  a  favorite  in  many  quarters 
among  the  literati  of  Europe  for  five  centuries  after 
the  first  introduction  of  the  quill.  In  an  illuminated 
manuscript  of  the  Gospels,  executed  in  the  ninth 
century,  the  evangelists  are  represented  with  quills 
in  their  hands.  The  quills  of  the  swan,  goose,  eagle, 
owl,  and  hawk  were  used.  The  preference  soon 
settled  on  those  of  the  goose  for  obvious  reasons, 
size  and  accessibility. 

In  the  sixth  century  the  quill-pen  is  also  men- 
tioned by  Aldhelmus,  a  Saxon  poet,  who  wrote  a 
Latin  poem  entitled  "  De  Penna  Scriptoria." 

But  a  century  or  so  afterward  paper  was  introduced 
into  Europe  by  the  Saracens  ;  first  as  a  curiosity, 
known  as  Charla  Damasccna,  afterward  manufac- 
tured in  Spain  and  in  Constantinople.      See  P.^per. 

The  list  of  devices  by  which  characters  were  legi- 
bly portrayed  by  a  scratching  implement  may  be 
thus  recapitulated  :  — 
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The  tabula  or  wooden  board  smeared  with  wax,  upon  which 
a  letter  was  written  by  a  stylus. 

The  Athenian  scnitched  his  vote  upon  a  shell,  as  did  the  lout 
when  he  voted  to  ostracize  Aristides. 

The  records  of  Xineveh  were  inscribed  upon  tablets  of  clay, 
which  were  then  baked. 

The  laws  of  Rome  were  engraved  on  brass  and  laid  up  in  the 
Capitol. 

The  decalogue  was  gravfii  upon  the  tables  of  stone. 

The  Egyptians  used  papyrus  and  granite. 

The  Buraiese,  tablets  of  ivory  und  leaves. 

Pliny  mentions  sheets  of  lead,  books  of  linen,  and  waxed 
tablets  of  wood. 

The  Hebrews  used  linen  and  skins. 

The  Persians,  Mexicans,  and  North  American  Indians  used 
skins. 

The  Greeks,  prepared  skins,  called  meynbrana. 

The  people  of  Pergamus,  parchment  and  vellum. 

The  mndoos,  palm-leaves. 


The  first  attempt  at  recording  was  probably  what 
is  termed  picture-writing.  Tliis  combines  ])aiitomime 
and  numeration,  and  is  found  among  many  savage 
nations.  Instances  miglit  be  cited  from  Schoolcraft 
and  from  Catlin,  and  one  remarkable  example  is 
given  from  the  works  of  the  latter  author. 

Fig.  3t510  shows  tlie  robe  of  Mah-to-toh-pa,  the 
head  chief  of  the  Mandans,  which  consisted  of  the 
skin  of  a  young  butfalo  bull  with  the  fur  on  one 
side  and  the  battles  of  his  life  emblazoned  on  the 
other,   by  his   own  hand.     It  is  sliown  in  CatUn's 


Robe  of  Mah-to-toh-pa  { Four  Bears). 


work   on   the  **N'orth  American    Indians,"  Vol  I. 
p.  148,  and  is  a  good  specimen  of  picture-writing. 

It  has  twelve  battle-scenes,  showing  various  fights 
with  Sioux,  Riccarees,  Cheyennes,  and  others. 

The  Egyptian  temples  and  tombs  abound  with  pictures  too 
conventionil  to  be  artistic,  but  so  admirably  executed  that  they 
are  bright  and  sharp  even  now  The  pecuhar  atmosphere  of 
the  country  has  had  something  to  do  with  their  singularly  per- 
fect preservation  Three  different  form.^  of  \vriting  were  used  in 
that  wonderful  country,  —  the  hieroglyphic,  hieratic,  and  the 
demotic  or  enchorial.  The  first  was  probably  the  direct  growth 
of  picture-writing,  but  tlie  chanicters  had  attained  a  certain 
arbitr  try  value  at  the  time  when  tlie  earliest  yet  existing  records 
were  made. 

After  what  we  may  assume  to  have  been  the  lapse  of  many 
age',  when  the  phonetic  principle  was  introduced,  an  alphabet 
WIS  framed,  in  which  the  sound  of  the  first  letter  of  the  name 
of  each  object  w.is  represented  by  the  object,  as  A  by  an  eagle 
(akkem),  M  by  an  owl  {mnidasy  etc.  The  Phoenician  alphabet 
was  similarly  foumled  :  A,  al-ph  (a  bull) ;  B,  betk  (a  house) ;  G, 
^himel  (a  camel),  etc.  These  representations,  in  the  earlier  pe- 
riods of  their  use.  mav  have  been  executed  with  such  skill  as  the 
artist  had  at  command,  and  varied  according  to  the  talent  and 
taste  of  the  limner  ;  but  they  afterward  became  conventional, 
variations  were  suppressed,  and  the  portraits  of  the  objects  be- 
came simmered  down  to  mere  symbols. 

In  Fig.  3611,  a  is  a  view  of  a  glass  head  found  by 
Captain  Henvey,  R.  N.,  atThebes.  Thedrawingshows 


it  about  two  thirds  the  i-eal  size  ;  the  inscription  is  de- 
veloped on  the  right,  and  contains  the  name  in  hiero- 
glyphics of  a  monarch  who  reigned  about  1500  B.  c. 
6,  Fig.  3611,  is  a  remnant  of  the  ages  in  the  shape 
of  a  song.  It  was  discovered  by  Champollion  in  a 
tomb  at  Kilethyas,  ami  is  intei^preted  by  Iiim  as  fol- 
lows. It  reads  from  right  to  left,  and  at  the  end  of 
the  first  and  third  lines  occurs  the  ddcopo  sign,  to 
repeat  the  line  :  — 

"  Thrash  for  yourselves 

Thrash  for  yourselves 

O,  oxen  ! 

Tluush  for  yourselves 

Thrash  for  yourselves 

Measure  for  yourselves 

Measure  for  j'our  masters." 

The  most  enduring  of  all  records  is  the  third  in 
Job's  recitation  of  the  modes  of  writing  which  may 
be  rendered  :  — 

Written  on  leaves. 

Marked  with  an  iron  pen  on  lead. 

Cut  into  the  rock  forever. 

For  many  centuries  travelers  have  looked  with  amazement 
upon  the  sculptured  buildings  of  Egypt.  Nineveh,  Phoenicia, 
and  Persepolis,  and  upon  the  inscribed  rocks  of  Behistan,  on 
the  frontiers  of  Media,  and  the  precipice  of  Van,  in  Armenia. 
The  solitary  monument  of  Cyrus  in  the  MurghSb,  the  records 
of  Babylon  and  Nineveh,  of  the  caves  of  India,  the  monuments 
of  Lycia,  the  tombs  of  Etruria,  the  truncated  pyramids  and  por- 
tals of  Palenque  and  Uamalin  Yucatan,  and  the  broken 
tablets  of  Umbria  and  Samnium,  all  present  riddles  of 
more  or  less  complexity  to  the  students  of  language. 

The  setting  up  of  memorial  stones  was  the  usual  mode 
of  celebrating  an  achievement  or  witnessing  a  pact. 
Two  rival  tribes  or  families  set  up  an  altar  or  build  a 
pile  of  stones  to  determine  the  mutual  boundaries  of 
their  pastures.  A  successful  warrior  made  a  memorial 
of  his  victory  in  the  same  manner  The  warlike  Osy- 
mandyas  or  Sesostris  recorded  the  memory  of  his 
marches  and  exploits.  The  obelisks  of  Hetiopolis  rise 
to  celebrate  the  return  of  manly  vigor  to  the  conva- 
lescent king.  Phallic  monoliths  over  the  Nile  land 
decently  perpetuate  the  symbols  of  their  religion,  and 
are  inscribed  with  the  names  and  deeds  of  those  who 
erected  them. 

Famous  in  olden  times  of  these  lithic  monuments 
are  the  pillars  erected  by  the  children  of  Seth,  as  re- 
corded by  .Tosephus,  and  those  erected  by  the  Phoeni- 
cian Hercules  in  the  environs  of  Cadiz,  monuments  of 
his  expedition  into  Spain.  In  the  time  of  Demosthenes 
there  was  still  remaining  a  column  of  stone  on  which 
the  code  of  laws  was  engraved.  The  decalogue  was 
carried  in  the  ark  for  forty  years,  and  thereafter  re- 
mained for  several  centuries  in  various  places,  till  it 
was  placed  in  the  temple  of  Solomon.  The  stones  were 
thence  carried  as  trophies  to  Babylon. 

Engraved  gems  of  the  times  of  the  Pha- 
raohs are  found  among  the  ruins  of  the  past, 
and  the  breastplate  of  Aaron  had  twelve  stones  en- 
graved with  the  names  of  the  tribes. 

The  mania  for  engraving  on  stones  and  setting  up  inscriptions 
in  the  wilderness  is  not  dead  yet.  Missionaries  st^irt  from  the 
Lama  monasteries,  year  after  year,*'  chisel  and  hammer  in  hand, 
and  traverse  field,  mountain,  and  desert,  to  engrave  the  sacred 
formula.  Otn  7nane,  padttie  hointi,  on  the  stones  and  rocks  they 
encounter  in  their  path."  They  thus  carve  in  Thibetan,  Land- 
za,  or  Tartar  characters  a  prayer  of  the  ages,  the  yearning  of 
their  great  religious  teacher,  Sakya  Muni,  known  as  Buddha, 
the  Enlightened,  who  raised  his  protest  against  Brahmanic  in- 
tolerance on  the  plains  of  Nepal  some  twenty-four  centuries 
since.  The  formula  is  from  the  Sanscrit,  which  had  ceased  to 
be  a  spoken  language  in  the  time  of  Alexander  of  Macedon.  Its 
metaphor  has  been  diligently  resolved  by  Klaproth,  and,  being 
rendered  into  English,  it  m'eans,  O  thai  I  may  attain  perfec- 
tion and  be  absorbed  in  Buddha .'     Aftifn. 

The  invading  hosts  of  the  Chaldeans  left  their 
pictured  records  on  the  rocks  of  Dog  River,  the  an- 
cient Lycus,  in  Palestine, which  here  impinges  against 
one  of  the  lofty  and  abrupt  spurs  of  the  mountains 
of  Lebanon.  These  figures  of  men  are  ascribed  to 
the  time  of  Sesostris,  and  are  associated  with  more 
recent  inscriptions  in  Persian,  Greek,  Latin,  and 
Arabic,  indicating  the  presence  of  the  various  con- 
quering races  by  which  that  country  has  been  sue- 
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cessively  subjugated.     Central  Asia  contains  memo- 
rials of  conquerors  of  various  dynasties. 

c,  Fig.  3611,  is  a  portioa  of  an  inscription  discovered  at  Ha- 
math  in  Nortlieru  Syria.  The  "entering  in  ot  Hamatb  "  is 
celebrated  in  tlie  itineraries  of  these  surging  nations.  No  the- 
ory of  interpretation  has  yet  been  advanced  fur  it.  In  it  have 
been  recognized  by  some,  features  of  the  hieroglyphic,  cunei- 
form, and  cursive,  suggesting  that  it  waa  a  melange  of  the 
three,  indicating  a  transition  period. 

Tlie  symbolic  writing  seems  to  have  taken  on  two 
forms  :  one,  the  ideoyruphic,  in  which  each  charac- 
ter comes  to  represent  a  word,  as  in  the  Chinese, 


Kg.  36U. 

a 

M/r*^IZ]i^iDir 

m 


A.  A  ji-i 

//  rrr  rr:^  ^         lib 


Aiwvw* 


Sai  (woman)         ijson  ^tongue)      ITmnian  (avmy) 


Sar  Mab-ilu~ra-7ci 


ka  -  OH  -  su . 


King  of  Babylou  lord- paramount, 


SH 

N 

L            R          D                S 

LU  > 

-2S&<:Z>     i:Z^   Hieroglyphic 

^ 

-y 

l^       CZl,      0,mcratic. 

w 

y 

/          ^      ^  I'hoenieian. 

Ancient  Writing. 

rf,  Fig.  3611  (which  is  said  by  Du  Halde  to  have 
developed  into  orderly  characters  by  23nO  n.  c, 
which  is  before  the  time  of  Abraham);'  aii.l  the  most 
ancient  Rabylonian,  e,  which  Sir  H.-nry  Kawlinson 
calls  the  Scythic  or  Accad  alphabet.  The  other 
vai'iant  of  the  symbolic  <'onsisteil  of  cursive  ex]>res- 
sions  of  the  signs  wliicli  stood  for  simple  sounds,  as 
stated  above  of  the  liieratic  E*i;y])ti:in. 

The  Scythic  is  anionij  the  earliest  known  of  the 
cuneiform,  so  call.-tl  from  the  resemblance  of  their 


chaiacters  to  arrow-heads.  It  prevailed  in  the 
countries  watered  by  the  Euphrates  and  Tigris,  from 
tlie  earliest  historic  period  down  to  the  conquest  by 
Alexander. 

The  cuneiform  evidently  sprang  from  picture-writing,  picto- 
rial representations  of  objects  being  made  to  stand  for  certain 
wordi!,  eventually  without  regard  to  their  original  ideal  signifi- 
cation. From  this  arbitrary  but  convenient  arrangement  came 
the  still  farther  division  by  which  characters  were  selected  to 
form  a  syllabic  system,  a  fixed  sign  being  employed  for  each  con- 
nection of  a  consonant  with  one  of  the  vowels.  There  were  many 
hundreds  of  these  signs,  representing  the  consonant  and  vowel 
combinations.  A  phrase  is  represented  at  f.  The  varieties  of 
the  cuneiform  illustrate  the  progress  of  the  ideographic  to  the  syl- 
labic ;  the  Assyro-Babylonian  is  principally  ideographic,  as  at 
e  ;  fewer  of  these  signs  are  in  the  cuneiform  of  the  second  pe- 
riod (y ),  and  its  derivative  the  Armenian  ;  the  Persian  cunei- 
form is  substJintially  syllabic.  The  Hebrew  and  other  languages 
destitute  of  vowel  indications,  a.«  they  long  were,  were  practi- 
cally syllabic. 

The  cuneiform  inscriptions  of  the  Persian  monarch.*:  have  been 
resolved  by  the  skill  and  persistence  of  Grotefend,  Burnouf, 
Rawliuson,  and  others.  At  first  they  seemed  to  modem  eyes  "a 
mere  conglomerate  of  wedge.t.  engraved  or  impressed. ' '  We  have 
now  several  translations,  editions,  grannuars,  and  dictionaries  of 
these  inscriptions. 

The  cuneiform  writing  runs  from  left  to  right. 

g.  Fig.  3611,  shows  the  hieroglyph U^  hieratic,  and 
Pluenician  chaiacters  representing  the  sounds  I),  R, 
L,  N,  SH,  respectively.  The  reading  is  from  the 
right  to  the  left.  Points  of  similarity  and  relation- 
ship are  at  once  apparent.  Some  of  them  are  fair 
illustrations  of  the  statement  that  conventional  elis- 
ions and  moditicationa  have  taken  place,  until  the 
mutilated  figure  is  changed  from  a  portmit  to  a 
symbol. 

The  hieratic  writing  is  a  short-hand  pictorial 
script,  in  which  the  figures  are  somewhat  disgni.sed, 
and  is  tlie  basis  of  true  alphabetic  writing,  in  which 
signs  stand  for  vocal  elements. 

/t,  Fig.  3612,  is  a  portion  of  the  inscription  on  the 
Moabite  stone.  This  is  the  oldest  Semitic  lapidary 
record  of  impoitance  yet  discovered. 

In  the  summer  of  1868,  Mr.  F.  A.  Klein,  an  agent  of  the 
Church  Missionary  Society,  made  a  journey  to  Kerak,  over  a 
country  seldom  vi.'^ited  by  Europeans.  On  his  arrival  at  Dibin, 
the  ancient  Dibon,  he  was  informed  by  Sheikh  Zattam  that, 
ecarcely  ten  minutes  from  their  tent,  there  wiis  a  black  basalt 
Stone  with  an  inscription  on  it.  This  stone  he  soon  found; 
it  was  3  feet  5  inches  high,  1  foot  9  inches  wide,  had  thirty- 
four  straight  lines  of  writing  about  an  inch  and  a  quarter  apart, 
and  was  rounded  to  nearly  a  semicircle  at  the  top  and  bottom. 
Mr.  Klein  took  a  sketch  of  a  few  lines,  and  went  his  way,  deter- 
mined if  possible  to  get  it  removed  to  the  Berlin  Museum. 

M.  Ganneau  obUiined  a  few  squeezes  of  the  face  of  the  stone 
before  it  was  broken  up  by  the  Arabs,  who  discovered  that  it 
had  a  market  value  ;  strange  to  say.  They  made  a  fire  under 
it  and  then  poured  water  on  it,  the  villains. 

Herr  Nbldeke  says  :  "it  is  the  ?tiost  ancieyil  yntinorial  of  pure 
ofphabetical  U'rili7}£;,  much  older  than  any  in  the  Greek.  It  is 
the  only  original  documtnt  on  the  history  of  Israel  before  the 
time  of  the  Maccabees,  and  throws  light  on  the  relations  of 
Israel  with  a  neighbor  much  spoken  of  in  the  Old  Testament." 

Until  the  discovery  of  this  stone,  the  sarcophagus  of  Eshmun- 
azar  (about  COO  B.  c.)  was  considered  the  most  ancient  inscription 
of  any  length.  Here  we  have  a  long  specimen  of  the  earliest 
Phoenician  character,  —  the  alphabet  from  which  the  Greek, 
the  Roman,  and  all  our  European  alphabets  are  derived.  As 
Count  de  Vogu6  says,  these  are  the  very  characters  which,  be- 
fore 700  B.  c,  were  common  to  all  the  races  of  M'otcrn  Asia, 
from  Egypt  to  the  foot  of  the  Taurus,  and  from  the  .Mediterra- 
nean  to  Nineveh  ;  which  were  used  in  Nineveh  itself,  in  Phoe- 
nicia, Jerusalem,  Samaria,  the  land  of  Moah,  Cihcia,  and  Cy- 
prus It  disproves  the  a.«sertion  of  Aristotle  and  Phny  that 
Cadmus  only  brought  16  or  18  letters  from  the  East  into  Greec^ 
and  that  the  Greeks  invented  the  rest,  for  the  whole  of  the  22 
are  found  on  this  monumental  stone. 

The  Posetta  stone  is  of  700  years  later  date.  It 
was  found  in  179S  by  a  French  engineer  in  digging 
the  foundations  for  a  fort  near  the  Rosetta  mouth 
of  tiie  Nile.  It  is  a  tablet  of  basalt,  with  an  in- 
scription of  the  year  196  B.  c,  during  the  reign  of 
Ptolemy  Kpiphanes.  Tlic  inscription  is  in  hiero- 
glyphic, demotic,  and  (Ireek. 

It  was  deciphered  by  Dr.  Young,  and  formed  the 


Aue 

PUNDCYl     MARMAN     MONCUN    TINDEE     CAN800N     KEEU 


FRKMCH. 

Dieu  a  fait  d'un  seul  saug  tout  le  genro  humuiii. 

SWEDISH. 

(9tt6  hafbxt  ^\oti  aiiX  ntennifto  fl^tcl  tif  rtl  Uoo. 

DUTCH. 

God  hccft  xiit  eenenlilocdo  liet  gansclie  geslaclit  der  inonseheii  giMiiaakt. 

^  ARABIC.  -         '" 

"  ^  SPANISH. 

Do  una  sangre  hizo  Dios  todo  el  linage  Luiimno. 

hun*;akian.      « 
Az-lsten  az  egusz  emberi  nemzetsiiget  egy  viii-blil  teroiutcttd. 

WALLAC'HIAN, 

ASMNC3E8  a  4)bK8T  AiNTp'  SN    CtUpC    TOT   NCaMKA  OMtNCeK 

^  GUJKRATTKK.  »s  »  »- 

Dob  lifjiuh  gehufi-U'eU»fsfct(»U^|lc)>PtoUn). 

SPANISH  UASQUK. 

Jaungoicoac  odol  liatetic  eguinsuen  miindu  gustico  geiidea. 
modern  armenian. 

Kumanslh. 
Deuslia  faig  or  dad  lui  sanng  tut  la  schlatta  dUs  carstiuuiis. 

^  ^  MODERN  pREEK.  ^ 

O  Oco^  ^xo^^r  d^o  TO  f<f/oy'a/yua  nar  yiro^    av&peJTrejk' 

MANKS. 

Tha  Jee  er  yannoo  jeh'n  un  uill  ooilley  aslioonyn  sheluaue. 

PERSIAN.  a         • 

NEW  ZKALANU. 

A  ka  oti  1  te  Atua  te  lian^a  Id  to  tuto  tahi  nga  \\\\  katna  o  iiga  laiigata. 

COJ'TIC. 

cb'i-  &qerf.jiib  iuyVoX   /iiden   /ixeniptoui  tSo)s6e«oT<!.icnoS. 

^      *  ^  ■^  ^        SIAMESE  ^^  ^  ftX 

Jjob  Teponhreopaiiiun  blo&eealle  manna  beoOa. 

O      *         *  '  CINCALKSK.  ' 

^  ^  l:AllMTOMiAN. 

Wa  te  Atua  i  auga  i  te  au  taugata  katoa  i  te  toto  okutai  ra. 

!D;4,'D0  ^)^c  A  iinle  cejijet'tJiojijeCert^ifulAitj^ji) 

BECHUANA. 

Morimo  riliile  meralie  entle  ea  Itattni  ka  mari  a  maiuie  Jii-la, 
avKij-rHAi.iiAK.'. 

.  ZJcJLxl^Jd  0^3  ?Sr>N\  "^"T*^  loiSb I'jo!^  -^^  ^ 

Deos  ,ja  faze  de  hum  sangue  to  do  nacaos  dc  gciitea. 

AMHARIC, 
MALAirASSE. 

Andriamanitra  efa  uauao  taniy  ny  ra  iray  liiany  iiy  oniljeloua  rehetra. 

CANARESE. 

MALAY.  ,  - 

j*uU^  \y^J\^j^^  aJUj  ^'  »j'J  »-iJ3>.  su^'j*-  Aiji    Al)l 

EStlUIMAUX. 

Gudeinnagaseksuil  kiiiguvans<ikat'ig'?t  tamiiilu  i>iiiBorlilaiiki>cit  auiigmu  atlaiilacniU. 

LAimNKSK. 

^fcniil  lafEam  firt  dlmalja  flajab  dit^l  Warrdst 


[-ALuuc-^^iL  viciivn 


%= 


Duw  a  wnaeth  o  nu  g 
Herb    Oinb  O/^tTofl  KpOOM   iip« 

TA 

Na  te  Atua  i  hamaiii  i 

I  TCIll 

IlKb  BMpKViqb  lOMa  n, 

Q  C^         '  ■ 

tjMMJ  \3JU/Iil?  Ifl  W  via  LI  1W  VI «  «V. 

3\ 

Ilatalla  djari  membelom  1 
,3umala  on  tcljnl)!  fdilai  ibmifil» 

Alia  ye  raolu  -  bey  deda 
Diou  ha  fait  d 

(;q(J)  C,ASK<ill;\AA;Vcl' 

TlIiKT 

Wflcinaci  amurreta  goba  lyk 

0  9<.'(ij  irroi'oi^-^  ''if  ^Voj  « 
(**u5  bctur  c|trt  iif  dun  t 

Yalla  liindone  na  yaran 

ANCIE 

Dens  fucit  ex  iinn  sar 
Jaincoac  oilij  Itiitc 


A    I'.VSSAtiE   OF   SCllll'TUKE    IN   0>, 


Plate  XXXIX. 


[AX. 

UNMARKO     KOOLCINCteA      BACROOK     BAR     HOMERCEEK 


HJlf  u[f{icil  C>cfrlilffl)tfr(j(ttittcl)t, 

hob  cenedl  o  ddynion. 

Jb    OCfcXb     IC^Oll-feKOL  b. 

r, 

in  taata  i  te  toto  hoc  rn. 

3^MB.1J1M1>  l11lini3VIb. 

"a  r\   o  0-3  c      . 

(WniVn  iKM  ^  CW  (U  flSOfllil'M/IQ.iMU 


lib' 


rnnli  ym-llQTiGo  6iOTlt)i':i6o 


.oldjii  sekarji  djeluliad  ulo. 

I. 

iitminan  titiiiofti  tocrcfla. 

.0.     " 

liling  menolu  be  dunyat(». 

TllK  D'7P   nk^u  D'l^'^il 

ag  tui  li  )ioni. 

:k, 

makwa  ikirikia  abur  ite  orea. 

REEK. 
HC. 

Udr  jjioiScrmannaiina. 

itto  ak  beniiu  ri.'k  dtiTt-tf, 
kV'i.Nrc. 

Snjit.'ifi.      ^ 

rtmne  gonus  hDniiijiua. 

TA. 

indu  ^fiiicon  giiciac. 


ITALIAN. 

Iildio  ha  I'attu  CCww  medcsimo  siingue  tuttigli  nomini. 

.    DAMSir. 

<^u6  habt-'r^jort  at  ^Icxme^H^c^   Gtccgt  a^tiX  iBU6. 

FLEMISH. 

GucU  heeft  ujt  eenen  bloudt  bet  geheel  menschelyk  geslachte  voortgebragt. 

TlfKKISH.  - 

^xi^L  (jxu^_  ^j^—^  u^''  '^y!- '^' 

Dt'i'S  dt;  Iiiiiii  saiigue  fez  tuUa  a  geraca"!  dos  homeiis. 

POLISH. 

Bog  ncz.vnit  z  iediiey  knri  vjszystek  rodxay  ludzki. 

SERVIAN. 

Omb KpOBn e.tnHOEa  nponjBeo  Boi'b  caBb  po.ib  sc.ioB'bHCCKiri. 

_  .  .  ^  Ill'LCAKIAN.       - 

Kl~Z  C03^V\AA  ^iL  (^\\HA  U-paKU   CUHKitVT'A  p6>^7i'-|E.\CRl^'H£CKfH. 

I.ITIILANLIN. 

Dictvd?  bixi  \QS  Uu'eno  tranjo  >oo\s5ii  ^monti  jimminea 

EKCIIADIM^.' 

Deis  ha  fat  our  d'lin  niedemm  saung  tuot  la  geueraLiuii  hiiinana,. 

BURMESE, 
UAGLIC. 

Dia  rinii  e  dhhon  fhiiil  uile  chinnich  dhaoine. 

ilA^W-AlAI*. 

Na  kf  Akiia  no  i  haiia  i  na  lahiii  kanaka  a  pau  i  ke  kuko  hookahi. 

OJIliWAV. 

Kishciiianitoo  kiikinn  licshik  miskoning  ogiojiushiun  knkinii  iniuiijoim. 

.1 . :; 


.MALTESK. 

Alia  mvn  dcmin  uvficd  nninel  koll  pens  ta  bnvdinin. 

Boh  j.'  cjinil  fo bot  jmcljf  (ni'jc  fcbittich  :^DU'cfoW  narut" 
|Vn n'l Qj cb m  1  mui  t^i^op  ^lajimijitr ui  "lOiEoiimiaojuiDti 

'  'I'lKIiMO.NTGSE.'-^  ' 

Mdi'Hi  a  1  ha  fait  d'un  sang  soul  tutta^a  specie  uraana. 

_  MALAVALIM. 

ALBAMAN. 

IhpyTi'a   rripi  yKa  yiifiaK'  ft'Oc  ^h^i't  i  vU/>{t,ir. 

BRETON., 

Done  gred  deiis  ens  a  ur  goad  hep-Tten  an  hoU  boblou  a  dud.     \^ 

■^  ANCIRNT  ARJIKNTAN. 

Qj  Hinutti  *htH,n9li  wptTiil^  ovuj'  uiUQU  trtBtttnJjiiih. 

SLTRINAM  KEGBO. 

Gado  ben  mclci  ala  naatsie  komopo  na  da  wan  brocdoo. 

KTIIIOPIC. 
CAFFRE. 

U-Tixo  wajedalite  gegazilinje  zonkc  izia>vc  zabantu. 

TELOOGOO. 

3,  ESTHOMAN. 

ummat  on  icinu^  -uljfjcft  tocvrcfl  U\i  imttmefu  fn^^u. 

Cr.RENLAMUSIl. 

GnJib  attantsib  auanit  pingort  i  kei  iuunfierksuit  uuiiamiut  tamasa. 

BCLLOM. 

Foj'  ka  halle  pang  in  bull  ukong  ah  pokan  Imltfing. 


UNDUEI)    AND   THREE   LANGUAGES. 


Sex.  page  1G55. 


PEN. 
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PEN. 


key  to  the  reading  of  the  hieroglyphic  characters. 
It  was  captured  by  the  English  on  tlie  defeat  of  the 
French  forces  in  Egypt,  and  is  now  in  the  British 
Museum. 

The  hatchet,  mallet,  chisel,  square,  and  saw,  all 
occur  among  the  hieroglyphic  characters,  i.  Fig. 
3612,  shows  small  portions  of  the  hieroglyphic  and 
demotic  inscriptions,  respectively. 

The  "  Canopus  "  stone  has  since  added  to  the  fund 
of  knowledge  on  the  subject,  and  has  afforded  addi- 
tional means  and  subjects  for  comparison. 

**  It  was  through  the  commercial  intercourse  of  the  lonians 
with  the  Phoenicians  that  tlie  Cireeks  received  the  characters  of 
their  alphabetical  writing,  which  were  long  termed  Phoenician 
signs.  According  to  the  views  whicii,  .since  ChampoUion's  great 
discovery,  have  prevailed  more  and  more  respecting  the  early 
conditions  of  the  development  of  alphabetical  writing,  the  Phoe- 
nician and  all  the  Semitic  written  characters,  though  they  may 
have  been  originally  formed  from  pictorial  writing,  are  to  be 
regarded  as  a  phonetic  alphaliet,  i.  e.  as  an  alphabet  in  which 
the  ideal  signification  of  the  pictured  signs  is  wholly  disregarded, 
and  these  signs  or  characters  are  treated  exclusively  as  signs  of 

Fig.  3612.  ft 


©  i    D      fl 

Egypt       of\lhe  deliverer  | 


^S:::^^ 


I*(olem!i 


writing     I      hard        |        of  stone       \     a  column  |  On 

Pkctnician,  Egyptian,  and  Greek  Writing. 

sound.  Such  a  phonetic  alphabet,  being  in  its  nature  and  funda- 
mental form  a  syllabic  alphabet,  was  suited  to  satisfy  all  the 
requirements  of  a  {Graphical  representation  of  the  phonetic  sys- 
tem of  a  language."  — Hujiboldt. 

"  Phcenicia,  mother  of  the  arts, 
Letters  to  learned  men  imparts.'' 

Critias,  quoted  by  Athen.ecs  (a.  d.  220). 

,  assumed  to  be  the  immedi- 
ate parent  of  the 


The  ancient  Pehisgiu 
Fig.  3613. 


-f^®, 


Greek,  was  writ- 
ten from  right 
to  left,  like 
the  Phcenician, 
whence  it  came. 
j,  Fig.  3613,  is  an 
*  inscription,  [Ti]- 
ixoiv  &ypatpe  /ie. 
Tlie  letters  are 
Phfenician,  as 
used  in  early 
times  in  Greece. 
It  was  found  in 
the  island  of  Thera. 

k.  Fig.  3613,  is  an  illustration  of  the  writing  hous- 
tropliedon  (as  oxen  plow),  right  to  left  and  left  to 
right  alternately,  xp^ffiMos  —  aotucrripx.  It  is  from 
the  temple  of  Bedesish,  Egypt. 

Plate  XXXIX.  represents  the  passage,  "  Ood  hath 
made  of  am  blood  all  nations  of  imn,"  in  one  hun- 
dred and  three  languages. 


PeUugic  and  Boustroiihedan  Grtek. 


Fig.  3614  shows  the  same  passage  in  six  Asiatic 
languages.  The  first  of  these  is  written  from  left  to 
right,  the  other  live  from  right  to  left. 

Fig.  3614. 

^T^F^nn  H-gf^  H-jUJiuii  ik^: 


c 

:^'a^^J3tfe^•l:3■>(V^K■mp^T2:3■^■m'i■:si^■v(^^i^ 
a 

■:  lijLJjJ't  tn^-^  ph^  _3lJ  /If  f-^  r-^  |<rL& 

e 

■7»  iY>iS  onC^  7vi\>  >~i\  LoCkl: /^oljj^ 


<V;^U 


'^i^ijO^  -ill 


a,  Sanskrit. 
6,  Hebrew. 


Asiatic  Writing. 

c,  Samaritan. 
rf,  Syriac. 


c,  Syro-Chaldaic. 
/,  Arabic. 

Fig.  3615  shows  the  same  passage  in      *">£•  3616. 


r 


two  Turanian  languages  ;  the  lines  are  ^ 
vertical,     g  is  Chinese ;  h,  Japanese. 

The  Hebrew  Scriptures  were  written  upon 
the  skins  of  ceremonially  clean  animals  or  even  f*% 
birds.     These  were  rolled  upon  sticks  and  fas-  / 
tened  with  a  cord,  the  ends  of  which  were  «■ 
sealed   when   security   was  an   object.     They  / 
were  written  in  columns,  and  usually  upon  one 
side  only.    The  writing  was  from  right  to  left;  *y 
the  upper  margin  was  three  fiut!;:ers  broad,  the  ' 
lower  one  four  fingers  ;  a  breadth  of  two  fin-  / 
gers  separated  the  columns.    The  columns  ran  ^ 
across  the  width  of  the  sheet,  the  rolled  ends 
of  which  were  held  vertically  m  the  respective  S' 
hands.     AVhen  one  column  was  read,  another 
was  exposed  to  view  by  unrolling  it  from  the  \^ 
end  in  the  left  hand,  while  the  former  was  hid- 
den from  view  by  rolling  up  the  end  grasped  |* 
by  the  right  hand.     The  pen  was  a  reed,  the  . 
ink  black,  carried  in  a  bottle  suspended  from 
the  girdle.  jfi 

The  Samaritan  Pentateuch  is  very  ancient,  J 

as  is  proved  by  the  criticisms  of  Talmudic  writ-  -j 

ers.     A  copy  of  it  was  acquired  in  1616  by  Pi-  -^ 


t 

t 

A 


il 


Pt 

^ 

f^ 


etro  della  Valle,  one  of  the  first  discoverers  of 
the  cuneiform  inscriptions.    It  was  thus  intro- 
duced to  the  notice  of  Europe.     It  is  claimed  5>                  , 
by  the  Samaritans  of  Nublus  that  their  copy  J^ 
was  written  by  Abisha,  the  greiit-grandson  of  m 
Aaron,  in  the  thirteenth  year  of  the  settlement  ^           Vrn 
of  the  land  of  Canaan  by  the  Children  of  Is-  y           *^~^ 
rael.     The  copies  of  it  brought  to  Europe  are 
all  written  in  black  ink  on  velluni  or  cntton  rj'             \ 
paper,  and  vary  from  12mo  to  folio.    The  scroll  /            *  I-* 
used  by  the  Samaritans  is  written  in  gold  let-  ./            '-M 
ters.     {See  Smith's  "  Dictionary  of  the  Bible."  "^                   ° 
Vol.  III.  pp.  1106-1118.)     Its  claims  to  great  ^ 
antiquity  are  not  admitted  by  scholars.  Z) 

Previous  to  the  tenth  century,  the  manu-  .. 
scripts  were  written  in  capital  letters,  and  with-  ^ 
out  a  space  between   the  words.     Tlje  thrue  -u 
most  important  and  valuable  of  them  are  the  "^"^ 
Sinaitic,  the  Vatican,   and   the   Alexandrian,  \ 
many  of  whose  various  readings  are  given  by  fj 
Tischendorf  in  his  Leipsic  edition  of  the  Eng- 
lish New  Testament.    The  Sinaitic  manuscript,  ^ 
critically  marked  Alep/i,  written  on  parchment, 
was  discovered   by  Tischendorf.  February  4,  4^ 
18o9,   in   the   convent   of  St.    Catharine,   on 
Mount   Sinai,  in   Arabia,   and    published   by  ^ 
him  in  fac-simile  in  1862,  and  in  the  common 
type  in  1865.     Itcontiins  the  entire  New  Tes-  Jl 
tament,  and  is  deposited  in  the  Imperial  Libra-  X 
ry  at  St.  Petersburg.   It  was  printed  in  Leipsic  9 
for  the  Emperor  of  Russia,  to  be  a  memorial  Chinese  and  Jap- 
of  the   thousandth  anniversary  of  his   king-  anese  Writing. 
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dom.  It  is  in  uncial  cU;iracters,  apparently  of  the  fourth 
century.  The  Vatican  iiuiuuscript,  markt^d  B,  also  written 
about  the  middle  of  the  fourth  century,  has  been  published  only 
since  1857.  It  is  in  the  V:iticau  Library  at  Rome.  The  Alex- 
andrian manuscript,  miirked  A,  urittcu  about  tbe  middle  of 
the  fifth  century,  was  first  published  in  ITbti.  It  is  in  the 
British  Museum,  at  London.  Tbe  Ephraim  or  Koyal  I'aria 
manuscript,  marked  0,  of  the  fifth  century,  and  the  Cambridge 
manuscript,  marked  D,  of  the  sixth  century,  are  next  in  value. 
These  marks  are  agreed  upon  by  scholars  to  designate  certain 
manuscripts. 

The  enunif;ratioii  of  some  of  the  modes  of  writing 
may  be  interesting  :  — 

The  Mexican  writing  is  in  Tertical  columns,  beginning  at  the 
bottom. 

The  Chinese  and  Japanese  write  in  vertical  columns,  begin- 
ning (Fig.  3615)  at  the  top  and  passing  from  left  to  right. 

The  Egyptian  hieroglyphics  are  written  in  vertical  columns  or 
horizontal  lines  according  to  the  .shape  and  position  of  the  tablet. 
It  is  said  that  with  the  liorizontal  writing  the  direction  is  in- 
ditferent,  but  th:it  the  figures  of  men  and  animals  face  the  be- 
ginning of  the  line.     With  figures,  the  units  stand  on  the  left. 

The  Egyptians  also  wrote  from  right  to  left  in  tbe  hieratic  and 
the  demotic  or  enchorial  styles.  The  Pclasgians  did  the  same 
(y,  Fig.  3613  ,  and  were  followed  by  the  Etruscans.  In  the  de- 
motic character,  Dr.  Brugsch  remarks  that,  though  the  general 
dkection  of  the  writing  was  usually  from  right  to  left,  yet  the 
individmil  letters  were  formed  from  left  to  right,  as  ia  evident 
from  the  unfinished  ends  of  horizontal  letters  when  the  ink 
failed  in  the  pen. 

In  writing  numbers  in  the  hieratic  and  enchorial  the  units 
were  placed  to  the  left.  The  Ar.vbs  write  from  right  to  left, 
but  received  their  numerals  from  India,  whence  they  call  thorn 
*'  Hindee,"  and  there  the  arrangement  of  their  numerals  is  hke 
our  own,  units  to  the  right. 

The  Ethiopic  and  cuneiform  charivcters  (c  e,  Fig.  3611)  are  writ- 
ten from  left  to  right  like  our  own,  and  thi.s  i.s  true  of  most  of  the 
Indo-European  languages,  while  those  of  Semitic  origin  are 
written  from  right  to  left.  The  Phoenician  alphabet,  the  reputed 
parent  of  this  family,  is  so  written,  and  tlie  branches  include  the 
Chaldaic,  Hebrew,  Syriac,  Carthaginian,  Samaritan,  Arabic, 
and  Persian  characters. 

The  Pelasgic  tribes  spoke  a  language  of  the  Aryan  family, 
allied  to  the  Sanscrit,  but  obtained  their  letters  from  the  Phoe- 
nicians, and  long  wrote  them  from  right  to  left  (j,  Fig.  3613)  as 
in  the  l;iud  from  whence  they  were  adopted.  The  Greek  was 
afterward  written  bousiropkedon  (as  oxen  piow),  right  to  left  and 
left  to  right  alternately  [k.  Fig.  3ol3) ;  in  allusion  to  the  usual 
mode  of  plowing,  before  mold-boards  and  plowing  in  lands  were 
invented,  when  the  oxen  returned  close  alongside  the  last  furrow 
made.  The  laws  of  Solon  were  written  bousiropkedon.  The 
later  Greek,  long  before  the  Christian  era,  came  to  be  written 
from  left  to  right  like  the  Sanscrit  and  the  other  languages  to 
which  it  —  not  its  characters  —  was  allied. 

The  number  of  letters  in  the  following  alphabets  is  thus  given 
in  Ballhorn'a  "Giammatography,"  Trubner  &  Co.,  1861 :  — 

Hebrew    . 

Chaldaic 

Syriac 

Samaritan     . 

Phoenician 

Armenian     . 

Arabic 

Persian 

Turkish  . 

Georgian 

Coptic 

Oreek  . 

Latiu       .        .        . 

Sanscrit 

The  letter  '*  J  "  was  introduced  into  the  alphabets  by  Giles 
Beye,  a  printer  of  Paris,  1660. 

Short-hand  writing  was  known  to  the  Greeks  and  Romans. 
Its  invention  was  ascribed  to  Xcnophon.     It  was  introduced 
into  Rome  by  Cicero.     Pliny  employed  a  short-hand  aman-  , 
uensis  i 

The  Chinese  dictionary  shows  43,496  words :  of  these  13,000  are 
irrelevant,  and  consist  of  signs  wbichare  ill-formcdand  obsolete. 
For  ordinary  use  4,000  signs  suflice.  Kung-fu-tze  can  be  read  ; 
with  a  knowledge  of  2,500.  There  are  214  root-signs,  so  to  ■ 
speak,  which  indicate  the  pronunciation,  and  form  keys  or 
radicals,  called  by  the  Chinese  trihtt/tals.  Each  character  is  a 
word,  and  the  actual  nvimber  is  vastly  increased  by  tones  which 
give  quite  a  different  value  and  meaning.  1 

Quills  for  pens  are  as.sorted  into  qualities  deter-  i 
mined  by  the  character  of  the  barrel.  They  are 
plunged  into  heated  sand  to  make  the  exterior 
skin  peel  otf  and  the  interior  membrane  shrivel  up. 
This  may  be  performed,  however,  by  alternate  soak- 
ing in  water  and  drying  befoi-e  a  charcoal  tire.  Tliey 
are  hardened  bv  soaking  in  a  hot  solution  of  alum. 


22 

Ethiopic  . 

.    202 

•Z'^ 

Chinese 

•        214 

22 

Japanese . 

.      73 

22 

Dutch  . 

26 

22 

Spanish    . 

.      27 

JiS 

Irish     . 

18 

2S 

Auglo-Saxon    . 

.      25 

H2 

Danish. 

28 

;« 

Gothic 

.      25 

;« 

French 

28 

H2 

German   . 

.      26 

24 

Welch  . 

40 

25 

Russian  . 

.      35 

32S 

The  yellow  color  so  nuich  admired  is  conferred 
upon  the  quill  by  a  dip  into  nitric  acid. 

Iron  pens  are  mentioned  by  Chamberlayne  in 
1685. 

Tlie  first  metallic  pens  regularly  introduced  for 
sale  were  by  Wise,  about  1803.  They  were  made 
in  barrel  form,  being  adapted  to  slip  on  a  stick,  and 
under  the  name  oi' perpetual  2'cn  were  indu.striously 
distributed  throughout  the  stationers'  shojis  of  Lon- 
don. The  prejudice  was  strong  against  them,  and 
up  to  1835  or  thereabouts  quills  nnxintained  their 
full  sway,  and  much  later  among  people  of  a  con- 
servative cast  of  mind  and  in  the  circumlocution 
ofhees  here  and  abroad. 

The  writer  recollects  the  tedious  waiting  for  the 
jialient  usher  who  passed  irom  desk  to  desk  witli  his 
pen-knife,  mending  pens  and  paying  very  little  at- 
tention to  anything  else  ;  also  the  wonder  felt  and 
expressed  at  the  tirst  sight  of  steel  nibs,  and  how 
they  dug  into  the  paper. 

Bramah  patented  guill-yubs ;  made  by  splitting  quills  and 
cutting  the  semicylinders  into  sections  which  were  shaped  into 
pens  and  adapted  to  be  placed  in  a  holder.  These  were,  per- 
haps, the  first  nibs,  the  progenitors  of  a  host  of  steel,  gold,  and 
other  pens.     See  Pen-maker 

Hawkins  and  Mordan,  in  1823,  made  nibs  of  horn  and  torloise- 
shetl,  instead  of  quill.  Tbe  tortoise-shell  being  f-oftened,  points 
of  riibij  and  diamond  were  imbedded.  Metallic  points  were  also 
cemented  to  the  shell  nibs, 

Doughty,  about  1825,  made  gold  pejis  with  niby  points.  See 
Gold  Pen. 

Gold  pens  with  rhodium  points  were  introduced  soon  after- 
ward. 

Gillott  devoted  much  pains  to  the  improvement  of  the  mate- 
rial and  manufacture.  One  of  his  patents  was  in  1831.  See 
Steel  Pen. 

Perry  exercised  considerable  ingenuity  in  the  application  of 
new  forms  and  in  developing  the  elasticitv.  His  patents  were 
in  1830  and  1832.  '. 

Mordau-s  oblique  pen,  English  patent,  1S31,  was  designed  to 
present  the  nibs  in  the  right  direction  while  preserving  what 
most  people  appear  to  think  the  most  convenient  position  of  the 
pen  and  the  hand. 

Scheffer's/oKnram-;7fn  was  introduced  about  1835  by  Mor- 
dan. The  pressure  of  the  thumb  on  a  stud  in  tbe  holder  caused 
a  continuous  supply  of  ink  to  flow  from  the  reservoir  to  the 
pen.    See  Fountain  Pen. 

Parker's  hydraulic  pen  (English)  has  a  piston  which  works 
up  and  down  in  a  tube  by  means  of  a  screw  stem  and  a  revolv- 
ing nut  on  the  end  of  the  holder. 

Fig.  3616  shows  several  forms  of  pens. 

o  is  a  pen  with  a  broad  flat  nib  made  for  marking  packages, 
for  writing  placards  and  show-bills.  Ink  is  retained  between 
the  several  superposed  plates, 

and   the   breadth  of  the   nib  Fig.  3G16. 

determines  the  width  of  the 
stroke,  unless  the  pen  is  turned 
edgewise. 

b  is  a  reservoir  pen  having 
fluted  sides  to  lead  the  ink 
from  the  reservoir  to  the  nib 

c  is  the  iridium-tipped  gold- 
nib  pen,  mounted  with  gutta- 
percha or  hard  rubber. 

(/has  wings  to  hold  a  globule 
of  ink. 

e  has  a  flexible  strap  around 
the  nibs  for  the  same  purpo.*e. 

/has  a  peculiarly  bent  body 
to  give  elasticity  and  also  form 
a  holder  for  ink. 

g-  has  wire  below  the  nib,  to 
hold  ink. 

h  has  bent-over  wings  for 
the  same  purpose. 

i  has  a  wire  likewise- 

j,  a  depression  in  the  body 
of  the  pen. 

k,  a  cruciform  piece  riveted 
to  the  under  side  of  the  pen. 

2.  An  ink-leg  of  a 
compass. 

A  tlraftsman's  instru- 
ment for  drawing  lines  oi 
even  thickness,  ordotting 
lines.  See  Drawing-pen.  Pens. 
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See  Gold  Pen  ;  Steel  Pex  ;  Fountain-pen  ; 
Drawing-pen;  PiULINg-pen  ;  Music-pen;  Dot- 
ting-pen,  etc. 

3.   All  iiu-'losure  of  liiuiteil  size  for  cattle  or  Iiogs. 

Pen'chute.  A  trougli  conducting  the  water  from 
the  nice  to  the  water-wlieel. 

Pen'cil.  1.  A  cylinder  or  slip  of  marking  mate- 
rial, usually  graphite,  hut  may  be  of  colored  crayon 
or  French  chalk.  It  is  usually  inclosed  in  a  sheath 
of  cedar,  but  is  sometimes  a  cylinder  or  prism  of  suf- 
ficient size  to  be  grasped  by  the  fingers  or  by  a  porte- 
crayon. 

The  kind  of  pencils  known  :is  lead-pencils  is  made 
Irom  (jniphifc,  otherwise  known  a.splumbacfoov  black- 
lead.  The  latter  two  names  are  misnomers,  as  no 
portion  of  lead  enters  into  its  composition.  See 
GUAPUITE. 

Graphite  is  a  soft  variety  of  carbon,  sometimes 
•containing  a  small  proportion  of  iron.  It  is  found 
in  many  parts  of  the  world,  but  few  localities  yield 
it  of  sufficient  purity  for  making  pencils.  For  many 
years  the  best  obtainable  w;us  from  the  mine  of  IJor- 
rowdale,  Cumberland,  England,  discovered  in  1564. 
It  was  locally  known  as  u'rul.  This  mine  gave  Eng- 
land the  monopoly  of  the  finest  quality  of  pencils, 
and  the  amount  taken  from  the  mines  yearly  \vias 
strictly  limited  in  order  to  keep  up  the  price.  The 
annual  pvoiluct  wa-s  valued  at  £,  -10,000.  This  source 
of  supply  eventually  failed,  but  the  loss  was  scarcely 
felt,  as  a  nnmbei'  of  other  mines  had  been  discovered 
in  various  parts  of  the  world. 

The  ancients  drew  lines  and  lettei-s  with  leaden 
styles,  and  afterward  an  alloy  of  lead  and  tin  was 
used.  Pliny  refers  to  the  use  of  lead  for  ruling  lines 
on  papyrus.  La  Moine  cites  a  document  of  1387 
ruled  with  graphite.  Slips  of  graphite  in  wooden 
sticks  (pencils)  are  mentioned  by  Gesner,  Zurich,  in 
15ti5  ;  he  credits  England  with  the  production.  They 
Avere  doubtless  the  product  of  the  Borrowdale  mine, 
then  lately  discovered.  In  the  early  part  of  the  seven- 
teenth century,  bliuk-lead  pencils  are  distinctly  de- 
scribed by  several  writers.  They  are  noticed  by 
Arabrosinus,  164S  ;  spoken  of  by  Pettus,  in  1683,  as 
inclosed  in  fir  or  cedar. 

Red  and  black  chalk  pencils  were  used  in  Ger- 
many in  14.50  ;  in  fact,  fragments  of  chalk,  char- 
coal, and  shaped  sticks  of  colored  minerals  had 
been  in  use  since  times  previous  to  all  historic  men- 
tion. 

Painting  of  the  body,  face,  and  limbs  is  an  accom- 
plishment in  all  countries  where  clothiug  is  scanty. 
and  some  trilies  have  ingeniously  contrived  to  make 
it  permanent  by  tattooing.  This  art  is  both  ancient 
and  modern,  and  has  its  professors  in  many  coun- 
tries. The  name  is  Polynesian,  and  among  these 
singular  peoples  the  practice  has  been,  perhaps,  per- 
fected. Vagabonds  on  the  fringe  of  civilization  emu- 
late the  rites  of  their  ancestors,  and  naturally  recur 
to  the  habit  of  tattooing ;  hence  ships,  hearts,  true- 
lovci's'  knots,  and  mottoes  pricked  into  the  arms 
and  breasts  ;  and  hence  means  of  identification  equal 
to  the  famous  "strawberry-mark  on  the  left  arm" 
of  the  long-lost  bi-other,  or,  ecpially  famous  now,  the 
absence  of  the  tattooed  mark  on  the  arm  of  the  spuri- 
ous Tichborne. 

Hans  Holbein  drew  portr;\its  in  crayon  in  1540. 
Sir  Thomas  Lawrence  excelled  in  crayon-drawing 
during  tlu!  early  part  of  the  present  century.  Cray- 
ons and  ]iencils  are  used  by  painters  in  designing 
and  sketching-in  on  canvas.  The  imitation  of  the 
chalk-drawing  has  given  rise  to  one  style  of  plate- 
engraving,  known  as  the  stipple  or  cluilk  engrav- 
ing. 

When  Coitez  landed  in  Mexico  in  1520,  he  found 


the  Aztecs  using  graphite  crayons,  which  were  prob- 
ably made  from  the  mineral  found  in  Sonora. 

As  has  been  said,  the  mounting  of  the  small  gi'aph- 
ite  bars  in  wood  originated  in  England.  The  block 
of  graphite  was  sawed  into  pri.sms  of  the  required 
shape,  and  of  such  length  as  the  lump  admitted. 
Each  slip  of  graphite  was  laid  in  a  groove  made  in 
a  slip  of  cedar,  a  little  glue  causing  it  to  adhere  ; 
another  slip  of  cedar  was  laid  over  it,  and  the  pencil 
was  shaped  by  a  round-soled  plane.  Several  lengths 
of  graphite  llUiug  were  required  for  the  length  of  a 
pencil,  as  the  lumps  were  usually  small  in  size  and 
the  pieces  very  frangible. 

To  utilize  the  waste,  Mr.  Brockedon  attempted  to 
compress  it  into  blocks  in  powerful  hydraulic  presses, 
but  without  much  success.  The  plan  of  grinding 
up  into  a  pigment,  which  was  hardened  into  a  block 
by  baking,  was  afterward  introduced  with  better 
result. 

When  the  Borrowdale  mine  was  giving  out,  Conte 
of  Paris  invented  the  method  of  producing  the  leads 
by  making  a  mixture  of  giaphite  and  clay,  pressing 
it  into  the  required  shape  from  a  mass  like  dough, 
and  baking  it  to  the  requisite  hardness  for  use.  All 
the  pencils  now  made  in  any  part  of  the  world  are 
made  by  Conte's  process. 

The  following  is  the  method  employed  by  Mr. 
Cleveland,  of  the  Dixon  Company,  at  Jersey  City, 
in  the  production  of  "Dixon's  American  Graphite 
Pencils  "  :  — 

The  graphite  is  purified  by  various  means,  according  to  the 
nature  of  tlie  foreign  matter  it  m.ay  contain.  Ticonderoga 
graphite  ground  fiue  in  water  is  treated  with  sulphuric  and  ni- 
tric acids,  and,  after  washing  clean,  heated  to  a  bright  red.  See 
Graphite. 

It  is  then  mixed  with  water  until  thin  enough  to  run  very  freely, 
and  the  mixture  turned  slowly  into  the  hopper  (see  n,  Fig.  3f>17). 
The  coarser  or  heavier  particles  vdW  settle  at  the  bottom  of  the 
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Prnril-Making. 

first  tub,  the  next  heavier  in  the  nest  tub,  and  sc  on,  till  the 
water  will  run  almost  clear  from  the  overflow  of  the  last  tub, 
as  shown  in  the  cut. 

For  the  finest  pencils  the  deposit  in  the  last  tub  is  used,  but 
for  the  commoner  sorts  the  deposit  in  the  tub  next  to  the 
last  will  answer  very  well,  and  for  ordinary  pencils  the  deposit  in 
the  one  still  before  that  is  used.  The  stream  should  run  into 
the  first  tub  very  slowly  and  gently,  so  that  the  contents  of 
each  tub  will  be  but  slightly  disturbed. 

When  the  operation  has  been  going  on  for  some  time  the  in- 
let is  stopped,  and  after  leaving  the  tubs  for  half  a  day  to  settle, 
the  clear  water  above  the  deposit  is  decanted  by  withdrawing  a 
small  pine  plug,  several  of  which  are  inserted  in  holes  bored  in 
the  sides  of  the  tubs,  at  convenient  distances  from  the  top,  and 
by  drawing  out  these  one  at  a  time  as  the  water  gets  lower,  all 
the  water  i.s  decanted  without  disturbing  the  deposited  graphite, 
which  is  very  light  and  will  ri.se  with  the  least  agitation,  espe- 
cially that  which  is  deposited  in  the  last  tub. 
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The  gates  near  the  bottom  of  the  tubs,  shown  in  the  cut,  are 
then  raised  and  the  contents  reuiuvod  and  dried. 

The  graphite  is  now  ix>»dy  for  the  clay. 

The  flay  this  company  employs  is  known  in  market  as  pipe- 
clay^ of  u  bluish-gray  color,  has  great  strength,  and  is  very 
unctuous  and  fatty  when  wet.  It  comes  to  this  country  from 
Rotterdam  for  the  manufacture  of  crucibles.  The  clay  is  sepa- 
rated in  water  aud  tioated  through  a  series  of  tubs  in  the  same 
manner  as  the  graphite,  only  the  finest  part  being  fit  for  pen- 
cils. 

Like  the  graphite,  it  is  dried  before  mixing,  in  order  that  the 
mixture  may  be  exact  and  reliable  for  the  production  of  the 
different  gnides  ofUads.  The  larger  the  proportion  of  clay  the 
harder  the  grade,  and  a  less  proportion  of  clay  and  more  graph- 
ite produces  a  softer  grade.  For  a  medium  grade  the  proper 
proportion  is,  7  piirts  of  clay  to  10  parts  of  graphite,  by  weight. 

Water  is  added  to  the  clay  and  graphite,  and  the  mass  fairly 
mixed  by  the  hands  to  the  consistency  of  thick  cream.  In  this 
state  the  mass  is  fed  into  the  mills  for  final  grinding.  The  mills 
are  of  stone,  24  inches  in  diameter,  only  the  top  stone  running, 
and  thit  at  considerable  speed.  This  operation  is  much  like 
grinding  paint,  and  the  mass  is  passed  through  these  mills 
many  times :  for  the  fine  pencils  it  is  ground  over  as  many  as 
twenty-four  times  before  it  is  considered  ready  for  use.  It  is 
now  a  pasty  mass,  and  this  is  inclosed  in  a  canvas  bag  and 
placed  in  a  powerful  steam-press,  where  the  water  is  pressed 
out,  much  the  same  as  oil  is  pressed  out  of  ground  linseed. 
This  pressing  is  carried  to  that  point  that  leaves  the  mixture  a 
stiff  dough,  ready  for  the  forming- press. 

The  forming-press  is  composed  of  a  cast-iron  well,  8  inches 
deep  and  4  inches  in  diameter,  inside  measure,  having  a  follower 
or  plunger,  like  an  old-fiishioned  sausage-stuffer.  The  mate- 
rial is  molded  into  the  shape  of  the  inside  of  the  well,  by  work- 
ing it  with  the  hands  as  the  potter  works  his  clay,  placed  in  the 
well  and  driven  snug  down  with  a  hammer  and  wooden  plug  ; 
the  iron  follower  then  comes  down  slowly,  driven  by  a  power- 
ful screw. 

In  the  lower  end  of  the  well,  which  is  upright,  is  an  opening 
of  the  exact  size  and  shape,  square  or  round,  desired  for  the 
leads ;  and  aa  the  follower  presses  upon  tbe  material,  a  thread 
spins  out  below  and  coils  itself  upon  a  board  placed  underneath 
to  catch  it.  A  sufficient  quantity  being  spun  out  for  convenient 
handling,  the  board  is  removed  and  another  put  in  its  place. 
From  this  coil  the  lead  is  drawn  off  and  straightened  out  upon 
boards  of  suitable  length  for  three  pencils,  the  back  edge  of 
the  board  having  a  raised  straight-edge  against  which  the  first 
length  is  placed,  the  next  length  laid  snug  against  the  first, 
ajid  so  on  till  the  board  is  full,  when  it  is  placed  carefully  away 
for  the  leads  to  dry.  When  dry  they  are  very  brittle,  and  are 
cut  into  lengths  for  pencils,  platred  upright  in  crucibles  of 
graphite,  made  for  this  use,  with  straight  sides  and  fitted  with 
covers. 

When  the  crucible  is  full  the  leads  are  covered  over  with  fine 
graphite  tti  exclude  the  air,  and  as  a  farther  precaution  the 
cover  of  the  crucible  is  well  luted  on.  The  crucibles  are  then 
heated  to  a  red  heat,  taken  out  of  the  oven  and  cooled,  and  the 
leads  removed  ready  for  use. 

The  next  step  is  the  preparation  of  the  wood.  Only  a  soft, 
clo^-grained  wood  will  answer,  and  the  best  is  the  Florida 
cedar. 

The  wood  is  sawed  into  pieces  6  of  the  right  length  for  a  pen- 
cil, of  a  width  suitable  for  six,  and  of  half  the  thickness  for 
pencils. 

These  blocks  run  throui^h  a  machine  that  planes  and  grooves 
them  (c),  the  grooves  being  the  depth  of  half  the  size  of  the 
leads  The  leads  are  then  laid  into  the  grooves  of  one  piece 
while  the  other  piece  of  cedir  exactly  like  it  is  coated  with  glue 
and  laid  on  the  first  (d).  These  double  pieces,  or  blocks,  are 
then  placed  in  a  press,  many  of  them  together,  till  dry  enough 
to  proceed.  Leaving  the  press  they  are  solid  blocks  containing 
six  leads  equidistant  from  each  other,  ready  to  be  shaj>ed  into 
six  pencils,  and  these  blocks  {e.  Fig  3617)  go  through  the  first 
machine,  that  brings  them  to  size,  and  then  through  the  next 
machine,  similar  to  a  molding-cutter,  coming  out  six  pencils 
from  each  block.  The  cut /"shows  the  block  before  it  is  quite 
through  the  machine;  §  shows  six  perfect  pencils. 

The  machine  whicii  converts  the  block  into  pen- 
tMls  is  of  the  nature  of  a  plauing-inacliine  with  a 
aev'u's  of  circular  cutters  above  and  below,  like  the 
mokling-niachines  for  wood-working.  The  effect  of 
the  up[>er  and  lower  rows  of  cutters  is,  re.spectively, 
to  cut  a  series  of  six  beads,  the  joint  effect  being  to 
make  six  cylindei-s  from  the  block,  the  ])arts  and 
positions  of  the  cutters  being  so  accurately  gaged  as 
to  leave  the  kad^  in  the  exact  center  of  each  cylin- 
der (or  hexagon,  as  the  case  may  be),  and  leave  no 
fin  or  mark  upon  the  edges  of  the  pencils  where  the 
action  of  tlie  upper  and  under  series  of  cutters  meets 
at  the  middle  of  each  pencil,  as  shown  in  the  cut. 

Thf  knives  in  thi'sc  shaping-nKU'liines,  in  order  to 
do  tlie  work  well,  .sliould  n-vidvc  at  the  rate  of  4,500 


revolutions  per  minute,  and  must  run  absolutely 
true,  as  any  weakness  or  tremor  will  destroy  the  fin- 
ish on  the  surface  of  the  wood,  and  make  it  neces- 
sary to  adopt  the  old  process  of  sand-pa])ering  each 
pencil,  as  still  practiced  by  other  manufacturers. 
The  tinisli  ulitained  by  the  machine  is  such  that  sand- 
paper wouKl  roughen  them.  The  round  and  hexa- 
gon or  other  shapes  are  produced  in  the  same  way. 
The  pencils  are  now  ready  to  receive  the  color  and 
tinish,  according  to  taste,  and  are  then  stamped  and 
packed  tor  market.  (Jreat  care  must  be  taken  to  have 
the  wood  dry,  and  it  is  better  air-dried  than  kiln- 
dried. 

The  machine  for  .shaping  turns  out  the  pencils  from  the 
blocks  at  the  rate  of  72  per  minute,  or  over  43,000  per  day. 
The  varnishing  aud  coloring  of  the  surface  is  done  by  a  ma- 
chine at  the  rate  of  ]20  per  minute,  or  72,000  per  day,  and  they 
are  polished  by  a  machine  at  the  rate  of  106  per  minute,  or  over 
63,0U0  per  day.  All  of  these  machines  are  attended  by  girls 
about  twelve  years  of  age,  one  to  each,  no  skilled  labor  being- 
required. 

The  granular  formation  of  gi-aphite  is  more  easily 
prepared  than  the  foliated.  The  Dixon  Company 
has  extensive  mines  at  Ticonderoga  and  a  large  mill 
at  the  outlet  of  Lake  George  into  Lake  Champlain, 
where  the  pure  foliated  graphite  is  manipulated  very 
cheaply. 

Colored  pencils  are  made  in  the  same  way  as 
blac^k,  except  that  the  little  bars  cannot  be  baked 
like  the  black  kads.     Heating  destroys  the  color. 

In  making  them,  colonng-matter  of  the  kind, 
desired  is  used  with  the  elay,  instead  of  graphite^ 
and  they  are  boiled  in  wax  before  being  placed  iit 
tlie  wood. 

The  Florida  cedar  is  used  by  all  of  the  principal 
pencil-makers  in  the  world,  on  account  of  its  fine 
grain,  .softness,  ami  .strength  combined. 

Dixon's  American  graphite  pencils  are  in  different  styles,  as 
blark,  niaroon ,  ct  f/ar-j7?its/i ,  the  latter  being  in  the  natural  color- 
of  the  cedar  of  which  they  are  all  made;  fatin-fmish^  a  new 
Btyle,  is  made  of  the  same  tedar,  but  finished  to  resemble  French 
walnut  in  color,  showing  the  grain  of  the  wood.  There  are  ten 
distinct  grades  of  hardness  in  the  leads,  shown  by  the  grade 
Btamps,  as  follows  :  WS,  vtry,  very  so/t^  (or  the  deepest  heavy 
shading.  VS,  very  so/tt  for  very  deep  shading.  S,  so/t,  for 
rapid  shading  in  sketching,  the  softest  gnide  for  office  use. 
SM,  soft  medtum,  for  general  .sketching,  the  popular  grade  for 
office  or  pocket.  MIJ,  Jtnditi/n  blacky  for  drawing  or  general 
use.  M,  nifdiinn,  for  office  and  stenographic,  professional,  or 
desk  use.  Mil.  mediinn  hard,  for  finer  desk  use  or  fine  lines 
in  drawing.  II,  /mrrf,  for  bank  use,  or  finer  hnes  in  drawing. 
\n,  very  htiTd,  for  architects,  engineers,  draftsmen,  etc.  WH>, 
Viry,  I'fry  hard,  for  the  fine.'^t  lines. 

The  S,  ?M,  M,  H,  and  VH  are  the  five  rignlar  oflice  grades. 
The  whole  ten  grades  are  for  artists.  The  SM  aud  M  only  are 
made  in  the  round  black  pencils  with  the  gold  stamp,  and  in 
the  maroon  fini.'ih  both  round  and  hexagon  shapes.  But  the 
five  regular  office  grades  of  leadyare  all  made  in  round  and  hex- 
agon shapes,  in  both  the  cfdar  Jinisk  and  the  new  satin  Jinish,  ^ 
and  the  whole  ten  distinct  grades  of  lead  are  made  of  the  hexa- 
gon shape  only,  both  of  these  styles  of  finish,  for  artists  and 
technical  uses. 

The  old  method  of  sawing  them  out  of  Folid  blocks  of  grajihite 
produced  leads  of  rectangular  shape,  and  they  have  been  con- 
tinued in  that  phape  to  the  present  day  ;  but  the  Dixon  Com- 
pany has  introduced  round  leads  in  round  wood,  making  a  de^ 
cided  improvement.  The  round  leads  are  more  easily  sharp- 
ened, are  stronger  than  the  flat  shape,  and  more  in  harmony 
with  the  exterior  of  the  finished  pencils. 

Fig.  3618  shows  a  number  of  modes  of  attaching 
rubber  to  lead-pencils. 

Various  convenient  additions  to  pencils  have  been 
nnide,  such  as  attaching  calendars  thereto,  sheaths 
to  cover  the  leads,  thimbles  and  sockets  to  attach, 
the  pencil  to  the  lappel  of  the  coat  or  vest.  Two- 
pencils  in  a  })air  ()f  sheaths  jointed  together  make  a 
convenient  ])air  of  compasses  for  many  purposes. 

The  poici'l-lead.s  as  sold  by  stationers  and  jewelers 
for  jtencil-cases  an<l  ever-point  pencils  are  little  cylin- 
ders made  of  graphite  and  clay  kneaded  with  water 
until  it  assumes  the  consistency  of  putty.  This  is. 
placed  in  a  cylinder  and  forced  by  heavy  pressure 
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through  a  circular 
hole  in  the  bottom 
of  the  cylinder,  the 
size  of  the  opening 
determining  the  size 
of  the  lead  which  is 
indicated  in  the 
Rubber-Tipped  Pencils.  trade  hy  a  number. 

The  material  issues 
in  long  lie.xible  threads,  which  are  received  on  sheets 
of  metal  and  placed  in  an  oven.  The  length  of  time 
occupied  in  the  baking  determines  the  hardness. 
The  threads  are  then  broken  up  into  short  pieces 
and  boxed  according  to  their  sizes,  Nos.  1  to  9. 

2.  A  small  brush  or  tool  employed  by  painters. 
Pencils  are  made  of  camel,  badger,  squirrel,  fitch,  or 
sable  hairs. 

3.  To  draw  a  line  of  white  paint  along  a  mortar- 
joint  in  a  brick  wall,  to  render  the  joint  more  con- 
Fig  3619  ^picuous  and  contrast  with  the  color  of  the 

'  bricks.     This  is  termed  penciling. 

Pen'cil-case.      A  holder   for   a  pencil, 
usually  with  a  slide  by  which  the  pencil  is 

Fig.  3620. 


Pen'cil-com'pass.     One  having  a      F'g  322 
pencil-end  at  one  leg  ;    or  a   compass 
to  which  an   ordinary  pencil  may  be 
attached,  as  in  the  e.'caniple. 

Pen'cil -sharp'en-er.  A  device 
against  which  a  lead  or  a  slate  pencil 
is  drawn  or  rotated  in  order  to  sharpen 
the  point. 

For  slate-pencils  it  may  consist  of  a 
file  on  a  stake,  in  a  cup  a  or  on  the 
edge  of  a  slate-frame  /).  The  same  may 
answer  for  lead-pencils  if  the  wood  be 
previously  cut  away,  c  is  a  pocket- 
file  which  slips  into  a  sheath.  <i  is  a 
serrated  socket  in  which  the  pencil- 
point  is  rotated,  e  is  a  Ibrm  in  whicli 
the  pencil  is  held  against  a  TQiaiw^  Pencil- Compass. 
wheel.  /  has  a  blade  which  will  cut 
wood  and  lead  impartially,  g  is  of  hardened  steel, 
the  groove  being  serrated. 

Pig.  3623. 


Pea  and  Pencil  Case. 

retracted  into  its  sheath  to  reduce  the  length 
of  the  instrument  and  preserve  the  lead  from 
breakage  when  carried  in  the  pocket. 
Fig.  3621.  The  usual  form  has  a  hollow  hold- 
er from  which  the  tube  holding  the 
pencil-lead  is  projected  by  twisting 
or  by  simply  .sliding  out. 

In  Fig.  3620,  the  ea.*e  cousisb?  of  a  single 
tube  with  a  screw  cap.  and  a  reversible  pen- 
holder and  pencil-point.  The  tube  has  also 
a  st^-tion  extensible  telescopically. 

In  Fig.  3619.  the  peo  is  on  a  sliding  piece 
at  one  eud,  while  the  pencil-holder  is  sock- 
eted in  the  other  end,  cither  projecting  for 
use  or  inclosed  for  compactness  in  carrying- 
ing. 

The  ever-point  pencil  was  patent- 
ed in  England  in  1823  by  Hawkins 
and  Mordan. 

The  small  c.vlinder  of  black-lead  is  pushed 
forward  by  a  driver,  so  J*s  to  project  through 
the  end  of  the  nozzle.  On  the  out.^ide  of  the 
driver  is  a  screw,  and  on  the  end  of  the 
iMd-cylinder  is  a  nut,  so  that  when  the  noz- 
zle is  held  in  one  hand  while  the  case  is 
turned  by  the  other,  the  driver  is  worked 
in  or  out  for  the  reception  of  another  lead 
or  for  the  driving  out  of  the  contained  lead, 
respectively. 


point 
Pencil. 


Pen'cil-clasp.   A  device  to  hold 
a  pencil  to  the  lappel  or  breast  of 
the  coat.  Used  by  import  clerks  and  others. 


I 


(aywiWlX®) 


Pencil- sharpeners. 


Pen'dant.  1.  (Xnutical.)  a.  A  strap  or  short 
rope  depending  from  a  ma.st-head,  and  having  thim- 
bles for  bearing  the  blocks,  which  transmit  the  ef- 
fects of  tackles  to  distant  points.  Their  names  indi- 
cate their  specific  duty  ;  as,  .^sA-pendant,  iracc-pen- 
dant,  stay-tackle  pendant,  etc.  Used  especially  in 
setting  up  masts  and  rigging. 

b.  (Or  Pennant.)  A  long,  naiTow  .stiip  of  bunt- 
ing worn  at  the  mast-head  of  vessels  of  war.  Play- 
fully called  a  coaeh-irhip,  in  contradistinction  to  a 
broad  pennant.     See  Pf.nnaxt. 

2.  (Archilcclurc.)  a.  An  ornament  suspended 
from  the  roof  of  a  Gothic  or  Tudor  building;  the 
hanging  ornament  from  the  crown  of  a  vaulted 
ceiling. 

b.  A  hanging  keystone,  the  lower  face  projecting 
beyond  the  intrados  of  the  arch. 

3.  An  ear-ring  or  bob. 
The  part  of  a  watch  by  which  it  is  suspend- 
Usually  consisting  of  a  guard-ring  and  pusher- 


ed. 
pin. 
5. 


A  suspended  chandelier. 
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Fig.  3624, 


Pen'dant-'wind'ing  Watch,   (fforolor/tj.)    One 
whose  spring  is  wound  up  by  the  rotation  of  tlie 


Fig.  3625. 


Fig.  3626. 


Walrk- Pendant. 

pendant  brouglit  into  gear  with  wheels 
connecting   to  the   spring-arbor.      In 

Fig.  3627. 


Ptndulous-  Cylinder  Steam- 
Engine. 


the  example,  the  spring 
is  wound  and  the  hands 
set  tlirough  the  stem  of 
tlie  pendant ;  a  single 
inllexible  rod  operates 
eae'i  mechanism.  For 
setting,  the  stem  is  par- 
tial v  retracted,  and  the 
wa'di  is  wound  by  ro- 
tating the  stem  at  its 
normal  projection.  See 
also      Stem -WINDING 

W.\TCH. 

Pen-dent 'ive. 

(Architecture.)  a.  The 
filling  in  of  the  span- 
drebs  between  the  arch- 
es of  a  vault. 

b.  Also  between  the 
arches  under  a  dome. 

c.  The  portion   of  a 


groined  ceiling  supported  and  bounded  by  the  apex 
of  the  longitudinal  ami  transverse  vaults.  In  Gothic 
ceilings  of  this  kind  the  ribs  of  the  vaults  descend 
fiom  the  apex  to  the  impost  of  each  pendentive, 
where  they  become  united. 

Pen'du-lous-cyl'in-der  Steam-en'gine.  A 
form  of  oscillating-cylinder  steam-engine  in  which 
the  cylinder  is  suspended  so  as  to  oscillate  below  its 
trunnions,  as  seen  in  the  illustration.  The  valve 
may  be  a  disk-valve  in  the  trunnion  or  a, slide-valve 
on  the  .side. 

Pen'du-lum.  a.  A  heavy  body  so  suspended  as 
to  vibrate  about  a  fixed  point  by  the  action  of 
gravity. 

Pendulums  in  chronometry  are  known  by  struc- 
ture or  function  ;  as,  — 

Corapcnsalion  pendulum,  having  isochronous  means 
within  itself  for  adjustment,  compensating  the  efi'ects 
of  heat  and  cold. 

Conical  pendulum,  having  a  circular  path,  the  rod 
of  suspension  describing  a  cone. 

Cycloidal  pendulum,  vibrating  in  the  arc  of  a 
cycloid  instead  of  a  circular  arc. 

Gridiron  pomlulum,  having  parallel  bars  of  brass 
and  steel,  whose  diverse  expansion  under  heat  is 
made  to  preserve  unifoimity  of  the  center  of  oscilla- 
tion of  the  bob. 

The  mercurial  pendulum,  having  for  a  bob  a  ves- 
sel of  mercury,  whose  upward  expansion  by  heat  so 
compensates  the  lengthening  of  the  rod  that  the 
center  of  o.scillation  remains  the  same. 

The  seconds  pendulum,  vibrating  3,600  times  in 
an  hour. 

b.  A  wheel  oscillating  on  an  axis,  known  as  a 
verge,  and  determining  by  its  isochronal  pulsations 
the  movement  of  the  train. 

c.  Besides  these  are  devices  not  chronometric,  as 
the  hyyrometric  pendulum,  ballistic  penduhim ,  etc. 

Previous  to  the  application  of  the  jieniluluni,  a 
fly-wheel  was  used,  the  vanes  meeting  the  resistance 
of  the  air,  forming  a  linut  to  the  speed,  as  in  the 
musical  boxes  of  the  jircsent  day. 

Such  was  proliably  tire  regulator  in  the  clocks  of 
the  Saracens,  which  were  moved  by  weights  as  early 
as  the  eleventh  century  ;  the  clock  which  struck  the 
hours,  referred  to  by  Dante  (1265-1321);  the  clock 
in  the  old  Palace  Yaid,  London,  put  up  about  1288 
and  remaining  till  the  time  of  Elizabeth  ;  the  clock 
made  by  William  of  Wallingford  in  the  reign  of 
Kichanl  11.  (1377-85). 

Ebn  .Tunis,  of  the  University  of  Cordova,  invented  the  time- 
nieasurinff  pendulum,  and  hi.<!  friend  and  fcllow-pliilosopher. 
Gerbert,  invented  tile  escapement,  a-s  it  is  believed.  Gerbert 
became,  successively,  schoolmaster  at  Rheims  (where  be  had  a 
clock).  Archbishop  of  Ravenua.  and  Pope  Sylvester  II.  He 
died  by  poison  in  1002.  So  did  his  patron,  Otho  III.,  about 
the  same  time. 

An  oscillating  arm  was  substituted  for  the  fly,  probably  in 
the  fourteenth  century. 

Tlie  clock  of  Henry  de  Wyck,  erected  in  1.3t!4,  for  Charles  V. 
of  France,  was  regulated  by  an  alternating  bal.ince  (n.  Fig  3u28) 
which  was  formed  by  suspending  two  heavy  weights  from  a  hor- 
izontal bar  fixed  at  fight  angles  to  an  upright  arbor,  and  the 
movement  wa.s  accelerated  or  retarded  l>y  diminishing  or  in- 
creasing the  distance  of  the  weights  from  the  arbor. 

The  clocks  erected  at  Strasburg,  1370,  Courtray,  1370,  and 
Spire,  ISO.'),  were  probably  of  this  character,  .is  were  also  the 
astronomical  clocks  of  Tycho  Brahe  and  other  less  celebrated 
astronomers  of  his  period. 

b  shows  tlie  Harris  pendulum  a^  contrived  by  him  in  the 
clock  put  up  in  the  turret  of  the  Church  of  St.  Paul,  Covent 
Garden,  London,  in  1041.  It  will  be  seen  that  it  may  have  oc- 
curred a,s  a  modification  of  the  De  Wyck  vibrating  arm,  one  of 
the  weights  being  tiken  off  and  the  arm  hung  vertically. 

Galileo,  about  1581.  observed  the  swinging  of  a  suspended 
lamp  and  the  regularity  of  the  vibrations  recommended  a  pen- 
dulous weight  .as  a  time-nie.isurer.  He  applied  it  as  such  suc- 
cessfully, at  first  employing  persons  to  count  the  oscillations, 
but  soon  elTected  it  by  machinery. 

Dr.  Thomas  Young  in  his  lectures  on  Natural  Philosophy  and 
the  Mechanic  Arts,  1807,  Vol.  I.  p.  19,  ascribes  the  first  com- 
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bination  of  the  pendulum  with  wheel-work  to  Sanctorius,  in 
1612. 

The  conical  or  spherical  pendulum  is  one  which 
moves  in  a  circle  under  the  influence  of  gravitation, 
it  and  its  suspending  cord  describing  a  cone,  of 
which  the  point  of  su.speusion  is  the  ape.x.  The  the- 
ory of  such  a  pendulum  is  of  a  complicated  nature, 
and  the  instrument,  not  being  used  in  )iractical  ho- 
rology, possesses  little  interest  to  the  non-scientitic  j 
reader.  It  is,  however,  employed  in  controlling  the 
rotating  mechanism  of  the  equatoi'ial  telescope.  The 
theory  of  the  oi-dinary  pendulum,  which  vibrates 
in  a  vertical  plane,  was  lirst  clearly  elucidated  by 
Huygh'ns. 

The  simple  pendulum  is  theoretically  an  imagi- 
naiy  gravitating  point  attached  by  a  rigid  rod  de- 
void of  weight  to  its  point  of  suspension.  As  these 
conditions  are  impossible  in  practice,  the  actual  pen- 
dulum is  a  compound  pendulum,  the  weight  and 
shape  of  the  bob  and  rod  serving  as  elements  for 
determining  a  point,  called  the  center  of  oscillation, 
within  the  pendulum,  whose  vibrations  are  performed 
in  the  same  time  as  those  of  the  whole  mass  would 
be  were  it  concentrated  at  that  point.  This  being 
done,  the  mathematical  investigation  of  the  vibra- 
tions of  this  point,  oscillating  freely  imder  the  influ- 
ence of  gravity,  is  identical  with  that  of  the  imagi- 
nary simple  pendulum. 

The  result  of  the  investigation  develops  the  following  laws: 
1.  At  equal  disLinces  from  the  earth's  center  the  times  of  os- 
cillation of  two  pendulums  are  directly  proportional  to  the 
square  roots  of  their  lengths. 

2.  .\t  different  distances  from  the  earth's  center  the  times  of 
vibration  are  inversely  proportional  to  the  square  roots  of  the 
distinces,  i.  e.  to  the  force  of  gravitation. 

3.  The  length  of  a  pendulum  vibrating  seconds  is  directly 
proportional  to  the  force  of  gravity  at  the  place. 

From  the  latter  law  the  force  of  gravity,  that  is,  the  velocity 
with  which  a  falhng  body  is  drawn  tow.ard  the  earth's  center 
at  any  particular  place,  is  readily  deduced.  Thus  the  length 
of  the  seconds  pendulum  at  Loudon  being,  according  to  Captain 
Kater's  experiments,  3  2616  feet,  a  body  «ill  fall  16.1  nearly,  at 
that  place,  during  the  first  second  of  time 

The  length  of  a  pendulum  beating  seconds  at  the  level  of  the 
sea  in  the  latitude  of  London  is  39.1393  inches. 

Huygheus  first  observed  the  dilTerence  in  the  beats  of  the 
pendulum  at  different  hights  ;  and  extended  experiments  to 
ascertain  the  density  of  the  earth  have  been  made  with  the 
pendulum  by  Professor  Airy  in  the  years  1826  -  28,  in  deep  mines 
in  Coruwali,  and  later  in  other  places  at  great  depths  and 
hights. 

From  the  first  of  the  foregoing  laws  it  follows  that  as  the 
length  of  the  pendulum  varies  in  consequence  of  changes  of 
temperature,  the  number  of  its  oscillations  in  a  given  period,  as 
the  sidereal  day,  will  also  vary. 

Various  contrivances  have  l>een  devised  to  remedy  this  defect 
by  keeping  the  center  of  suspension  and  that  of  oscillation  at  a 
uniform  distance  apart.  Such  are  known  as  compensation 
pendulums. 

Huygheus,  about  1656,  designed  mechanism 
whereby  the  small  isochronous  vibrations  of  a  mov- 
ing body  couM  be  sustained  and  measured.  He 
njay  therefore  be  considered  tlie  inventor  of  the  com- 
[ilete  contrivance.  This  invention  is  regarded  as  the 
most  important  ever  made  in  reference  to  practical 
astronomy.  He  soon  found  that  the  oscillations  in 
circular  arcs  of  difterent  amplitudes  are  not  equal, 
the  wider  requiring  a  rather  longer  time  than  the 
narrower,  and  that  when  oscillating  in  a  cycloidal 
curve  the  pendulum  was  free  from  this  detect.  As 
a  means  of  compelling  the  pendulum  into  this  path, 
he  placed  cycloidal  checks  (c,  Fig.  3628),  whose  ef- 
fect upon  the  elastic  pendulum -roil  was  such  as  to 
cause  the  center  of  oscillation  of  the  bob  to  describe 
the  arc  of  a  cycloid,  and  to  make  oscillations  in  eijual 
times  whatever  might  be  the  extent  of  the  arc  de- 
scribed. Jlechanical  difficulties  prevented  this  beau- 
tiful contrivance  from  being  practically  useful.  See 
Huyghens'.s  "Horologiuni  Oscillatorium"  and  other 
works  on  horologv. 


It  has  been  found  that  pendulums  vibrating  in  very  small 
arcs  do  not,  however,  sensibly  vary  their  times  of  oscillation  in 
consequence  of  a  small  proportional  increase  or  decrease  in  the 
extent  of  that  arc,  and,  accordingly,  where  extreme  accuracy  is 
required,  the  amptiliide  or  extent"  of  the  oscillation  on  either 
side  of  a  vertical  Hue  passing  through  the  point  of  suspension 
is  restricted  within  narrow  limits,  and  provision  is  made  for 
preventing,  as  far  as  possible,  any  change  in  the  amplitude. 

The  thin,  flat  spring  by  which  a  clock  pendulum  is  suspended 
assists  in  maintaining  the  uniformity  of  its  oscillations. 

The  forms  of  the  clock-escapements  before  Clement 
of  London  (1676)  invented  the  ajtc/tor-escapement 
are  not  perfectly  known,  but  were  probably  on  the 
verge  principle,  two  pallets  on  the  a.\is  of  oscillation 
of  the  pendulum  alternately  escaping  from  the  teeth 
of  a  crown-wheel  propelled  by  the  train. 

Clement  also  devised,  about  the  same  time,  tlie 
mode  of  suspending  the  pendulum  from  a  stud  by  a 
small  piece  of  watch-spring. 

Graham,  of  London,  invented  the  mercurial  com- 
pensation pendulum  (d)  about  1700.     In  it  a  jar  of 

Fig.  3628. 


Pendulums. 

mercury  is  used  for  the  bob  or  weight.  As  the  pen- 
dulum-rod is  expanded  longitudinally  by  increased 
temperature,  the  expansion  of  the  mercury  in  the 
jar  can-ies  it  to  a  greater  hight  therein,  and  so 
raises  its  center  of  gravity  relatively  to  the  rod  as 
to  compensate  for  downward  expansion  of  the  latter. 
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Contraction  of  the  roil  liy  cold  has  the  rever.sc  effect, 
and  thus  the  center  of  gravity  i.s  always  kept  at  the 
same  distance  from  the  point  of  suspension,  the  ef- 
fective length  of  the  jiendnluni  remaining  the  same, 
and  the  beats  isocliro7ious. 

The  gridiron  i)cnduhim  (c)  was  invented  by  Har- 
rison, and  takes  its  name  from  its  form,  which  con- 
.sisted  of  a  frame  of  parallel  bars  of  steel  and  of  brass 
or  zinc,  while  the  center  bar  of  steel  is  Hxed  at  top 
to  the  cross-bar  connecting  the  middle  brass  bars, 
sliding  freely  through  the  lower  bars,  and  bearing  the 
pendnhim-bob.  The  remaining  bars  ai'e  fastened  to 
the  cross-pieire  at  both  ends,  and  the  uppermost 
cross-piece  is  attached  to  the  axis  of  suspension.  It 
is  easy,  therefore,  to  see  that  the  expansion  of  the 
steel  bars  tends  to  lengthen  the  pendulum,  while 
that  of  the  brass  ones  tends  to  shorten  it ;  and,  con- 
sequently, if  the  two  expansions  exactly  counteract 
each  other,  the  length  of  the  pendulum  will  re- 
main unchanged.  The  relative  lengths  of  the  brass 
and  steel  bars  are  determined  by  the  expansions  of 
the  two  metals,  which  are  found  by  experiments  to 
be  generally  nearly  as  100  to  61. 

A  coinpen.sation  pendulum  (/)  has  been  contrived, 
in  which,  by  means  of  a  coinpnund  bar  of  metal,  a 
certain  portion  of  the  weight  of  the  bob  is  liftinl 
when  heat  extends  the  pendulum-rod.  The  bent 
bar  is  a  compound  of  brass  ami  steel,  brazed  together 
brass  downward.  As  brass  expands  more  than  steel 
with  a  given  increment  of  heat,  it  carries  the  weights 
up  with  it,  raising  the  center  of  gravity  of  the  aggre- 
gate weight  to  compensate  for  the  extension  of  the 
rod. 

The  conical  pendidum  (</)  is  hung  by  a  piece  of 
small  round  wire.  The  lower  end  is  connected  with 
and  driven  in  a  circle  by  an  arm  attached  to  a  verti- 
cal, rotating  spindle.  The  pendulum-rod  describes 
a  cone  in  its  revolution. 

A  rolling  pendulum,  consisting  of  a  cylinder  os- 
cillating in  small  spaces  on  a  horizontal  plane,  has 
been  suggested,  but  has  not  evinced  any  qualities 
superior  to  the  suspended  pendulum  describing  an 
arc. 

In  Reid's  com.pcnsation  pendulum  (1818)  the  bob 
rests  in  a  hollow  cylinder  of  zinc,  through  whii-h 
the  rounded  end  of  the  steel  ]iendulum  is  passed, 
the  zinc  itself  being  sujiported  by  the  nut  at  the  end 
of  the  rod.  As  the  rod  lengthens  by  heat,  carrying 
the  bob  downward,  the  upward  expansion  of  the 
zinc  lengthens  the  rod  and  raises  the  bob  to  an  equal 
degree. 

The  pendulum  of  the  watch  is  an  oscillating  wheel 
termed  the  balance  (It);  this  is  impelled  by  the  main- 
spring and  train  in  one  direction,  and  is  returned  by 
the  force  of  the  hair-spring  on  the  arbor  of  the  bal- 
ance. It  is  probably  the  invention  of  Dr.  Hooke. 
Jewels  were  added  by  Facio  of  Geneva  about  1700. 
The  compensation  balance  (?')  was  made  by  Harrison. 
(See  C'HKONOMETiiR.)  The  circumference  is  divided 
into  two  sections,  the  ends  of  which  are  free.  The 
outer  rim,  or  tire,  is  of  brass,  and  the  inner  rim  and 
cross-bar  of  steel,  —  these  being  soldered  together 
so  that  one  expansion  counteracts  the  other.  Cold, 
contracting  the  inner  steel  rim,  would  reduce  the 
circumference  ;  but,  as  it  contracts  the  outer  brass 
rim  still  more,  an  opposite  effect  is  (iroduced,  the 
circumference  being  enlarged.  The  effect  of  expan- 
sion is  checked  in  a  sinnlar  way. 

j  is  Dr.  Hooke's  anchor-escapement,  k  is  the 
escapement  known  as  the  "  lever,"  or  "detached 
lever."  The  bar  to  widcli  the  pallets  are  attached 
turns  upon  a  center-jiiu,  so  that  the  ends  of  the  lever 
move  backward  and  forward  through  small  arcs,  as 
the  pallets  aie  alternately  released  from  the  scape- 


I  wheel.  One  end  of  the  lever  has  a  little  nick  in  it, 
which,  as  it  passes  backward  and  forward,  catidies  a 
pin  upon  the  balance,  and  throws  it  right  and  left. 
As  the  lever,  for  example,  moves  to  the  left,  one  of 
the  pallets  catches  a  tooth  of  the  .scape-wheel,  and 
stops  the  train  ;  at  the  same  time  the  balance  is 
thrown  lound,  so  that  the  pin  passes  out  of  the  nick, 
and  the  balance  swings  free  to  the  extent  of  the  im- 
pulse, that  is,  it  is  detnchal  Irom  the  lever.  As  it 
swings  liack  under  pressure  of  the  hair-spring,  the 
I'in  catches  in  the  nick  again,  and.  moving  the  lever 
back,  unlocks  the  pallet,  wlien  instantly  the  other 
jiallet  is  caught  by  another  tooth,  and  the  lever 
throws  the  balance  the  other  way.  The  balance  is 
therefore  the  jiendulum  of  the  watch,  detcrndning 
by  its  isochronal  swing  the  rate  of  movement  of  the 
train. 

In  electric  clocks  the  pendulum  completes  a  cir- 
cuit at  each  vibration.     See  Electric  Clock. 

Fig.  3628.  /  represents  the  controlling  pendulum 
in  a  .series  of  two  or  more  clocks  designed  to  beat 
isochronously.  It  alternately  comes  into  contact 
with  one  of  two  weak  sjirings  connected  with  the 
poles  of  a  battery  having  one  of  its  middle  plates 
connected  with  the  eaith.  The  bob  of  the  controlled 
Jiendulum  (vi)  is  a  hollow  cylinder  of  .soft  iron  encir- 
cled by  a  coil  whose  ends  are  connected  through  two 
suspending  sjirings  with  a  wire  and  the  earth  re- 
sjiectively,  so  that  during  the  passage  of  a  current 
the  bob  becomes  an  electro-magnet.  Two  magnets 
having  their  jioles  turned  opjiosite  ways  are  so  fixed 
that  the  hollow  bob  of  the  jieiiilulum  always  sur- 
I'ounds  one  or  both  of  them.  Thus  the  controlled 
lienduluni  is  either  checked  or  accelerated  according 
as  it  tends  to  go  faster  or  slower  than  the  other. 

2.  The  ballistic  penduhmi  (n)  is  used  for  measuring 
the  velocity  of  jirojectiles  by  impact.  It  was  in- 
vented by  Robins.  It  consists  of  a  large  mass  of 
wood  banded  with  iron,  or  of  a  box  filled  with  sand- 
bags, and  susjiended  by  iron  bars  from  an  axis.  The 
cannon-ball  whose  velocity  is  to  be  determined  is 
llred  against  the  solid  block  of  this  jiendulum,  and 
the  liight  to  which  it  is  made  to  oscillate  by  the 
blow  is  shown  by  an  index  on  a  wooden  arc,  and 
determines  the  velocity  witli  wliich  the  mass  first 
began  to  move,  when  its  (juantity  of  motion  was 
equal  to  that  with  which  the  ball  .struck  it. 

The  velocity  at  starting  is  projiortional  to  the 
square  root  of  the  veitical  bight  ascended,  whatever 
may  be  the  curve  ;  when  that  curve  is  circular,  as 
in  this  instance,  the  velocities  are  as  the  chords  of 
the  arcs  described  ;  so  that,  il'  the  arc  be  so  graduated 
that  the  numbers  are  jiroportional  to  their  distances 
in  a  straight  line  from  0,  they  will  correctly  express 
the  relative  velocities  at  starting  from  0. 

3.  Foucault's  pendulum  lenders  visible  the  diurnal 
rotation  of  the  earth.  An  account  of  it  was  jire- 
sented  by  M.  Foucault  to  the  Academy  of  Sciences 
in  Paris,  September,  1852,  and  the  a|i|iuratus  was 
thus  arranged  :  — 

At  the  center  of  the  dome  of  the  Pantheon,  a  fine  wire  Ls  iit- 
tachod  from  which  a,  sphere  of  metal,  5  inches  in  diameter,  ia 
suspended  so  .is  to  hang  near  the  floor  of  tlie  Imilding.  The 
apparatus  is  put  in  motion  after  the  manner  of  a  pendulum. 
Under  and  concentrical  with  it  is  placed  a  circular  table  some 
20  feet  in  diameter,  the  circunifereuce  of  which  is  divided  into 
degrees,  minutes,  etc. ,  and  the  divisions  numbered.  Now,  sup- 
posing the  earth  to  have  the  diurnal  motion  imparted  to  it, 
which  explains  the  phenomena  of  day  and  night,  the  plane  in 
which  this  pendulum  vibrates  will  not  be  afferted  by  this  mo- 
tion, but  the  table  over  which  the  pendulum  is  suspended  will 
continually  change  its  position  by  virtue  of  the  diurnal  motion, 
so  as  to  ni.ake  a  complete  revolution  around  its  center  in  34 
hours.  Since,  then,  the  table  thus  revolves,  and  the  pendulum 
which  vibrates  over  it  does  not  revolve,  the  con.sequence  is 
that  a  line  traced  upon  the  table  by  a  point  projecting  from  the 
bottom  of  the  ball  will  change  it's  direction  relatively  to  the 
table  from  minute  to  minute  and  from  hour  to  hour,  describing 
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n  system  of  lines  raJiating  from  the  center  of  the  table.  A 
practiced  eye  will  actually  observe  that  the  point  on  the  bottom 
of  the  ball  docs  not  return  to  the  same  point  on  the  table  after 
two  successive  vibrations.  Thus  is  rendered  visible  the  motion 
which  the  table  has  in  common  with  the  earth. 

Foucault's  experiment  was  soon  afterward  tried  in  the  rotunda 
of  the  Capitol  at  Washington,  which,  though  the  dome  had  not 
then  attained  its  pre-sent  magnificent  proportions,  was  yet  suffi- 
ciently high  (9G  feet  in  the  interior)  to  insure  ample  success  and 
afford  the  many  spectators  who  witnessed  the  slow  apparent 
change  in  the  pl.ine  of  vibration  of  the  pendulum  relative  to  the 
fixed  lines  described  on  the  pavement,  convincing  proof  of  a 
fact  which  few  perhaps  had  previously  so  fully  realized. 

The  experiment  has  since  been  repeated  at  many  other  places 
where  there  were  apartments  of  sufficient  hight  to  exhibit  it 
to  advantage. 

Foucault  afterward  made  an  application  of  Bohnenberger's 
gyroscope,  whie-h  demonstrated  the  same  laws  of  motion.  See 
Gyroscope, 

Without  tracing  the  demonstration  all  through ,  the  result 
may  be  stated:  over  either  pole,  disturbing  causes  removed, 
such  as  friction,  rigidity,  or  from  the  air,  the  pendulum  would 
make  a  complete  (apparent)  revolution  in  24  hours  The  time 
required  would  increase  as  the  plane  of  experiment  approached 
the  equator,  varying  with  the  sine  of  the  latitude  ;  at  the  equator 
no  revolution  would  occur. 

The  motion  is  in  the  direction  of  the  hands  of  a  watch  in  the 
northern  hemisphere,  and  in  the  other  direction  south  of  the 
equator. 

4.  {Nautical.)  An  instrument  for  measuring  the 
heel  or  inclination  of  a  ship,  so  as  to  assi.st  in  tlie 
haying  of  her  guns. 

5.  The  hi/drometrie  penduhim  is  a  currcnt-garje. 
Pen'du-lum-hausse.     {Ordnance.)     A  species 

of  breech-sight,  having  a  brass  bulb  at  the  lower 
end  which  keeps  it  in  a  vertical  position  when  the 
carriage  is  on  uneven  ground. 

It  is  made  of  sheet-brass,  and  has  a  slit  down  its 
center  in  which  works  a  slider.  It  is  graduated  to 
degrees  and  quarters,  and  for  giving  the  desired 
elevation  a  notch  in  the  slider  is  brought  into  line 
with  the  top  of  the  front  sight  by  lowering  or  rais- 
ing the  l)ieech  of  the  gun.  The  hausse  has  two  side 
branches  or  trunnions,  wliich  rest  in  the  hausse-seat. 
The  seat  is  made  of  steel,  and  is  permanently  attached 
to  the  piece  by  means  of  screws. 

Pen'du-lum-lev'el.  One  determining  the  hor- 
izontality  of  a  .surface  by  the  verticality  of  a  plumb 
bob.     A  mason's  or  bricklayer's  level.      See  Level. 

The  plumli  or  pendulum  level,  as  a  geoiletic  in- 
strument, which  sliows  the  horizontal  line  by  means  of 
a  line  cutting  the  plummet-line  perpendicularly.  It 
consists  of  two  legs,  joined  together  at  right  angles, 
with  a  telescopic  sight,  and  other  apparatus  ;  the 
whole  is  fixed  on  a  stand  by  means  of  a  ball  and 
socket.      Invented  by  Picard. 

Pen'du-lum-pump.  A  pump  in  which  a  pen- 
dulum is  employed  to  govern  the  reciprocating  mo- 
Fig  3629. 
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Pendidum-Pump. 

tiou  of  the  piston.  In  that  illustrated,  the  pendu- 
lum is  attached  to  the  axis  of  a  beam  a  connected 
by  a  transverse  bar  to  the  ends  of  the  two  piston- 
rods,  and  caused  to  oscillate  by  depressing  a  treadle  h. 
Pen'du-lum--wheel.     The  balance-wheel  of  a 


watch  which  governs  the  rate  of  the  motion.     See 

B.^I.ANCE. 

Pen'du-lum-^yire.  {fforology.)  Flattened  wire, 
by  which  the  bob  of  a  clock  is  suspended. 
"  Pen-hold'er.  A  staff  for  a  writing  nib.  It  is 
usually  a  stick  with  a  tubular  piece  having  a  pair 
ol'  bent-in  ears  which  form  a  socket  into  which  the 
butt  of  the  nib  is  slipped. 

A  more  pretentious  article,  carried  in  the  pocket, 
has  a  slipping  piece  for  the  pen  which  may  be  thus 
retracted  into  the  handle  on  occasion. 

The  stems  of  pen-holders  are  of  wood,  gutta-percha, 
cork,  vulcanite  ;  coiled  ribbons 
of  metal  or  of  vulcanite  make 
holders  having  the  pliability 
of  the  quill.  Sometimes  they 
are  of  a  more  costly  material 
around  a  core  of  metal  or  wood. 
Some  varieties  may  be  cited. 

A  pen-holder  having  an  at- 
tachment to  the  shaft,  to  make 
a  seat  for  the  fingers  and  thum  b, 
giving  a  better  grip  than  the 
sijnple  round  barrel. 

Toof  (1S68)  has  an  attach- 
ment to  secure  oblique  pies- 
entation  of  the  pen. 

Holland  (1S6S)  has  a  pair 
of  pens  stocked  together  for 
ruling  parallel  lines. 

A   pen-holder   formed   of  a   Holland's  DouiU  Pen. 
.sheath,  to  place  like  a  thimble 

on  the  end  of  the  finger.     A  brush  may  be  substi- 
tuted for  the  pen. 

A  tubular  sheath  to  prevent  ink  from  running 
back  on  the  hand  when  the  holder  is  inverted. 

A  pen-holder  having  marks  on  which  it  may  be 
poised,  and  with  the  ends  so  graduated  in  weight 
as  to  form  a  weighing-balance  for  letters  of  difi'erent 
grades  of  weight. 

HoItzapftVl's  pen-holder  for  enfeebled  hands  (Eng- 
lish, 1846)  has  a  vertical  post  which  is  grasped  by 
the  hand  and  rests  on  the  paper.  The  pen  is  held 
by  an  arm  jointed  to  the  post  at  an  angle  of  45°,  and 
is  pressed  upon  the  paper  by  a  feeble  spring.  See 
also  Pen  and  Pencil-c.ise. 

Pen-i-cil'lus.     {SuniicaL)     A  tent.     Peniculiis. 

Pe'nis-syr'inge.  (Surgical.)  A  small  syringe 
fiom  1  to  4  ounces  capacity,  with  a  short  nozzle,  for 
introduction  into  the  meatus  urinarius.  Used  for 
injecting  the  urethra  in  venereal  diseases.  It  is 
made  of  tin,  silver,  ivory,  or  hard  rubber. 

Pen'knife.  A  pocket-knife  with  a  small  blade  or 
blades  ;  so  called  from  its  former  use  in  making 
quill-pens. 

The  blade  is  forged  from  the  end  of  a  rod  of  cast-steel  with  a 
light  hammer  upon  a  small  anvil,  and  is  then  cut  off.  The 
joint  is  then  finished  and  a  temporary  tang  drawn  out,  to  be 
driven  into  a  handle  for  grinding.  The  niclt  called  the  nail- 
hole,  in  which  the  thumb-nail  is  inserted  to  open  the  blade,  is 
stamped  by  a  chisel  while  the  blade  is  hot. 

In  hardening,  the  blides  are  heated  in  a  coke  or  charcoal  fire, 
and  dipped  in  the  water  obliquely  ;  pure  water  at  40°  Fah.  The 
blades  are  tempered,  twelve  or  more  at  a  time,  on  a  plate  of 
iron  or  copper.  They  are  arranged  close  together  on  their 
backs,  and  lean  at  an  angle  against  each  other.  As  they  come 
down  to  the  temper,  they  are  picked  out  with  small  pliers  and 
thrown  into  the  water,  if  necessary  Other  blades  are  then 
thrust  forward  from  the  cooler  parts  of  the  plate  to  take  their 
places.  They  are  then  finished  on  the  glazer  and  pohshing-wheel. 

Pen-mak'er.  A  tool  formed  like  a  pair  of  pinch- 
ers for  making  quill-pens. 

The  jaws  of  the  tool  are  convex  and  concave  to 
receive  the  point  of  a  quill  which  has  one  half  cut 
away ;  and,  by  closing,  a  set  of  small  dies  form  the 
outline  of  the  pen,  while  a  little  blade  in  the  middle 
makes  the  slit. 
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A  machine  on  this  principle  was  invented  by  Bra- 
mah,  and  by  it  six  doublc-jiointed  pens  were  made 
from  each  quill.  A  very  large  number  of  pens  were 
made  in  this  way  before  the  introduction  of  steel- 
pens.  ' 

Pen'naut.  1.  A  rope  to  which  a  purchase  is 
liooked.      See  PENDANT. 

2.  A  long,  narrow  streamer  borne  at  the  mast-head 
by  vessels  of  war.     A  penon. 

The  head  is  6.24  inches  to  a  length  of  70  feet ; 
5.76  to  .5.5  feet ;  5.24  inches  to  40  feet ;  4.8  inches 
to  30  feet  ;   4.2  inches  to  25  feet. 

Peu'iiis-tone.   {Fabric.)   A  coarse  woolen  frieze. 

Pen-rack.  A  piece  of  desk-furnitui'e  to  hold  an 
idle  pen.      It   may  consist  of  a  row  of  hooks   on 

Fig.  3631. 


Pen-Rack. 

branches  rising  from  the  base  of  the  inkstand,  or,  as 
in  the  example,  spring  clips  which  embrace  the  pen- 
holder with  sufficient  strength  to  retain  it  and  yet 
yield  it  to  the  writer. 

A  coil  of  wire  slightly  extended  answers  the  same 
puipose. 

Fig.  3632. 


.Spring  Pen-Rack. 

Pen-stock.  1.  A  conduit  for  water,  usually  of 
boards,  and  notably  a  trough  of  planks,  which  con- 
ducts the  water  to  a  water-wlieel.  It  begins  at  the 
end  of  the  race,  of  which  it  forms  a  continuation, 
and  ends  at  the  gale,  which  is  lifted  to  discharge  the 
water  on  to  the  wheel.     A  shuttle  or  pen-trough. 

2.  A  sluice  or  Hood  gate  restraining  the  waters  of 
a  mill  pond  or  race. 

3.  A  flood-gate  used  in  inundating  certain  parts 
of  fortified  works. 

Pen'ta-graph.    See  Pantograph. 

Pent'house.  1.  (Carpentry.)  A  projection  over 
a  door,  entrance,  window,  or  a  flight  of  steps,  etc., 
for  protection  from  weather. 

2.  (Ordnance.)  A  small  house,  made  of  boards 
united  by  hooks  and  staples,  for  protecting  a  gnu  and 
its  carriages  mounted  en  barbette  from  the  weather. 

Pent-roof.  (Carpentry.)  A  roof  with  iwo  equal 
sloping  sides.  A  compass-roof.  A  shed  or  lean-to 
roof 

Pep'per-box.  A  small  box  or  caster  for  dredg- 
ing jiepper  on  to  meat  or  other  food. 

Black-pepper  is  a  vine  with  a  linotty  stem,  which  unpruned 
will  reach  the  hight  of  30  feet,  but  on  Singapore  Island,  and 
probably  elsewhere,  is  trained  on  poles  of  about  12  feet  high, 
which  are  grasped  by  the  tendrils  of  the  vine.  The  branches 
are  brittle ;  the  leaves  deep  green,  heart-shaped,  and  abundant ; 
the  blossom  a  cluster  of  small,  white,  almost  odorless  flowers. 
The  fruit  hangs  in  clusters  of  40  orSOgrainsin  abunch.  Atfull 
size  it  is  green,  red  at  maturity,  black  after  being  picked,  and 
then  shriveled  by  drying  on  mwts  in  the  sun. 

White-pepper  is  macerated  in  water  until  the  black  cuticle 
can  be  rubbed  off  and  the  grains  again  dried  in  the  sun. 

Pliny  says  that  pepper  wjus  brought  from  India;  ''and  what 
was  he,  gladly  would  I  know,  that  ventured  first  to  bite  of  pep- 
per and  use  it  in  his  meats?  Who  might  he  be  that,  to  pro- 
voke his  appetite  and  find  himself  a  good  stomach,  could  not 
make  a  shifi  with  fasting  and  hunger  only?  " 


Capsicum  (red-pepper)  appears  to  have  been  unknown  to  the 
ancients.     It  is  probably  a  West  India  production. 

Per-am'bu-la'tor.  1.  A  machine  for  measuring 
a  distance  traveled.  It  usually  consists  of  a  wheel 
of  known  circumference,  say  99  inches  or  hall'  a  rod, 
with  a  register  to  record  the  number  of  revolutions. 

It  may  be  driven  by  hand  or  attached  to  the  wheel 
of  a  carriage,  as  in  those  described  by  Vitrnvius 
and  those  among  the  ett'ects  of  the  deceased  Emperor 
Commodus.  The  latter  not  only  measured  the  dis- 
tance traveled,  but  also  pointed  out  the  bonis.  A 
pedometer,  odometer,  or  surrcying-whccl.  See  Odom- 
eter. 

In  one  form  of  this  instrument,  the  wheel,  8i  feet  in  circum- 
ference, is  journaled  in  the  end  of  a  stock,  so  that  it  may  be 
lifted  out  of  contact  with  the  ground  ;  on  the  axis  of  the  wheel  is 
a  pinion  which  works  another  pinion  on  the  eud  of  a  rod  having 
at  its  upper  part  an  endless  screw  which  moves  a  train  of  gear- 
ing that  gives  motion  to  two  hands  on  an  index  registering  the 
distance  to  miles,  furlongs,  rods,  and  yards.  The  instrument 
is  furnished  with  a  stop,  so  that  after  measuring  a  certiiin  dis- 
tance it  may  be  carried  on  without  altering  the  position  of  the 
hands. 

2.   A  child's  carriage  propelled  from  behind. 

Per'bend.  (Masonry.)  A  /u'arfcr-stone  which 
passes  through  the  whole  thickness  of  a  wall. 

Per-cale'.  (Fabric.)  A  cotton  goods,  printed 
or  plain,  and  with  a  linen  finish. 

Per-ca-line'.  (Fabric.)  Fine  French  printed 
cotton  goods. 

Perch.  1.  (Vehicle.)  a.  A  pole  connecting  the 
fore  and  hind  gears  of  a  spring  carriage.  It  has  lat- 
eral strengthening-bajs,  called  hiiid-hounds,  in  a 
wagon. 

It  is  strengthened  on  the  under  side  by  the  perch- 
plate. 

The  strap  passes  from  the  perch  to  the  foot  of  the 
kingbolt. 

b.  An  elevated  seat  for  the  driver. 

2.   A  console.     A  brat^ket. 

Per'co-la-tor.  A  filter.  The  term  is  specifieally 
applied  to  the  filter  of  the  jiharmacist ;  and  to  the 
French  coffee-pot,  in  which  the  boiling  water  is  fil- 
tered through  the  ground  cott'ee. 

The  coffee-percolator  wa-s  invented  by  Benjamin  Thompson, 
Count  Uumford  It  consists  of  an  upper  cylindrical  vc.s.sel  with 
a  perforated  bottom,  in  which  the  ground  coffee  is  placed  and 
covered  with  a  perforated  disk  having  a  stem  by  which  it  may 
be  pressed  down  so  as  to  compact  tlie  coffee  and  allow  boiling 
water  poured  thereon  to  percolate  the  mass  and  pass  into  the 
coflee-pot  below. 

In  Jones's  percolator  the  lower  vessel  is  heated  by  a  spirit- 
lamp,  and  the  genenited  steam  forces  the  water  up  through  a 
pipe  at  the  side  aud  filters  through  the  coffee  placed  in  a  vessel 
with  a  perforated  bottom  above.     See  Coffee-pot. 

Per-cus'sion-cap.  A  small  cylinder  of  copper 
adapted  to  ht  on  the  nipple  of  a  gun  and  having 
a  Hake  of  fulminating  powder  inside,  which  is  ex- 
ploded by  the  fall  of  the  hammer  upon  the  nipyile, 
communicating  fire  through  the  latter  to  the  chaige 
in  the  gun. 

Detonating  powder  or  pellets  were  used  in  1807,  having  been 
patented  in  England  by  Rev.  Mr.  Forsyth  for  use  with  artillery  ; 
but  the  charging  of  caps  therewith  was  a  later  invention.  The 
percussion  principle  had  a  hard  struggle  with  the  old  flint-lock 
in  the  armies  of  Europe  and  America  until  long  after  it  was 
universally  adopted  for  sporting  purposes. 

!  It  was  not  introduced  into  the  United  States  service  until 
1S42.  Caps  were  invented  in  England  in  1814  by  Joshua  Shaw, 
lie  came  to  the  United  St.ates  for  the  purpose  of  procuring  a 
patent,  but  was  refu.sed  a.s  an  alien.  In  1822,  he  patented  a 
percussion-lock  ;  in  1828,  the  percussion-wafer  primer.  He 
subsequently  received  S  17,000  from  the  United  States  gov- 
ernment for  his  improvements,  and  died  in  1860.  Caps  for  small- 
arms  are  made  of  thin  sheet  copper,  those  for  sporting  guns, 
etc.,  usually  having  longitudinal  striations. 

Tlie  composition  used  in  the  United  Stjites  service  is  fulmi- 
nate of  mercury  mixed  with  half  it^  weight  of  niter.  This  ren- 
ders the  fulminate  less  explosive,  and  gives  body  to  its  flame ; 
it  is  protected  by  a  drop  of  copal  varnish,  which  soon  dries  in  a 
ttiin  film,  preventing  access  of  decomposing  agents.     Tin-foil 

I  is  also  employed  for  the  same  purpose. 
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Iq  the  British  serrice,  a  composition  of  6  parts  fulminate  of 
mercury,  tj  chlorate  of  potash,  and  4  antimony ,  U  used.  The 
machines  for  uialiin^  caps  display  ureat  ingenuity.  In  Bough- 
ton's  they  are  stamped  from  strips  of  copper  previously  cut  to 
proper  widths,  and  then  charged  with  the  composition.  Wright's 
machine  cuts  the  blanks  from  the  sheet,  forms,  and  charges  tnem 
with  fulminate  at  one  continuous  openitiou.  The  varnish  is 
applied  by  a  very  simple  device  to  a  whole  row  of  caps  arranged 
in  holes  in  a  hoard.  PercussiooM.'aps  of  paper,  fitting  ou  the 
hammer,  were  formerly  used  for  cauuou,  but  have  been  super- 
seded by  .(uiil-tubes  and  friction-primers. 

:^eparate  cnp.s  for  military  purpose  are  now  mostly  disused, 
having  been  superseded  by  tue  modern  capped  metalhc  car- 
tri.lge,  in  which  the  fuiniinate  is  a|iplied  inside  the  base  of  the 
shell,  forming  a  ring  in  rim-fire  cartrilge..'  or  a  cap  in  the  cen- 
ter of  central-fire  cartridges.  With  many  of  the  latter  class 
detachable  caps  are  u.sed,  which  are  inserted  from  the  outside 
in  a  depression  in  the  base  of  the  shell.     See  C.^rtridge. 

Per-cus'sion-cap    Fill'ing-ma-cliiiie'.      The 

metallic  botlios  of  pcruussiou-cap.s  are  placed  in  pcr- 
loi'ations  in  a  plate,  open  end  upward.  A  plate  with 
cunespondiiig  but  smaller  perforations  is  placed  ou 


Fig.  3533. 
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Pereussion^Cap  Filling-Machine. 

a  flat  table,  and  damp  fulminate  brushed  liglitly 
across  it  till  the  peiforations  are  tilled.  This  plate 
is  then  placeil  over  the  empty  caps  and  the  powder 
shaken  down  into  them.  The  charged  caps  are  then 
passed  to  a  machine  similar  to  Fig.  3633,  in  which 
the  punch  moves  on  a  stationary  guide  across  the 
plate,  and,  entering  each  hole,  lines  the  caps  in  suc- 
cession with  the  tin-foil,  the  plate  being  moved  as 
each  row  is  completed.  A  second  punch  may  be 
used  to  apply  a  drop  of  varnish  after  the  lining  is 
in  place. 

Fig.  3634  shows  an- 
other form  of  machine 
for  the  same  purpose. 
The  cap-boilies  are 
placed  in  perforations 
near  the  circumference 
of  the  circular  disk  JE, 
which  revolves  on  a 
pivot,  so  as  to  bring  the 
caps  successively  under 
the  punch  />,  which  de- 
scends through  a  sheet 
of  tin-foil,  cuts  the  lin- 
ing from  the  same,  and 
affixes  it  within  the  cap. 
By  a  combined  appara- 
tus the  t-aps  are  auto- 
matically varnisheil. 

The  fulminate  is  kept 
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than  twelve  ounces  of  the  composition  is  allowed  in 
an  establishment  at  one  time. 


Fig.  3635. 
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wet  during  the  operations  of  filling,  and  not  more 
105 


Percussion-  Cap  Holder. 

Metallic  cartridge-shells  art'  prin  ed  with  fulminate  and  var- 
nished in  the  inside  in  the  pan  e  way  as  cups,  but  the  tin-foil  is 
gfiifi-ally  dispensed  with.     The  sepa- 
_  rate  caps  for  Parker's  and  Maynard's. 

and  «onie  other  central-fire  cartridBet 
are  made  in  the  same  manner  as  gun- 
caps,  bac  the  ehells  are  shallower. 
They  are  in.scrted  in  depressions  in 
the  head  of  the  cartridge,  the  head  of 
the  cap  on  a  lii  e  with  the  surround- 
ing shell  ai  d  forming  part  of  the  head 
of  the  cartridge. 

Per-cus'sion-cap  Hold'- 

er.  A  s]  uitsman's  device  for 
liuldiug  (_a])s  in  such  way  as  to 
be  ivadily  attached  to  the  nip- 
ple of  the  iiiece.  The  caps  are 
arranged  in  a  groove  and  fed 
toward  the  opening  by  a  spring.  One  is  always 
presented  at  the  point  of  discharge  in  convenient 
position  to  be  slipped  over  the  ni]  pie,  and  then  with- 
drawn fruin  the  case  by  a  jiull.  The  next  in  seiies 
immediately  assumes  the  place  at  the  opening. 

Per-cus'sion-cap  Trini'ming-ma-chine\  For 
trimming  the  edges  of  cap-bodies  after  they  have 
been  formed  by  the  dies. 

The  caps  are  placed  in  perforations  in  a  plate  and  passed  be- 
neath a  rotating  cutter-disk  to  trim  the  edge  Fig  3636  shows 
a  machine  of  this  character,  in  which  b  is  a  bearing  for  shaft  r, 
which  carries  the  cutter  i.  c  is  a  pulley  round  which  the  driv- 
ing-belt pa.-'ses,  and  /  is  a  gage  or  lever  to  raise  and  depress  the 
cutter-shaft,  so  that  it  may  operate  on  the  caps  as  they  are 
brought  beneath  the  cutter. 

Fig.  3637. 
Fig.  3636. 


Per-cus'sion-fuse.  (Ordnance.) 
A  fuse  in  a  projectile  set  in  action  by 
concussion  when  the  projectile  .■strikes 
the  object.  Percussion-Fuse. 

In  the  example,  A  represents  a  shell.     A 
plunger  h  held  by  a  spring  /  ami  detent  o,  which  engages  in  a 
notch  at  its  rear  end,  is  released  by  withdrawal  of  the  detent 
occasioned  by  the  shock  of  impact,  and  strikes  a  nipple  g  on 
which  is  a  percussion-cap. 

Per-cus'sion-grind'er.  A  niachine  for  crushing 
quartz  or  other  hard  material  by  a  combined  rub- 
bing and  pounding  process. 
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Per-cus'aiou-lock.  {Fire-arm.)  Oni'  in  which 
the  cock  or  luunim'i-  stiiki^s  ii  fuhiiinate  to  explode 
the  cliarge. 

The  percussion  principle  was  first  applied  to  fire-arms  by  the 
Rev.  Mr.  Fort^yth  of  Helhelviv-,  EutrhuiU.  in  1803. 

The  interior  inechanisni  iniiy  In'  the  winie  as  that  formerly 
used  in  the  Hint-lock,  tlie  ahaj.»e  of  the  hiiniuier  being  altered 
to  allow  it  a  greater  sweep,  and  the  balUnj  and  pan  replaced  ] 
by  a  nippU  or  rnw. 

Per-ciis'sion-pov7'der.     An  explosive  ignited  j 

by  l>frrussinii.       Sec  FrL.MINATE, 

"  Per-cus'sion-sieve.     (Mclannnn/.)    An  appa-  , 
ratus  {rrih/c  d  scconsscs)  for  .sorting  ore.s,  principidly 
tho.se  of  lead,  bnt  closely  allied  to  the  tin  and  eopiier  i 
apparatus.  j 

It  consists  of  two  inclined  sieves,  the  ujiper  one  of  which  dis-  j 
charges  on  to  the  .second  and 
Fig.  3638.  lower  one      The  upper  sieve  a  . 

is  fed  by  the  shovelful,  and 
receive.^  a  vertical  agitjition 
by  means  of  a  lifting  lever  op- 
erated by  a  wiixT-wheel  on 
the  machine-shaft.  Water  is 
also  conveyed  into  the  sieve, 
and  the  Iirgerrefuseor  chunks 
of  ore  which  ai-e  too  large  to 
fall  through  the  grating  are 
received  upon  the  table  v, 
while  the  other  matters  fall 
on  to  the  secontl  inclined  and 
finer  sieve  ?,  which  i.s  similarly 
agitated  and  provided  with  a 
water-sluice.  The  fragments 
which  do  not  pass  through 
the  meshes  are  collected  in 
the  box  /i,  while  the  smallest 
pi>rtiitns  fill  into  the  cistern  z. 
This  sorting  is  not  like  the 
[  operations  on  tin,  such  nsjig- 
I  e'»g,  /raminst  '■«fHn^,  tyingy 
tntnking,  bui/i/liiis:,  tossing, 
etc.,  in  all  of  which  the  at- 
tempt is  made  to  sort  the  comminuted  ore  by  gravity.  In  the 
percussion-sieve  the  sorting  is  entirely  by  size.  See  the  above  ■ 
processes  for  gravity  arrangement.  Sec  also  Concentr.vtor  ;  | 
Rocker. 

Many  of  the  miners'  op- 
erations in  collecting  gold 
are  by  gravity ,    See  Gold- 

MIMNG. 

Per-cus'sion- 
stop.  {Music.)  A 
piano-forte  stop  to 
the  organ,  whii'li  ri*n- 
ders  tne  touch  like 
the  former. 

Per-cus'sion- 
ta'ble.  {Metaifur- 
gy.)  A  form  of  ore- 
separating  apparatus 
consisting  of  a  slight- 
ly sloping  table  on 
which  stamped  ore  or 
metalliferous  sand  is 
placed  to  be  sorted 
by  gravity.  A  stream  of  water  is  directed  over  the 
ore,  and  the  table  is  subjected  to  the  conevission  at 
intervals. 

The  French  apparatus  {table  d  seeousses)  is  like  the  rack  used 
in  the  tin-works  of  Cornwall.  The  comminuted  ore  is  brought 
upon  the  swinging  table  by  a  thin  sheet  of  water,  and,  Ix-ing 
spread  in  a  state  of  mechanical  suspension  in  the  liquid,  is 
caiuseil  to  arrange  itself  to  some  rxtciit  liv  gravity,  as  the  heav- 
ier grades  will  sink  the  soonerwliilc  the  ligliterpass  to  a  greater 
distance  down  the  inclined  tabk*.  The  latter  is  suspended  in 
such  manner  as  to  receive  a  double  motion,  horizontally  and 
vertically,  the  latter  being  accompanied  by  a  jar,  as  the  table 
drops  upon  two  wooden  stops. 


Percussion- Siev^. 


eliest  and  called  a  pleximeter.  For  other  auscultation 
iii.strumeuts  .see  SrETHoscorK  ;  Spik()MKTp:ii,  etc. 

Pe'rer.  (Oribimice.)  An  old  form  of  ship's  gun, 
for  tiiinwing  stone-shot. 

Per'fect-ing.    {Printing.)    Pnnting  the  second 

sidr-  nf  ;i  sheet. 

Per'fect-iug-press.  {Printing.)  One  in  which 
tlie  jiaper  is  printed  on  both  sides  during  one  passage 
through  the  machine.  In  Hoe's  rotary -cylinder 
perfecting-jiress,  two  imiu'ession-cylindei's  and  two 
torru-cylinders  are  placed  side  by  side  in  a  horizon- 
tal frame,  the  imju'ession-cylinders  occupying  tlie 
center,  with  the  form-cylinders  at  each  end.  The 
two  forms  are  attached  to  their  cylinders,  and  inked 
its  in  the  usual  type-revulving  press,  the  fountains 
and  distrilniting  cylinders  being  placed  at  the  ends 
of  the  jiress.  The  sheets  are  supi»lied  by  feedei-s  in 
the  usual  manner  ;  they  are  delivered  by  a  feeding- 
cylinder  to  the  first  impression-cylinder,  wlience 
tlu*y  go  to  the  second  imju'ession-cylinder,  and  are 
thence  conducted  right  and  left  alternately  to  a 
sheet-flier  at  each  end.      See  also  PitiNTlNG-PnESS  ; 

WeB-I'RESS. 

In  the  flat-bed  perfiM- ting-press  the  bed  has  a  reciprocating 
motion,  the  paiuT  being  transferred  automatically  fnmi  the  first 
impn^ssion-cylinder  tn  fliu  second,  and  then  conducted  by  tJipes 
to  the  self-a<^'tiiig  shect-tlicr.  The  second  cylinder  is  provided 
with  reels  holding  a  large  roll  of  facing  blanket,  which,  as  it 
becomes  soiled  by  the  set-off  from  the  first  side  of  the  sheet,  is 
rolled  up  and  a  fresh  portion  brought  into  use. 

The  machine  may  be  arranged  to  have  an  additional  feed- 
board,  from  which  a  set-off  sheet  may  be  fed  to  the  second  im- 
pression-cylinder, the  two  sheets  being  thrown  out  together  on 
the  tiy-board  and  separated  by  hand;  or,  a  sheet  flier  may  be 
added  for  the  set-off  sheet,  which  is  then  separated  automatically 
from  the  printed  sheet  and  flown  on  a  separate  board. 

In  the  press  shown  in  Fig.  3(>40,  the  sheet.s,  as  they  come  from 
the  printing  mechanism,  are  directed  alteruatfly  ou  opposite 
sides,  so  as  to  be  delivered  in  two  piles,  either  by  two  separate 
fly-frames  or  a  double-acting  fly-frame.  The  plates  are  clamped 
directly  to  the  surface  of  the  type-cylinder,  so  as  to  dispense 
with  the  use  of  blocks  and  iron  frames  commonly  used. 


Fig.  3639 


Percuisor  and  Pleximeter. 


Per-cus'sor. 

A  hammer  em- 
(iloyed  in  auscul- 
tation, in  e<mnec- 
tion  with  a  plate 
placed      on      the 


Hne  nml  Tucke"  pir/ecting- Press. 


A  late  style  of  perfecting-press  uses  a  double  form  which  en- 
gages with  a  cylinder  both  in  its  forward  and  backward  move- 
ment, the  cylinder  performing  only  a  partial  revolution  and  re- 
turning with  the  form.  An  in  king-apparatus  on  each  side  of 
the  cylinder  inks  the  form  as  it  pas.'ies,  and  a  reversing  appara- 
tus on  one  side  t-akes  the  sheet  after  the  first  printing,  reverses 
it,  and  returns  it  to  the  grippers  The  back  stroke  of  the  press 
complete*  the  printing,  and  the  sheet  is  then  cut  in  two 

The  Walter's  English  press,  which  prints  the  London  and  the 
New  York  "  Times,'"  is  shown  in  Fig.  3641.  A  r<)ll  of  paper  n, 
three  miles  long,  reels  off  over  the  pulley  6,  which  serves  to  keep 
it  taut,  and  is  damped  in  passing  the  cylinders  c  c.  The  wel) 
then  passes  over  the  cylinder  (/  to  the  first  type-cylinder  e.  be- 
tween which  and  the  blanket-cylinder  /  it  receives  its  first  im- 
pression. Following  the  direction  of  the  type-cylinder  it  p:isses 
between  two  lilotting-cylinders,  and  is  than  delivered  lo  the  sec- 
ond printing-cylinder  ?,  receiving  the  impression  at  /i.  It  is  then 
cut  by  a  knife  on  the  cylinder  (  The  sheets  are  finally  piled  on 
the  paper-boanls  ic  k.  The  speed  of  the  Walter  press  is  s:iid  to 
be  11,01111  printed  slieets,  or  22,000  impressions,  per  hour. 

The  Bullock  pi-ess,  so  named  from  the  inventor,  the  late 
William  Bullock  of  Philadelphia,  carries  the  forms  upon  two 
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Fig.  3641. 


Walter  Press  ( London  "  Times  ''). 


cylinders,  requires  no  atteadaats  to  feed  it,  and  delivers  the 
sheet-!  printed  on  both  sides. 

The  paper  in  the  form  of  an  endless  roll  is  moistened  by  pass- 
ing through  a  shower  of  fine  spray.     A  single  roll  will  coutjiia 
enough  for  several  thuu-taud  sheets,  and  the  printing  openition,   ■ 
including  the  cutting  of  the  paper  into  proper  lengtas,  proceeds  ! 
uuiiiterrupteily  until  the  roll  is  exhausted. 

The  roll  of  piper  having  been  mounted  in  its  place,  the  ma- 
chinery is  started,  unwinds  the  paper, cuts  off  the  required  size, 
prints  it  on  both  sides  at  one  operation,  counts  the  number  of  ; 
sheets,  and  deposits  them  on  the  delivery-bo,ird  at  the  rate  of 
eigjt  thousand  to  fourteen  thousiud  per  hour  :  or,  counting 
both  sides,  at  the  rate  of  sixteen  thousan  1  to  cweuty -eight  thou- 
sand impressions.  The  labor  is  only  that  of  placing  the  rolls 
on  the  press  and  removing  the  printed  p;ipL*r 

Tue  press  is  shown  in  perspective  in  Fi^   3>42.     The  roll  of 
paper  a  ou  top  is  cut  into  sheets  by  a  knife  on  roller  b  acting  . 


against  the  cylinder  c.  The  sheets  are  seized  by  grippers,  car- 
ried between  the  impression-cylinder  s:  and  the  fonn  e,  receiv- 
ing the  first  impression.  The  printed  sheet  then  follows  the  large 
cylinder  §■  to  the  second  /br;;?,  receiving  its  second  impression 
from  this  form  acting  against  the  large  drum  §■.  From  the  large 
cylinder  the  sheets  are  autcimatically  delivered  to  the  receiving- 
board,  i'  is  a  counting  device  or  arithmometer.  The  inking- 
rollers  are  shown  above  the  inking-ejiinders,  beneath  which 
are  the  ink-troughs  The  starting-lever  is  shown  on  the  right. 
Fig.  3043  shows  parts  of  the  Bullock  press  detached,  for  a  bet- 
ter understanding  of  their  operation.  ^  is  a  section  midwise 
of  the  principal  working  parts,  a  is  the  roll  of  paper  which  is 
cut  off  in  sheets  by  the  knife  on  cylinder  *,  which  strikes 
through  the  web  of  paper  into  slots  in  the  cylinder  c.  As  soon 
as  the  sheet  is  cut  off  it  is  grasped  by  grippers  on  c,  passed  to 
impi'ession-cylinder  d.  and  around  that,  between  it  and  type- 
eyUnder  f ,  where  the  first  side  is  printed.    It  ia  then  seized  by 


Fig.  3642. 


BiiUock's  Self-Feeding  and  Perfecting  Press. 


grippers  on  the  large  cylinder  s.  and  carried  between  that  and 
the  second  type-cylinder  /"to  print  the  other  side-  The  sheets 
arc  taken  from  the  large  cylinder  by  endle??  belts  which  pass 
over  pulleys,  and  are  piled  by  the  action  of  the  flier  h 

The  large  cylinder  s;  is  covered  with  a  blotting-pid  to  prevent 
offset  when  the  face  of  the  freshly  printed  sheet  is  carried  on  to 
it  from  cylinder  d  The  inking-roller*,  not  shown  in  this  view, 
are  kept  constantlv  in  contact  with  the  tvpe  or  plates  on  cylin- 
ders e  f.  The  eripper^  are  so  arranged  thnt  the  delivery  of  a 
sheet  from  one  set  to  auotlier  is  certain  and  uniform. 


B  shows  the  cutting  and  receiving  cylinders,  with  the  grip- 
pers on  the  latter  in  their  positions  before  and  after  the  sheet  is 
cut  from  the  web  C  shows  the  knife  x  and  carrier  n ,  and  the 
slotted  block  m,  into  which  the  cut  is  made  The  carrier  n  Is 
a  se<rment  of  cylinder  b,  and  »?;  is  o  similar  portion  of  c. 

D  is  an  end  view  of  the  printing-cylinders  ^  f.  The  plates 
from  which  the  printing  i>  done  are  of  extraordinary  thickness, 
and  are  cist  to  fit  the  cylinders  in  circular  molds.  The  molds 
are  made  in  plastic  material  spread  on  a  steel  plate  which  is 
pressed  flat,  but  which  assumes  a  circular  shape  when  released, 
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Fis.  3643. 


Bullock  Press  (^Principle  of  Action). 


curving  the  mold  with  it    Kellberg's  arrangement  of  tlie  Bullock 
press  cuts  the  sheets  after  printing. 

The  Victory  press,  shown  under  Puintino-pre.ss, 
is  also  a  v:eb-p>vss,  and  daniiis,  print.s,  cuts,  folds, 
and  pa.stes  at  the  back  a  Si-pagc!  paper  like  the 
"Christian  Union"  of  New  York,  at  the  rate  of  7,000 
per  lioiir. 

Per'fo-rat'ed  File.  A  I'lh'  invented  liy  Hiram 
Powers,  haviuf^  openings  through  which  the  abraded 
material  is  allowed  to  escape.  It  is  especially  in- 
tended for  sculptors'  use. 

Per'fo-rat'ed  Savsr.  One  having  a  series  of 
apertures  beliind  each  gum  of  the  teeth,  as  originally 
nia<le.  These  serve  to  prevent  fractures  at  the  bases 
of  the  teeth,  and  lessen  the  amount  of  filing  lequired, 
becoming  themselves  the  gums  after  eacli  refiling. 
See  S.wv. 

Per'fo-rat'ing-ma-chine'.  1.  (Miniiui.)  The 
rock-drilliug  machine  used  in  tnnn(ding.  See  Tun- 
nel ;  Dl.v.MoNii-DRir.T.,  etc. 

The  machine  used  at  the  Mt.  Cenia  Tunnel  was  worked  by  air 
compressed  by  water-power.  The  air  is  compressed  to  9(.)  pounds 
per  stiuare  inch,  and  conveyed  in  flexible  pipes  to  the  workings. 
Tlie  machines  are  on  tramways,  and  upon  them  are  mounted 
jumpers,  which  are  reciprocated  by  the  action  of  compressed 
air.  The  force  of  the  blow  is  estimated  at  180  pounds,  and  tlie 
rate  is  three  strokes  per  second.  Tlie  depth  in  the  average  rock 
is  about  0  6  inches  per  minute.  The  drill  is  rotated  one  eiglith 
of  a  revolution  at  each  retractiou.  A  jet  of  water  clears  the  de- 
bris from  the  hole. 


2.  (Paper.)  The  machine  which  makes  the  rows 
of  perl'orations  on  sheets  of  postage-stainps  has  a 
couple  of  cylindeis  revolving  together.  The  U]ipcr 
one  is  [irovided  with  ]>unches,  and  the  lower  one  has 
counterpart  holes.  As  the  sheet  is  pa.5sed  between 
them,  the  holes  are  made  and  the  little  di.sks  of  pa- 
per fall  into  tlie  hollow  lower  roller.  The  machine 
will  perforate  250  sheets  per  hour,  and  the  punches 
and  holes  are  adjustable  for  stamps  of  different 
sizes. 

3.  (Tdrgraphy.)  A  machine  for  making  holes  in 
paper  for  messages  to  be  sent  by  the  automatic 
method. 

Per'fo-ra'tor,  Ob-stet'ric.    {Siire/icnl.)    An  in- 
strument   for    perloiatiiig    the 
skull  of  the  fetus  in   ntero,  as  Fig.  3644. 

a  means  of  prehension  to  draw  ^^'^'f^^^ij^s 
it  past  the  pelvic  cavity.     The  ^ 


operation  is  known  as  cephalo-  Perforator, 

torn  ill. 

Per'fume.  From  the  Middle  Ages  up  to  tlie  last 
century  mu.sk,  civet,  ambergris,  and  lavender  sum 
up  the  best-known  and  most  pojiular  perfumes.  .Six 
flowers  form  the  base  of  most  European  flower- 
scents  :  orange-flower,  rose,  jasmine,  violet,  acacia, 
and  tuberose ;  heliotrope  is  imitated  by  vanilla 
dashed  with  almonds.  To  these  are  added  geranium, 
lavender,  rosemary,  tliyme,  and  other  aroniatic  herbs; 
also  the  peel  of  bitter  oranges,  of  whiih  the  fruit 
goes  to  make  euracjoa  ;  the  peel  of  citrous  and  lier- 
gamots,  nnisk,  sandal-wood,  ambergris,  and  gum 
benjamin  ;  the  leaves  of  the  patchouli  (Poijostemon 
patchouli,  one  of  the  Labiate),  from  India  ;  winter- 
green  (Gualllicria  procumbcns),  from  the  United 
States ;  various  of  the  Andropagons,  from  Ceylon  ; 
ihlang-ihlang  [Uuoua  odorntis^mti,  one  of  the  Ano- 
nacea;),  from  the  Philipjiine  Islands  ;  vanda  (Acriilcs 
siiairolciis,  an  orchiil),  cliieHy  from  Java,  but  from 
other  places  too  in  the  Indian  Arcliipelago  ;  frangi- 
panni  {Piumeria  alba,  one  of  the  Apocyanaccic),  fi'om 
both  the  East  and  West  Indies.  The  French  are 
the  greatest  producers  of  perfumes  ;  there  are  two 
notable  exceptions,  altar  cjul,  or  attar  of  roses,  and 
eau-tle-cologne. 

Si-e  Morfit's  "Perfumery,"  Philadelphia,  1853. 

Per'get-ing.    See  Pahgeting. 

Per  i-a'gua.  A  canoe  formed  by  hollowing  out 
a  single  log  or  by  joining  two  logs  correspondingly 
hollowed  out.     A  duij-out. 

Per'i-er.  (Fviimlini/.)  A  metal -founder's  iron 
rod  lor  holding  baik  the  .scum  in  the  ladle. 

Pe'ri-od.  The  full  stop  (.)  whicli  marks  the  end 
of  a  senteni'e  in  jmnctuating,  or  indicates  an  abbre- 
viation, as  Mr.,  Jan.,  B.  c,  etc. 

Pe-ri-od'o-scope.  (.Sni-gica!.)  An  instrument 
for  determining  the  date  of  menstruation,  labor,  etc., 
and  lor  other  calculations. 

Per'i-os'te-um-el'e-va-tor.    (Surgical.)  A  de- 
Fig.  3(145. 


Pirto\l'Um-L!ti  iiiiir 

vice  for  loosening  and  raising  the  peiiosteum  out  of 
the  way  of  an  instrument  in  making  e.xseitions,  etc. 

Per'i-scop'ic  Lens.  (Opiic.t.)  Dr.  Wollaston's 
pcrisaipic  lens  lor  microscopes  had  two  iilano-convex 
lenses  ground  to  the  same  I'adins,  and  between  their 
plane  surfaces  a  tliiu  plate  of  metal  with  a  circular 
aperture.  The  aperture  had  a  diameter  equal  to  one 
fiftli  the  focal  length. 

It  was  proposed  to  fill  up  the  central  aperture  with 
a  cement  of  the  same  refractive  power  as  the  lens. 
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PERMUTATION  LOCK. 


Another  mode,  proposed  by  Coddington, 
was  to  iiiuke  a  deep  ei|uatorial  groove  around 
a  sphere  ol'  glass  iu  the  pUuie  of  a  great  circle 
perpendicular  to  the  axis  of  vision  ;  the 
groove  to  be  filled  with  opaque  matter. 

Thi^ periscopic  lens  for  spectacles isconcavo- 
convex,  the  ratio  of  the  radii  of  the  respective 
surfaces  constituting  it  a  magnifying  or  di- 
minishing lens,  as  tlie  case  may  require. 

The  object  is  to  give  the  lens  a  curved  sur- 
face approximating  tliat  of  the  cornea,  for  the 
purpose  of  increasing  the  <listinctness  of 
objects  when  viewed  obliipiely. 

Per'i-style.  {Architecture.)  A  row  of 
columns  surrounding  the  interior  of  a  place. 

Per'iua-nent  Way.  {liailwai/  Eniji' 
necriii'j.)  Tlie  tinislied  road-bed  and  track, 
iucluding  bridges,  viaducts,  crossings,  and 
switches.  The  term  is  used  in  contradis- 
tinctiim  to  a  temporary  way,  such  as  is  made 
in  construction,  in  removing  the  soil  of  cut- 
tings  and  in  nmkin^Ji/lhigs. 

Per-mu-ta'tiou-lock.  {Locksmithing.)  A  lock 
in  which  the  moving  parts  are  capable  of  transpo- 
sition, so  tliat,  being  arranged  in  any  concerted 
order,  it  becomes  necessary  before  shooting  the  bolt 
to  arrange  the  tumblers.  The  Letter-lock  (which 
see)  appeal's  to  have  been  the  earliest  of  this  class  ; 
and  locks  on  the  same  principle,  but  of  more  compli- 
cated mechanism,  still  form  a  favorite  suliject  of  in- 
vention. 

The  permutation  principle  was  introduced  into  tumbler-locks 
by  Dr.  Andrews  of  New  Jersey,  about  1841  Tbe  tumblers  are 
capable  of  variable  adjustment,  and  tlie  key  has  a  series  of 
small  sUiftable  steel  rings  of  such  radii  as  to  suit  the  variable 
tumblers. 

To  this  succeeded  the  Ilohbs  lock,  invented  by  Newell  of  New 
York,  which  is  provided  with  a  series  of  secondary  tumblers 
separated  from  the  main  tuniblers  by  a  wall ;  the  secondary 
tumblers  have  notches  corresponding  to  teeth  on  a  series  of  in- 
termediate tumblers,  which  teeth  correspond  to  the  hights  of 
the  main  tumblers  ;  in  shooting  or  retracting  the  bolt  the  inter- 
mediate tumblei-s  are  engaged  with  both  the  primary  and  sec- 
ondary tumblers.  Hfting  the  latter  to  the  bight  determined  by 
tlie  variable  arrangement  of  the  movable  key-bits,  but  when 
the  bolt  is  shot  they  become  detaclied,  and  the  former,  on  with- 
drawal of  the  key.  fall,  so  that  their  acting  surfaces  are  all  on 
the  same  level,  affording  no  indication  of  the  hight  to  which 
they  must  be  lifted  in  order  to  withdraw  the  bolt;  the  wall 
prevents  all  access  to  the  secondary  tumblers  for  this  purpose. 

In    Fig    3'>46,   the 
Fig.  3646.  movement  of  the  bolt 

is  effected  by  the  direct 
action  of  a  series  of 
rotating  tumblers.   A 
bar  F  pivoted  at  one 
end  to  the  bolt  carries 
at   the    other  end   a 
projecting   tooth, 
which,  when  the  tum- 
blers are  arranged  in 
acertjiin  position  ,f;ills 
into  the  notch  orgate. 
By  turning  the  spin- 
dle, the  toothed  bar 
is  drawn  upon  by  tbe 
tuuiblors.and  the  bolt 
will  thus  be  projected 
outward,      and      by 
turning  still  farther, 
the  tooth  will  ride  up  out  of  the  gate  and  rest 
with  its  point  upon  the  periphery  of  the  series,  ; 
in  doing  which  a  notch  on  tbe  upper  surface  of 
the  toothed  bar  will  embrace  a  permanent  stub 
projecting  from  the  lock-plate,  and  thus  render  ' 
the  bolt  immovable  until  the  tumblers  shall  I 
have  been  so  arranged  as  to  permit  the  tooth  ' 
to  again  fill  into  the  gate.  I 

In  Fig.  3o47,  adog  connected  with  the  bolt  engages  notches  in 
the  tumblers  /;  between  these  are  secondary  wheels  A'  coniiiiu- 
nicating  motion  from  one  tumbler  to  another,  and  ailjustJible 
thereon,  so  that  the  tumblers  may  be  set  to  an\  desired  combi-  , 
nation.  | 

In  Fig.  3648.  the  arbor  of  the  tumblers  is  at  right  angles  with 
the  knob-spindle  /,  and  the  latter  carries  a  miter-wheel  //en- 
gaging a  similar  whe«l  on  the  outer  tumbler- wheel.     The  com-  | 
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biuation  is  discovered  by  the  introduction  of  a  pin  into  the 
back-plate  of  the  lock  when  the  door  is  open.  The  pin  im- 
pinges upon  the  inclined  bead  of  a  pintle,  and  forces  it  through 
the  slots  Of  of  the  tumbler-wheels  G  as  they  are  brought  into 
line  by  turning  the  knob.  The  combination  is  shown  by  the 
position  of  the  index-finger  when  the  pin  enters  each  slot. 

Fig.  3648. 


In  one  patented  lock  of  this  class  a  vibrating  dog  is  pushed 
awav  once  in  each  rotation  of  the  spindle  and  frees  the  fence  ;  if 
theii  the  notches  of  the  tumblers  be  in  line,  the  feuce  falls  into 
them  and  tbe  bolt  may  be  thrown  by  the  spindle.  In  another, 
the  backward  movement  of  the  bolton  shutting  the  door  throws 
the  tumblers  out  of  adjustment  by  means  of  a  spring-arm. 

In  a  third,  a  dog  pivoted  to  tbe  case  holds  the  bolt  unless  the 
tumblers  are  in  such  adjustment  as  to  let  the  fence  fall  into 
corresponding  notches  in  the  tumblers,  when  the  head  of  the 
dog  gnivitates  and  fiUls  from  opposing  contact  with  the  bolt. 

A  fourth  has  a  dog  ozi  tbe  armature  of  a  magnet  held  out  of 
contact  with  a  series  of  permutation-wheels  until  the  spindle 
which  moves  the  bolt  is  rotated  a  cerfciin  distance;  the  arma- 
ture is  then  freed  and  attracted  toward  the  magnet,  causing  the 
dog  to  enter  notches  in  the  wheels. 

In  a  modification  of  the  above,  the  magnet  is  pivoted  and 
oscillates  between  an  upper  and  a  lower  position. 

Pennutation-locks  are  construct^'d  with  or  without  keyholes; 
in  the  former  case  the  tumblers  are  set  by  the  key-bits  ;  in 
the  latter,  they  are  brought  into  adjustment  by  rotating  the 
kuob-spindle  back  and  forth,  according  to  a  preconcerted  series. 
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See  Lucii  ;  Lirrea-LOCK;  Wheel-lock.  See  list  under  Lock, 
Per-pend'er.  {Masonry. )  A  stone  going  tlirough 
from  siJi3  to  side  of  a  wall  and  acting  as  a  bindiT,  ' 
callt'd  also  perpenil-stone,  through-stonR,  through- 
binder.  A  uaurse  of  siicii  i3  callt'd  a  pcrpcml-cour.se, 
and  a  wall  in  whicli  all  the  stones  ruu  thi'ougli  from 
side  to  sidn  a  pL-rpiMid-wall. 
Per'pen-dic'u-lar  Lift.  Snc  Caxal-lift. 
Per'pent.  A  b^md-stoue  ;  a  large  stone  reaching 
thn»UL;li  ii  wall  so  th;it  it  appears  on  both  sides  of  it. 
Per-pet'u-al  Mo'tiou.  An  itjnls  /(Unas  which 
has  ledast  ray  some  persons  of  limited  scientilio  knowl- 
edge in  all  ages  and  regions.  As  the  knowledge  of  sci- 
entific truth  advances,  we  arrive  at  some  axioms,  and 
we  now  know  that  motion  involn-.i  an  expL-nditure  of 
force,  and  that  even  a  balance-beam  poised  by  steel 
edges  on  agate  plates  and  started  pulsating,  meets 
with  the  vesistani;e  of  the  air  and  generates  some 
friction  between  the  contacting  surfaces,  and  must 
come  to  a  stop.  The  modern  demonstration  of  tlie 
convertilnlity  of  the  various  dynamic  forces  has 
made  the  matter  nure  clear  and  exfilainable. 

It  is  inijiossihle  to  make  a  machine  which  shall 
move  withjut  a  motoi',  or  which  shall  maintain  the 
motion  origin  dly  imp.irted  to  it  unimpaired  for  an 
indelinite  length  of  time,  witiiout  receiving  an  ac- 
cession of  powi'r. 

Periietual  motion  induced  by  natural  fluctuations, 
such  as  the  rise  and  fall  of  tlie  tides,  of  the  waves, 
the  How  oi'  a  river,  the  pressure  of  wind,  variations 
in  the  Wfdght  of  the  atmo.iphere,  expansion  and  con- 
traction by  heat  and  cold,  do  not  come  within  the 
conditions  of  tiie  problem  of  the  perpetual  motion, 
the  mechanical  problem  which  has  annoyed  so  many. 
These  are  subject  to  recurrent  Huctnations  and 
changes  which  may  give  a  more  or  less  constant 
motion  to  objects,  and  have  been  made  use  of  in  all 
ages.  For  an  interesting  and  (Comprehensive  disser- 
tation on  this  subject,  s>-'e  "  Perpetuum  Mobile," 
Dircks,  London,  istil. 

The  Marquis  of  Worcester,  ia  his  "  Century  of  Inventions,'" 
refers  to  a  number  of  contrivinces  which  appivir  thrniij^h  tlie 
fog  of  the  descriptious  to  be  attempts  iit  perpetual  motion.  The 
old  cavalier  was  rather  curious  than  profound.  He  was  a  gen- 
uiae  gentleman,  and  true  to  a  false  master  in  victory  and  in 
defeat. 

The  "  Siddhauta  Ciromani,"  a  Sanscrit  text-book  on  astron- 
omy, give^  au  account  of  a  wheel  having  on  it.s  outer  edge  a 
number  of  hole.-^  of  equal  si/e  and  at  equal  distances  from  one 
another,  but  upon  a  zigzag  line;  these  holes  are  filled  half  full 
of  mercury, and  stopped  at  the  orifice  ;  and  it  was  claimed  that 
the  wheel  will  then,  if  supported  by  an  axis  upon  a  couple  of 
props,  revolvp.  of  itself. 

Bishop  Wilkins  ("b.  1614,  d.  1G72),  in  his  "Mathematical 
Magic,"  tells  of  perpetual  motion  produced  by  "ohymical 
attractions  "  caused  by  grinding  mercury  and  some  other  sub- 
stances together  ;  in  distilling  and  rodistilHng  the  mass  until 
small  atoms  are  produced,  which,  being  placed  in  a  gla-^s  globe, 
serve  to  keep  it  perpetu  illy  moving.  The  worthy  bishop  docs 
not,  however,  repose  impl  cit  confidence  in  the  efficacy  of  this 
means  to  produce  the  desired  result. 

According  to  Thomas  Tynmie,  a  certain  Cornelius  Dreble 
devised  a  machine  representing  the  revolutions  of  the  sun  and 
moon,  exhibited  before  Kiug  James  I.,  which  was  actuated  by 
a  fiery  spirit  contJiined  within  the  axle  of  the  wheel.  These 
things  were  certainly  quite  as  adequate  to  cause  movement 
withnut  power  as  any  of  the  mechanical  contrivances  afterward 
devised  for  the  purpose.  Among  the  first  of  these  which  wt* 
meet  is  one  depending  on  nuignetic  attraction.  A  ball  rolled 
down  an  iucUned  magnet,  dropped  through  a  hole  at  its  lower  , 


end,  was  then  to  be  attracted  by  the  other  pole  eo  as  to  afrend 
along  a  curved  surface,  pass  through  another  holu  in  the  upper 
part  of  tliL-  magnet,  agiiin  roll  down,  and  so  on  nd  infinitum 
.Just  one  haU' tne  result  was  verified  ;  the  ball  nd led  down  in 
strict  accordance  with  the  programme,  but  refused  to  ascend 
without  coercion. 

Next  appears  the  time-honored  wheel  rotated  by  plummets 
or  pivoted  ucight-Ievers  so  arranged  that  those  on  the  descend- 
ing side  shall  always  preponderate.  This  form  of  [lerpetual 
motion  fifquently  recurs  at  the  present  day. 

Nearly  allied  to  this  is  the  wheel  having  grooved  or  hollow 
spokes,  along  which  a  series  of  balls  move  alternately  inwardly 
and  outwardly  between  the  axis  and  the  circumference,  .«o  that 
tbe  greater  weight  shall  always  be  on  the  side  which  is  descend- 
ing. Though  it  has  beeu  mathematically  demonstrated  hun- 
dreds of  times,  so  as  to  appear  almost  in  the  light  of  a  selft-vi- 
dent  proposition,  that  even  were  there  no  friction  between  the 
acting  surfiices,  the  resultants  obtained  by  multiplying  the 
weights  ijy  their  distances  from  a  vertical  plane  passing  through 
the  axis  of  the  wheel  must  always  be  equal,  and  that  the  two 
sides  must,  therefore,  be  in  equihbrio.  jiersons  are  found  who 
are  willing  to  spend  time  and  money  in  the  attempt  to  con- 
struct motors,  maintainers,  or  increasera  of  power. 

In  another  old  form  (1085  A.  d),  the  arms  or  spokes  of  the 
wheel  are  tubular  and  carry  bellows  containing  quicksilver  at 
each  end  ;  the  idea  being  that  when  the  wheel  was  set  in  motion 
the  quicksilver  would  tiitw  from  each  bellows  as  it  rose  above 
the  horizontal  line  passing  through  the  axis  of  the  wheel, 
p.'Uis  thi'ough  the  tube  to  the  bellows  opposite,  and  accelerate  its 
downwai'd  ii.oveuient. 

The  apparatus  of  Dr.  Conradus  Schiviers,  D.  D.,  1790,  con- 
sisted of  a  wheel  witli  louipartnicnts  similar  to  those  of  a  wa- 
ter-wheel, and  an  endless  chain  passing  n\er  pulleys  ;  a  number 
of  balls  were  i)luct'd  in  a  trough  at  the  upjier  part  of  the  wheel, 
whence  they  ran  down  an  inclh.ed  plane  one  by  one  into  each 
compartment  of  the  wheel,  causing  that  j^ide  to  de.'^cend  ;  as 
each  ball  arrived  at  the  lowest  point  of  the  wheel,  it  was  to  be 
discharged,  scooped  up  by  one  of  the  buckets  on  the  endless 
chain,  which  it  was  supposed  would  raise  itto  the  upper  trough 
to  go  through  the  same  round.  Thus  the  wheel  would  move 
the  chain,  and  the  chain  would  reciprocally  move  the  wheel. 
The  principle  is  the  sjune  as  that  of  a  man  liftiig  himself  over 
a  fence  by  taking  hold  of  the  straps  of  his  boots. 

In  the  same  year,  John  Haywood  invented  a  perpetual-motion 
machine  strongly  suggestive  of  some  "  n.echanical  movements  "' 
which  have  apjieared  within  the  past  few  years.  It  embraced 
a  wheel  with  a  cranked  axle,  to  the  end  of  which  several  rods 
were  counected,  passing  from  side  to  side  of  the  main  wheel, 
and  having  at  their  ends  small  wheels  which  rotated  around 
the  inner  rim  of  the  larger  wheel;  by  this  arrangement,  the 
preponderance,  according  to  Haywood,  would  always  be  on  that 
side  toward  which  the  wheel  was  turning,  the  points  at  which 
the  rods  were  supported  by  the  crank  arui  continually  shifting 
so  as  to  constitute  levers  whose  longer  arms  would  always  be  on 
that  side  in  every  position  of  the  main  wheel.  This,  like  the  pre- 
ceding, involves  the  absurdity  of  two  parts  reciprocally  main- 
taining the  motion  of  each  other,  without  the  aid  of  extraneous 
force. 

Count  de  Thiville  proposed  to  use  a  tube  closed  at  one  end, 
which,  being  suddenly  immersed  in  water  at  its  open  end,  the 
fluctuations  produced  thereby  were  to  be  utilized  as  a  perpetual 
motor. 

Hydraulic  devices  of  this  kind  are  numerous  Prominent 
among  these  is  the  ap])lication  of  a  water-wheel  to  turn  an 
Archimedean  screw,  which  in  turn  raises  the  wiiter  to  supply 
the  wheel.  This,  also,  is  a  chronic  and  persistent  fallacy  which, 
under  various  forms,  continually  reappears. 

Several  attempted  applications  of  the  pump  in  combination 
with  a  water-wheel  are  also  found.  These  are  all  ba.-ed  upon 
the  assumption  that  the  force  of  the  water  descending  in  the 
buckets  of  the  wheel  may  be  made  to  reciprocate  the  pump  pis- 
ton, raising  the  water  by  which  the  wheel  is  turned. 

In  one,  a  siphon  in  an  upper  reservoir  supplied  by  the  pump 
carries  the  water  to  a  series  of  wheels,  one  above  tlic  other  ;  the 
water  escaping  from  the  buckets  of  the  upper  wlieel  f:ills  into 
those  of  the  oTie  beneath,  and  so  on  ;  a  supposed  gain  of  power 
being  effected  by  this  means,  while  the  siphon  provides  for  a 
continuous  flow. 

In  another  device  of  this  kind,  power  is  supposed  to  be  gained 
by  a  pulley  on  the  axis  of  the  wheel  driving  a  smaller  pulley 
which  actuates  the  pump  machinery,  reducing  the  friction  in 
the  proportion  of  their  acting  surfaces.  This  is  based  upon  the 
theory  of  the  man  who  purchased  two  stoves  which  were  claimed 
to  consume  but  half  the  usual  amount  of  fuel,  that  if  one  saved 
half  two  would  save  it  ail. 

One  inventor  i)roposes  to  use  mercury  inclosed  in  an  aii'-tight 
vessel ;  the  mercury  is  partly  drawn  off  into  a  reservoir  below, 
through  an  aperture  producing  a  vacuum  above  that  which  re- 
mains ;  this  causes  the  mercury  from  the  reservoir  below  to  rise 
in  an  exhausted  tube,  piufsiug  upward  into  the  vessel  from  which 
it  was  originally  derived,  and  this  movement  is  to  be  continu- 
ous. 

.\nother  employs  water  under  pressure,  which  straightens 
flexible  tubes  affixed  to  the  periphery  of  a  wheel,  causing  its 
rotation  ;  on  passing  a  certain  point,  these  tubes  are  caused  to 
discharge,  resuming  their  flexible  condition  and  allowing  them 
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to  freely  turn  with  the  wheel  until  each  arrives  at  the  proper  1 
point  to  exert  a  propelling  action. 

Multiplying  levers  have  also  been  employed  for  increasing 
the  rotury  movement  originally  inipirt*;d  to  a  wheel,  the  short  ; 
arm  of  one  being  applied  to  the  longer  arm  of  the  next,  and  so  ' 
on.     This  arrangement,  if  it  worked  in  practice,  would  render  | 
the  boast  of  Archimedes,  that  had  he  a  place  for  his  lever  he  , 
could  move  the  world,  a  mere  ba^telle.    A  power  of  one  pound  , 
applied  in  this  way  at  one  end  of  the  series  might,  if  the  theory 
of  perpetual-motion  inventors  be  correct,  be  developed   into 
thousands  of  tons  at  the  other;  and,  as  this  would  increase  at 
each  revolution  of  the  wheel,  the  consequences  migbt  be  fear-  ' 
ful,  so  that  we  may  consider  it  fortunate  that  iu  this  class  of 
machines  some  little  obstacle  which  the  inventor  can  usually  i 
account  for,  but  ueversucceedsiu  entirely  overcoming, prevents  I 
their  working  at  all. 

Many  others  might  be  enumerated  besides  those  already  men-  | 
tioned,  but  we  must  be  content  with  a  few  more,  probably  the  i 
most  absurd  of  which  is  the  perpetual-motion  railroad-car.  In 
this  ingeoious  device,  the  load  is  on  a  platform  suspended  below 
the  center  of  gravity,  the  car  is  cylindrical  mth  conical  ends, 
which  rest  upon  the  rails  at  either  side.  The  track  forms  a  se- 
ries of  inclined  planes,  the  car  rolling  down  one  by  gravity  and 
up  the  next  by  the  momentum  acquired,  and  so  on.  Practically, 
however,  this  is  quite  as  feasible  as  the  others,  among  which  we 
may  mention  :  The  wheel  provided  with  25  weights,  15  of  which 
are  coostautly  descending  on  its  outer  rim.  while  10  are  being 
raised  in  a  straight  line  on  au  endless  baud,  each  ball  being,  in 
its  turn,  transferred  from  one  to  the  other;  spiral  troughs  or 
tubes,  down  which  balls  run  and  are  received  into  r.imilar  and 
opposite  spirals,  whence  they  are  returned  to  the  first,  causing 
rotation  in  opposite  directions  ;  and  rocking  devices,  in  which 
a  ball  is  allowed  to  run  down  an  inclined  vibrating  plane  whose 
motion  is  automatically  reversed  each  time  the  ball  reaches 
either  end. 

Pneumatic  devices  are  a  prominent  subject.  Among  these  is 
the  occasionally  recurring  hollow  cylinder,  in  which  a  weight 
or  pressure  of  some  kind  is  applied  on  one  side  of  a  chamber, 
fixed  on  an  arm  or  spoke,  white  the  air  is  exhausted  from  the 
other  side.  We  believe  it  is  the  correct  thing  to  inclose  concerns  I 
of  this  kind  in  a  water-chamber ;  at  all  events,  this  was  done  by 
Richard  Varley,  according  to  the  specification  of  his  English 
pitent  (1790),  because  "  water  has  no  spring."' 

A  drum  jourualed  in  a  cylinder  axially  divided  by  a  vertical 
air  and  water  tight  partition,  cue  side  containing  liquid  and  the  i 
other  air.  has  also  been  claimed  as  a  perpetual  motor  ;  the  pe- 
riphery of  the  wheel  is  provided  with  reservoirs  containing  a  ■ 
8ub.>tance  lighter  than  the  liquid:  these  necessjirily  rise  there-  j 
through,  but  beiug  heavier  than  air  have  a  downward  tendency  i 
on  reaching  that  part  of  the  cyUnder  which  contains  it.     The 
construction  of  this  device  would  appear  to  present  some  me- 
chanical difficulties,  to  say  the  least. 

The  object  in  citing  antiquated  instances  is  to  show  late  in- 
ventors in  this  line,  not  merely  that  their  contrivances  are  falla- 
cies, —  which  they  are  not  likely  to  believe,  —  but  that  such  are 
not  even  new,  and  hence,  perhaps,  not  worth  pursuiugwith  the 
expectation  of  exclusive  right,  public  reward,  and  enduring  fame. 

Per-pet'u-al  Screw.    A  screw  without  longi- 
tudinal motion    acting  upon   a  wheel 
Fig.  3649-      vhose  cogs  have    a   pitch    coincident 
f- — ^^^XV —  with  that  of  the  worm. 

^^ — "^  It  is  often  used  as  a  Micrometer-  [ 

SCREW  (which  see).     See  also  Worm-  ■ 

WHEEL. 

Per-ro-tine'.      ( Tcctih   Manufac- 
PerpetualScrewJi^^<'-)     A  ^"^^  ^^  French  e;dico-[)rint- 
ing  machine,  named  alter  the  inventor.  I 

Three  wooden  blocks,  3i  to  5  feet   long  and  2   to  5  inches  i 
broad,  faced  witb  pear-tree  wood  engraved  in  relief,  are  mounted  j 
in  a  cast-iron  frame  wich  their  planes  at  right  angles  to  each  ' 
other,  so  that  each  of  them  may  in  succession  be  brought  to  bear 
upon  the  face,  back,  and  top  of  a  square  prism  of  iron  covered 
■with  cloth  and  fitted  to  revolve  on  an  axis  between  the  said 
blocks.     The  calico  passes  between  the  prism  and  the  engraved 
blocks,  and  receives  successive  impressions  from  them  as  it  is  j 
drawn  through  by  a  winding  cylinder.     The  blocks  are  pressed 
against  the  calico  through  the  agency  of  springs  which  imitate  j 
the  elastic  pres-ure  of  the  workman's  hand.    Each  block  receives  , 
a  coat  of  colored  paste  from  a  woolen  surface  smeared  after  every 
contact  with  a  mechanical  brush.      It  executes  about  thirty 
pieces  a  day  in  three  colors,  requiring  one  man  and  three  children 
for  attendance.  —  Ure. 

Per'sian.     {Avchitedurc.)     A  male  figure  draped 
after   the   ancient   Persi;in    manner,   and  .serving  to  ' 
support  an  entablature,  after  the  manner  of  a  column  : 
or  pilasttT.      Afhintcs  have  a  similar  duty.  J 

Per'sian  Car'pet.     One  made  in  the  same  man-  I 
ner  as  the  Turkey  :  usually  the  whole  piece  is  set 
up  ;  tiaat  is,  the  carj>et  warp  is  the  whole  width  of : 
the  piece,  instead  of  being  made  in  breadths  or  strips  \ 


to  be  joined.  The  web  of  the  carpet  has  a  warp  and 
weft  of  linen  or  hemp,  and  the  tufts  of  colored  wool 
are  inserted  by  twisting  tliem  around  the  warp  all 
along  the  row.  A  line  of  tufts  being  inserted,  a 
shoot  of  the  weft  is  made,  and  then  beaten  up  to 
clo.^e  the  fabric.     See  TruKEY-CAi;PF,T. 

Per'sian  Drill.  A  hand-drill  [a)  which  is  some- 
times known  as  the  Persian  drill  has  a  shank  with 
a  quick  thread  and  a  back-center  in  the  head  or  han- 
dle. The  nut  is  moved  back  and  forth  on  the  screw- 
shank,  which  is  thus  rotated,  the  action  of  the  drill 
being  rotary  reciprocal. 

It  is  frequently  used  for  fine  work  and  in  dentistry, 
the  shank  being  made  of  piumi  wire  twisted,  and 
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the  spiral  grooves  inside  the  nut  beiiJg  made  con- 
formable to  the  screw-threads  of  the  shank. 

The  screw-stock  drill  (b)  is  a  modification  of  the 
preceding,  in  which  the  motion  of  the  screw-stem  is 
communicated  by  a  j>air  of  bevel-pinions  to  the  drill, 
whose  axis  is  at  right  angles  to  that  of  the  driving- 
screw. 

Per'sian  "Wheel.  This  name  is  given  to  two 
forms  of  water-raising  wheels  :  — 

1.  A  wheel  with  pots  or  buckets  on  or  near  its 
iim,  dipping  water  at  the  lower  part  of  their  revo- 
lution and  discharging  it  when  they  reach  tlieir 
extreme  elevation.  See  Bucket- wheel  ;  Chain- 
wheel. 

The  wheel  is  sometimes  driven  by  the  current  act- 
ing upon  vanes. 

2.  A  wheel  with  chambers  fonned  by  radial  or 
curved  partitions,  dipping  water  as  their  edges  are 
submerged,  raising  it,  and  discharging  it  near  the 
axis. 

These  are  both  common  in  Oriental  countries.  Travelers 
mention  them  as  running  in  Persia,  Arabia,  Syria,  Palestine, 
Egypt,  Spain,  Tyrol.  The  first  is  here  treated  under  NoaiA 
(which  see);  the  second  under  TtMP.vNOM  {^vhich  see). 

Per-spec'tive-glass.  (From  prospective,  i.  e. 
prospect -glass.)  The  terrestnal  or  land  telescope, 
which  has  two  more  lenses  than  the  astronomical 
telescope,  so  as  to  show  objects  in  the  right  pa.<;ition. 

'*  After  dinner  I  to  the  parish  church,  ami  there  did  entertain 
myself  with  mv  perspective-gla-ss  up  and  down  the  church,  by 
which  I  have  the  great  pleasure  of  seeing  and  gazing  at  a  great 
many  very  fine  women;  and  what  with  that,  and  sleeping,  I  passed 
away  the  time  till  sermon  was  done.''  —  Piipvs's  Diary ^  1667. 

Per-spec'tive  -  in'stru-ment.  A  mechanical 
contrivance  to  assist  persons  in  drawing  in  }ierspec- 
tive. 

A  caDiera-lucida  or  camera-obsciira  will  enable  a 
perspective     delineation.        See     Cameha-lccida  ; 

CAMERA-OBSCrnA. 

Bevis's  perspective-instrument,  described  by  Ferguson,  con- 
^ists  of  a  rectangular  bnard  with  a  hinged  movable  frame  of  an 
arched  shape,  and  having  two  adjustable  strings,  which  mav 
be  made  to  intersect  each  other  and  assume  any  direction.  The 
eye  steadily  beholding  an  object,  say  the  pediment  of  a  build- 
ing, the  strings  are  brought  into  coincidence  with  the  required 
lines  of  the  object :  the  frame  is  then  laid  down  on  the  board, 
the  point  or  hues  marked  on  the  paper,  and,  the  frame  being 
rajseil,  another  point  or  line  is  observed  and  similarly  transferred 
to  the  paper.   The  observations  are  taken  through  an  eye-piece, 
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which  may  be  appro;u'hed  to  or  receded  from  the  frame,  accord- 
ing to  the  scale  of  the  dniwiii;,'  required. 

Ronalds's  persiieetive-umchiue.  patented  in  England,  has  an 
eye- piece  and  an  arrangement  by  which  a  head  travcr."*ing  in 
tlie  phino  of  delineations  is  made  to  confer  a  corresponding 
motiou  upon  a  peticil. 

A  perspective-instrument  for  drawing  the  outlines  of  any 
olyoct  in  per.'pective  was  invented  by  Dr.  Christopher  U'ren, 
about  1669,  and  is  described  in  the  "  Abridgment  of  l*uil. 
Trans.,"  Vol.  I   p  325 

Per-spec'to-graph.  An  instrunu'iit  for  the 
nieohiiiiii:;il  ili-awin^  ui'  olijccts  in  iK.'rs|)t*rtive.  Tin; 
object  is  placL-d  in  IVont  of  tliu  eye,  wliieli  is  applied 
Jo  a  small  hole.  A  movable  hinged  bar  is  so  adjusted 
as  to  bring  a  point  between  the  eye  and  a  certain 
part  of  the  objeet.  The  bar  is  then  fokh'd  down  and 
the  mark  transferred  to  the  paper.  A  series  of  such 
marks  afford  data  for  the  drawing  of  the  objeet. 

Pes'sa-ry.  (From  the  Greek  pv^aos,  a  round  stone 
used  in  playing  at  checkers.)  An  instrument  in  the 
forn^of  a  staff"  ring,  or  Udl,  made  of  elastic  or  rigid 
materials,  and  ititroduoed  into  the  vagina  to  })revent 
or  renuniy  the  j>rolapse  of  tlie  uterus. 

The  variety  of  these  is  very  great,  —  ring,  oval, 
globular,  liorseshoc  shaped.  Made  of  gold,  silver, 
hard  and  soft  rubber,  ivory,  boxwood,  etc. ;  solid, 
hollow,  inflatable. 

They  may  b;'  classed  as,  — 

A  rigid  body  pushed  into  position,  and  of  a  nearly 
solid  or  of  a  skeleton  form.  The  pessary  of  Hippoc- 
riites  was  a  pomegranate  j)ierced  through  the  core. 

A  ring  or  frame  which  is  supj>orted  by  resting 
against  the  os  pubis. 

A  stafi"  or  finger  which  is  supported  by  an  external 
bi*ace  or  truss,  and  enters  the  vagina  so  as  to  form 
a  seat  for  the  uterus. 

An  inflatable  ball  or  annulus,  which  is  expanded 
after  reaching  its  sphere  of  action. 

Several  kinds  are  shown  in  Fig.  3651 

a  is  Eraser's  pessary  of  harl  rubber,  having  a  cup  for  the 
cervix  and  a  supporting  bow  wliich  p.vsses  down  the  posterior 
walls  of  the  vagina,  the  lower  portion  resting  upon  and  being 
supported  by  the  levator  ani  muscle  near  it^  attachment  to  the 
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08  pubis.  The  entire  posterior  or  convex  portion  of  the  bow 
resists  the  action  of  the  downward  tendency  of  the  uterus  in 
the  cup,  while  the  bladder  pushes  the  anttyior  wall  of  the  va- 
gina into  the  concavitv  of  the  bow,  which  in  turn  is  so  con- 
structed that  it  clasps  the  parts,  and  is  thereby  aided  in  keep- 
ing its  position.  Room  is  provided  for  the  urethra  in  the  notch 
at  the  base  of  the  instrument. 

b  is  Hodge's  doubie-S  or  closed  lever. 

r  is  Hodge's  horseshoe  pessjiry. 

'/  is'Conant's  two-winged  pe.-^sary  of  hard  rubber. 

f  is  a  globular  pessary  of  silver  or  glass. 

_/",  a  concave  or  cup-shaped,  of  any  niaterial. 

?,  a  ring-shaped,  made  of  watch-spring  covered  with  gutta- 
percha. 

4s  the  concave,  perforated  disk  forms  a  support  for  the  parts 


affected,  while  the  lower  li>op  afford.s  a  means  for  its  introduc- 
tion and  withdniwal,  as  also  a  support  lor  it  wliilt-  in  place. 

I ,  the  india-rubber  pessary  is  cup-8hai>ed,  with  a  heavy  curved 
lip,  and  is  supported  by  a  spiral  spring  with  a  rod  and  ring  for 
external  attachment. 

_;'  is  Banning's  uterine  supporter  attjiched  to  an  abdominal 
supporter,  a  curved  finger  extending  up  the  uterus,  whose  cer- 
vix rests  in  tlie  cup  at  the  extremity. 

k  is  an  iutlatahle  rubber  globe. 

Pes'tle.  1.  All  unplement  used  in  braying  sub- 
stances in  a  mortar. 

Its  usQ  is  more  ancient  than  that  of  the  mill.  In  tbe  Bible, 
and  in  the  remains  of  Egypt,  Nineveh,  and  the  later  civilizations 
of  Greece  and  Rome,  it,  in  connection  with  the  mortar,  was 
a  favorite  mode  uf  grinding  grain  for  bread,  as  well  as  prepar- 
ing other  articles  of  food  and  medicine.     See  Bread. 

Being  smaller  and  more  fragile  than  the  mortars,  not  so 
many  uf  them  have  been  recovered  from  the  debris  of  aucient 
civilizations.     See  Mortar. 

2.  The  vertically  moving  bar  in  a  siamj^ing-mill. 
A  stamp.     See  Stampino-mill. 

3.  The  pounder  in  a  fulling-niil!. 

Pe-tard'.  A  box  or  hag  tilled  with  powder,  used 
for  blowing  open  gates,  doors,  etc.  It  is  provided 
with  a  slow-burning  fuse,  and  to  ]iroduce  any  con- 
siderable effect  should  be  charged  with  at  least 
twt-nty  pounds  of  iiowder.  The  effect  is  increased  by 
loading  the  petard  with  sand-bags  or  other  weights. 
A  shell  of  large  caliber  may  be  used  for  the  same 
purpose. 

The  effect  of  }ietards  is  nearly  proportional  to  the 
square  of  the  charge  of  powder  they  contain. 

Disks  of  gun-cotton,  designed  to  be  siiiiiily  at- 
tached to  a  stock,  drawbridge,  gate,  or  barricade, 
have  lately  been  used  with  great  effect  upon  experi- 
mental structures. 

Powder  or  gun-cotton  petards  are  placed  in  position  for  firing 
in  the  manner  shown  in  Fig.  3652,  in  which  the  petard  is  laid 
ag-ainst  the  stockade  which  it  is  desin*d  lo  breach,  resting  upon 
timbers  to  give  the  petard  greater  resistance.    A  simple  way  of 
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holding  the  bursting-chnrge  to  its  work  is  by  a  diagonal  brare 
■with  its  upper  end  holding  a  powder-hag  against  the  biirrier, 
and  the  other  resting  in  a  slight  depression  in  the  ground 

The  invention  is  ascribed  to  the  Huguenots  in  1579.  Tho?e 
first  used  were  of  metal,  in  the  shape  of  a  hat.  and  were  em- 
ployed to  blow  up  gates  or  other  barriers,  and  also  in  counter- 
mines to  break  through  the  enemy's  galleries.  The  petnnl  was 
fdi-nierly  fixed  to  a  plank  called  a  ma'/n'fr.  Cahora  was  taken 
by  Henry  IV.,  by  means  of  petards,  in  1580. 

Pet-cock.     1.   {Sfnnn -City inc.)    A    little   faucet 
at  the  end  of  a  steam-cylinder,  to  allow 
the  escape  of  water  of  condensation.      It   *''K  3653. 
is  kept  open  until  the  engine  is  fairly  un- 
der way,  and  is  then  shut. 

2.  A  /(.9^cock. 

3.  A  valve  or  tap  on  a  pump. 
Pe'ter-sham.    {Fahrlr.)    A  heavy  and  Ptt-Cock. 

fine  woolen  goods  for  men's  overc<»ats,  the 

face  being  rolled  so  as  to  present  the  appearance  of 

little  tiifts. 

Pe'tong.  (Alfoif.)  Chinese  -white  copper ;  an 
alliiv  of  rojiper  and  nickel.      PacA'/omj. 

Pe-tro'le-um.  A  liquid,  inilamiuable,  bitumi- 
nous substance,  uomposed  of  hydnigen  and  carbon. 

.\niong  the  distillates  of  petroleum  are,  — 

Cnrhiin  oil,  59^  B    and  downward. 

Benzine,  59°  to  64'=*. 

Naphtha,  64''  to  70". 

Gn<io/i)H',  70"^  and  upward. 

Paraj/ine  is  also  one  of  the  products  of  petroleum. 
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Petroleum  in  various  forms  was  known  in  most  remote  an- 
tiquity. The  Egyptians  used  it  in  embalming  their  dund.  The 
Jews  employed  ic  as  a  cementing  material  for  their  edifices,  and 
the  inhabitants  of  ancient.Memphis  covered  the  lower  part"  of 
their  dwellinj^s  on  the  outside  with  asphaitum  in  order  to  pre- 
serve them  from  the  dampness  of  the  surrounding  soil.  The 
present  petroleum  well  of  Zasynthus,  one  of  the  Ionian  Inlands, 
was  known  to  Herodotus,  more  than  2,0U0  v ears  ago. 

Pliny  says :  A  bituminous  oil  is  found  on  a  spring  at  Agri- 
gentina  in  Sicily,  the  waters  of  which  were  tainted  by  it.  The 
inhabitants  of  the  spot  collect  it  on  the  panicles  of  reeds,  to 
which  it  very  readily  adheres,  and  make  use  of  it  for  burning 
in  lamps  as  a  substitute  for  oil ;  as  also  for  the  cure  of  itch- 
scab  on  beasts  of  burden. 

He  remarks  that  the  inflamm;\ble  material  found  at  Samosata 
was  used  by  the  inhabitants  to  defend  themselves  against  the 
army  of  Lucullus :  that  it  would  burn  on  water,  and  is  only 
extinguished  by  earth. 

In  Crawford's  "  Embassy  toAva,''  published  about  1826, 
appears  the  following  :  "  Petroleum  wells  supply  the  whole 
Burman  Eaipire  with  oil  for  lamps  and  also  for  smearing 
wood,  to  protect  it  against  insects  and  particularly  against 
the  white  ant.  Its  consumption  for  burning  is  said  to  be 
universal,  until  its  price  reaches  that  of  the  Sesamun  oil, 
the  only  other  kind  used  for  lamps.  The  wells,  which 
occupy  a  space  of  16  square  miles,  vary  in  depth  from  200 
to  250  feet;  the  shaft  is  square,  not  more  than  4  feet  on 
each  side,  and  is  formed  by  sinking  wooden  frames.  The 
oil,  on  coming  up,  h;is  a  temperature  of  90^  Fah.  It  is 
thrown  into  a  large  ci-itern,  in  the  bottom  of  which  are 
small  apertures  for  the  aqueous  parts  to  drain  off,  when 
the  oil  is  left  for  some  time  to  thicken.  It  is  then  put 
into  large  earthen  jars,  placed  in  rude  carts  drawn  by 
oxen,  and  carried  to  the  bunks  of  the  river,  from  whence 
it  is  sent  by  water  to  all  parts  of  the  empire." 

He  estimates  the  amount  transported  by  the  number  of 
boats  engiged  in  the  tr.ifflc,  their  usual  load,  and  the  time 
occupied  in  an  average  trip.  He  puts  it  at  46,556,400 
pounds  per  annum. 

James  Young,  of  Glasgow,  undertook  the  refining  of  a 
mineral  oil  found  in  a  coal-mine  in  Derbyshire  in  184". 
Having  exhausted  his  supply,  Ue  turned  his  attention  to 
the  distillation  of  a  sort  of  bituminous  shale,  known  as 
boghead  canuel,from  which  he  extracted  an  oil  which  was 
an  excellent  lubricant  and  quite  well  a  lapted  to  illuminat- 
ing purposes.  His  sales  in  England  auiounte I  to  £1<)<J,000  in 
1854,  and  in  thesime  year  a  refinery,  operating  under  his  pat- 
ent, was  established  in  \ew  York  for  tUe  distillation  of  Nova 
Scotia  cannel-coal.  A  number  of  coal-oil  ficto- 
ries  were  soon  after  started  in  various  parts  of 
the  United  States. 

The  usual  process  of  coal-oil  distillation  was 
by  placing  caunel-coal  in  retorts  similar  to  those 
of  gis-works  and  distilling  at  a  moderate  tem- 
perature. 

Natural  petroleum  had  been  known  to  exist  in 
Pennsylvania  since  a  date  prior  to  the  war  of  the 
Revolution ,  and  iu  Ohio  and  West  Virginia  it  w;ia 
well  known,  but  was  considered  worthless  or  a 
nuisance.  The  use  of  Young's  coal-oil  led  to  the 
belief  that  the  natural  oil  might  have  a  value, 
an  1  about  1857  efforts  were  made  to  bring  what 
was  then  known  to  a  market,  and  to  discover 
other  supplies.  As  soon  as  it  was  found  that 
artesian  wells  in  the  oil-regions  would  furnish 
crude  petroleum,  thousand-*  of  wells  were  sunk, 
and  the  supply  is  now  considered  inexhaustible, 
although  the  annual  production  fluctuates  con- 
siderably.    See  On.-w.;LL 

The  annual  production  of  crude  petroleum  iu  the  United 
States  now  reaches  at  least  ■!B20,000,OlX),  and  in  its  refined  state 
it  has  a  value  four  times  as  great.  The  export  of  petroleum 
and  its  products  iu  1872  was  over  thirty  milliou  dollars. 

Pe-tro'le-um-bura'er.  A  burner  contrived  to 
vaporize  ami  consume  li(|uid  petroleum  fed  to  it  iVoin 
a  vesp,rvoir. 

In  Fig.  3J54,  the  oil  from  an  upper  tank  is  admitted  t<i  the 
chamber  A,  where  it  is  vaporized, 
and,  issuing  from  the  nozzle  B,  is 
inflamed,  heiting  the  plate  E; 
tliis  i*  supported  upon  two  arms 
D,  which  conduct  the  heat  down- 
ward and  maintain  the  chamber 
X  at  a  temperature  sufficiently 
hi^h  to  vaporize  the  oil  Apertures 
in  the  plate  E  conduct  the  flame 
to  the  base  of  a  vessel  placed  above 
it 

In  the  burner,  Fig.  3655,  the 
petroleum  from  a  reservoir  A  is 
permitted  to  flow  through  the 
pipe  B,  which  is  provided  with  a 
conical  re.-^ulatin^  valve,  and  has 
a    horizontal    branch   containing 


wire  gauze  or  other  filtering  material. 
This  conducts  it  into  an  annular  recesa 
surrounding  the  flame-chamber  C,  where 
it  is  vaporized. 

The  vapor  passes  downward  througii 
the  pipe  E,  and  is  admitted  througii  a 
conical  valve  /,  by  which  its  amount  is 
regulated,  to  the  tube  F.  At  the  foot  of 
the  tube  Fi&a.  small  cup  in  which  gaso- 
line naphtha  is  burned  at  the  counnence- 
meut  of  the  operation,  in  order  to  heat  the 
Jipparatus  sufficiently  to  vaporize  the  oil 
issuing  from  the  pipe  B;  when  this  is  ef- 
fected, the  process  is  continued  by  the 
flame  proceeding  from  the  deflector  H. 
Air  for  supporting  combustion  is  iidniit- 
ted  through  the  exterior  tube   G,  which 
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has  a  perforated  bottom,  reaching  the 
flame  through  perforations  at  the  base 
of  the  deflector  H.  An  additional  sup- 
ply is  also  received  through  apertures 
surrounding  the  upper  part  of  the  flame- 
chamber  /. 

Pe-tro'le-um-car.      One   for 

transporting   petioleuiu   in    bulk, 

as    in    the    example,    wliieh    has 

three    tanks    braeed   and    staj'ed. 

Some  liave  a  single  central  tank 

i.^,,^^^    or  a  tank  over  the  trucks  at  each 

'  *-"^^    end,   their  aggregate  capacity  in 

either  case  being  the  same.     See  also  Oil-car  ;  OiL- 
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Petroleum-  Car. 

Pe-tro'le-um-fil'ter.  One  for  removing  dirt 
and  foreign  matter  from  petroleum. 

They  are  of  several  kinds. 

The  tank  with  filtering  material  in  a  false  bottom, 
which  acts  as  a  strainer. 

The  centriiugal  filter,  which  acts  on  a  similar 
]irincipl(^  to  the  sugar-filter  shown  at  Figs.  1213, 
1214,  page  514. 

Tlie  i>iston-filtpr,  wherein  the  piston  forces  before 
it   till*   foul   matter,    the  oil  escaping   through   the- 
foraminous  folds  of  the  piston. 

Fig.  3657  is  a  piston-filter.  The  oil  is  admitted  to  the  vessel 
A  through  the  pipe  C,  and  the  filtering  piston  E  is  caused  to 
descend  ;  the  impurities  are  forced  downward  by  the  piston  and 
collect  in  the  funnel-shaped  false  bottom  3/,  while  the  pure  oil 
passes  through  the  piston,  and,  collecting  above  it,  is  drawn  off 
i)y  the  cock  K.  The  impurities  below  the  piston  are  removed 
through  the  cock  P. 

Fig-  36.58  is  a  centrifugal  filter.  The  oil  is  placed  in  a  wire- 
gauze  ve-*sel  C,  lined  with  two  thicknesses  of  fabric  between 
which  layers  of  filtering-paper  are  interpo.sed.  Rapid  rotation 
is  imparted  by  means  of  the  axial  shaft  A  and  gears  //"  /,  cau-s- 
iug  the  purified  oil  to  be  thrown  off  iu  the  form  of  •aray  and 
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received  in  the  cylinder  F,  while  the  impurities  are  retained  by 
the  filtering  material.    See  also  page  1560. 

Fig,  3638. 


Centrifugal  Fitter. 

Pe-tro'le-um-fur'nace.  A  steam-boiler  fur- 
nace ciinstiuoted  for  burning  jets  of  petroleum,  or 
a  spmy  of  petroleum  mi.\ed  w-ith  a  proportioned 
stream  of  air,  sometimes  accompanied  by  a  .steam- 
jet. 

In  aooie  cases  the  steam  under  pressure  is  made  to  lead  in 
the  pptroleum  and  atmospheric  air  in  the  manner  of  the  Gif~ 
fard  iajei-tor  One  in  use  in  Pari:^  has  an  oil-distributing  de- 
vice con*istinj?  of  a  pipe  with  bmnclies,  and  of  a  grooved  grate 
along  which  tht-  oil  rtows  after  dropping  from  these  tubes.  A 
wrought-iroa  cistern  contains  thi*  supply  of  petroleum,  and  is 
connected  to  the  distributor  b,-  an  india-rubber  tube.  The 
grat«  is  placed  verticilly;  the  air,  putsing  between  itja  bars, 
supplies  the  oxvgen  for  the  couibustioT  of  the  petroleum  vapor- 
ized by  the  heit  of  the  fire.  The  petroleum  is  supplied  to  the 
grate  a  little  in  excels  of  the  requirements  of  the  furnace,  and 
the  surplus  drop>  intc*i  receiver,  and  is  volatilized  by  the  heat 
of  the  furnace  and  the  vapor  consumed. 

Pe-tro'le-um-lamp.  A  lamp  for  burnin<:;  coal 
oil.     See  list  umlt-r  Lamp  for  varietii's. 

The  lamp  (Fig.  3659}  is  particularlv  designed  for  u«e  where, 
as  in  hot  climites.  a  .strong  artifioial  current  of  nir  is  prmluced 
by  fans  or  punkahs.  The  reser\'oir  with  its  chimney  rf  is  sup- 
ported on  a  holloT  pilHr  ff,  and  is  surrounded  hv  a  shade  b  b 
covere-l  by  a  cap,  so  t'mt  arceas  of  external  air  is  prevented, 
except  through  perforations  at  the  ba-^e  of  the  pillar,  which 
admit  suflicient  U^  support  combustion,  .'^uit.ihle  orifices  in 
the  cap  permit  the  escape  of  the  hnt  air.  The  burners,  two  or 
more  in  number,  have  flat  wicks,  but  may  each  form  a  segment 
of  an  ellipse  or  circle. 

Pe-tro'le-um-still.  A  still  for  spparatiiifc  the 
hydrocarbon  jinMhicts  from  crude  petroleum,  etc.,  in 
the  order  of  their  volatility. 


In  Kelley  and  Tail's  continuous  distil-  fig.  3659. 

lation  apparatus  (//,  Fig.  3660),  oil  from 
the  tank  a  passes  through  the  pipe  b  to 
the  upper  retort  i:  of  a  series  arranged 
within  the  furnace  ft  and  connected  by 
overt! ow-pi pes  e,  through  whiidi  it  succes- 
sively fluws  from  one  to  the  other.  Stejim 
introduced  into  thefuruace  through  a  pipe 
/  entering  neiir  its  top  passes  downward, 
and,  becoming  superheated,  enters  the  re- 
torts through  the  pipes  g  §,  by  which 
they  are  couneeted  with  theupcast  bninch 
of  the  pipe  /,  causing  the  vaporization  of 
the  oil.  The  vapors  pass  through  the 
pipes  h  h  into  the  chamber  /,  in  which 
water  from  the  tank  k  is  admitted  through 
rose  nozzles  in  the  form  of  spray  The 
lighter  vapors  pass  off  through  the  chim- 
ney /,  in  which  a  shower  of  water  from  a 
ro-e  nosle  serves  to  condense  those  which 
are  less  volatile.  Water  accumulating  at 
the  bottom  of  the  condenser  /  passes  off 
through  the  overHow-pipe  ;n,  the  super- 
natant hydrocarbon  liquid  being  «ith- 
dniwn  through  the  pipe  ;i.  A  glass  gage 
0  at  the  side  of  the  chamber  indicates  the 
hight  of  the  oil  and  water  contained  there- 
in. If  it  be  desired  to  rectify  the  oil  with- 
out the  use  of  steam,  the  cocks  of  the  pipes 
ft  are  closed,  with  the  exception  of  ihe  up- 
permost, so  that  the  vapors  pass  upwaid 
through  the  series  of  ovei-flow-pipes  e'  to 
the  top  retort  of  the  series  before  being 
discharg;ed  into  the  condenser.  The  Inw- 
emiost  retort  or  retorts  are  provided  with 
discharge-cocks  p. 

Lockhart  and  Gracie's  still  (Fig.  3661), 
in  which  .4  is  a  vertical  and  B  C  horizon- 
tal sections,  has  the  still  a  surroundid 
with  a  hot-air  space  6 ;  it  is  heated  by  a 
plunility  of  fire-chambers  c  c  c  c,  divided 
by  walls  e  e  e  e,  from  which  the  products 
of   combustion    pass    over    bridge -walls 

tl  d  d  d  before  entering  the  chimney  e  ;  -HI  "'ilfrrrrOimiil 

this  is  provided  with  a  damper/.  The  iu-  Lamp  with  ProUcttd 
terior  of  the  still  is  provided  with  a  stir-  Burner. 

rer, shown  in  detail  at  t';  this  consists  of 

a  ring  h  carrying  arms  j  i,  to  the  lower  part  ot  which  scmpers 
k  k  are  attached,  which  ren.ovethe  tarry  sediment  or  residuum 
from  the  bottom  of  the  ttill,  discharging  it  into  a  pipe  by  which 

Fig.  3600. 


/ 


/ 


Kelley  and  Tail's  PHrolnim- Still. 

it  is  withdrawn  into  a  reservoir.  The  arms  are  rotated  by  a 
set  of  gears  Ivt  n,  the  \ast  of  which  meshes  with  the  toothed 
rinir  h. 

O  is  a  pipe  at  top  of  the  still  into  which  the  lighter  vapors  ot 
distillation,  naphtha  and  heniine,  pass  directly  when  the  valve 
o  is  closed,  at  the  heainnins;  of  the  operation,  ttowinK  down  the 
pipe  V  and  ont  thronsh  q  to  the  condenser ;  when  the  How  of 
the  lighter  products  has   sensibly  diminished,  the  valve  o  is 
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Ijockhart  and  Grade's  PetroUum-StiU. 

openpfl  and  the  heavier  products  ri*e  through  the  lower  end  of 

the  pipe  p  and  pas.-^  to  the  condenser. 

Ruf^-ri's  still  (Fig.  3552j  is  designed  to  perform  the  series  of 
fractional  di-^tillations  required  to  separate  the  various  product:* 
evolvei  from  hydrocarbon  oils  by  a  continuous  operation,  a  is 
tbf  retort,  which  is  filled  with  lirjuid  through  the 
charging-pipe  b,  and  heated  in  any  suitable  man- 
ner. From  the  retort  the  vapors  pass  to  the  column 
c,  having  a  series  of  compartment:*  ci  c-,  etc.,  one 
above  the  other,  filled  to  a  certain  hight  with  the 
liquid  to  be  distilled  by  means  of  a  pipe  d.  having 
valves  so  that  any  number  of  the  comp:\rtments  may 
be  filled :  it  may  also  be  used  for  drawing  off  the 
liquid  when  retjuired.  *■  is  the  worm  ;  it  is  surround- 
ed by  a  tank  cont-ainiug  water,  and  is  connected  at 
one  end  to  the  pipe  f  and  at  the  other  to  the  pipe 
£■  by  valved  openings.  The  lower  bends  of  the  worm 
are  connected  by  pipes  to  the  lower  cooling  worms 
h  h' ;  these  pipes  have  Viilves  by  which  the  fluids 
condensed  in  the  upi>er  worm  may  be  diverted  into 
the  pipe  i. 

Heat  being  applied  to  the  retort  a,  the  vapors 
evolve,  pa*!s  through  the  pipe  a'  into  the  column  c, 
and  ascend  successively  through  the  various  com- 
partment*, the  he  ivier  portions  and  impurities  be- 
ing condensed  in  the  liquid  contained  therein,  while 
the  lighter  portions  pis^  on  to  the  worm  e,  where 
the  !e-s  volatile  vapors  are  condensed  and  the  liquid 
is  drawn  off  into  theauxiliary  or  cooling  worms  hk'\ 
or,  if  it  is  desired  to  run  the  liquid  or  any  portion 


of  it  back  into  the  column  or  the  retort,  one  or  more  of  the 
valves  of  the  worm-connecting  pipes  are  closed,  and  the  liquid 
flows  into  the  pipe^  jy.  The  worms  h  h'  arc  so  arranged  that 
the  liquid  supplied  them  may  be  of  different  gnules,  as,  for  in- 
stance, A  re»;ei*ing  thiit  from  the  three  fir>t  coils  of  the  worm, 
which  are  of  lower  grade  than  those  condt-nsed  in  the  next 
three  coils,  and  whicn  iinj  rcciived  in  the  worm  h',  and  so  on. 
When  it  is  desired  to  run  only  the  highe.-*!  grade  of  iiciuid,  all 
that  is  condensed  in  the  worm  e  may  be  run  back  into  the  col- 
umn or  retort  and  again  distilled,  that  vapor  only  which  is 
uncondensed  by  the  worm  c  passing  over  througli  the  pipe  §■  to 
be  condensed  in  a  worm  contained  in  the  tank  k:  or  only  the 
vapors  which  are  not  condensed  by  the  right-hand  turns  of  the 
worm  may  be  passed  over,  the  remainder  being  returned  to 
the  retort. 

The  most  volatile  vapors  may  require  pressure  or  cold  artifi- 
cially produced,  in  order  to  condense  them;  for  this  purpo-e 
the  coil  in  the  tank  k-  may  be  surrounded  by  ice  or  other  cooling 
mixture,  and  pressure  applied  by  an  air-pump  armuged  towork 
either  as  a  vacuum  or  pressure  pump :  any  remaining  uncon- 
densible  vapors  are  carried  off  into  the  air  or  burned. 

The  liquid  from  the  pipe  i  passes  into  a  water-trap  which  is 
provided  with  a  pipe  for  drawiog  off  the  water.  /  /  /  are  running 
pans  for  receiving  the  liquids  from  h  h' ,  etc.,  and  wi  the  maiu 
running  pan. 

Carpenter's  apparatus  {Fig.  36*^3)  is  de-igned  for  generating 
a  permanent  illuminating  gas  from  petrokuni.  The  oil  from  a 
tank  C  is  admitted  through  a  valved  pipe  D  to  the  boiler  A, 
where  it  is  volatilized  and  conducted  thnjugh  the  pipe  h  to  the 
rerorts  F  F  F.  by  which  the  gas  is  superheated  and  rendered 
non-condeosible. 

The  amount  of  vapor  generated  in  the  boiler  is  indicated  by 
a  gage  a,  and  if  this  is  in  excess  of  the  capacity  of  the  retorts  F 
the  surplus  is  condtcted  into  the  tank  £,  where  it  is  condensed 
and  reconducted  to  the  boiler  A.  The  gajs  from  the  retorts  F 
is  then  passed  through  a  cooler  /  into  a  purifier  /,  provided 
\*ith  a  .Mjries  of  foraminous  diaphragms  containing  lime  or 
other  substance  for  absorbing  impurities,  and  iz  fiually  received 
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Rogers's  Petroleum- Still. 

in  the  gasometer  K,  where  it  is  retained  until  required  for  use.  j  around  it.  so  as  to  leave  no  residuum.     This  vapor  is   then 
B  G  are  grates  for  he-iting  the  boiler  and  retorts.  ,  mixetl  with  ordinary  coal-e.is  cf  low  illuminating  power,  and 

In  the  invention  of  Olney,  1874.  and  St.  John.  1S74.  the  pe-    passed  slowly  through  a  highly  heated  retort  to  make  perma- 
troleum  is  vaporized  by  steam  coils  in  the  still  or  the  jacket    nent  gas. 
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Fig.  3663. 


Still  for  generating  a  Permanent   Gat  from  Petroleum 

Pe-tro'le-um-stove.  One  in  which  the  lieat  is 
diM  ivcil  IViiiii  thi'  hurjiing  of  coal-oil,  usually  in  lamps, 
hut  soinetiiufs  in  piiu.'s. 

In  Fig.  33(i4,  the  burners  B  B'  B"  B'"  have  sheet-niotol 
chimneys  ami  mica  doors,  so  that  their  comhustioii  may  he 
watelied  and  regulated.  The  bottoms  of  the  boilers  H  I  "have 
peculiarly  shaped  chambers  N  ti,  to  expose  a  large  surtace  to 


Fig.  3364. 


Lamp-Stove. 


the  heat.  The  oven  G  his  removable  vertical  partitions  divid- 
ing it  into  compartments,  each  of  which  may  be  heated  inde- 
pendently in  ease  it  is  not  desirable  to  have  more  than  one 
burner  lighted. 

In  Fig.  3')fi5,  a  aeries  of  oil-reservoirs  are  arranged  l>etween 
two  horizontal  plate*,  and  may  be  turned  around  on  rollers  so 
as  to  pre.sent  either  in  front.  The  vapors  formed  over  the  sur- 
face of  the  oil  in  each  reservoir  are  conilucted  by  pipes  6  into 
the  lower  part  of  the  chimney  B,  beneath  a  wire-giuze  dia- 
phragm, to  prevent  danger  of  explosion.    The  burners  of  the 


Pe-tro'le-um- 
tank.        Sci;    OiL- 

T.V.NK. 

Pe-tro'le-um- 

test'er.      An    instru- 
iniiit  hjr  clitiTniininj,' 
the   inllainn)al)ility  of 
ilhuniniitiiij;  oil.s,  or  of 
iiillnuiniiilile  iiiattfi-  in 
i-'uMijiouiitl  liiiuids,  by 
means  (il  a  thfimonie- 
tcr  ami   a    Hanie,  the 
thermometer         heinj; 
ai>ji1ied  to  the    lic|uiil 
while  the  heat  is  im- 
parteil  to  the  latter,  and  the  vapor  generated  by  tlie 
heat  being  directed  to  tlie  tlame,  so  as  to  take  file 
wlien  the  heat  ri.ses  to  the  point  at  wliieh  the  linuid 
gives  oif  explosive  vapors.      The  illustration  shows 
Smith  and  Jones's  (n)  and  Tagliabue's  (6)  devices  for 
this    jmrpose.       See  also    Milloehan,   September  5, 
181)5  ;    Tagliabue,    October   28,    1862 ;    Hartshorn, 
June    29,  1809. 

Pet'ro-nel.     A  grade  of  cannon  in  some  services, 
(j-iiuli  liore  and  24.pound  ball. 

Pet'ti-coat-pipe.  (Slcam-engine.)  A  pipe  (a)  in 
the  chimney  {h)  of  a  loco- 
motive, which  comes  down 
over  the  e.\liaust-nozzle  (c), 
and  conducts  the  esca]iiiig 
.steam  and  the  smoke  and 
si>arks  which  follow  the 
induced  current  into  the 
arrester  d. 

Pe-tunt'ze.  (Porce- 

lain.) Tlie  t'hinese  name 
of  a  feldspathic  rock  con- 
taining an  admixture  of 
quartz,  and  used  in  China, 
when  mixed  with  kaolin, 
for  making  porcelain. 

PeTV-chair.  A  seat 
athxed  to  the  end  of  a 
pew  so  as  to  occupy  a 
part  of  the  aisle  upon 
occasion  when  seats  in 
e.xcess  of  the  pew  aceom- 
modation  are  required. 
6'«»«j!)-chairs   are  some- 


Fig.  3i;a5. 


Fig  3666. 


Coal- Oil  Cook 


Petroleum-  Tester. 


Petticoat-Pipe. 

times  used,  but  the  yjfic-chair  is  a 
s|)ecilic  folding-seat  attached  to  the 
pew. 

Pew^'ter.  1.  An  alloy  of  tin  and 
lead,  to  which  other  metals  are  some- 
times added.  The  lead  is  sometimes 
entirely  replaced  by  other  metals. 


reservoirs  are  within  sheet-iron  vessels  of  inverted  conical  form,  I  Its  most  common  use  is  for  cheap  table-ware,  tankards,  beer- 
adapted  to  receive  cooking-vessels,  and  provided  with  mica  doors;  '  mugs,  etc. ,  though  it  is  also  employed,  when  conbiining  a  little 
the  products  of  combustion  are  conducted  by  pipesyy  into  the  copper,  in  making  toy  musical  instruments:  from  it  are  also 
central  chimney  B.    See  also  Fig.  1359,  page  581.  i  made  polishing-laps  for  jewelers  and  other  articles.    The  plates 
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from  which  cheap  music  is  printed  are  frequently  made  of  pew- 
ter, the  notes  being  stamped  instead  of  cut,  as  is  done  in  copper- 
plate engraving.  When  a  large  proportion  of  lead  is  used  it 
constitutes  tinman's  solder. 

The  usual  proportion  of  lead  in  pewter  of  good  quality  is  ft-om 
1*1  to  20  per  cent.  .\ny  excess  over  this  tends  to  impart  a  dull, 
liluish  appearance.  Hardness  and  sonorousness  are  imparted 
bv  the  addition  of  a  little  copper  ;  by  substituting  antimony  for 
the  copper,  hardness  and  a  silvery  luster  are  produced.  If,  dur- 
ing the  process  of  melting,  the  contents  of  the  pot  are  stirred 
with  a  strip  composed  of  equal  parts  of  zinc  and  tin,  or  a  lump 
of  zinc  is  allowed  to  float  on  the  surface,  the  formation  of  dross 
is  prevented;  hence  itjs  said  to  "  cleanse  "  the  mass. 

The  following  are  some  of  the  formulas  given. 

Common:  tin,  4;  lead,  1. 

Better:  tin,  112;  lead,  16  ;  copper,  6  ;  zinc,  2. 

Hard  pewter:  tin,  192;  antimony,  16  ;  copper,  4. 

Best  pewter  :  tin,  100;  antimony,  17. 

Aiken's:  tin,  UH):  antimony,  8;  copper,  4  ;  bismuth,  1. 

ManufiiCturers  consider  that  a  better  article  is  produced  by 
melting  up  old  pewter  with  new  ingredients  ;  when  this  is  done 
analysis  alone  can  determine  the  proportions  of  each  metal  in 
the  allov.     See  Alloy. 

The  English  pewterers  have  three  varietiea,  ptate^  trifle^  and 
Uy  pewter. 

The  /;4i(f-pewter  has,  tin,  100  ;  antimony,  8  ;  bismuth,  2  ; 
coppei-,  2. 

The  rrt/ff-pewter  has,  tin,  83;  antimony,  17;  with  a  good 
deal  of  lead  occasionally. 

The  ^ei/-pewter  consists  of,  tin,  4 ;  le.ad,  1. 

Some  inferior  varieties  contain  nearly  50  per  cent  of  lead. 
To  remedy  this  deb-i.'Jement  and  establish  a  uniform  standard, 
the  English  Pewterers  Company  attempted  in  1772  to  regulato 
the  ijuulity  by  comparison  of  its  weight  with  that  of  a  given 
bulk  of  tin  :  for  this  purpose  a  button  of  pure  tin  weighing  182 
grains  w  is  employed :  a  similar  button  of  p/afe-pewter  would 
weigh  1S.3.  grains  ;  of  rri/Ze,  185^  grains  :  and  of /cy,  193-V  grains ; 
equal  parts  of  tin  and  lead  weighing  232  grains.  Tlicir  rule, 
however,  was  not  much  regarded. 

The  finest  pewter,  frequently  called  tin  and  temper^  is  pro- 
duced by  adding  tfynper^  composed  of  2  parts  tin  and  1  copper, 
in  the  propor'ion  of  from  ^  to  7  pounds  to  each  pig  of  tin  weigh- 
ing from  3t)Cl  to  390  pounds. 

Owing  to  the  liability  of  lead  to  corrosion  when  exposed  to 
vineg  ir,  sour  fruits,  etc. ,  the  French  government  appointed  a 
commission  to  determine  what  amount  of  lead  is  admissible  in 
pewter.  They  determined  that  82  parts  of  tin  might  safely  bo 
alloyed  with  18  lead.  A  standard  was  then  adopted,  of  tin, 
83.5,  lead,  16.5,  with  a  tolerance  of  1  5  p.;r  cent  to  allow  for  un 
intentional  errors. 

The  density  of  the  legal  standard  is  7.764. 

Pewter  vessels  are  fashioned  by  hammeri.ig,  as  in  the  case  of 
plated  and  dishes,  or  by  casting  them  in  br  is;  or  bronze  molds 
which  are  formed  both  inside  aud  outside  of  pieces  suit;ibly 
locked  together.  The  inner  surfaces  of  the  molds  are  oiled,  or 
smeared  with  gum-sandarach  and  white  of  egg.  Tne  cast 
pieces  are  then  chucked,  turned,  and  polished.  Soft  solder  is 
used  for  uniting  the  parts.  See  Solder  ;  \VHtTE-M^r.iL  Allovs  ; 
MOCK-SILVER ;  BBtT.iNMi-MBTAL. 

2.  A  polishing  material  used  by  marble-workor.s 
and  derived  from  the  calcination  of  tin. 

Pevr'ter-er's  Sol'der.  It  is  of  throe  grailes, 
termed  hard  pule,  soft  pa/e,  and  mkldliiuj  pah.  The 
first  contains  2  parts  tin  and  1  lead  ;  the  second, 
2  lead,  1  tin,  and  1  bismuth ;  the  third  a  middle 
grade. 

Pe-w'ter-er's  Tem'per.  An  alloy  of  2  parts  tin 
and  1  copper  ;  from  i  pound  to  7  pounds  of  this  are 
added  to  a  block  of  tin  weigliing  from  36(5  to  390 
pounds  to  produce  the  finest  kind  of  pewter,  fre- 
quently called  tin  and  temper. 


Fig.  3668. 


Pha'co-cys'tec-tome.  An  instrument  adapted 
for  Koo-uetta's  openition  for  catar:ict,  by  cutting  out 
a  jiortion  of  the  capsule  of  the  crystiilline  lens. 

Pha'co-pis.      (Surgical.)      A   lenticular-shaped 

SCillpil. 

Pha'e-ton.  (Carriage.)  An  open  four-wheeled 
carriage,  usually  drawn  by  two  horses. 

Phan-tas'ma-go'ri-a.  An  optical  effect  produced 
by  a  machine  similar  to  a  magic-lantern,  except  that 
instead  of  the  figures  being  painted  on  transparent 
glass,  the  glass  is  painted  black  on  all  parts  except 
that  occupied  by  the  figures,  which  are  painted  in 
tran.sparent  colors,  and  all  the  light  transmitted  is 
through  the  figures.  The  image  is  thrown  upon  a 
screen  of  thin  .silk  placed  between  the  spectators  and 
the  lantern.  By  moving  the  instniment  towards  or 
from  the  screen,  the  figures  are  made  to  diminish 
or  increase  in  size. 

Dissolving  views  are  produced  by  the  employment 
of  two  lanterns  of  ei|Ual  size  and  power,  so  arranged 
that  the  circle  of  light  transmitted  from  each  shall 
fall  upon  the  same  part  of  the  screen.  A  perforated 
plate  with  a  crescent-shapeil  opening  is  adjusted  so 
that  as  light  is  admitted  to  the  slider  of  one  lantern 
it  is  shut  ott'  from  the  other,  the  first  picture  disap- 
pearing as  the  second  becomes  illuminated.  See 
DissoLviNi:;  View. 

Phan'ta-scope.  An  instrument  invented  by 
Dr.  John  Locke  of  Cincinnati,  to  illustrate  some 
jihenoiueiia  of  binocular  vision.  It  consists  of  a 
flat  boaril  with  an  upright  rod  at  one  end,  with  two 
adjustable  thimbles,  like  those  of  a  retort-stand. 
The  upper  one  supports  a  card  with  a  slit  3  inches 
long  and  J  inch  wide,  so  as  to  admit  both  eyes  to 
look  through  it.  The  other  thimble  sujiports  a  sec- 
ond card  with  a  slit,  and  an  index  marked  across 
its  middle.  By  an  adjustment  of  the  second  card, 
a  jiair  of  objects  on  the  base-board  is  viewed  through 
the  perforations  of  both  cards,  and  by  viewing 
the  index  the  optical  axes  of  the  eyes  are  converged 
and  the  objects  are  reduplicated,  and  eventually 
a  merged  image  appears  in  the  central  position. 
Plum  fasin  oscope. 

Pha'ros.     A  Lighthoi'se  (which  see). 

Pha-ryn'go-tome.  (Surgical.)  An  instrument 
■■.o  scarify  iiiHamed  tonsils  and  open  abscesses  in  the 
parietes  of  the  pharynx.  It  has  a  long,  narrow 
blade  with  a  lancet  point,  inclosed  in  a  slightly 
curved  silver  sheath,  in  which  it  is  carried  to  the 
jiart  to  be  cut,  and  from  which  it  is  made  to  pro- 
trude by  pressing  a  button  at  the  end.  The  blade 
is  retracted  by  a  spring. 

Phe'iia-kis'to-scope. 
Improveil  by  Plateau  and 
Faraday.  This  instru- 
ment, w-hich,  like  the 
thi'umalro}Kn.m\zcotrope, 
depends  upon  the  )iersis- 
tenee  of  visual  impres- 
sions, consists  of  a  cir- 
cular disk  on  which  a 
row  of  figures  are  painted 
in  a  series  of  attitudes 
such  as  would  be  consec- 
utively attained  in  the 
progress  of  an  action  ; 
for  example,  leaping, 
walking,  swimming,  etc. 
The  effect  is  to  produce 
the  appearance  of  actual 
motion.  The  disk  is 
placed  on  a  handle  and 
rotated  by  the  finger  on 
a    nut.       It    is    held    in  Pbenakistosco-pe. 


Invented  by  Dr.  Roget.. 
Fig.  3069. 
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front  of  the  observer,  the  face  of  the  toy  toward  a 
looking-glass,  and  the  figures  are  viewed  through 
the  slits. 

Phi'al.     A  small  bottle  used  chiefly  for  medicine. 

Pho-nau'to-graph.  Or  phoiiograji/i.  An  in- 
strument, invented  by  Leon  Scott,  which  automiit- 
ii'ally  records  phonetic  sounds  by  diagrams  in  a 
manner  analogous  to  that  in  which  the  indicator- 
diagram  of  a  steam-engine  records  the  j)ressure  of 
the  steam. 

It  proceeds  upon  the  premises,  that  articulate 
sounds  are  accompanied  liy  the  expulsion  of  air 
from  the  mouth  ;  that  the  impulses  vary  in  pressure 
and  duration  and  in  the  suddenness  with  whicli 
they  commence  and  terminate  ;  that  different  sylla- 
bles vary  in  volume,  force,  continuity,  and  abrupt- 
ness. 

Professor  Barlow  uaes  a  speaking-trumpet  .about  4  innhe-s 
long,  having  ac  ordinary  nioutli-piece  conneeted  to  a  tube, 
which  has  an  end  expausioo  of  2}  inches  diainett'r,  which  ia 
covered  with  a  membnine  of  gnld-beater's  skin  orgutta-perc!i;u 
A  spring  rests  gently  against  tlie  membrane,  and  carries  ii  light 
arm  of  aluminium,  which  holds  a  small  sable  brush,  forming  a 
marker  which  touches  a  traveling  strip  of  paper,  n-gi-stering  the 
vibratiniis  of  tlie  diaphragm  which  agree  with  the  character- 
istic force,  persistence,  and  celerity  of  the  enunciated  syllables. 
See  "  Popular  .Science  Review, ''  London,  July,  1874.  AlsoSilli- 
mau's  Journal,  .Vugust,  1S74,  pp.  131,  131. 

Charles  A.  .\iorey,  Massachusetts  Institute  Technology,  sug- 
gests as  a  mode  of  incre;i.siug  tlie  excursion  of  tiie  marker  to 
have  the  shorter  end  of  a  lever  in  contact  with  the  membrane, 
the  larger  one  to  carry  the  style  or  marker.  The  effect  is  to 
magnify  the  motion. 

The  future  of  this  instrument,  which  is  at  present  httle  more 
thin  an  acoustic  toy  and  apparatus  for  the  lecture-room,  is  un- 
determined. It  would  be  possible  to  so  connect  the  style  with 
electrical  devices  that  its  excursions,  both  as  to  distance  and 
continuity,  might  be  exactly  repeated  at  any  distance  by  the 
telegraphic  circuit ;  or  the  diagram  might  become  a  record 
cap  ible  of  tr.insmission  by  the  autographic  or  automatic  plans ; 
or  the  instrument  might  be  made  to  operate  a  type-\vriter,  and 
so  the  spoken  words  might  become  a  record  printed  in  ordinary 
letters  on  paper. 

Pho'no-graph.  An  instrum-nt  in  wliich  the 
tracer  is  moved  by  the  vibration  of  a  circular 
stretched  membrane,  which  is  itself  e.vcited  by  sono- 
rous waves  proceeding  from  any  sounding  body,  as  a 
bell,  a  diapason,  a  musical  instrument,  or  the  hu- 
man voice.  In  order  to  intensify  the  impulses  upon 
the  membrane,  this  is  fi-xed  in  the  focal  point  of  a 
large  hollow  paraboloid,  truncated  at  the  apex.  The 
sounding  body  is  placed  in  front  of  the  paraboloiil, 
and  the  receiving  cylinder  is  broughtiutoaconvenieut 
p  ).-iition  at  the  opposite  extremity  to  receive  the  tracj. 
Also  known  as  a  photuiiUograph. 

Pho'no-scope.  An  apparatus  for  testing  the 
quility  of  musical  strings,  invented  by  M.  Koenic;, 
au  I  shown  at  the  International  Exhibition,  in  ISiJi. 

Phos'phor  Bronze.  An  alloy  of  copper,  tin, 
and  phosphorus  capable  of  being  made  lough  and 
malleable,  or  hard,  .according  to  the  proportion  of 
the  several  ingredients.  It  is  rendered  so  liquid 
in  the  molten  state  by  the  addition  of  the  plios- 
phorus,  that  it  forms  very  clean  ca.stings.  At  the 
London  International  Exhibition  it  was  shown  in 
the  form  of  bearings  of  maciiinery,  cog-wheels,  guns, 
cartridge-cases,  wire,  and  tuyeres  for  blast-furnaces, 
hammers,  knives,  scissors,  lunges,  locks,  keys,  bells, 
netting,  sieves,  wire  for  pit-ropes,  and  plates  for  the 
sheathing  of  sea-going  ships. 

ir'ssrs.  Levi  and  Kunzel,  of  the  Val  Benvit  Nickel-Works, 
neir  Liege,  Belgium,  have,  for  a  number  of  \ears  pa.st,  been 
engiged  in  miking  experiments  for  the  purpose  of  improving 
broazes  of  this  kind  The  results  of  their  experiments  are  thus 
summed  up  by  .M,  Dumas  :  — 

"  The  color,  when  the  proportion  of  phosphorus  exceeds  one 
half  per  cent,  becomes  warmer  and  like  that  of  gold  largely 
mixed  with  copper.  The  grain  and  fnicture  approximate  to 
those  of  steel.  The  elasticity  is  considerably  increased,  the 
absolute  resistance  under  a  fixed  strain  becomes  more  than 
doubled ;  the  density  is  equally  iucrea-scd,  and  to  such  a  de- 
gree that  some  alloys  are  with  diJllculty  touched  by  the  file. 


The  metal,  when  cji.st,  has  great  fluidity,  and  fills  the  mold 
perfectly  to  the  smallest  details.  By  varying  the  do.se  of  phos- 
phorus, the  particular  characteristic  cf  the  alloy  which  is  most 
desired  can  be  varied  at  will." 

In  a  series  of  experiments  at  the  Royal  Academy  of  Industry 
at  BerUn,  a  bar  of  phosphor  bronze  (proportions  of  components 
not  stated),  tried  under  a  constant  strain  of  111  tons  per  square 
inch,  resisted  408,230  pulls  of  that  amount  while  a  bar  of  ordi- 
nary bronze  broke  before  the  strain  of  10  tons  to  the  square 
inch  had  been  attained  A  bar  of  phosphor  bronze,  under  a 
strain  of  10  tons,  resisted  862,980  bends,  while  the  test  gun- 
metal  broke  after  102,650  bends.  Another  bar,  tested  under 
a  strain  of  9  tons,  has  resisted  1,260,0110  bends  without  break- 
ing. In  .\ustria  the  following  comparative  results  have  been 
obtained :  — 

Absolute  Resistance. 


Phosphor  bronze 
Krupp  cast-steel  . 
Ordnance  bronze 


81,798  pounds  per  square  inch. 

72,258 

31,792      " 


The  best  English  copper  sheets  lost,  during  six  n-.onths*  im- 
mersion in  sea- water,  3.058  per  cent  ;, phosphor-bronze  thiets 
but  1.158  per  cent. 

The  composition  of  eeveral  alloys  of  this  class  is  given  in  the 
follovwug  tiible  :  — 


Parke's  Eng.  Pat. 
(12,325  of  1848) 
for  sheathii.g 
boilers,  etc. 

Ko.  1 

2 


For  casting  in 
molds. 

No.  1 

2 

3 

4 

Parke's  Eng.  Pat 
(2,996  of  1867 
for  sheathing  ' 


Parke's  Eng  Pat. 

(0  of  1858)  for 

wire  or  tubes. . 
Lavroff,U   S.  Pat, 

(Aug.  22,  1871)     80 
Levi    &    Kunzelt  f9.9 

(May  13,  1871)925 


Eh   :  N    Z;  ^ 


3-6 
1  2,3-6 

2-6 
6 


<  ■<  a 


4020 


6020 
2625 
45     801 

1050 
160 


1-1.6 


*  Phosphorus  sddtd  in  the  stick  to  the  meltfd  copper. 

t  Phosphorus  added  in  the  form  of  phosphuret  of  copper  or 
tin,  and  while  the  alloy  is  covered  with  a  rfduting  li^,^e^  of  car- 
bon cast  in  chilled  molds  Jn;eared  with  petroleum. 


Phos-phor'o-scope.  1.  A  philosophical  toy, 
the  "trap  to  catch,  a  .sunbeam,"  consisting  of  glass 
tubes  arranged  in  a  box  and  containing  iiliosphores- 
ceiit  substances,  as  the  mlidiides  of  lime,  strontium, 
bariimi,  etc.  When  this  is  exjtosed  to  the  sun's 
rays  or  to  the  light  emitted  by  a  gas-burner  or  bum- 
ing  magnesium,  and  then  removed  to  a  dark  place, 
each  tube  a]i]iears  to  glow  with  light  of  a  different 
color,  as  n-d,  blue,  green,  etc. 

Another  mode  of  displaying  this  property  in  cer- 
tain substances  is  by  .spreading  them  in  thin  layers  on 
a  dark  surface  ;  these  may  be  formed  into  any  desired 
fanciful  figures  or  representations  of  natural  objects 
whose  images  may  often  be  presented  in  tlieir  natu- 
ral colors  by  a  judicious  selection  of  the  phospho- 
rescent materials. 

2.  An  instrument  devised  by  Becquerel  for  meas- 
uring the  duration  of  jjliosphoreseence  in  different 
substances. 

A  crystal  of  fluor  spar  or  other  .substance  to  be  examined  is 
placed  in  a  cage  a  between  the  two  perfonited  screens  b  r ,  which 
are  rot;ited  within  the  casing  '/  by  a  hand-crank  and  gearing. 
The  casing  has  two  apertures  on  opposite  sides,  so  arranged  that 
the  rays  from  an  electric  light  behind  it  shall  rot  pass  through, 
but  are  admitted  to  the  crystal  once  during  each  revolution.  The 
interior  screens  may  be  rotated  at  a  high  velocity,  when,  if  the 
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Fig.  3670. 


SecguereVs  Phosphor oscope. 


substance  possesses  the 
projxTty  of  rt'taining 
light  for  any  apprecia- 
ble length  of  time, 
phosphorescence  will 
be  nbserred  as  it  passes 
the  aperture  opposite 
the  eye,  and  by  blow- 
ing the  Telocity  of  its 
rotation,  the  duration 
I  if  the  luminous  ap- 
xjarance  may  be 
tiuiej,  the  number  of 
r'Tolutions  of  the 
craub  being  ascer- 
tained; for  example, 
if  this  be  turned  once 
in  a  second,  and  a  train 


of  three  multiplving  wheeU  and  pinions  with  t«eth  in  the  pro- 
portion lOOXlOOxIOO  to  10x10x10  be  employed  betneeu  it 
and  the  screens,  the  latter  \nU  be  rotated  at  the  r.ite  of  1,000 
times  per  second. 

In  this  way  it  has  been  found  that  many  substances  previ- 
ously thought  non-phosphorescent  are  capable  of  retaining 
light  for  very  short  periods. 

Phos'pho-rus-paste.  A  poison  for  rats,  mice, 
roaches,  etc. 

Take  8  ounces  of  common  starch  and  pour  over  it  1  pint 
of  water;  stir  and  then  p.iss  through  a  No  f>0  sieve  into  an 
enameled  dish  capable  of  holding  a  gallon,  and  add  Ij-  pint'*  of 
w.vter  and  24  ounces  of  flour.  Mix  thorougUly,  introduce  24 
fluid  ounces  glycerine,  and  heat  on  a  sand-bath,  stirring  con- 
st.intly.  When  a  plasma  begins  to  form,  take  it  from  the  fire, 
but  continue  stirring.  After  a  few  minutes  reapply  heat,  stir, 
and  set  aside  to  cool.  Mix  6  ounces  of  the  pi  tsma  gradually 
with  8  ounces  water  in  a  porcelain  measure,  and  set  in  ui-arly 
boiling  ^vater.  When  hot  enough ,  drop  in  2  drams  of  phospho- 
rus. When  this  has  fused,  agitate  the  whole  thoroughly  and  in- 
troduce as  much  more  phosphorus,  repeating  the  oi>eration  un  til  2 
ounces  of  phosphorus  have  been  added  Afler  this,  thicken  thi- 
phosphoric  emulsion  vrith  more  of  the  reserve!  plasma,  and 
finally  incorporate  it  thoroughly  with  the  rernriinder  Pre.-frve 
in  small,  wide-mouthed  bottles,  protected  from  the  air. 

Pho'tics.  That  department  of  science  which 
tre;iis  of  light.  The  term  originatf^il  in  the  United 
States  Patent  Office,  and  is  there  applied  to  that  class 
of  mechanical  inventions  embracing  himps,  gas-liglit 
arrangements,  and  illuminating  apparatus  gener- 
ally. 

Pho'to-e-lec'tric  Lamp.  A  name  for  the  elec- 
tric lamp. 

Fig.  3671  illustrates  the  electro-magnetic  safety-lamp  invent- 
ed by  M^I.  Dumas  and  Benoit  for  miners'  use.     The  generat- 

Fig.  3671. 


Photo  E'ectric  Lamp  [Box  closed). 


ing  cell  and  helix  are  inclosed  in  a  case  provided  with  a 
strap,  by  which  it  may  Ije  slung  over  the  miner's  shoulders. 
The  helix  wires  pass  through  insulating  tubes  to  an  illuminat- 
ing coil  within  tue  gl;;.>s  li.jp  cylinder,  which  prevents  access 
I  of  fire-damp  to  the  l.imp.     See  Safety-lamp. 

Pho'to-e-lec'tro-type.    {Pkoto<jraphy.)   A  pro- 

I  cess  in  which  a  ]"hotogiapliic  i>icturc  is  jjroduced  in 

!  relief  so  as  to  afford,  by  electro-deposition,  a  matrix 

for  a  cast,   from  wliich  impressions  in  ink  may  be 

obtained.     See  Photo-galvanograph,  etc. 

Pho'to-en-grav'ing.  1.  A  name  aiiplied  to 
each  of  many  i>rocesses,  in  which  the  action  of  light 
on  a  sensitized  surface  is  made  to  change  the  nature 
or  condition  of  tlie  substance  uf  the  plati'  or  its  coat- 
ing, so  that  it  may  by  processes  be  made  to  atford  a 
printing  surface  corresponding  to  the  original  from 
which  the  pliotographic  image  was  derived.  The 
processes  are  divisible  into  Piiuto-intaglio,  Photo- 
relief,  and  WOODEURYTYPE. 

2.  The  photograjdiic  process  is  also  used  for  ob- 
taining a  picture  npon  a  plate  or  l>lock  for  subse- 
(|uent  engraving.  The  valut-  of  the  ]trocess  consists 
in  the  quickness  and  the  fidelity  of  the  picture.  In 
some  cases  it  is  a  substitute  Ibr  an  oifset  or  tracing 
process,  in  other  cases  it  affoids  a  means  of  obtaining 
a  picture  from  nature  or  frum  a  model. 

In  this  relation  occurred  one  of  the  most  remarkable  patents 
on  record  for  what  it  failed  to  do  ;  that  uf  James  Palmer.  Eng- 
land. No.  13,736,  of  August  23,  ISol  The  objt-ct  was  to  use 
gelatine  as  a  vehicle  for  receiving  delineations  of  objects,  1.  The 
sheet  of  gelatine  was  plated  in  a  frame,  in  the  manner  of  a  pane 
of  glass,  between  the  eye  and  the  object,  and  the  outhne  of  the 
object  was  traced  upon  it  "  Various  m<-'thods  of  reducing,  en- 
larging, multiplying,  and  transferring  are  thus  obtained."  2. 
The  sheet  was  treated  with  chemicals,  especially  alum,  to  ren- 
der it  insoluble  in  water,  in  order  that  icet  paper  might  be  cm- 
ployed  in  taking  from  it  impressions  to  act  as  transfers.  3.  The 
design  might  be  deeply  scratched  upon  it  in  manner  of  an  etch- 
ing, and  the  gelatine  used  as  a  cojiper-plate,  the  lines  to  hold 
ink  which  furnished  an  impression  in  a  press.  4.  This  im- 
pression was  to  be  transferred  to  stone  or  zinc  for  printing  by 
the  lithographic  process ;  or  to  copper  or  wood  for  engraving 
by  the  usual  tools.  5.  It  might  be  colored  yellow  by  bichromate 
of  potash.  6.  It  was  to  be  placed  in  a  camera  obscura  in  order 
that  an  image  might  be  thrown  upon  it.  7.  Tlie  engraved  gela- 
tine was  to  be  used  as  a  matrix  for  casting  or  electrotypiug. 

Without  any  apparent  intention  here  were  eu^estions  of  a 
phot o^e'ali tie  procf^ss,  gelatine  Hthosraphtc-lransfer,  photoli- 
thographij^  and  a  host  of  photo-relif/  a.nd  photo-intaglin  pro- 
C':s.f(s.  He  needed  but  to  have  exposed  the  sheet  of  bichro- 
matcd  gelatine  to  the  action  of  light,  and  then  applied  ink  and 
water,  to  have  anticipated  all  the  above  inventions  and  reached 
a  result  which  would  have  very  much  surprised  him. 

In  the  Chandler  process  as  an  aid  to  engraving:  — 

The  surface  of  a  polished  plate  of  copp<^-r  is  bl;ickened  bv  a 
sulphuret  of  potassium  and  coated  with  a  ground  of  resin,  wax, 
and  sulphate  of  ler.d-  Tlie  surface  is  sensitized  and  an  image 
thrown  on  and  fixed.  The  lines  are  followed  by  an  etching-point 
or  gra,ver  down  to  the  black  copper  surface.  The  plate  L-;  treated 
I  with  graphite  and  then  a  film  of  copper  deposited  on  it  in  a 

bath.    This  is  backed  for  printing.     See  Relief-line  Process 
I      The  following  process  is  adopted  for  photographing  on  wood 
!  for  engraving  purposes  :  — 

The  box-wood  block  is  first  dampened  with  water,  then 
whitened  with  enamel  from  visiting-card.-;.  The  dry  whitened 
surface  is  flowed  with  a  solution  of  albumen,  made  with  the 
white  of  one  egg  and  16  ounces  of  water.  When  this  is  dry 
coat  it  with  a  filtered  solution  -of  the  white  of  one  egg  ;  water, 
4  ounces  ;  chloride  of  ammonia,  40  grains.  Dry  this  by  a  gen- 
tle heat. 

Prepare  a  solution  of  ether,  1  ounce ;  alcohol,  1  ounce ;  gun- 
cotton,  8  grains;  nitrate  of  silver.  30  grains  dissolved  in  as 
small  a  quantity  of  water  as  possible.  Mix  and  allow  to  settle  for 
a  few  days,  protected  from  the  light.  Flo'-v  the  block  as  pre- 
viously prepared  in  the  dark  room,  and  dry  by  gentle  heat. 
Kxpose  under  the  negative  in  a  printing-frame.  After  printing, 
the  last  composition  is  removed  from  the  surface  of  the  block 
by  dissolving  in  ether  and  alcohol,  assisted  by  rubbing  gently 
with  a  soft  sponge.  The  picture  can  now  be  toneil  and  fixed 
in  the  ordinary  way,  or  fixed  and  toned  at  one  operation,  by 
the  hypo,  and  gold  bath.  After  being  allowed  to  drj^,  it  is  ready 
for  the  engraver. 

Pho'to-gal-van'o-graph.  {Photofirophii.)  A 
process  for  producing  printing-jdates  in  relief  by 
the  consecutive  actions  of  light  and  electfo-deposi- 
tion. 

As  invented  and  practiced  by  Pretsch  in  1854  :  Take  a  po.=i- 
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tive  photoffmphic  print  on  paper  or  glass  ;  cover  a  sheet  of  glass  i 
with  bichronmted  gelatine  ;  when  dry,  lay  the  positive  upon  it 
and  expose  to  light.     Develop  liy  iuunersing  in  water ;  where  the 
light  has  not  neted  the  gelatine  swells  and  the  parts  where  the  , 
light  has  acted  do  not  absorb  water,  and  are  sunken  relatively. 
Take  a  mold  in  gutta-percha,  which  gives  an  inUiglio.     Take  a  ' 
plate  by  treating  the  surface  witu  graphite  followed  by  electro- 
deposition,  which   gives   a  matrix   like  the  gelatine.     Take  a  j 
cameo  electroplate  from  the  matrix,  which  gives  a  plate  to  be  , 
printed  from  by  the  ordinary  printing-press.  ' 

For  nutailic  ornnmeniation.     It  has  been  suggested  that  the 
surface  of  a  metallic  object  being  polished  or  frosted,  a  fihii  of  ^ 
iodide  of  silver  be  formed  on  it,  and  an  image  from  a  negative  , 
thrown  upon  tli.' ubJL-ct  inacamera.     Being  placed  in  an  electro- 
bath,  a  ilepnvit  i,i  rnjijiL-r  takes  place  on  the  parts  exposed  to 
light,  while  thL'um-xp..sod  parts,  protected  by  the  shadows  of  the 
negative,  receive  iiu  iU-in.>it  i.f  copper.     The  object  is  now  dried,  ' 
etched  with  a  solntii-n  of  snlphuric  acid, saturated  with  nitrate  of 
potash.    This  attnrks  the  silver  and  not  the  copper.     When  the 
silver  is  corroded  the  required  depth,  the  copper  is  removed  by 
aqua  regia,  wliich  does  not  affect  the  silver.     The  surftice  pre- 
viously protected  by  copper  is  in  relief,  and  corresponds  to  the 
liu'litsVr  till-  nrg;itivi-,  the  ditrk  lim's  of  the  print,  for  instance, 
from  which  the  negative  w:us  obt;iiued. 

Pho'to-gePa-tine  Pro'cess.  One  in  which 
gi'latint',  iircpaivtl  (.'henncally,  visually  by  the  bichro- 
mate of  polasih,  is  made  to  receive  a  photogi'ai)hic 
image,  wliicU  may  become  a  printing-surface  or  be 
transferred  to  a  stone  or  zinc  to  form  a  printing- 
surface  thereon. 

The  term  may  be  \ised  to  distinguish  those  pi-o- 
cesses  employing  gelatine,  from  those  in  which 
starch,  gum,  asphaltum,   etc.,  are  used. 

The  processes  are  various.  For  early  items  on  this 
subject,  see  Gelatink  puocess.  Sl-c  also  Albku- 
TYPK ;  Heliotype. 

Gelatine  Proresxes.  a.  The  drawing  or  print  being  in  lines 
or  dots,  a  negative  on  glass  is  obtained.  From  this  a  print  on 
a  film  of  bichrouiated  gelatine  is  obtained,  and  this,  after  suita- 
ble treatment,  is  transferred  to  stone  and  rolled  up  for  printing. 
Osborne's  prticess.     See  Puotulithouraput. 

6.  A  photographic  positive  on  glass  i^  placed  over  a  sheet  of 
talc  bearing  a  film  of  bichromatized  gelatine.  This  being  ex- 
posed to  the  light,  through  the  talc,  the  gelatine  is  hardened, 
according  to  the  intensity  of  the  transmited  light,  leaving  un- 
altered the  parts  in  perfect  shadow.  The  film  being  washed  in 
hot  water,  the  unaltered  gelatine  is  dissolved  away,  leaving  an 
int:iglio  plate  in  gelatine,  in  which  the  depressions  correspond  to 
the  light  portions  of  tlie  picture.  A  cast  forming  a  cameo  in 
metal  is  obtained  by  electro-deposition  or  by  a  press,  giving  a 
printing-surface  in  relief.  A  peculiar  ink  is  used,  consisting 
of  gelatine  holding  coloring  matter,  the  degree  of  depression 
determining  the  quantity  of  ink  and  consequent  depth  of  tone. 
The  Woodbury  Process  {which  see). 

Pho-to-gen'ic  Draw^'ing.  A  picture  on  paper 
by  the  ai^einy  uf  light  on  a  .sensitized  surface.     See 

PllnrnOUAl'lIV.  i  I 

Pho-to-glyph'ic  En-grav'ing.  See  Photo- 
GLVl'ilt-i:Ni;!:A\iN(;. 

Pho-to-glyp'tic  Eu-grav'ing.  A  ]uocess  in- 
venti'd  by  Mr.  Fo.v  Talbot,  October  29,  1S62,  in 
whicli  a  design  \\as  so  produced  on  metallic  plates 
as  to  form  a  printing-surface. 

A  solution  of  gelatine,  1  part,  water,  40  parts,  is  mixed  with 
4  parts  of  a  saturated  solution  of  bichromate  of  potish  The 
mixture  is  fio:ited  over  a  plate,  giving  an  exceedingly  thin  film, 
and  allowed  to  dry  in  the  dark.  Being  exposed  in  connection 
with  a  print  in  a  frame  to  sunlight,  its  surface  is  strewed  with 
finely  powdered  copal,  which  is  melted  by  the  aid  of  heat.  The 
plate  is  then  etched  by  a  solution  of  perchloriJe  of  platinum 
or  perchloride  of  iron,  which  attacks  only  the  parts  unacted 
on  by  the  light.  When  a  suflicient  depth  is  attained,  tlie 
etching  liquid  and  the  ground  are  washed  off,  and  the  pl-ite, 
after  cleaning,  is  employed  for  printing.  In  place  of  the  sur- 
face of  copal  he  used,  before  exposure,  fabric  to  cut  up  the  flat 
tints  by  intercepting  the  light  and  enable  them  to  hold  the  ink. 
The  ingenuity  of  the  process  depends  a  good  deal  upon  the  se- 
lection of  the  solvent  which  dissolves  the  metal  without  effer- 
vescence, penetrating  the  unaltered  gelatine  and  preventing  its 
disturbance  by  the  evolution  of  gas. 

Pho'to-graph-e-nam'el.  A  proces.s  of  trans- 
forming photographic  plates  into  colored  enamels. 
Two  methods  are  employed.  In  the  first,  introduced 
by  De  C'a'marsac  of  Paris,  colored  vitrifiable  powders 
are  a)»))lied  with  the  pencil  to  the  different  parts  of 
the  proof  on  glass,  and  the  whole  is  raised  to  the 


necessary  heat  in  a  muffle.  In  the  second,  that  of 
Tessie  du  Motay  and  JIarechal  of  Metz,  tlie  }ihoto- 
graphic  ])roof,  taken  iu  the  ordinary  way,  but  made 
as  furcible  as  possible,  is  immei-sed  in  solutions  of 
(itluT  metals  by  which  the  silver  is  displaceii.  If 
this  be  done  successively  in  several  baths,  with  ex- 
posure of  different  jiarts  of  the  device  in  each,  the 
subsei|uent  process  of  enameling  will  furnish  corre- 
sjionding  varieties  of  tint. 

Pho-to-graph'ic  Cam'e-ra.  (Photor/raphif.)  A 
chamber  in  wliich  a  sensitized  surface,  usually  a 
trlass  with  a  film  of  sensitized  collodion,  is  exposed 
?o  the  actinic  action  of  light.      See  PiH>TOt;iiApiiY. 

In  photographic  operations  different  forms  of  cameras  are  ufed, 
named  according  to  the  construction,  purpose,  or  the  condi- 
tions under  which, 

the  picture  is  be-  Fig.  3672. 

ing  taken  ;  such 
are  box,  bflloivs, 
and  stereoscopic, 
field  and  studio, 
copying,  enlarg- 
ing, and  solar 
cameras,  etc. 

Fig.36r2isa6ox- 
caniera,  an  early 
and  yet  very  use- 
ful form.  One  por- 
tion slides  tele- 
scopically  in  the  ^ 
other,  to  regu- 
late the  size  of  the 
iuiage,which  bears 
a  certain  proportion  to  the  relative  distances  of  the  plate  and 
the  object  from  the  lens,  a  is  the  plate-holder;  b,  the  lens- 
holder:  c,  a  rack  adjustment  for  focus. 

Fig.  3(i73  is  a  frfZ/oK't-camera,  in  which  the  portion  of  the 
chamber  holding  the  lens  c  and  that  containing  the  plate-holder 


Box-Camera. 


Bellows-  Camera. 

a  are  united  with  a  central  rigid  portion  rf,  by  expansible  por- 
tions b  b,  which  are  like  the  bellows  of  an  accordeou .  and  thereby 
permit  the  a(^ljustnient  of  the  distance  of  the  plate  from  the  lens. 
The  plate-holder  por- 
tion has  also  a  rocking  Fig  31574. 
atljustment,   so  as   to 
allow  the  face  of  the 
plate    to    be    brought 
parallel  with  the  gen- 
eral plane  of  the  object 
being     copied.      The 
great  advantage  of  the 
bellows  is  thccompact- 
nes.s  of  the  device  for 
transportation     when 
collapsed        The    bed 
portion  is  hinged  so  aa 
to  be  doubled  up. 

Fig.  3674  is  a  stereo- 
scopic camera  used  for 
field  work  especially, 
having  an  arrange- 
ment for  instantane- 
ous exposure  of  the 
two  lenses,  which  ad- 
nut  pencils  of  beams 
to  the  plates  in  the 
binary  chamber.  Shut- 
ters are  placed  in  front 
of  each  tube,  so  ar- 
ranged that,  by  the 
touching  of  a  spring, 
they    are    simultaneously    rotated, 

of  time  a  hole  in  each  shutter  in  correspondence  with  the  tube, 
admitting  rays  of  light  from  the  object  to  the  sensitized  surfaces 
in  the  interior. 


Sterroscopic  Camera. 

bringing    for   an    instant 
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Fig.  3675  is  a  form  of  copying  and  enlarging  camera  having  a 
reflector  a  for  directing  the  rays  into  tUe  iutvrior,  which  is 
shown  exposed  by  letting  down  the  door  forming  a  portion  of 
the  side.    t>  is  the  position  of  the  negative ;  c,  of  the  lens  j  d. 


Fig.  3675. 


Eiiiarging-  Gimera. 

of  the  sensitized  paper  on  which  the  positiTe  enlarged  print  is 
obtained.  The  negative  and  lens  are  a4justable  by  sliding  iu 
the  chamber ;  the  paper-holder  by  the  bellows  e. 

Fig.  3576  is  a  view  of  a  solar  camera  for  enlarging  by  sun- 
light a  is  the  adjustable  partition  having  a  centraf  aperture 
at  which  the  negative  is  exposed  to  the  rays  entering  at  the 
window  b.  c  is  the  lens ;  d,  the  board  for  the  paper  enlarge- 
ment. 

J.  W.  Osborne's  copying-camera  and  table  is  unir)ue  in  the 
respect  that  it  combines  the  camera  and  its  support  by  a  rigid 
and  permanent  connection  with  the  plan-board,  upon  which  the 
object  to  be  copied  is  exposed  The  whole  apparatus  is  porta- 
ble, aud  in  use  is  a-Jjustable  on  casters  for  horizontal  direction, 
and  by  a  rapid  screw  for  inclination,  so  as  to  give  the  required 
pre-*entatiou  of  the  plan-board  in  order  that  it  may  take  the 
light  Irom  the  sky,  and  not  from  secondary,  and  usually  ver- 
tical, reflecting  surfaces. 

Fig.  3577  shows  the  instrument  as  seen  obliquely  from  the 
back  of  the  plan-board,  in  its  tilted  position.  The  table  a  con- 
iists  of  a  truss-frame,  hinged  upon  the  ridge  of  a  truck  6,  to 
which  the  casters  are  attached.  In  use,  the  casters  are  lifted 
from  the  floor,  throwing  the  weight  of  the  truck  upon  rubber 
blocks  d  d,  10  or  12  inches  high,  the  object  of  which  is  to  cut 


Sular  t'atfi- 


off  vibration.  This  Is  done  by  moving  a  handle  c  and  ratchet, 
which  by  means  of  an  endless  chain  act  upon  all  the  casters  at 
once,  either  in  raising  or  lowering.  The  truck  also  carries  the 
step  of  the  double- threaded  screw,  used  for  tilting  the  table. 
The  screw  passes  through  an  oscillating  nut  in  the  table. 

The  camera  e  rests  upon  a  hollow  block,  which  raises  its  axis 
to  a  convenient  hight  as  regards  the  plan-board.  Unlike  ordi- 
nary cameras,  it  consists  of  a  single  trunk  permanently  attached 
to  its  place  at  the  end  of  the  table.  The  back  part  of  this 
cnmern-boi  has  a  rabbet  to  receive  the  focusin ^-screen,  and 
afterward  the  dark-slide^  or  plcue-hoUler.    The  otlier  end  is  cut 


Osborne's  Copying- Camera  and  Table. 


to  a  bevel,  and  has  a  double-flap  donr  hinged  to  its  lower  edge, 
for  the  purpose  nf  shuttiuir  off  the  light  until  all  is  ready  for 
the  exposure  of  the  sensitized  plate.  The  bevel  at  the  end 
stands  nearly  perpendicular  when  the  camera  is  tilted.  Inside 
the  camera-box  is  a  sliding  lenx-hoUhr,  moving  on  V's  for  ad- 
justment. The  joint  i>j  made //?A(  f/?^/,  without  occasioning 
friction,  by  a  broad  strip  of  soft  fur.  let  into  a  shallow  rabbet 
around  the  lens-holder.  The  fur  extends  against  the  sides  of 
the  camera-box  and  perfectly  excludes  the  light.  leaving  suffl- 
106 


cient  clearance  The  motion  is  effected  by  an  endless  steel  belt 
passing  over  small  metallic  pullevs  at  either  end  of  the  trunk,  and 
controlled  by  outside  millefl  heads  fon  a  shaft  passing  through 
the  pulley  and  across  the  box.  conveniently  presented  to  the 
operator.  This  original  method  of  focusing  by  thin  metallic 
belts  has  the  advantage  of  affording  a  means  for  rapid  and  posi- 
tive movement,  being  free  from  ba^-k-Iash  and  yet  h;iving  great 
delicacy.  It  affor^is  a  means  for  rapid  ailjustnient  on  either 
side  of  the  problematical  focus,  enabhng  the  eye  to  use  its 
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power  of  comparison  under  the  most  fevorable  circumstances. 
The  measuriuf^-rod  s  is  .ittacned  temporarily  to  the  leus-holder 
and  slid«s  through  a  uutched  Uislv  uL-o  removable ;  itj5  object  is 
to  indicate  the  position  of  the  lens-holder  or  restore  it  to  an  old 
position.  The  rod  and  dislc  are  removed  while  the  negative  is 
being  made.  The  pulley  /  and  belt  afford  a  means  of  adjusting 
tile  position  of  the  lens  while  wacching  the  graduated  rod 

The  pLm-board  k  stands  at  right  angles  to  the  plane  of  the 
table,  is aiijnstable  longitudinally  on  the  same, and  can  be  firmly 
clamped  in  any  position.  The  adjustment  is  by  a  steel  belt 
pa-ssing  over  pulleys  at  both  extremities  of  the  table  :  the  pul- 
ley at  the  camera  end  being  provided  with  a  horizontal  capstan 
arrangement  and  lever,  so  that  the  position  of  the  plan-ljoard 
is  under  the  control  of  the  operator  while  inspecting  the  focus- 
ing on  the  ground-glass  screen.  The  position  of  the  plan-board 
on  the  table  is  indicated  by  a  pointer  travehng  along  a  gradu- 
ntc'l  scale.  The  plan-board  consists  of  a  number  of  narrow  slats 
fitting  iuto  rabbets  on  the  inner  edge  of  it.s  frame,  each  slat  be- 
ing held  in  its  position  by  a  single  screw  in  its  center  passing 
into  the  middle  back-bar  of  the  frame  ;  any  warp  occurring  is 
therefore  in  tlutail,  and  does  not  affect  the  general  plane. 

The  table  is  always  brought  to  a  horizontal  position  in  focus- 
ing, the  cud  of  the  camera-box  being  covered  by  a  hood  under 
which  t;ie  operator  stands.  So  placed,  he  controls  both  the 
positions  of  the  plan-board  and  the  lens,  and  has  the  ground 
glass  always  at  a  constant  distance  from  him.  In  copying  at  or 
near  full  scale,  the  position  of  the  lens  affects  the  size  of  the  pic- 
ture, ni.aking  little  change  in  the  sharpness  of  the  focus,  which 
latter  operation  is  then  done  with  the  plan-board.  When  a  large 
rtiduction  is  required,  the  position  of  the  plan-board  affects  the 
size,  and  the  focusing  is  done  Avith  the  lens.  It  will  be  observed, 
that  the  lens  is  placed  far  back  in  the  box,  never  advancing  to 
its  end  save  for  enlargements  ;  it  follows,  therefore,  that  for  the 
great  mass  of  work  required,  the  accidental  rays,  which  might 
otherwise  fall  upon  the  lens,  are  excluded.  This  object  is  far- 
ther accomplislied  by  a  rectangular  diaphragm,  falling  into  the 
bevel  end  of  the  box  behind  the  door  when  the  latter  is  closed. 

The  construction  of  an  instrument  of  this  kind  must  be  very 
exact,  so  !is  to  maintain  the  parallelism  of  the  plan-board,  the 
lens-board,  and  the  gronnd-glass  screen  in  all  positions  of  the 
table.  The  first  instrument  of  the  kind  was  constructed  by 
Mr.  Osborne  in  ISijii,  for  theAmerican  Photolithographic  Com- 
pany, at  their  works  in  Brooklyn,  N.  Y.  The  length  of  the 
table  is  14  feet ;  width,  4  feet;  plan-board,  4  .%  5  feet. 

Pho-to-graph'ic   Cam'e-ra-stand.      (Photog- 
rapliij.)     A  talile  to  support  a  camera,  having  ad- 
justments for  liight 
Fig.  3678.  anil  inclination,  and 

obtaining  its  lateral 
adjustments  bymov- 

Fig.  3679. 


Photograp/iic  Camera-Stand. 


ing  about  with   facil- 
ity upon  casters. 

Pho-to-graph'ic 
Chair,  (riiuluijni- 
phy.)  .\  chair  arranged 
foriiosing  a  sitter.  The 
example  shows  a  back 
vertically  adjustable, 
and  a  head-rest  which 
works  through  an 
ojiening  in  the  chair- 
back 


Photographic  Chair. 


Pho-to-graph'io  Cut'ter.  {Photograpluj.)  An  in- 
strument fir  cutting  the  margins  of  ]ihotographic 
prints.  It  is  a  substitute  for  trimming-scissors. 
The  example  consists  of  a  die-punch  worked  by  a 
lever  from  below  two  metallic  plates,  perforated  in 


Fig.  3681. 


Photograpiiic  Head-Rest. 


Photographic  Print-  Cutter, 

the   form  required   for   the  photograph,  which  is 
placed  between  the  plates  with  the  face  upward. 

Pho-to-graph'ic  Head-rest.  (Photography.) 
A  frame  with  adjust- 
able and  extensible 
rods  for  the  support 
of  the  head,  arms, 
or  other  parts  of  the 
person,  to  hold  them 
rigid  during  opera- 
tions. 

Pho-to-graph'ic 
Mi-crom'e-ter. 
A  system  of  opaipie 
or  transpaient  lines 
]ibotngraphically  re- 
duced from  a  series 
of  large  and  well- 
defined  lines  im- 
pressed mechanical- 
ly or  otherwise  upon 
the  object  from 
which  the  photo- 
gra])]]  is  taken,  and 
placed  ill  the  ibcus  of  the  eye-glass  of  a  telescope  or 
micrometer. 

Pho-to-graph'ic  Print'ing.  (Photography.) 
The  process  of  obtaining  positives  on  sensitized 
paper  from  transparent  negatives  by  exposure  to 
light  in  a  printing-frame. 

Paper  treated  with  certain  salts  of  silver  darkens 
on  exposure  to  light.  If  certain  parts  of  such  paper 
are  shielded  or  screened  from  the  light,  these  parts 
will  remain  white,  and  the  remainder  will  darken 
and  form  a  jiicture.  This,  by  protecting  certain 
parts  and  allowing  light  to  act  on  otheis,  is  what 
the  photographic  negative  does.  When  the  ]iicture 
has  been  tlins  formed,  it  rei|nires  to  be  fi.ircl,  to  pre- 
vent the  farther  action  of  light.    See  Photogk.-iI'iiy  ; 

Pl!INTINO-Kll.\ME  ;    SiLVER-PRINTIN-G. 

Pho-tog'ra-phom'e-ter.  An  instrument  for  de- 
termining the  sensibility  of  each  tablet  employed  in 
the  photogiaphic  process,  in  respect  to  the  amount 
of  luminous  ami  chemical  radiation. 

Pho-tog'ra-phy  The  art  of  producing  pictures 
of  natural  scenes  and  objects,  or  of  copying  deline- 
ations and  multiplying  them,  by  the  agency  of  light. 

Photography  depends  upon  the  chemical  or  molecular  changes 
which  the  ray's  of  light  effect  or  excite  in  certain  substances. 
It  is  now  known  that  a  great  number  of  bodies  ilr^^  phnto-cheiili- 
ealty  sensitivi^  in  a  greater  or  less  degree,  but  some  of  the  salts 
of  .ffVcf r,  and  oi  chroiuic  aci/l  in  conjunction  with  organic  mat- 
ter, are  preeminently  so,  and  are  used  practically  to  the  exclu- 
sion of  all  others. 

The  fact  was  noticed  by  the  alchemists,  that  horn  silver  (fused 
chloride  of  silver)  suffered  discoloration  by  exposure  to  the  sun's 
rays;  but  the  Pomeranian  chemist,  Sheele,in  1777, was  the  fir.«t 
toconsider  philosophically  the  anion  of  sunlight  upon  certain 
cojnnonneJs  of  silver,  and  especially  to  draw  attention  to  the 
activity  of  the  violet  and  blue  rays  as  compared  with  the  rest 
of  the  spectrum. 
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Ritter,  in  1801,  proved  the  existence  of  dark  rays  beyond  the 
t'io'et  tn'l  of  ike  visible  spectrum,  by  the  power  they  possessed 
of  blackening  chloride  or  silver 

U'oUaston  also  published  some  experiments  on  the  changes 
which  light  produced  in  ^lun-^iiaiacum,  corroborating  Ritter's 
views  as  to  the  activity  of  invisible  rays. 

\Vedgwood,  the  great  potter,  was  the  first  person  who  made 
any  attempt  to  use  sunligat  for  copying  or  delineating  objects. 
In  1802  he  contributed  a  paper  to  the  Journal  of  the  Royal 
Institution  of  England,  entitled  "  An  Account  of  a  Method  of 
copying  Paintings  upon  Uuiss,  and  of  making  Profiles  by  the 
Ageiicy  of  Light  upon  Nitmte  of  Silver;  with  Observatious  by 
11  Davy."  lie  used  white  paper  or  white  leather  moistened  with 
a  solution  of  nitrate  of  silver,  dried,  and  kept  in  a  dark  place. 
This,  on  being  expose!  to  light,  pa^-sed  through  different  shades 
of  gray  and  bro.vn  and  became  at  length  nearly  blatk.  ^^'hea 
the  shado.v  of  any  figure  is  thrown  upon  such  prepared  surface, 
it  remains  white  while  tje  exposed  p.irt-i  become  dark,  taeivlbre 
a  piinting  upon  gla:s3  or  an  engraving  used  as  a  screen  above 
Buch  prepireii  piper  or  leather  g?.ve  a  copy  the  reverse  of  the 
Buperimposed  desigu  as  regards  light  and  shade. 

The  images  given  by  the  camerx-obscura  Davy  found  to  be 
too  faint  to  pro  luce  an  effect  upon  p'tper  prep  tred  witii  nitrate 
of  silver,  but  tae  solar  microscope  was  used  with  succes.-<.  All 
the  pictures  made  in  this  way  had  to  be  can-fully  pre-erved 
from  daylight,  or  the  whole  surface  would  blacken,  as  a  ueces- 
sary  consequence,  and  neither  Wedg-vood  nor  D  ivy  ever  over- 
came this  difficulty,  or  found  means  to^  such  photographs 
and  render  them  permanent.  To  Wedgwool,  however,  mu^t 
be  accorded  the  honor  of  having  been  the  first  to  produce  a  pho- 
tograph, in  the  artistic  and  technicil  sense  of  the  .vorJ. 

Dr.  Thomas  Young,  the  originator  of  the  uu  lulatory  theory 
of  light,  published  in  1804  some  important  researches  on  the 
chemic  d  rays. 

In  IS'jy.  Gay  Lussac  and  Tht^nard  made  the  exceedingly  val- 
uable observation,  that  a  mixture  of  chlorine  an  /  hydrogen  f/i'/ 
not  combine  in  the  dark,  whereas  in  diiTu^ed  daylight  they  did 
80  rapidly,  and  in  sunlight  with  explosion. 

Berard,  in  1812,  made  a  comprehensive'  and  valuable  series 
of  investigations,  which  was  reported  on  by  RerthoUet,  Ohap- 
tal,  and  Riot,  acting  n^  a  commission.  Ry  them  the  solar  ema- 
nations were  first  regarded  as  consisting  of  calori/ic,  colorijic, 
and  chemical  rays. 

In  1814,  Joseph  Nicephore  Niepce,  of  Chalon  on  the  Saone, 
directed  his  attention  to  the  production  of  permanent  pictures 
by  light.  He  experimented  ju'ivately  for  many  years,  and  in 
l527  presented  a  paper  to  the  Royal  Society  of  Loudon  on  the 
subject  of  his  invention ;  but  as  he  kept  his  method  secret,  it 
could  not,  according  to  their  I  iws.  be  received. 

Niepce  called  his  process  Heliograp'iy,  and  some  specimen<i  of 
his  art  on  plated  copper  and  pewter  pla:es  are  still  preserved  in 
the  British  .Mu-;eum. 

The  sensitive  substance  \vith  which  Xiepce  worked  was  asphal- 
tian.  also  called  bitumen  nf  Judiea,  the  remarkable  properties  of 
which  he  appears  to  have  discovered.  He  proceeded  by  prepar- 
ing a  solution  of  tlie  mineral  piteh  in  essential  oil  of  lavender ; 
with  thii  he  coiteJ  a  plate  of  metal  or  glass,  and  when  the  var- 
nish so  applied  was  dry,  he  exposed  it  under  an  engraving  or  in 
the  cameri-obscura.  The  action  of  sunlight  for  many  hours 
was  necessary  before  the  latent  image  was  fit  for  development, 
to  accomplish  which  he  used  a  solvent  (coasiating  of  oil  of  lac- 
ender  aud  naphtha)  for  the  unsunned  portions  of  the  coating 

By  treatment  with  t  lis  nienstrunm,  the  picture  made  its 
appearance,  the  iusoluble  portions  of  the  bitumen  representing 
the  lig'its,  and  the  surfice  of  the  plate  the  shadows  of  the  de- 
sign, A  final  wasliing  with  water  was  used  to  remove  the  traces 
of  toe  solvent  which  covered  the  plate. 

The  worli  of  th'n  ex;jeriuient«r,  ju  tgeJ  by  our  present  stand- 
ards, wai!  dnubtle.ss  cru  le,  but  it  is  proljable  that  the  results  he 
really  aimed  at  were  not  liaiitel  to  the  making  of  photngraphs 
alone,  but  extended  to  the  production  of  em^ravat  or  etched 
piatfs  for  printing  purposes,  an  endeavor  which  justified  him  in 
continuing  the  use  of  asphaltum.  It  is  also  worthy  of  remark, 
that  his  discoveries  formed  the  basis  of  a  long  series  of  trials  in 
the  direction  of  pkoio-engraving  by  his  nephew  Niepce  de  St. 
Victor  and  others,  at  a  <  (imparatively  n  cent  jieriod :  and  of  the 
earliest  rhotnliihosraphir  procfss,  in  1852,  that  of  I^emercier, 
Barreswill,  and  Lerebours.  working  conjointly.  From  another 
point  of  view,  we  arc  justified  in  according  him  a  high  place  as 
a  pioneer,  because  his  pictures  might  well  be  regarded  as  carbon 
printt  in  chemical  composition,  and  as  cerfjiinly  permanent: 
excelling,  in  this  respect,  ordinary  photographs,  and  ranking 
with  the  finest  deveIopnient«  of  the  phototrrcphic  art  of  the 
present  day.  No  other  attempt  at  the  ri'prndiiction  of  carbon 
prints  wns  made  for  thirty-five  years  after  liis  tin-e. 

In  1829,  M.  Niepce  associated  himself  \vith  M.  Daguerre,  and 
no  doubt  contributed  much  to  the  latter's  beiutiful  process. 

In  the  year  18-^,  Mr.  Fox  Tnlbot  began  the  investigations 
which  finally  re.''ulted  in  a  valuable  working  proce^is.  On  the 
31st  January,  185®,  six  months  prior  to  t.ie  publication  of  M. 
Daguerre's  process,  Mr.  Fox  Talbot  communicated  his  photo- 
graphic discoveries,  and  in  the  following  February  he  published 
a  description  of  his  method,  to  which,  a^  afterwards  perfected, 
he  gave  tlie  name  of  calotypc  He  prepared  a  sheet  of  paper 
with  iodide  of  silver,  by  treating  it  alternatelj  with  solutions 
oi  nitrate  of'silvtr  and  iodide  of  potassium.     When  dry,  and 


just  before  use,  he  covered  the  surface  with  a  solution  of  nitrate 
of  silver  and  gallic  acid,  aud  dried  it  again,  by  which  means  he 
greatly  enhanced  its  beusitiventss.  A  very  brief  exposure  of 
paper  so  prepared  to  ligut  pioduced  an  eflect  which,  tuough 
latent  and  imperceptilde  to  tue  e>e,  was  yet  sufceptlbie  of  de- 
'  velopment  by  a  reapplication  of  tne  gaUo-nitraie  oj  silver  to  the 
surface  of  the  sheet.  When  the  picture  produced  iu  the  camera 
or  under  a  drawing  or  engraviug  waa  thus  dtvtioped,  it  was 
wa.shed  with  a  solution  of  brumu/r  of  potassium,  thv  effect  of 
which  was  to  stop  ail  fartaer  muuge  due  to  light.  It  was  then 
washed  in  water  and  diJed. 
I  A  photograph  so  obtained  was  necessarily  a  Jiegative,  but  Mr. 
Talbot  recognized  the  important  lact  that,  by  the  simple  expos- 
ure of  his  calotype  paper  under  such  a  negative  and  its  sub>e- 
queni  development,  any  nuu.ber  of  positive  prints  could  Le 
produced. 

To  Mr  Talbot  we  are  therefore  indebted  for  a  method  of  ar- 
resting photograpliie  action  aLd  Ji.cnig  the  image  ;  for  the  con- 
ception and  pruductiou  of  a  lugative^  aud  the  subsetiuent 
printing  of  positive  prints  by  light ;  aud,  above  all,  for  the  dis- 
covery of  the  wonderful  development  of  the  latent  image  by 
gallic  acid. 

Uis  process,  as  above  given,  was  greatly  improved  by  himself 
and  otuers,  but  our  space  dees  not  permit  of  detidls. 

In  January,  1839.  the  announcement  of  Daguerre's  invention 
was  made  to  the  world,  but  no  description  was  given  until  the 
.. uly  following,  when  a  Lid  was  passed  in  the  Freuch  legislature 
giving  him  a  pension  of  6,CH)U  francs,  and  4.0ti0  francs  to  Isidore 
Niepte,  theson  of  M.  Joj^eph  Niccp.ioreNiepce, above  mentioned. 

The  pictures  were  produced  on  silvrr  plates  or  upon  shett- 
,  copper  plated  with  silver.  The  surface  was  first  cleaned  uud 
polished  with  gieat  care  :  it  w.is  then  exposed  to  the  fumes  of 
dry  iodine  until  a  film  of  ioi/ide  uj  silvrr  was  produicd  upon  its 
face.  When  the  proper  amount  of  iodizatiou  was  obtained, 
known  by  the  color,  the  plate  was  tiansftrred  in  a  suitiildc 
dark  slide  to  the  camera-obPCurji,and  there  exposed  iu  the  focus 
of  the  iustruu.ent  to  the  luminous  emanations  passing  from 
external  objects  through  the  lens.  After  a  sufficient  time  the 
pliite  was  carried  bitik  to  a  darkened  room,  and  theie  exposed 
iu  a  box  of  suitable  constructiou  to  the  fumts  of7mrcury,fvnp- 
oratiug  at  a  low  temperature,  from  140"  to  170°  Fah.  Tuis  treat- 
ment giive  rise  to  the  gradual  di-velopment  of  a  picture,  the 
vapor  i.tt«chiLg  itself  to  the  expo^ed  purts  of  the  iodide  of  silver 
iu  quantities  propoitional  to  tiie  actinic  action 

The  picture  on  the  plate  is  now  to  ho  Jixed  by  immersing  it 
in  a  solution  of  common  salt,  or,  letter,  in  one  of  hyposul/ditte 
of  soda  which  dis-'-olves  the  unchanged  iodide  of  silver  aud 
destroys  the  sen t^itivei. ess  of  the  surfttce  to  light.  The  plaie, 
after  being  washed  and  dried, is  fiui.'^iied,  but  it  must  be  covere  I 
with  glass  to  prevent  its  injury  by  fri(  tiuu.  The  shadows  if  tne 
picture  so  produced  are  formed  by  the  highly  polished  silver 
surface,  and  the  lights  by  the  de}io>it  of  mei'curial  vapor. 

Such  is  the  daguernotypt  in  its  simplest  form. 

It  is  impossible  to  praise  too  highly  tuis  beautiful  and  won- 
derful process,  orthe  intelhgence  and  perseverance  of  its  invent- 
or. Many  improvements  aud  additions  were  scon  made,  which 
greatly  increased  its  pnictical  value.  These  consi.-  ted  in  the  uec 
of  bromine  vapor  conjointly  with  that  of  iodine  in  sensitizing 
the  plates  by  Gcddard,  in  1839;  and  in  the  addition  of  chlorine 
by  Claudet,  in  1840:  the  object  in  both  cases  beiug  to  shorten 
the  time  of  exposure.  The  success  which  followed  the,-e  aud 
other  improvements  in  the  art,  as  well  as  in  the  construction 
of  cameras  and  lenses,  caused  the  daguerreotype  process  to  be- 
come immensely  valuable  in  portraiture,  enabling  it  to  ho.d  its 
ground  iu  every  country  until  displaced  by  collodion,  about 
1852  or  18o3.  M.  Fizeau,  by  the  app.ication  of  a  solutio7i  of  gold 
to  the  fixed  daguerreotype  plate,  rendered  important  service. 
Not  only  \\ere  t.ie  results  greatly  improved  in  appearance,  and 
as  works  of  art  gaining  much  iu  bridi  incy  and  force,  but  their 
permanency  was  aiso  a.ssured,  the  n.etallic  gold  replacing  the 
finely  divided  mercury  in  part  and  combining  with  it,  so  that 
its  dissipation  was  no  longer  an  evil  to  be  dreaded. 

Mungo  Ponton,  in  April,  1S39,  published  his  discovery  that 
paper  prepared  with  a  solution  of  bichromate  of  potash,  aud 
dried,  was  .-ensitive  to  light.  Without  ignoring  the  presence  of 
the  paper,  he  believed  that  this  was  true  of  the  salt  it-elf,  but 
Becquerel  showed  in  1840  th  .t  organic  matter  must  be  present 
and  in  intimate  association  with  the  chromic  salt.  Mungo  Pon- 
ton, in  his  contribution  to  the  ;*cottish  Society  of  Arts,  must  be 
regarded  a^  having  laid  the  foundation  of  some  of  the  most  im- 
portant photographic  developments  of  the  present  day, — pho- 
toli'hogrnphy,  carb:<n-printing,  collography,  and  photo'inechani- 
cal  printing  generally  ;  but  in  this  connection  it  must  he  stated 
that  Mungo  Ponton  often  gets  credit  for  more  than  he  actually 
did,  partly  from  the  tVt  that  his  original  article  is  but  little 
known.  Fox  Talbot,  iu  1S52,  first  made  the  attempt  to  turn 
his  and  Becquerel's  investigations  to  practical  account,  in  his 
0%vn  photo-f  ngraving  process. 

For  landscape  purposes  tne  ca'otype  gave  valuable  results  in 
the  nands  of  amateurs,  and  it  finally  took  its  highest  develop- 
ment in  the  wax-paper  processes  ot  Le  Uray  and  Fenton  ;  but 
until  glass  was  used  as  a  support  for  negative  pictures,  the  busi- 
ness of  the  professional  Inndsrape  photographer  was  a  poor  one. 

In  1848,  M.  Niepce  de  St.  Victor  proposed  the  use  of  aibinnen 
on  glass  as  a  vehicle  fur  sensitive  salts  of  silver,  and  published 
his  method.    The  Talue  of  this  idea  was  quickly  recognized, 
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and  the  process  improved  by  others.  Its  success  depended  in 
great  iiii*asure  on  the  fact  that  uihumen  is  coagulated  and  ren- 
dered insoluble  by  the  nitrite  ot  silver  used  to  -eiisitize  it,  and 
that  it  dries  tinnUy  to  a  very  h:tr  I  and  tmnsparent  liliii,  furnish- 
ing a  iie;iative  from  which  po.-iitive  phorogmplis  can  be  rapidly 
printed  l>y  light  A  consequence  of  this  iuiproveuiet:t  was  the 
rapid  devclnpuient  of  all  j'osicii'f-printiiui  mflluuls  on  paper- 

In  the  l.iiiiliant  series  of  discoveries  and  inventious  which 
distinguish  the  history  of  i)hotograpliy,  perhaps  the  most  im- 
portant in  its  effects  was  tlie  introduction  of  coUoi/i<in,  which 
took  place  in  185U.     To  Mr.  Scott  Archer  of  London  is  due  the 
credit  of  the  negative-coilotl ion  process ^  which  ha>  nmdephotog- 
rapliy  the  most  important  art-industry  of  the  world.     In  jus-  | 
tice  to  M.  le  Gray,  it  should  be  added  that  he  had  previously  ; 
suggested  collodion  as  likely  to  be  of  service  in  photography,  i 
In  the  autumn  of  1851,  Mr.  Archer  published  a  full  de.scription 
cif  hi>  process,  which  did  not  differ  essentially  from  that  now  ; 
practiced.  ' 

C'i/liiffii>ii  is  a  viscid  solution  of  gun  cotton  in  a  mixture  of  i 
alecdi'il  and  ether.     It  rto.vs  easily  on   the  surface  of  a  glass  1 
plate,  and  sei"!  quickly  to  a  gelatitious  fihn,  which  then  dries  to  ' 
a  hard,  transpirent,  and  insoluble  skin,  adhering  closely  to  the  I 
glass.     In  addition  to  its  physical  characteristics,  collodion  is  ' 
we. I  adapted  for  photographic  negatives  because  of  its  indifier-  | 
ence,  chemically  speaking,  to  the  sensitive  salts,  acting  only  as  \ 
a  medium  or  vehicle  for  theii-  sucrcssful  exposure  under  favor- 
able circumstances  and  suli-si-iiK-iit,  treatment      Without  going 
into  the  broad  subject  oi 'oUuilinii  photography^  a  short  sketch 
of  its  leading  features  is  Iktc  given  as  at  piescnt  practiced.  j 

A  sheet  of  4.'?a,«s  of  size  suitjihle  for  the  H'^ntive  to  be  made  is 
thoroughly  clc>ined  by  friction  with  alcohol  and  rotten-stone,  or 
in  some  other  efficient  way.   The  operator  lays  hold  of  the  plate,  i 
holding  it  in  a  horizontal  position,  and  then  pours  ste:ujily  a  | 
quantity  of  sensitizerl  collo/ion  upon  its  upper  surfwe  ;  he  then  i 
causes  the  liiiuid  to  travel  successively  from  corner  to  corner  of  ! 
the  plate  without  letting  it  piss  the  edge,  and  pours  the  excess 
off  into  another  bottle.     Tae  plate,  in  its  upriglit  position,  is 
rocked  gently  to  and  fro,  so  a.s  to  equalize  any  ridges  or  inequal- 
ities otherwi.se  likely  to  form.     By  this  time  the  collodion  will 
have  ,srr,  forming  a  gelatinous  film,  evenly  covering  the  glass 
Wheu  the  plate  is  thus  coaiei/,  it  is  sensitizett  by  being  plunged 
into  an  upright  bath  containing  a  solution  of  luirat^  of  saver. 

The  collodion  used  for  thi-<  operation  is,  as  above  stated  a 
solution  of  gun-cotton,  but  it  contains,  in  adJition,  certiin 
iodide*  and  bromides  of  the  met  Us,  most  usually  of  potassium, 
ammonium,  and  cadmium,  but  many  others  are  used.  The 
changes  which  now  take  pi  ice  in  the  gelatinous  fihn  of  collo- 
dion immersed  in  the  negative  batli  \viA  be  exsily  understood; 
metallic  silver  takes  the  place  of  tie  alk-iliae  or  other  metals  in 
the  film,  and  forms  there  insuliib'c  bromi'fe  and  ioilkle  of  silver. 
The  coating  upon  the  plate,  which  was  transparent  when  it  en- 
tered the  bath,  is  now  milky,  entangling  iu  its  substance  the 
two  haloid  salts  above  nientioncl. 

The  plate  is  next  to  be  lifted  from  the  bath  (the  mom  being 
darkeue  I),  drained  for  a  fe  v  moments,  inclosc'l  iu  a  plate-holder, 
carrieil  fo  the  ramera,:\\\  1  expo  el  before  the  scene  or  model  to 
be  jdiotograp  led-  Dui'i.ig  this  opention,  the  sensitive  coating 
receives  the  rays  of  light  forming  tiie  picture,  as  they  fall  upon 
the  groitit'l'^lfiss  screen  used  in  fnc using. 

They  effect  there  a  mysterious  change,  the  exact  nature  of 
which,  whether  chemical  or  physic  il,  is  still  a  disputed  question 
among  the  hig  lest  authorities. 

The  plate  having  been  exposed  to  the  aclinic  action  is  now 
can-icd  in  the  closed  plate-holder  back  to  the  darkened  room, 
illuiiiiiKifed  by  yellow  non-actinic  light  ouly.  The  most  careful 
ex  iminiition  of  the  surface  will  be  found  to  show  no  trace  of 
alteration,  but  a  change  has  nevertheless  been  produced.  If 
We  pour  over  the  surface  an  a(ijei»us  solution  of  a  salt  of  iron 
(generally  the  protosulphate),  to  which  a  quantity  of  acetic 
uci'i  has  been  added,  tlie  picture  gridually  umlergoes  develop- 
ment, a  dark  deposit  forming  upo.^  all  those  places  where  the 
light  has  jwted,  the  density  of  wiiich  is  directly  proportional  to 
tlie  energy  of  the  chemical  rays.  To  explain  this  beautiful 
pneaomenon,  we  must  remember  t  lat  the  collodion  has  brought 
wit.i  it  from  the  negative  bath,  not  ouly  the  sensitive  salts  of 
silver,  but  also  a  quantity  of  the  nitrate  .solution  adhering  to 
and  jteruieating  the  film  In  the  silver  solution,  the  protosalts 
of  iron,  even  iu  the  presence  of  acetic  acid,  which  acts  as  a 
retarder,  would,  in  the  rourse  of  time,  cause  a  deposit  of  metal- 
lic silver  in  a  finely  diviJel  state.  It  is  such  a  deposit  which 
forms  the  negative  picture  upon  the  exposed  |date  when  llooded 
with  the  developer,  as  above  describe  I ;  but  the  ch;iuge  pro- 
duced by  exposure  gives  to  the  sensitive  salts  the  remarkable 
.  power  of  determining  the  comparatively  ripid  precipitation  of 
the  finely  divided  metallic  silver  upon  them,  in  proportion  to 
the  change  they  have  undergone.  Were  the  free  nitrate  of 
silver  washed  thoroughly  from  the  p  ate  before  ex])osure,  the 
Folution  of  iron  would  fail  to  produce  a  picture  thereon  It 
will  be  seen,  therefore,  that  the  sensitive  haloid  sidts  do  not 
themselves  participate  in  the  formation  of  the  photographic 
image. 

When  sufficiently  rfevfhpfd,  the  farther  action  of  the  solution 
is  stojiped  by  profuse  washing  of  the  plate  with  water.  It  is 
then  to  be  fixed  by  flowing  over  it  a  solvent  of  tlie  .silver  salts, 
a  rolution  of  cyan i fie  of  pofo-'isitim,  or  of  hyposulphite  of  so/Ja; 
this  removes  the  milky  character  of  the  depo.dc  which  the  film 


received  in  the  negative  bath,  leaving  the  picture  to  all  appear- 
ance as  taougli  it  rested  upon  bare  glans. 

The  plate  is  now  to  by  thoroughly  washed, dmined,  dried,  and 
varnished  with  oneof  the  many  re.-inous  solutions  manufactured 
for  that  purpose,  after  which  it  is  ready  for  the  printer. 

In  the  foregoing  description  many  possible  and  frequently 
used  moilitication.s  have  been  disregarded,  a:(  tending  to  confuse 
the  reader's  comprehension  of  tlie  phenon.ena,  but  it  is  neces- 
sary to  mention  that  protosulphate  of  iron  is  not  the  only  sub- 
stance which  will  act  as  a  developing  agent.  NoUibly,  pyro- 
gnllic  acid,  which  first  suiceeded  the  use  of  gallic  acid,  as  dis- 
covered by  Fox  Talbot,  held  for  many  jears  the  first  place  iu 
the  estimation  of  photographers  for  this  purpose.  The  use  of 
proto-irou  salts  was  originally  recommeuded  by  Robert  Hunt,  in 
1S44,  and  is  now  universal.  The  use  of  acetic  acid  in  the  devel- 
oper is  to  retird  the  too  rapid  precipitation  of  the  metallic  silver 
from  the  mixture  of  developer  and  nitrate  on  the  plate;  but 
many  other  substances,  most  of  them  organic,  can  te  and  are 
employed. 

To  produce  posiiirc  photographic  prints  from  such  a  V'l^atire., 
the  fodowing  is  the  method  u.sed :  A  j-heet  of  paper  is  cii;ittd 
upon  one  side  with  itlbiiinen  contiiiningcoumion  ji(i/(,  chkirJile  of 
anmionium,  or  tome  other  soluble  chloride  in  solution.  When 
dry,  this  sheet  is  floated,  face  downward,  upon  a  solution  of 
nitrate  of  silver  contained  in  a  shallow  glass  or  porcelain  tray. 
The  action  of  the  solution  is  twofold:  it  coagulates  the  all  lunien, 
rendering  it  insoluble,  and  decomposes  the  chloride  contained 
in  the  same,  replacing  the  alkaline  metal  with  silver,  thereby 
forming  sensitive  chloride  of  silver  on  the  paper  and  nitride  of 
the  alkaliue  metal  in  the  bath.  The  sheet  is  now  lifted  from 
the  liquid  and  dried 

A  suitable  piece  of  paper  so  prepared  is  now  to  be  expo.=ed 
under  and  in  cloi:e  contact  with  the  finished  negative.  This  is 
accomplished  by  pressing  them  together  in  a  frame  made  for  the 
purpo.'^e.  (See  Piunti>g-fr.\me  )  The  light  passes  through  the 
negative  in  quantity  depending  on  the  trausparency  of  its  pev- 
eral  parts,  and  produces  a  darkening  of  the  i-iiver  salt  in  the 
albuminous  surface  proportional  to  its  intensity.  When  suffi- 
ciently exposed,  the  color  of  the  paper  will  be  dark  reddish- 
brown,  almost  black  in  the  deepest  shadows. 

This  sheet  of  paper  is  now  to  be  taken  from  the  jiriuting- 
frame  and  washed  in  water  to  remove  the  free  nitrate,  after 
which  it  is  subjected  to  the  operation  of  toning.  For  this  pur- 
pose it  is  imniersed  in  a  very  weak  solution  of  a  salt  ofgolt/^  the 
action  of  which  is  modified  by  an  admixture  of  carbonate,  phoa- 
phate,  or  acetate  of  soda,  etc.  The  gold  from  this  solution, 
which  decomposes  gnulually,  is  taken  up  by  the  photogrjiphic 
image,  substituting' metallic  gold  for  the  nietjillic  silver,  form- 
ing the  picture  iu  the  tir.-t  instance.  The  consequence  is  that 
we  obtain  a  much  more  pleasing  result,  and  one  which  is,  at 
the  same  time,  more  permanent 

As  in  the  ca.*e  of  the  negative,  this  sheet  has  now  to  be  fxfd 
by  immersing  it  in  a  solution  of  hyposulphite  of  soda,  which, 
by  its  solvent  action,  removes  all  unaltered  chloride  of  silver 
from  the  albundnous  surface. 

This  finished  print  is  to  be  long  and  thoroughly  washed  in 
an  abundance  of  pure  water,  then  to  be  diied,  mounted,  and 
glazed  or  burnished  in  a  suitable  press. 

It  will  be  observed  in  the  foregoing  description,  that  no  de- 
veloper is  required  to  produce  the  image  (as  in  the  case  of  the 
negative),  the  explanation  of  which  is  that  chloride  of  silver  in 
the  presence  of  an  excess  of  nitrate  of  silver  is  directly  decom- 
posed by  the  actinic  rays,  the  nature  of  its  sensitiveness  being 
essentially  different  from  that  of  the  aualogous  iodine  and  bro- 
mine compounds. 

In  concluding  this  sketch  of  the  positive  printing  process,  it 
is  well  to  remark  that  the  coating  of  albumen,  the  chief  object 
of  which  is  to  give  structureless  surface  to  the  paper,  is  by  uo 
means  essential,  inasmuch  as  all  the  foregoing  operations  can 
be  cijually  well  perfoniied  on  plain  paper. 

The  negative  collodion  process ^  with  its  necessary  supplement, 
the  ininting  of  positives  on  paper  by  direct  sunlight,  cau.-^tii  a 
rai)id  ar.d  thorough  change  iu  landscape  photography,  the  nat- 
I  ural  result  of  the  excellence  of  the  work  i)rcdui  ea  and  tht  great 
i  facilities  offered  for  its  i-apid  and  cheap  mnltiplicatiou.    In  por- 
1   traiture.it  was  not  so.    i^ome  time  elapsed  before  it  was  possible 
to  obtain  portrait  negatives  with  a  sufficieutly.--hort  exposure  and 
'  of  such  quality  as  to  enable  them  to  compare  favorably  with  the 
best  daguerreotypes.     Pending  the  elaboration  of  the  negative 
process,  the  ambrotypr,  or  collodion  positive,  as  it  was  called  in 
England,  became  jiopular  and  held  its  place  Ibr  several  yeiirs. 
j      An  ambroiype  is  simply  a  thin  collodion  negative  on  glass 
'  made  with  a  short  cxjtosure  and  developed  so  as  to  produce  as 
white  a  deposit  as  possible  on  the  lights.    Such  a  picture  is  not 
looked  at  by  transmitted  light,  nor  is  it  valuable  as  a  negative  ; 
it  is  to  be  backed  up  with  a  black  surface,  generally  a  black 
varnish,  and  regarded  by  reflected  light  only.    Under  these  cir- 
cumstauces  it  appears  as  a  positive,  the  deposit  reflecting  and 
the  black  backing  absorbing  the  light.     Pictures  of  this  kind 
I  are  rapidly  nuide,  and  fiuit.hed  directly  from  the  camera,  as  is 
the  case  with  the  daguerreotype,  while  the  cost  is  very  much 
\  less.   They  are,  ho^vever.vcry  infeinor  to  good  positives  on  piiper, 
and  had  to  make  way  for  the  latter  as  the  negative  process  im- 
proved. 

At  the  present  day  ambrotypes  are  lurely  to  be  met  with,  but 
ferrotypes.,  or  tinlypts,  as  they  are  sometimes  called,  are  pro- 
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duced  by  a  perfectly  aualogous  process,  the  substantial  differ- 
ence beingthat  tho  collodion  picture  is  made  directly  upon  a  thin 
iron  pliite  covered  with,  a  black  enamel  or  hicquer,  which  pro- 
tects both  its  surlUces  from  the  action  of  the  ncgiitive  bath  and 
acts  the  part  of  the  black  baiking  u-'ed  in  the  ambroty|»e. 

Ferroitjpes  are  still  iu  vogue,  the  quickness  with  wuich  they 
can  be  produced  and  their  exreediugly  small  co^t  making  them 
popular  with  the  public.  Cameras  provided  with  a  large  Dum- 
ber of  lenses  are  employed  iu  their  production. 

The  trouble  and  difficulty  in  the  ctRcieut  working  of  col- 
lodion negatives  out  of  doors  created  a  desire  for  a  means 
of  preserving  a  collodion  plate  in  a  sensitive  condition,  so  as 
to  render  it  uuuecessary  to  coat,  seu.-itize,  and  develop  the 
plate  where  the  landscape  is  taken.  Accordingly,  a  niunher 
of  preservative  and  dry-plate  processes  have  been  invented. 
In  the  first  class,  the  endeavor  was  to  cover  the  .vet  colloJioa 
with  some  deliquescent  substiince,  such  as  nitr.itt;  of  niigoe- 
eia,  glycerine,  etc.  Such  procesiJes  ai'e  troublesome  and  un- 
satisfictory,  and  in  their  turn  gave  way  to  dry-plate  photog- 
raphy. A  great  many  inventors  have  devoted  much  labor  to 
this  d<?partmeut  of  photography.  Fothergill,  Taupenot,  llus- 
sell,  and  \Tortley  have  all  produced  valuable  processes,  but  the 
detjuts  are  too  technicnl  and  elaborate  for  inti-oduction  here. 
No  dry  process  gives  results  fully  equal  in  quality  to  the  work 
from  weC  plates,  but  they  offer  other  advantages  which  cannot 
be  ignored. 

As  substantially  different  methods,  by  which  both  negatives 
and  positives  can  be  maie,the  caUorlio-hromidf  process  by  B.  J. 
Sayce,  September,  1864,  and  the  colladio-cMnritte  process  by 
G  Wharton  Simpson,  about  the  same  time,  deserve  meutio.i. 
Sayce's  was  a  negative  process  on  glas?  :  Sijipson's,  a  posiave 
process.  Each  produces  au  emulsion  of  the  seasi:ive  salts  of  sil- 
ver in  collodion,  an  excess  of  uitrate  of  silver  being  also  pre:  eut. 
A  surface  flooded  with  collodion  so  couti^utel  is  sensitive  with- 
out a  bath,  and  may  be  either  expose  i  iu  the  c  imera  or  print- 
ed upoa  with  a  negative.  The  fundamental  distinction  is  in  li- 
cated  by  the  respective  names,  oue  usiug  the  chlo.'idj  and  the 
otaer  the  bromide  of  silver. 

Simpson's  process  is  much  used  in  the  production  of  the  so- 
called  porcelain  pictures. 

Notwithstanding  the  exquisite  beauty  of  ordinary  photo- 
graphs on  paper,  they  are  subject  to  a  reproach  which  tiikes 
immensely  from  their  value  jls  works  of  art,  for  they  contain 
within  themselves  the  elements  of  dcstructiou,  and  cannot  be 
regarded  as  permanent.  To  overcome  thii  ditticulty,  efforts 
have  been  made  for  the  last  twenty  years  to  substitute  carl  on 
and  other  pigments  for  the  fugitive  tints  of  the  photo>;r,iph 
The  first  to  experiment  in  this  direction  whs  M.  I'oitevin  of 
Paris,  iu  1855.  He  used  a  mixture  olbichrmnate  o/'jwUisli  with 
organic  tnalttr,  such  as  gum,  gelatine,  etc.,  coloring  it  with 
larnpblack  or  ot-her  indestructible  pigment.  A  paper  coated 
with  this  mixture  and  dried  suffered  uuder  a  negative  a  change, 
the  nature  of  which  was  to  x*ender  the  orgiuiic  matter  insoluble 
on  the  places  affected  by  light.  A  substiuieut  washing  removed 
the  unchanged  gum  or  gelatine  fi-om  the  surface,  leaving  more 
or  less  intact  those  parts  of  the  c.  ating  on  which  the  light  had 
acted  and  rendered  it  insoluble,  and  with  it  the  coloring  matter 
which  had  been  employed. 

M.  Poitevin  patented  another  carbon  process  at  the  same  time 
in  England,  which  differed  from  the  foregoing,  inasmuch  as  a 
greasy  printing-ink  was  used  to  furnish  the  color.  This  was 
applied  as  a  lithographer  or  printer  applies  his  ink  to  the  ex- 
posed organic  surface  :  and  its  retention,  more  or  less  jierfectly 
by  the  design,  depended  upon  the  peculiar  property  which  such 
altered  organic  matter  possesses  (for  the  elaboration  of  which 
we  are  indebted  to  this  investigator)  of  attracting  ami  /lolf/ing 
greasy  substances  and  repelling  wrder      See  PuoioLiTUOGn,\PHr. 

Mr.  Joseph  Dixon  published  this  fact  in  Apri  ,  1S54,  ami  to 
him  is  due  the  credit  of  priority ,  but  Poitevin  fir.-t  gave  it  vital- 
ity and  practical  importance. 

Many  experimenters  followed  M  Poitevin.  The  most  marked 
improvement  on  his  crude  and  un. satis  factory  methoils  was  prac- 
tically made  by  M.  Fargier,  who  expo S' i/ from  the  back  of  the 
film,  and  not  from  the  face,  as  Poitevin  did.  He  acted  (Ui  sug- 
gestions made  by  Mr.  Blair  and  others,  ^ho  pointed  out  the 
fact  that  the  depth  to  which  the  change  to  insolubility  pene- 
trated into  a  film  or  coating  sensitized  with  bichromate  de- 
pended upon  the  intensity  of  the  actinic  action,  and  when  such 
change  was  superficial  only,  as  it  must  be  for  the  lighter  shad- 
ows of  a  photograph,  a  subsequent  washing  from  the  face  will 
inevitably  undermine  and  destroy  theni- 

Mr.  Swan  of  Xewcastle-on-Tyne  made  very  valuable  changes 
and  improvements  in  M.  Fargier's  method,  which  latter,  while 
it  gave  good  results,  w;is  uncertain  and  difficult  to  work.  Swan 
was,  in  fact,  the,;?r.^f  to  prorluce  a  carbnn  procfss  practical  and 
admirable  in  all  respects,  which  has  been  and  is  still  largely 
used,  furnishing  results  which  full>  equal  and  in  many  respects 
surpass  the  best  silver  prints.  See  Carbon  Primd.g  ;  Gelatine 
Process. 

Ho  prepared  a  sheet  o^  pap^r  with  a  rtiatiits  of  gelatine  an'i 
carboA  tceoits  mattrr  on  its  surf  ice;  a  suitable  piece  of  thi^  was 
immer.'tel  in  a  solution  of  bir/tromnte  of  potash  and  dried,  by 
which  it  Was  rendered  sensitive  After  expo^ura,  this  sheet  was 
mounted  with  a  caoutchouc  varnish,  fane  down  unon  another 
piece  of  paper  acting  as  a  temporary  support ;  the  whole  was 
then  immersed  in  warm  water,  whereupou  the  original  sheet 


carrying  the  pigmented  film  became  detached  and  floated  off', 
while  the  gflatiue  dissolved  away  gradually  from  the  now  ex- 
posed surface,  leaving  eventually  the  organic  nuitter  attached 
to  the  second  sheet  in  thickness  proportional  to  the  depth  to 
which  the  light  had  penetrated  the  film.  It  will  be  seen  that 
the  tint,  depending  on  the  carbim  imprisoued  iu  the  altered 
organic  matter,  will  also  be  proportional  to  the  inteusitj'  of  the 
light  passing  through  the  different  parts  of  the  negative,  and 
that  the  finer  shades  will  not  suffer  destruction  as  they  did  in 
Poitevin's  method. 

^Vhen  the  warm  water  had  thoroughly  developed  the  picture 
it  was  dried,  trimmed,  and  again  transferred  by  jKisting  it  to 
the  mount  where  it  was  intended  to  remain,  the  sheet  employed 
a-s  a  temporary  support  being  easily  disengaged  from  the  face 
by  the  appUcation  of  a  little  benzole. 

More  recently  (in  1870),  J.  B.  Johnson  made  some  useful 
modifications  in  Swan's  method  of  working,  estabUsbing  what 
is  kno\vu  as  the  autotype  process. 

Another  photographic  process,  quite  as  distinct  in  its  charac- 
ter as  carbon  printing,  but  comparatively  of  little  genenil  inter- 
est, is  known  as  andine  printing,  iuvcnW  by  "Slv  Willis,  Kug- 
hiud,  iu  1865.  This  method  is  designed  for  copying  tnieinga 
or  drawings,  chiefly  the  former,  and  reproducing  a  few  copies 
without  alteration  in  scale  and  at  little  cost.  Willis  dispenses 
with  the  camera,  glass  plates,  t  ollodion ,  nitrate  bath ,  etc . ,  using 
only  a  large  printing-frame.  The  tracing  itself  is  u.-ed  as  a 
fcreen  or  cllcJie,  under  which  to  expose  the  prepared  paper. 
The  latter  is  placed  iu  the  printing- frame,  not  in  contact  with 
the  drawn  surface,  but  with  the  back  of  the  traced  sheet ,  through 
which  the  light  has  lo  pass,  so  as  to  avoid  the  reversing  of  the 
print  This  is  an  espi-dicnt  wliich  neces.arily  takes  materially 
from  the  sharpness  of  the  result.  Such  a  pro<'ess,  .so  restricted 
in  its  scope,  would  hardly  deserve  merdiou  were  it  not  that  tho 
chenncal  reactions  involved  are  peculiar  in  their  application  to 
photography. 

Mr.  Willis  sensitizes  one  surface  of  his  sheet  with  bichromate 
of  ammonia,  adding  also  other  non-essential  chemicals  to  exert 
au  influence  on  the  tone  of  the  rtsultii.g  picture.  After  bt  iug 
dried  iu  the  dark,  the  coated  paper  is  exposeil  for  a  short  time 
under  a  positive,  after  which  the  sheet  is  subjected  in  a  closed 
tray  to  the  fumes  of  aniline  diluted  Mith  benzole 

The  second  equivaknt  of  chromic  acid  in  the  bichromate  of 
ammonia  still  existing  in  those  parts  of  the  coated  surface  un- 
decomposed  by  light,  reacts  upon  the  aniline  and  gives  rise  to 
a  dark  purple-black  color,  which  is  very  permanent. 

It  is  obvious  that  the  whole  sheet  would  blacken  iu  the  ani- 
line vapor,  but  for  the  exposure  under  the  tracing,  and  that 
the  action  of  the  actinic  influence  is  to  deconipose  tlie  bichro- 
mate on  the  parts  of  the  sheet  corresponding  to  the  whites  of 
the  drawing,  and  iutapacitate  them  for  oxidizii  g  the  anilii  e, 
and  thereby  producing  the  color  required  to  form  tiie  vi.->ible 
picture  A  simple  wa--hing  in  water  is  ail  that  is  netessary  to 
fix  and  clear  up  such  reprcductions.  Aniline  prints  have  a 
general  greenish  tiuge  over  their  whole  surface,  dne  to  the  pres- 
ence of  sesqnioxide  of  chromium,  resulting  from  tlu;  decompo- 
sition of  the  chromic  acid 

In  recording  distinctive  processes,  reference  should  also  be 
made  to  the  efforts  of  Becquerel  and  Niepce  de  St.  Victor  to 
produce  photographic  pictures  in  color.  Their  labors  in  this 
direction  have  been  considerable,  with  but  meager  results,  which 
can  hardly  be  .=aid  to  have  j,one  beyond  a  demo^.^tration  of  the 
possibility  of  getting  fugitive  reproductions  of  cert..in  colors  ou 
peculiarly  prepared  turfaces.  A  sub  haloid  s^alt  of;  iiver  is  gen- 
erally regarded  as  the  seu^itive  substance  required  in  their 
experiments. 

Iu  addition  to  the  foregoing  might  be  enumerated  many  me- 
chanical printing  pro<e.=ses  depending,  in  their  initial  stages,  on 
photographic  methods.  These,  however,  have  arrived  at  such 
importance  at  the  pre.-ent  day  as  to  exclude  their  consideration 
fiom  the  genenil  subject,  and  they  must  be  sought  under  their 
respective  heads.    See  Photolituooraphy  ;   Photo-engrav.ng; 

PUOTO-MECHASICAL  PrIXTIRG  ;    P»0T0-R.  LIKF,  etC. 

In  a  dictionary  devoted  to  mechanical  devices  and  processes, 
it  would  be  out  of  i>lace  to  expatiate  at  length  on  chemical  phe- 
nomena incidental  to  the  use  ofapjiaratus  Purely  theoretical 
considerations,  therefore,  connected  with  photography  have 
been  ignored  in  the  foregoing  article,  and  the  labors  of  Sir 
John  Ilerschel,  Robert  Hunt,  and  others,  in  the  early  days  of 
photography,  and  of  such  men  aa  G.  \niarton  Simpson,  Hermann 
Vitgel,  and  >I.  Oarey  Lea.  have  not  been  given  the  prominence 
thev  deserve  and  should  have  had  in  an  exhaustive  treati-e. 

Without,  however,  going  into  theory,  the  attention  of  the 
reader  seeking  general  information  should  he  directed  to  the 
marked  dilTercnces  which  mauife^t  themselves  in  the  uature  cf 
the  sensitiveness  of  chenncal  compounds.  In  one  (lass,  the 
actinic  rays  have  power  to  effect  at  once  a  complete  change. 
This  is  true  of  the  mixture  of  chlorine  and  hi,drogen;  of  ihe 
bichromates  iu  the  presence  of  organic  matter;  of  :.sph»ltum  ; 
and  of  chloride  of  silver,  when  substances  are  pn.-.-ent  (.a*  ft'te 
nitrate)  capable  of  combining  with  the  liberated  chlorine. 

To  a  second  cla*s  belong  the  iodide  and  bromide  of  lilver. 
The  action  of  light  upon  them  appears  to  be  a  sort  of  polariza- 
tion, for  want  of  a  better  word  ;  an  incipient  molecular  change, 
by  virtue  of  wliich  the  particles  affected  are  enabled  to  deter- 
uune  and  accelerate  the  precipitation  of  certain  bodies  (metallic 
silver  and   metallic  mercury)  when  offered  ia  au   extremely 
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divided  state,  and  to  do  this  with  an  energy  proportional  to  the 
intensity  of  the  luminous  action  or  its  duration.  The  Jajruerre- 
otypo  and  the  uegative-collodion  process  illustrate  this  phe- 
nouietiou.  The  produftion  of  the  picture  in  both  cases  is  by 
true  dtvelopment,  — a  teriu  often  used,  but  not  appliciiblein  its 
proper  and  restricted  sense  to  the  bringing  out  of  the  picture 
after  the  exposure  of  an  asphaltum  surface^  or  of  a  piece  of 
Bensitizcd  carbon  tissue.  A  simple  solvent  acts  in  both  these 
cases  as  tlie  agent  for  reniovuni  the  unaffected  parts,  (  Conirib- 
vted  to  this  workhy  Mr.  J.  AV.  Osborne,  late  of  Melbourne,  Aus- 
tralia,  and  now  of  Washingiim ,  D.  C) 

The  first  daguerreotype  povtrair  from  life  was  taken  by  Pro- 
fessor John  \V.  Draper,  iu  1S3J  An  announcement  was  made 
of  it  in  tlie  "  London  and  Eiiuburgh  Philosophical  Magazine," 
in  M;uch,lS40.  A  full  account  of  the  openition  was  subse- 
quently pubHshed  in  the  same  journal.  The  first  daguerreotype 
view  taken  in  America  was  by  Professor  John  \V.  Draper,  and 
was  a  view  of  the  Church  of  the  Mei^siah,  taken  from  a  window 
of  the  New  York  City  University.  Professor  Morse  learned  the 
art  in  Professor  Draper's  laboratory. 

D.igoet-re  made  an  unsuccessful  attempt  to  photograph  the 
moon.  Dr  J.  \V.  Draper  of  New  York  succeeded,  in  1840,  in 
obtaining  a  photograph  of  the  moon  on  silver  plates  with  a 
telescope  of  five  inches  aperture  lie  presented  specimens  to 
the  New  York  Lyceum  of  Natural  History  in  1840.  Professor 
G.  P.  Bond  of  Cambridge,  United  States,  made  pliotographs  of 
the  moon,  in  1850,  with  the  Cambridge  refractor  of  fifteen 
inches  aperture.  Many  others  followed.  Mr  Uutherford'3 
photographs  of  the  moon  are  nio^t  excellent.  Mr.  De  la  Rue, 
in  England,  must  also  be  mentioned. 

Mr.  Kutherford  of  New  York  City  has  been,  for  some  time, 
photographing  groups  of  stars,  b»  which  their  positions  are 
exactly  recorded,  without  the  error  of  personal  equation.  The 
groups  of  stars  are  photographed  twice  a  year,  six  mouths  apart. 
The  telescope  takes  directly  a  field  of  about  two  degrees.  Some 
of  the  groups  contain  as  many  as  125  stars,  do.vn  to  the  ninth 
magnitude,  taken  upon  a  plate  5^  inches  squ.ire.  A  star  sus- 
pected of  proper  motion  is  placed  iu  the  center  of  the  plate. 
The  plate  is  exposed  six  minutes,  and  then  the  telescope  is 
moved  slightly,  relatively  to  t  le  object,  by  stopping  the  clock. 
The  plate  is  then  exposed  six  minutes  longer,  duplicating  all 
the  stars  upon  the  8:ime  plate,  so  as  to  identify  them  from 
other  spot*  upon  the  plate,  and  verify  their  positions  \Vith 
the  mic^'ometer,  eacli  star  is  deteraiined  iu  position  by  its  dis- 
tance from  the  central  stir,  and  by  the  angle  of  tlie  line  from 
it  to  the  central  star  with  the  cast  and  west  hue.  In  order  to 
get  rid  of  any  constant  error  from  the  direction  of  the  telescope, 
Btars  are  taken  first  on  one  side  of  the  pier  and  theu,  wheu  tho 
stars  are  in  a  different  ix)sitiou,  with  the  telescope  upon  tho 
other  side  of  the  pier.  By  repeating  the  groups  six  montlis 
apart,  he  hopes,  by  and  by,  to  ascertsun  tlie  auiount  of  parallax 
of  some  of  them.  An  absolute  map  of  these  groups  for  future 
use  is  thus  obtained.  See  under  the  following  heads :  — 
Actiuometer.  Gaudinotype. 

Albert\)>e.  Gilding. 

Albuincntype.  Graphotype. 

Am  Imo  ty  pe.  G  umming. 

AmphifVpe.  Uallotype. 

Asphaltotype.  Ileliochromatype. 

Aurotyije.  Heliochrome. 

Authotype.  Helingraph. 

Autotype.  Heiiographic  engraving. 

Caiotype.  Heliotype. 

Cameotype.  ilellenotype. 

Camera.  Ililiutype. 

Carbon-printing.  llyalntype. 

Catalysotype.  Ink-printing  process. 

Chemitype.  Intensifying. 

Chromatype.  Ivory  type. 

Chronotype.  Kit. 

Chrisotype.  Lampratype. 

Chrystiillotype.  Leggotype. 

Collodio-chioride  process.  Leveling-stand. 

CoUodiotype.  Lithotype. 

Crossed  lens.  Melanotype. 

Cyanotype.  Negative. 

Daguerreotype.  Neg!itive-bath. 

Dcvclnping.  Opalotype. 

Diaphanoscope.  Panotype. 

Diaphanotype.  Photo-electrotype. 

Diaphragm.  Photo-engraving. 

Dipper.  Photo-gal  vauogr.-i  ph. 

Duplex  type.  Pliom-gL-latine  printing-process. 

Dynactinometer.  I'hwti.^r.'nic  ilmwing. 

Elliotype.  PlH.fiiiilypliic  rngraving. 

Kmoliintype.  PliMtn;_''lyptic  engi'aving. 

Enameled  photograph.  Pimtngraph-enamel. 

Energiotype.  PIk  it  (.graphic  camera. 

Etching.  Photographic  camera-stand. 

Ferrotype.  Photographic  chair. 

Fixing.  Photographic  cutter. 

FluoKotype.  Photographic  engraving. 

Fociuieter.  Photographic  head-rest. 

Focusing-glass.  Photographic  lens. 

Foxtv|>c.  Photographic  micrometer. 

Fumitig-bos.  Photographic  printing. 


Photographometer. 

Photography. 

Photolieliogniph. 

Photohehutype. 

Photohyalotype. 

Photo-intaglio  engraving. 

Photolithography. 

Photo-mechanical  printing. 

Photo-inctjillography. 

Photometer. 

Photo-iiiicography. 

Photo-prucesses. 

Photo-relief  engraving. 

Photoscope. 

Photosculpture. 

Phototyjif. 

P  ho  to-v  it  retype. 

Photozincography. 

Plate-holder. 


Porcelain  picture. 

P.>sitive 

Pressure-frame. 

Print-holder. 

Printing. 

Printing-frame. 

Ketouching-table. 

Screen. 

Sennotype. 

Sensitizing. 

Silver-printing. 

Sphoreotype. 

Talbotype. 

Tent. 

Tithonotype. 

Toning. 

Varnishing. 

Vignetter. 

Vitrotype. 

Pho'to-he'li-o-graph.  An  iiistrninpnt  made  for 
the  Ijiitish  guvunimmit  liy  Dalhiieyer  of  England, 
for  oliSL'rving  tian.sits  of  Vi'nus.  It  consists  of  a 
telescope,  mounted  for  jiliotograjtliy,  about  eight 
feet  in  length,  and  having  an  object-glass  of  four 
inches  in  diameter  and  five  feet  focal  length.  At 
the  focus  is  placed  an  insl;uitaneous  shutter  which 
serves  to  expo.'^e  and  ininitdiate'y  close  an  aperture, 
behind  which  is  jilaced  a  ccndanation  uf  lenses,  cor- 
rected for  the  chemical  rays.  The  image  passing 
through  is  enlarged  to  four  inches.  Tlie  instrument 
is  mounted  on  an  ec|uatorial  stand  and  actuated  by 
suitable  clock -work.  A  similar  instrument  was  used 
by  De  la  Kne  at  Kew. 

Pho  to-hy-al'o-type.     See  Hyalotype. 

Pho'to-iii-tagl'io  En-grav'ing.  A  process  in 
which,  by  ])hotographic  means,  lines  are  etclied  in  a 
])late  to  be  sub.sequently  tilled  with  ink  and  jninted 
by  the  coppeiplate  printing-])ress. 

In  1827,  following  in  the  footsteps  of  hia  uncle,  Niepce  de 
St.  Victor  laid  an  iif'phate  ground  upon  a  metallic  plate,  which 
probably  gianul;itcd  as  the  menstrxumi  evaporated.  This  was 
cxjtosed  under  a  jmFitive,  the  unaltered  asphaltum  removed  by 
essence  of  lavender,  and  the  plate  etched  with  acid.  This  was 
analogous  to  the  process  disclosed  by  the  elder  Niepce  to  Diiguerre 
when  their  copartnership  was  formed,  for  the  purpose  of  perfect- 
ing the  sun-pictures  to  which  the  name  of  daguerreot_\  jic  was 
subsequently  applied.  It  is  tolerably  certain  that  the  elder 
Niepce  had  not  merely  the  intention  of  making  pictures,  hut 
designed  to  use  the  process  for  the  production  of  intaglio  etch- 
ings. This  intention  seems  to  have  been  lost  sight  of  in  the 
wonderful  successes  of  Daguerre's  process.  A  specimen  of  his 
photographic  engniving  eOort  is  paid  to  be  in  the  possession  of 
the  French  Photographic  Society,  and  several  of  his  a>^phate 
photogmphs  upon  metaUic  phites  are  in  the  Bi-itish  Museum. 

In  the  photo-engraving  process  of  Fox  Taibot,  in  lSo2,  he 
prep.ii-ed  a  metallic  plate  with  a  thin  coating  of  bichi-oniated 
gelatine  expo.-^ed  under  a  transparent  jiositivc,  and  etched  the 
plate  with  a  solution  of  bichloride  of  platinum  or  perchloride 
of  iron  in  water.  The  unaltered  portions  of  the  gelatine  being 
pervious  to  tlie  etching  liquid,  the  plate  was  dissolved  away, 
while  the  altered  portions,  being  impervious  to  water,  protected 
the  plate  belovr  them.  The  etching  liquid,  which  corrodes  the 
plate,  penetrates  the  unaltered  gelatine,  but  does  not  evolve  gas, 
and  consequently  does  not  disturb  the  film  of  gelatine.  He  en- 
deavored to  obtain  half-tones  by  the  interposition  of  crape,  etc. 
He  termed  it  Photoglyptic  Engraving. 

Paul  Pretsch  of  Vienna,  working  in  London,  about  1854,  es- 
tablished the  i)hoto  galvanographic  company  in  that  city.  His 
method  consisted  in  preparing  a  layer  of  bichromated  gelatine  of 
appreciable  thickness,  which,  after  exposure  under  a  d>rl,e,  was 
immersed  in  water  and  allowed  to  swell.  The  gelatine  by  this 
treatment  produced  a  number  of  reticulations,  which,  iu  their 
size  and  nearue.ss,  were  somewhat  proportionate  to  the  actinic 
activity  of  the  light  This  made  a  kind  of  grain,  which  was 
copied'bv  electro-deposition,  forming  an  intiigho  printing  sur- 
face whit-h  held  the  ink  in  its  fine  lines.  He  subsequently  ap- 
plied the  same  principle  to  the  production  of  relief  plates,  for 
which  he  obtained  an  English  piitent,  about  1^55.  He  was 
probablv  the  only  man  who  ever  attempted  to  obtain  by  photo- 
graphic' means  a  relief  plate  for  the  type-press  direct  from  na- 
ture-   See  Photogai.v.\nogr\ph. 

Duncas  Dallas,  about  1862,  is  believed  to  have  operated  in 
substantially  the  same  way,  but  with  better  success. 

KglofF^tein,  in  New  York,  worked  a  process  hased  upon  the 
Fox  THlbot  method.  EidUtz  e^stablished  the  Phototype  Com- 
pany of  New  York,  and  his  efforts  were  nearly  identical  with 
Pretsch,  excepting,  perhaps,  that  he  successfully  threw  dowa 
a  deposit  of  copper  on  the  swelled  and  still  moist  gelatiue. 

Pho'to-li-thog'ra-phy.     A  mode  »f  producing 
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by  photogi'aphic  means  designs  upon  stone,  from 
which  impressions  ma^^  be  obtained  in  the  ordinary 
lithographic  press. 

Indications  of  efforts  in  this  direction  may  be  credited  to  the 
late  Joseph  Dixon  of  Jersey  <-"ity,  and  to  Lewis  of  Dublin,  about 
1841.  Dixon's  attempt  was  analo-^ous  to  Poiterin's  process,  as 
described  hereafter,  and  Lewis's  was  an  iujreuious  modification 
of  the  dagufireotype  process,  in  which  a  thin  surface  of  silver 
applied  to  an  underlying  resinous  coating  whs  so  treated  sub- 
sequent to  the  photographic  image  being  produced  thereon,  by 
exposure  to  lii^iit  and  mercurial  fumes,  as  to  lay  bare  portions 
of  the  greasy  or  resinous  matter,  which  was  then  susceptible 
of  transfer.  No  specimens  or  contemporaneous  description  by 
either  method  is  known  to  be  extant.  The  following  embrace  all 
the  typicil  photolithographic  processes  at  present  known:  — 

1.  Lemercier,  Barreswill,  and  Lerebours  of  Paris  patented  in 
France,  Julv  3, 1^52,  a  method  which  consisted  in  an  application 
to  stone  of  N'ieephore  Xiepce's  very  early  experiments  to  pro- 
duce a  photo^^rap-iic  image  on  metallic  plates.  They  dissolved 
asphaltum  iu  etner,  and  coated  the  clean  stone  with  a  thin  var- 
nish of  the  same.  By  exposing  such  a  surfice  under  a  negative 
the  bifumeo  undergoes  a  slow  change,  becoming  insoluble  in 
the  parts  exposed  to  light.  A  subsequent  w.isiiiug  vvith  ether 
removes  the  unchanged  soluble  portions,  leaving  the  picture 
visible  upon  the  stone,  which  is  then  to  be  gummed,  rolled  up, 
ecchel,  and  printed.  (See  LiTHOGRAPnT.)  This  proce.^s  pre- 
ceded that  of  Macpherson  of  Rome  (^October  14,  1:532)  by  only 
a  few  months:  five  years  later  the  Imperial  printing-oflice  in 
Vienna  experimented  in  the  same  direction.     S^-e  IIeliotvpe. 

2.  Poiteviu,  of  Paris,  piteutej  in  Englind,  December,  ISoo,  a 
process  for  producing  pictures  on  stone,  bjsed  upon  Mungo 
Ponton's  discovery,  that  a  sheet  of  piper  saturjted  with  a 
solution  of  bichromate  of  potash  and  dried,  was  sensitive  to 
light.  Ponton,  without  ignoring  the  possible  action  of  the  sub- 
stance of  the  paper,  believed  this  liability  to  cliauge  to  be  in- 
herent iu  the  salt  itself,  but  Becquercl  subsequently  explained 
its  true  niture  as  depending  on  the  organic  character  of  the 
sizing  employed,  which  was  apparently  affected  by  the  chromic 
acid  set  five  by  the  action  of  light.  It  remaineJ,  however,  for 
Poitevin  to  discover  and  make  application  of  tue  great  fact 
that  orgiuic  matter  so  changed  repeis  water  and  has  an  affinity 
for  grease,  resembling  in  this  respect  the  behavior  of  a  litho- 
graphic drawing  on  stone.  Joseph  Dixon,  above  referred  to, 
published  this  fact  in  1854,  and  therefore  deserves  the  credit 
of  priority;  but  the  description  he  gives  of  his  experiment,  and 
the  suggestions  made  by  him,  though  embracing  much  of 
woat  was  afterward  elaborated  by  Poitevin,  are  hardly  suffi- 
cient to  displace  the  latter  as  the  inventor  of  a  typical  process. 

According  to  Poitevin's  description  of  his  process,  he  coated 
a  lithograpiiic  stone  with  a  mixture  of  albumen,  gelatine, 
gnm,  or  similar  organic  matter  (reilly  selecting  albumen),  and 
bichromate  of  potash.  He  then  dried  the  surface  and  exposed 
it  under  a  negative.  He  then  damped  the  stone,  rolled  up  with 
lithographic  ink,  etched,  and  printed.  It  may  be  here  remarked 
that  Dixon's  experiment  contained  the  gist,  though  unper- 
ceived  by  any,  of  the  recent  important  inventions  of  Tessie 
du  Motay,  Albert,  Edwards,  and  others,  inasnmch  as  he  really 
printed  from  an  organic  deposit  which  lay  between  the  ink  and 
t  le  stone.    See  Photo-mech.\sical  printing  ;  Carbon-prct  ; 

O   LATINE  PROC-SS;    HELIOTyPE. 

3.  Cutting  and  Bradford,  Boston,  Mass.,  patented  a  process 
in  England,  February  23, 1858,  and  in  the  United  SUates,  March 
16, 1858,  which  consisted  in  coating  a  stone  with  a  solution  of 
gum  and  bichromate  of  potash,  with  an  addition  of  sugar  ;  dry- 
ing the  same  and  exposing  under  a  transparent  positive.  After 
the  actinic  change  was  effected  they  wishei  tlie  stone  with  soap- 
water,  which  penetrated  only  the  pirts  unchanged  by  light, 
and  formed  there  the  lithographic  picture  susceptible  of  taking 
ink.  The  stone  was  then  Treated  according  to  the  U'Ual  litho- 
grap  lie  methods,  including  probably  its  etching  and  gumming. 

4.  AssLT  of  Amsterdam  patented  in  France,  in  1S59,  the  first 
transfer  process.  He  prepared  a  sheet  of  unsized  paper  or  of 
paper  shghtly  sized  with  starch,  with  a  solution  of  bichromate 
of  pota-sh,  dried  it  in  the  dark,  exposed  it  under  a  negative,  and 
then  washed  it  thoroughly  and  dried  it.  This  sheet  was  now 
subjected  to  a  high  temperature  on  a  metallic  plate,  then  again 
damped  as  a  lithographic  stone  would  be  damped  for  printing, 
and  rolled  up  with  transfer-ink.  The  parts  affected  by  light 
took  the  ink.iu  quantity  more  or  less  perfectly  in  proportion  to 
the  actinic  action.  The  sheet  was  then  dried  and  transferred, 
whereby  a  delineation  on  stone  w;is  produced.  This  was  rolled 
up  and  etched  in  the  usual  manner.  This  was  the  first  transfer- 
process,  but  did  not  prove  of  practical  value. 

5.  J.  \y.  Osborne  patented  in  Australia,  September  1, 1859, 
and  in  the  United  States,  June  25.  18*il,  a  transfer-process,  in 
which  he  prepares  a  sheet  of  paper  by  coating  one  side  with  a 
mixture  of  albumen,  gelatine,  and  bichromate  of  potja-^h,  and 
dries  it  in  the  dark.  This  is  exposed  under  a  negitive,  whereby 
a  visible  change  is  produced,  the  brilliant  yellow  of  the  sheet, 
due  to  the  salt  ofchromium,  being  changed  to  a  chestnut-brown. 
In  aililition  to  this  visible  change,  the  organic  matter  becomes 
insoluble.  A  coating  of  transfer-ink  is  now  applied  to  tlie  whole 
expose  I  surface,  by  passing  the  sheet  through  the  press  face 
down  upon  an  inked  stone.  When  the  sheet  is  removed  the 
photographic  picture  is  almost  invisible.    The  sheet  is  then 


I  floated,  ink  side  upward,  upon  hot  water,  the  action  of  which 
is  to  coagulate  the  albumen,  rendering  it  insoluble,  and  to  swell 
and  gelatinize  the  gelatine,  causing  the  part  affected  by  light 

1  to  appear  depressed  by  contrast.  The  sheet  of  paper,  so  floated, 
is  next  placed  upon  a  slab,  and  the  supertluons  ink  rubbed  off 
by  a  wet  sponge.  This  operation  develops  the  picture.  The 
sheet  is  then  washed,  dried,  and  transferred  to  the  stone  in  the 
usual  way.  The  coagulated  albunitn  forms  over  the  whole  sur- 
face of  the  paper  a  continuous  film  which  adheres  strongly  to 
the  stone  during  the  trauslVr-process,  preventing  any  shifting 

I  and  consequent  doubling  of  the  lines.  This  is,  for  all  practical 
purposes,  the  first  successful  photolithognipliic  procci^s,  and 
has  been  used  in  the  Crown-Lands  Survey  Office  of  Victoria  since 

^  September,  1859,  in  the  publication  of  maps.     Substantially  the 

I  same  process  is  used  in  the  Ordnance  Survey  Office  of  England. 
The  duplication  and  copying  of  drawings  for  the  United  Statis 
Patent  Office  has  been  for  some  years  performed  by  Osborne's 
process,  and  in  accuracy  and  speed  leaves  nothing  to  be  desired. 

6.  Hannaford  of  London,  in  August,  ISiJl,  suggested  a  trans- 
fer-process, which  he  never  put  in  practice,  but  the  essential 
features  of  which  were  subsequently  patented  in  England  by 
Toovey  in  1864.  A  sheet  of  pajier  was  to  be  prepared  by  a  solu- 
tion of  gum  and  bichromate  of  potash,  expoi-ed  under  a  nega- 
tive, and  then  transferred  damp  to  a  stone,  without  previous 
inking  The  gnm  passed  over  to  the  stone  on  all  portions  corre- 
sponding to  the  opaque  parts  of  the  negative,  and.  as  explained 
in  the  lithographic  process,  incapacitated  the  stone  at  such 
parts  for  the  reception  of  ink.  On  the  removal  of  the  sheet,  the 
application  of  the  roller  brought  up  the  picture,  which  was  then 
etched  and  printed. 

Direct  processes  upon  the  prepared  surfaces  of  stone  are  not 
now  used,  all  succe^^sful  photoUthographic  work  being  depend- 
ent upon  the  transfer- process.     See  LiTHuGitApar. 

Fho'to-me-chan'i-cal  Frint'ing. 

A  general  tt-rm  embracing  all  phoic-pro<  esses  in  which  a 
printing  surface  is  obtained  without  the  intervention  of  hand- 
engraving.  {See  Photo-ekgraving.)  The  piocesr^es  are  very 
various,  and  the  results  obtained  are  of  sevenil  kinds. 

1.  The  s II rj ace  printing,  allied  to  the  liihi'^a/'/iic^  includes 
alhertype,  p/ioCoUlhography ,  pholozineograpky.  See,  al.^o,  AuTO- 
ttpe;  C.iRD0N-PRr\Ti>c :  Gelatixe  Process;  IIeuotype. 

2  The  Ttiief-priniing  produces  plates  which  may  be  printed 
like  type,  and  mvlvide^  pkntogalvfiiios'aphy,  phoiotype. 

3.  The  intaglio  printing  includes  the  pliotoglyptic  process. 

4.  See  AVooDDUKv' Process. 

A  tucciuct  statement  of  gelatine  and  similar  organic  matter 
associated  with  bichi'omate  of  potash  in  photo-mechanical  pro- 
cesses may  be  given  as  follows  :  — 

1.  Mungo  Ponton,  18-39,  first  discovered  the  sensitiveness  to 
light  of  a  sheet  of  paper  treated  with  bichromate. 

2.  Becqueret,  1840,  determined  that  the  sizing  of  the  paper 
played  an  important  part  in  the  change. 

3.  Fox  Talbot,  1853,  discovered  and  utilized  the  insolubility 
of  gelatine  exposed  to  light  in  the  presence  of  bichromate. 

4-  Paul  Pretsch,  1854,  discovered  and  utilized  the  quality 
which  such  exposed  gelatine  pos.<esses  of  not  swelling  in  water. 

5-  Joseph  Dixon,  1854,  was  the  first  to  use  organic  matter  and 
bichromate  upon  stone  to  produce  a  photolithogr:iph. 

0.  Poiteviu,  1855,  was  the  first  to  recognize  the  fact  that  bi- 
chromated  orgoniic  matter  altered  by  light  took  the  greasy  ink 
from  the  roller. 

7.  Tessie  du  Motay  and  Marechal,  18i>4,  were  the  first  to 
print  from  a  photographic  image  on  bichromated  gelatine  as 
from  a  lithographic  stone. 

Pho'to-me-tal'lo-graplL      See    Photozinco- 

GK.\rH. 

Pho-tom'e-ter.  An  instrument  for  measuring 
tlu-  iiiteiLsity  of  light.      They  are  of  several  kinJs. 

1.  For  comparing  with  the  solar  light  by  allowing  a  small 
graduated  portion  only  of  the  solar  disk  to  be  seen.  —  Hutghejs. 

2.  By  the  interposition  of  dimmed  glasses.  —  Rumford. 

3.  By  a  comparison  of  distances  at  which  small  circles  on 
white  paper  are  visible.  — Celsius. 

4.  By  a  comparison  of  the  proportionate  force  of  two  differ- 
ent lights.  — Ri'MFORD,  BouGUER,  and  Lambert. 

a.  Ritchie's,  box  ivith  reflectors  and  two  parallel  images. 

b.  Dtslaurier's  parallel  lamps  and  images. 

c.  Bunsen's  reflecting  and  transmitting  screen  ;  an  opaque 
margin  and  translucent  center,  lights  being  on  opposite  sides. 

'/.  A  modification  in  which  the  screen  is  translucent  with  a 
still  more  transparent  central  disk. 
5    By  a  conijiarison  of  shadows.  —  Pbiestlet 

6.  By  polarization. —  Arago. 

7.  By  a  differential  thermometer  — Leslie. 

8.  By  a  comparison  of  illuminated  images.  — TVheatstone. 
The  photometer  is  used  for  measuring  the  illuminating  power 

of  gas.  The  standard  of  gas  varies  according  to  statute,  or,  in 
some  places,  custom.  Some  gas  corporations  have  no  apparent 
standard,  and  drive  anything  through  the  mains  which  will  turn 
the  meter  and  not  poison  the  people  too  rapidly. 

The  standard  of  the  London  gas  companies  (and  this  is  under- 
stood to  be  professedly  the  same  witti  the  Metropolitan  Gas 
Company,  of  Xew  York)  is  that  the  gas  when  burned  at  the 
rate  of  five  cubic  feet  per  hour  shall  give  a  light  equal  to  the 
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burning  of  fourteen  spermaceti  candles,  each  consuming  120 
grains  iu  the  same  time. 

1.  Iluyghons,  in  m:iking  a  relative  estimate  of  the  compara- 
tive iuteur^ities  of  the  suulight  and  that  of  Sirius,  employed  a 
tube  having  !t  very  small  aperture  at  one  end,  iuto  which  was 
inserted  a  miuute  globular  leus,  which  allowed  only  Vstiw^^'^ 
part  of  the  solar  disk  to  be  seen,  lie  found  that  this  small  por- 
tion atVorded  a  ligLit  equal  to  that  of  the  star,  aud  therefi-om 
concluded  that  the  star  was  27,664  times  more  dist-int  than  the 
sun;  a  conclusion  from  arbitrary  premises. 

2.  One  pholumeitr  of  Count  Itumford  consisted  of  a  number 
of  pieces  of  dimmed  glass,  which  were  placed  iu  succession  iu 
front  of  the  iigJt  until  the  li^ht  was  no  longer  visible.  Tue 
relative  intensity  was  determined  by  the  number  of  pieces  re- 
quired to  m  ike  the  light  disappear. 

Fig.  368:i  shows  a  tube  a  inclosing  an  inner  sliding  tube  b, 
one  half  of  which  is  graduated  and  the  otaer  has  an  opeuiug 
for  the  insertion  of  a  slip  of  glass  g-,  photographically  gradu- 
ated in  color  from  transparency  to  total  blackness. 

The  outer  tube  is  held  so  that  the  aperture  c  is  presented  to 
the  light,  wlxich  passes  through  the  slip  ^aud  is  reflected  to  the 

Fig  3682. 
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eye  end  of  the  tube  by  the  mirror  within  it.  The  di'ftance 
which  the  tube  must  be  drawn  out  to  render  tlic  light  visible 
measures  its  intensity  and  is  indicated  by  the  graduations. 

3  The  photometer  of  Celsius  consisted  in  observing  the 
greatest  disUmce  from  tin'  <'\e.  on  which  small  circles  pamted 
on  paper  were  distimtlv  visihtc  in  different  lights. 

4.  Count  Ilumford,  l'rir<tli-y,  Houguer, and  Lambert  all  gave 
their  attention  to  this  subject  and  eUcited  tlie  following  prin- 
ciple :  — 

Though  the  eye  cannot  judge  of  the  proportionate  force  of 
different  lights,  it  can  distinguish  with  considerable  precision 
when  two  similar  surfiices  presented  together  are  equally  illu- 
minated, or  when  the  shailows  of  an  opaque  object  thrown  upon 
them  by  different  lights  an'  efm;illy  dark. 

Ritchie's  apparatus  is  fmindnl  iipon  the  former  idea  (Bou- 
guer's) ;  the  lights  to  be  cmiipared  being  separately  received  by 
mirrors  set  at  an  angle  of  45'^  iu  a  box  with  a  blackened  interior 
surface  and  reflected  therefrom  to  adjiicent  disks  of  oiled  paper 
so  that  their  compirative  luminosity  may  be  compared.  When 
one  excels  the  other  it  is  retre;ited  until  an  equality  of  luminous 
etTect  is  establishe  1  The  values  are  then  as  the  squares  of  the 
distances  from  the  rcHectors. 

Bouguer's  phntoiiu-trr  (ui>pcr  figure)  is  sub.-:tanti!il]y  similar, 
the  rays  of  the  luniiti'uis  nlij.Tts  to  he  coniparcil  bcinir  directed 
into  two  funnels  ami  inipiii;.'iiig  upon  two  disks  of  uniform  trans- 
luconcy.  The  comparison  is  made  as  in  the  former  case.  The 
views  are  respectively  a  section  and  an  elevation. 

h  is  a  simple  apparatus  on  the  same  principle,  formed  by 
simply  bending  a  card.  The  lights  to  be  enmpnred  are  placed 
so  that  each  shall  be  reflected  ft-om  a  single  fare  of  the  card,  so 
as  not  to  interfere  with  the  other.  The  reflections  are  viewed 
through  a  tube  placed  on  the  prolongation  of  the  line  bisecting 
the  angle  of  the  f  ices. 

Another  form  of  the  lis.ht  comparison  is  adopted  in  some  gas- 
works wliere  the  lights  to  be  compared  are  throwu  upon  opposite 
Bides  of  a  screen  interposed. 


This  is  Bunsen's  photometer,  which  depends  for  its  action 
upon  the  combination  of  reflected  and  transmitted  light. 

"  The  rays  fi-om  the  two  lights  to  be  couipiired  uie  received 
on  tiie  opposite  siles  of  a  screen,  one  part  of  which  is  white 
and  nearly  opa<iue  and  the  other  part  transluoeut.  When  the 
rays  of  a  singte  flame  only  strike  against  one  side  of  the  screen, 
those  portions  tiirough  which  the  light  passes  seem  dark  and 
the  opaque  parts  bright.  But  the  opposite  effect  i^  pioiluced 
when  viewed  from  tiie  back  of  the  screen,  for  then  the  opaque 
part  seems  dark  and  the  translucent  part  light.  On  lighting  an- 
other flame  on  the  opposite  side  of  the  screen,  the  dark  part  is 
iiiuniinated  while  the  light  passes  through  the  other  portion 
aud  adds  but  little  to  its  brightness.  Thus,  the  part  that  is 
bright  on  one  side  is  dark  on  the  other,  and  the  converse.  If 
t)Uf  light  on  each  side  of  the  screen  be  equally  powerful,  the 
dark  part  will  nearly  disappear,  for  the  reflected  and  transuiitted 
lights  combine  to  illuminate  both  surfaces  equally.  This  effect 
is  produced  by  shifting  the  screen  toward  the  feeble  light,  and 
by  siiuaring  the  distauce  from  each  the  relative  illuminating 
power  of  the  two  is  ascertained."—  Clegg. 

5.  The  form  of  photometer  founded  upon  the  comparison  of 
shadows  has  been  ascribed  to  Count  Kuudbrd  aud  tol>r.  Priest- 
ley.    The  latter  describes  it  as  follows  :  — 

**  When  two  lights  of  varying  intensity  shine  upon  the  same 
surface  at  equal  obliquities,  aud  an  opaque  body  is  interposed, 
the  two  shadows  produced  differ  in  blackness  or  intensity  in 
a  similar  degree."  The  shadow  produced  by  intei-ceptiug  the 
greater  light,  being  illumined  by  the  lesser  only,  the  other 
shadow  would  be  less  intense  aud  the  strongest  light  would 
have  the  deepest  shadow.  Thus,  when  two  lights  are  to  be 
compared,  they  should  be  so  placed  that  a  ray  from  each  should 
fall  with  the  same  angle  of  incidence  upon  the  middle  of  asheet 
of  pjiper  ;  by  interposing  some  opaque  object  the  two  shadows 
it  occasions  may  be  made  to  lap  over  each  other  ;  then,  if  the 
lights  are  ivmoved  from  or  brought  nearer  the  paper,  -mtil  all 
the  shadows  are  of  the  same  inten>ity,  it  will  be  foiimi  that,  the 
amount  of  light  emitted  by  each  will  be  as  the  squares  of  Cue 
distances  trom  the  paper. 

6.  Arago's  photometer  is  founded  on  the  properties  of  polarized 
light 

*'  When  two  lights  are  to  be  compared,  the  rays  from  each 
are  polariued  by  causing  them  to  piiss  through  a  plate  of  tour- 
maline cut  parallel  to  the  axis,  or  by  reflecting  them  f.  oin  a 
plate  of  glass  on  which  they  fall  at  the  polarizing  angle.  They 
are  then  received  ou  a  plate  of  ruck  crystiU,cut  perpemlicularly 
to  the  axis,  and  observed  through  a  doubly  refracting  prism. 
Each  light  will  thus  give  two  iumges  tinged  with  the  comple- 
mentiiry  colors.  The  images  are  then  brought  iuto  such  a 
position  that  the  red  of  one  falls  over  the  green  of  the  other. 
If  the  two  lights  be  equal  in  intensity,  this  superposition  will 
produce  a  white  image  ;  if  unequal,  the  image  will  be  slightly 
colored  with  red  or  green,  according  as  the  one  or  the  other 
predominates,"  —  Bbande. 

This  ingenious  contrivance  has  been  ratlier  a  curiosity  than  a 
practical  apparatus,  as  it  is  complicated,  aud  requires  consider- 
able trouble  in  the  manipulation. 

7.  Leslie's  pin  it.  niictcr  is  constructed  on  the  assumed  principle 
that  light  is  couvertibk-  into  heat.  The  differential  thermom- 
eter with  a  black  and  a  clear  bulb  is  placed  under  a  ease  and 
successively  exposed  to  the  lights  under  experiment,  the  rise  of 
the  thermometer  being  observed. 

8.  Wheatstoue's  photometer  has  a  small  convex  reflector, 
which  affords  bright  images  of  the  two  Uglits  under  comparison. 
By  causing  the  bead  to  traverse,  two  parallel  lines  of  light  are 
formed  and  the  comparison  rendered  more  easy.  The  lights  ai'e 
adjusted  as  to  distance  till  the  images  have  equal  luminosity. 

A  substitute  for  the  pliotometer  has  been  proposed  in  the 
bromine  test,  which  removes  from  gas  the  vapors  upon  which 
its  luminosity  depends.  See  "  Ure,"  Vol.  I.  p.  439,  American 
edition. 

Pho'to-mi-cog'ra-phy.  At  the  time  when  pho- 
togrjiphy  Viegan  to  attract  attention,  ett'oits  were  nuule 
by  Donne  to  depict  niicroscopic  objects  by  the  Da- 
guerrean  process,  which  did  not,  however,  yicUl  sat- 
i.sfaotory  results.  Tlie  ne^-  process  of  photograpliy, 
however,  in  the  hands  of  such  experiiuenters  as  l^io- 
fessor  Gerlacli  of  Krhangcn,  All)ert  of  Munich,  and 
Dr.  K.  L.  JIaddox  of  Soutliainpton,  was  more  suc- 
cessfully employed  for  tliis  pur[)ose.  In  America, 
the  chief  expcrinienters  have  been  Trofcs-sor  (».  N. 
Kood  of  Columbia  College,  Mr.  Lewis  N.  liutlieifoid 
of  New  York,  aud  CoU)uel  J.  J.  Woodward  of  the 
United  States  Army  Metlicul  Museum.  The  latter  has 
devoted  much  attention  to  the  subject,  ami  luxs  suc- 
ceeded iu  carrying  the  ])roeess  to  a  high  degree  of 
perfection.  In  lt>61.  Professor  Rood,  in  a  paper  pub- 
lished in"  Silliman's  Journal,"  described  the  process 
as  then  employed  by  him,  by  which  he  had  succeeded 
in  obtaining  pliotograplis  of  diatoms  and  other  ob- 
jects maguiiied  from  460  to  1,300  diameters,  using 
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direct  sunlight  and  employing  ordinary  achromatic 
objectives  with  or  without  eye-pieces. 

Mr.  Rutherford,  in  expeiiments  on  stellar  photog- 
raph}*, had  employed  an  achromatic  objective  having 
its  crown  and  Hint  glass  lenses  so  combined  as  to 
give  a  local  length  about  t\,  less  than  that  proper  for  ■ 
vision,  so  as  to  obviate  dispersion  of  the  actinic  rays 
and  bring  them  accurately  to  a  focus.  He  suggeste*! 
the  application  of  this  jirinciple  to  the  microscope. 
Colonel  Woodward,  taking  the  subject  up  at  this 
point,  perseveringly  experimented,  bringing  the  pro- 
cess to  the  higli  state  of  practical  perfection  in  wliich 
it  Ls  now  employed  at  the  Army  Medieal  Museum. 
The  general  features  of  this  system  consist  in  dis- 
pensing with  a  camera  and  the  non-use  of  ground- 
glass. 

The  operating-room  has  two  windows,  through  one  of  which 
sufficient  yellow  light  is  admitted  to  enable  the  operator  to 
work ;  the  lower  piirt  of  the  other  window  is  provided  with  a 
shutter  14  inches  high,  the  upper  part  being  blackened  In 
the  shutter  is  a  hole  in  which  is  inserted  a  tube  a,  through 
which  the  solar  light  retlected  from  a  plane  mirror  b,  or.  prefer- 
ably a  helio^tat,  is  thrown  upon  the  achromatic  condenser  of 
the  microscope ;  the  microscope  c  is  placed  on  a  shelf  at  the 
window  of  the  dark  room,  and  the  light  reflected  through  tlie 
tube,  which  is  provided  with  an  achromatic  lens  of  about  10 
inches  focal  length,  is  thrown  upon  the  achromatic  condenser. 
d  is  the  focusing  device  ;  g/,  the  negative-holder  and  its  stand. 
For  powers  from  2('0  to  5(Kt,  a  i  g-inch  objective  without  au  eye- 
piece is  u,-;ed,  the  power  being  varied  by  increasing  or  diminish- 
ing the  distance  of  the  sensitized  plate  froui  the  instrumeut. 
A  cell  filled  with  ammonio-sulphate  of  copper,  which  absorbs 
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Woodiear(Vs  Microphotographic  Apparatus  {with  Solar  Light). 

the  non-actinic  rays,  is  interposed  between  the  large  lens  and 
the  condenser,  and  a  hood  is  drawn  around  the  instrument  to 
prevent  leakage  of  lijrht  into  the  room. 

For  objects  m-.iguified  less  than  500  diameters,  the  time  of 
exposure,  being  less  than  a  second,  is  regulated  by  a  sliding 
shutter  placed  before  a  slit  in  front  of  the  microscope,  the  width 
of  the  slit  being  adjusted  to  correspond  with  the  required  length 
of  exposure.  For  powers  between  500  and  1,500,  a  i,,,.-iuch 
objective  is  employed,  dispensing,  in  general,  with  an  eye-piece 
or  amplifier,  iind  placing  the  sensitized  plate  a-t  a  distance  not 
exceeding  3  to  4  feet  from  the  microscope.  In  the  case  of 
objects  having  very  minute  details,  however,  it  is  frequently 
advantageous  to  employ  an  eye-piece  or  amplifier,  rather  than 
enlarge  a  negative  taken  with  a  smaller  power. 

Though  natural  sunlight  is  to  be  preferred,  it  may  be  some- 
times necessary,  when  this  is  wanting,  to  employ  artificial  iilu- 
mination  :  for  this  purpose,  theelectric.  the  magnesium,  and  the 
oxycalcium  lights  liave  been  used  with  success.  Of  these,  the 
electric  light  is  the  best,  and  for  its  production  Dr.  W.  employs 
a  Duboscq  lamp,  operated  by  a  battery  of  50  small  Grove  ele- 
ments, 10  in  a  cell 

The  magnesium  light  affords  an  ilhimination  similarto  white- 
cloud  light,  or  that  of  the  sun  after  passing  through  ground 
glass,  and  is  well  a'laptcd  for  photographing  soft  tissues  with 
powers  less  than  1.000  diameters  :  tbereare  no  interference  phe- 
nomena, but  with  powers  exceeding  1,000  diameters  the  time  of 
exposure  becomes  inconveniently  long. 

Fig.  3(384  shows  the  arrangement  employed.  The  magnesium 
lamp  a  stands  on  a  shelf  fastened  to  the  wall :  the  comlenser  *• 
concentrates  the  light  on  the  achromatic  condenser  of  the  mi- 
croscope c,  which  stands  on  a  table  e  supported  upon  three  lev- 


Microphotographic  Apparatus  {ivith  Magnesittm  Lamp). 

eling  screws.  The  image  received  on  the  plate-holder  s  supported 
on  the  table  /  is  photographed  precisely  as  in  fhe  case  of 
the  electric  light.     The  same 


focusing  apparatus  d  is  em- 
ployed, and  the  ammonio- 
sulphate  cell  is  invariably  in- 
serted. See  Dr.  Woodward's 
articles,  "  American  Journal 
of  Science  and  Arts,''  Vol. 
XrjI.  (Second  Series),  pp. 
189-195.  Also '-Reports  to 
the  Surgeon  -  General," 
1870-71. 

Fi^  3685  shows  a  photo- 
mierographicapparatus  from 
Otto  Buchler's  "  Atelier  und 
Apparat  des  Photographen  " 
fit  represents  the  mirror,  6 
the  object-holder,  r  the  mi- 
cro.«cope,  and  d  the  dark- 
chamber,  on  top  of  which  Is 
the  plate-holder.  The  ad- 
justments are  three:  one  for 
the  object-holder,  one  for  the 
microscope,  and  a  third  for 
giving  the  dark-chamber  the 
proper  vertical  elevation. 
The  arrangements  shown  at 
Figs.  3683,  3684,  are.  how- 
ever, undoubtedly  preferable. 
See  also  Micrograph;  Mi- 
CR0P.\NT0GRAPe :  Nobert's 
Plates  ;  Microscope. 


Fig.3iiS5. 


Microphotographic  Apparatus 
from  Buckler. 


Pho'to-pro'cess-es. 

Calotype 


Photography. , 


Photo-mechanical 
processes  


Daguerreotype. 
Ambrotype. 
Silver  printing. 
Collodion. 
Carbon  printing. 

I  Photo-relief 
Photo-engraving     Photo-intaglio. 
I  Woodburytype. 

Photolithography ;  Photozincograph. 


Photo-gelatine  printing  (CoUography.) 

Pho'to-re-lief  En-grav'ing.  Properly,  one  in 
which,  hy  photographic  means  and  suh-serjiient  nia- 
nijiulations,  a  printing  surface  is  obtained  which 
.stands  above  the  general  level  to  receive  the  ink  and 
may  be  printed  as  type  or  woodcuts. 

Paul  Pretsch,  November  9,  1854,  prepared  a  surfiice  of  bi- 
chromated  gelatine  with  other  less  essential  chemicals,  and 
exposed  under  a  transparent  positive.  By  plunging  this,  after 
exposure,  into  water,  the  unaUered  gelatine  swells  into  relief, 
forming  a  surface  which  maybe  copied  by  the  gtilvanoplastic 
or  stereotype  process  to  form  a  relief-printing  process.  Also 
known  a.'^  a  Photo-galv\nogr\ph  (which  see). 

Poitevin,  December  13,  1855.  had  a  process  substantiallv 
similar,  using  plaster  hardened  with  protosulphate  of  iron  to 
obtain  a  cast. 

Osborne  and  Robertson,  in  1860,  transferred  the  photolitho- 
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graphic  transfer-sheet  to  ziuo  and  etched  the  zinc  to  make  a 

"ui«a  about  18G6,  coated  the  back  of  a  transparent  positive 
with  Sel'atine  and  bichromate,  allowing  it  to  gelatinize  only, 
not  to  dry  exposed  from  the  face,  and  finally  washed  away  the 
unaltered  irelatine,  leaving  a  number  of  depressions,  correspond- 
in  '  to  the  positive  parts  of  the  picture.  A  casting  was  made 
from  this  in  the  electro-bath  or  by  stereotype. 

Woodbury's  process,  though  called  plwlo-relirf,  scarcely  comes 
within  the  definition.     See  Woodbukv  Process. 

Pho'to-scope.  Au  iustrmneiil  or  ajiparatus  for 
e.vhil.itiui,'  iiliotiiLjriiphs. 

Pho'to-sculp'ture.  M.  Villeme,  an  eminent 
Fivncli  ,-.cul|it(ir,  is  credited  with  the  invention  of 
tliis  ingenious  process. 

Tlie  subject  to  be  modeled  stands  in  a  circular 
chamber,  while  from  24  circular  a])ertures  in  the 
wall  provided  with  as  many  jihotographic  apparatus 
24  photograiihs  are  taken,  giving  that  number  of 
poi-traits  from  different  points  of  view.  By  this 
means,  the  sculptor,  having  24  photographs,  repre- 
senting the  subject  from  as  many  dilferent  points  of 
view  (all  taken  at  once),  has  hut  to  turn  the  block 
of  clay,  after  each  operation,  .A  of  a  revolution,  and 
then  cut  in  correspondence  to  the  next  profile  as 
traced  by  the  pantograph  on  the  clay.  After  the 
block  has  completed  a  revolution  it  is  transformed 
into  a  solid  figure  of  the  24  photographs. 

Expeilition  and  accuracy  are  secured  by  this 
meiins,  but  no  doubt  it  would  and  does  disgust  one 
of  tlie  old  school  almost  as  much  as  taking  a  cast 
from  life  and  using  the  ca.st  as  a  pattern  in  a  "  pat- 
tern" lathe  to  turn  a  bust  out  of  the  marble  by 
automatic  dpvires  and  steam-power. 

Pho'to-type.  (Photngrttphij.)  A  general  term 
for  jn-oeesses  in  which  sun-pictures,  or  light-pictures, 
as  the  name  indicates,  are  made  printing-surfaces 
and  thus  become  the  means  of  multiplying  pic- 
tures. 

The  term  has  been  specially  applied  to  the  follow- 
ing process  :  — 

Au  impression  on  a  plate  in  raised  characters  derived  from  a 
tran.slcr  obtained  by  the  photozincographic  proce.ss.  The  ori- 
ginal manuscrilit  or  page  of  type  is  photographed,  treated  with 
ink,  washed  aud  transferred  to  the  plate,  which  is  then  bit  in, 
BO  as  to  depress  the  surface  at  points  not  protected  by  the  ink. 
(See  Pa0T0ZlNCOG:t.iPHY.)  For  an  analogous  process,  see  Photo- 
GLVpaic  Engr.ivino.  The  resulting  plate  has  a  salient  mipres- 
siou,  and  is  printed  from  as  with  ordinary  type. 

Pho'to-vit'ro-type.  {Photography.)  A  light 
picture  priutcil  on  glass. 

Pho'to-zin-cog'ra-phy.  A  process  for  tlie  pro- 
duction of  delineations  on  zinc  by  the  aid  of  light, 
from  which  im|)ressions  can  be  printed  after  the 
manner  of  zincography.  This  method  of  producing 
and  printing  facsimiles  is  identical  with  photolithog- 
rapliy,  save  in  the  fact  that  zinc  plates  are  substi- 
tuted for  stone. 

Cutting  and  Bradford,  as  well  as  Osborne,  contemplated  the 
prnilurtiiiii  nt"  the  printable  picture  on  zinc,  as  well  as  on  stone  ; 
the  I;itler  pru.Uiced  copies  of  maps  in  this  way  in  March,  IStJO. 
To  Col.  Sir  Henry  James,  however,  the  credit  is  due  of  giving  to 
a  process  on  zinc,  elaborated  by  the  employees  of  the  Southamp- 
ton Map  Office,  considerable  prominence  and  importance.  This 
process  resemViles  .\sser's,  but  only  to  the  extent  that  a  trans- 
fer is  employed.  In  its  details  it  is  identical  with  O.sborne's 
(omitting  the  use  of  albumen).  Both  these  invent(u-s  anticipated 
James,  and  jmblished  elaborate  descriptions  of  their  processes. 

The  SoutlKuii]ititn  office  has  made  a  very  useful  application 
of  photozincngrapliy  for  the  production  of  old  historical  manu- 
scripts,such  as  '•  Donie-sday  Book '"and  similar  documents;  but 
the  quality  of  the  results  obtained  does  not  appear  to  have 
reached  a  degree  of  excellence  which  would  justify  the  extended 
application  of  the  process  to  the  production  of  maps. 

The  only  advantage  which  photozincography  possesses  over 
the  analogous  processes  on  stone  is  the  lightness  and  cheapness 
of  the  jilates.     See    LiTBOGa.^Puv;    Pa0TOLiTU0GR.\PHV ;   aud 
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Phthon-gom'e-ter.    A  measurer  ot  vowel  quan-    j^^jtiy^  t^^,  supreme  piaiw-foru. 
tity.     (WiiicwiiLL.)     He  refers  to  Kempelen's  and'     '  •  -  -. ^■..»- 


Willis's  talking-machines,  in  which  acoustic  sounds 
were  made  to  assume  "articulate  differences,"  "  ex- 
hiliiting  the  relation  among  the  vowels." 

Phys'e-ter.  -V  filteriiig-niachine  consisting  of  a 
tub,  with  a  perforated  jilatform  about  half-way  up. 
The  air  is  withdiawn  from  the  lower  portion,  and 
the  pressure  of  the  atmos])here  forces  the  liquid 
througll  the  partition.      See  PiiESSrRE-FILTF.R. 

Pi-'a'no-for'te.  (.I/hsi'c.)  An  instrument  with 
a  key-board  and  metallic  .strings  put  in  motion  by 
liammeis.  Its  usual  compass  is  about  seven  octaves. 
Its  music  is  written  on  two  difierent  clefs  at  once, 
the  F  clef  for  the  left  haml,  the  G  clef  for  the  right 
hand. 

Its  strings  are  stretched  u]ian  a  har)i-.sliaped 
frame,  and  are  struck  by  hammers  moved  by  keys. 
The  strings  are  of  grailuated  length,  thickness,  and 
tension  ;  are  stretclied  over  bridges,  and  fastened  at 
their  respective  ends  to  pegs  aud  tuning-pins,  and 
are  arranged,  two  or  three  to  a  note,  in  a  plane 
parallel  to  the  sounding-board,  by  which  their  sono- 
rous vibrations  arc  inopagated  and  enhanced.  It 
is  distinguished  from  its  predecessors  in  tlie  .same 
class  by  having  a  hammer  to  strike  the  string  ;  the 
hammer  being  mo\-ed  through  the  intervention  of  a 
jack,  and  retiring  from  the  string  immediately  after 
delivering  its  blow. 

"  The  piano  is  now,  beyond  all  question,  the  first  of  musical 
instruments,  both  to  the  profession  and  to  the  cultivated  classes 
of  society."  —  TH.U.BERO. 

Another  might  say  the  organ,  so  far  as  power  and  capacity 
and  variety  of  expression  are  concerned 

In  tracing  the  ri.-e  and  i.rogress  of  the  instrmncnt  whose 
qualities  warrant  such  exalted  praise,  we  shall  have  to  go  hack 
to  the  primitive  stringed  instruments  which  had  a  few  strings, 
representing  as  many  notes  aud  tuned  in  unison  or  harmony, 
as  the  case  may  be,  with  a  degree  of  skill  depending  upon  the 
ear  and  attaininents  of  the  performer. 

We  may  fairly  suppo.se  that  the  first  instrument  of  this  kind 
was  played  by  the  fingers.  In  process  of  time,  as  it  was  discov- 
ered that  either  thickness,  length,  or  tension  would  effect  the 
object  of  a  difference  of  tone,  the  frame  would  assume  a  some- 
what triangular  shape,  the  longer  strings  being  the  nearest  to 
one  side,  to  which  all  the  strings  were  iiarallel. 

We  have  then  arrived  at  the  harp,  which  must  have  been 
used  for  ages  before  it  attained  the  splendid  proportions  and 
finished  appearance  of  those  found  represented  in  a  tomb  of  the 
time  of  Rameses  III. ,1235  B.C.  These  figures  are  called  Bnue's 
/larpers,  from  their  discoverer,  and  are  illnstrattd  under  the  sec- 
tion treating  of  that  instrument.    Sec  Harp. 

The  Old  Testament  Scriptures  abound  in  the  names  of  instru- 
ments of  the  harp  kind  ;  the  (»;«,  the  putllerij,  and  instruments 
of  10  strings.  The  Egyptian  harps  had  ft-oni  4  to  14  strings  as 
long  ago  as  Amosis,  about  1570  B.C.,  9011  years  before  Terpander. 
The  form  of  the  harp-frame,  as  we  have  seen,  arose  from  the 
mode  of  varying  the  tone  by  giving  different  lengths  to  the 
strings,  which  were  of  catgut  or  tendons  ;  to  this  was  added 
another  variation  by  the  thickness  of  strings.  At  a  very  early  age, 
still  anothei-  mode  of  varying  the  tone  was  discovered ;  this  was 
by  pressing  on  the  string,  and  thus  temporarily  shortening  it, 
rai.-ing  the  tone. 

We  have  thus  arrived  at  the  guitar,  which  was  common  in 
E"vpt.  We  find  it  represented  on  the  temple  and  sepulchral 
paintings  of  Thebes,  on  the  obelisk  brought  from  Egypt  by 
Augustus,  and  which  was  placed  on  Gnglia  Rotta  at  Rome; 
al.so  on  the  sculptures  of  Nimroud.  These  guitars  had  necks, 
but  no  frets.  The  ^lilar  is  in  name  and  fact  closely  allied  to 
the  harp,  its  Greek  name  klllima  being  the  original  of  the  word 
guitar,  and  meanujg  an  instrument  of  the  harp  kind.     See 

The  ''and  of  the  modem  Arabs  is  much  like  the  ancient 
Egyptian  guitar ;  a  neck  without  frets,  a  hollow  oval  body,  and 
perforated  sounding-board  The  tumng-pins  of  the  Egyptian 
instrument  are  clearly  shown  on  the  obelisk  imported  by  Au- 
gustus and  upset  by  the  Constable  Bourbon  m  162 1. 

After  thelinrp  and  its  congeners,  the  ^uitnr  kind,  who.sc  strings 
were  vibrated  by  the  fingers  and  thumb,  or  by  a  plectriml,  we 
find  the  stringed  instruments  diverging  in  two  directions  a 
device  being  employed  in  each  case  to  vibrate  the  strings.  We 
regard  the  plertrmn  as  being,  in  the  maiu,  merely  a  mode  ot 
saving  the  fingers. 

The  two  devices  referred  to,  which  characterize  separate  lam- 

ilies  of  stringi'd  musical  instruments,  are  the  bow  and  the  liam- 

ytier     Of  the  first,  we  have  the  vinliii  series  :  viola,  rtoltii,flo- 

loncllo ,  violotie.  or  i/oiM'  -bass.    Of  the  hammer  series,  we  have 

sinfU,   clai-irkord,  hammfr-harpsichorti,  and, 

^-.._,, ...,- \e  piano-forte. 

Of  the  bow  series,  the  instruments  have  necks  and  the  strings 
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are  capable  of  sounding  various  notes  by  being  stopped  to  varv 
their  length?. 

Of  the  hammer  series,  the  strings,  like  those  of  the  harp,  ex- 
press but  one  note  each,  and  are  numerous  accordiugiy-  Tbe 
harp  »ras.  for  convenience,  laid  prostrate,  but  retained  it^  shape 
as  it  does  practically  to  the  present  day. 

We  shall  have  to  notice  two  variations  presently  :  one  in  the 
Stt'>s:itMiim  of  quiU- jacks  for  the  hammer^  the  other  in  uprighl- 
ing  the  harfh^frnine^  as  in  the  upright  piano 

The  boio  series  divaricates  from  our  present  subject,  and  we 
dismiss  it. 

First  of  the  hammer  series,  we  notice  the  dulcimer.  This  has 
a  seritrs  of  strings  tuned  to  the  chromatic  scale,  and  having  a 
compasj  of  two  or  more  octaves.  The  strings  are  stretched  over 
a  briJge  at  each  end  of  the  bos-cover,  which  forms  the  sound- 
ing-board. The  hammfrs  are  pellets  of  cork  on  the  ends  of 
elastic  rods  held  in  the  hand?  of  the  pvrfonuer.  This  may  be 
the  psaltery  of  the  Hebrews  :  it  is  hard  to  tell. 

The  citole,  or  little  chest,  was  a  box  with  stretched  strings 
which  were  playcl  by  the  fingers. 

Now  for  a  long  step :  The  first  stringed  instrument  in  which 
the  hammers  were  mechanically  operated  seems  to  have  been  the 
clavicytherhtm,  or  keyed  cilhara  {clavis,  a  key)  (See  consecu- 
tive statement  accoinpan>ing  Plate  XL.  piige  lt^2  )  In  this 
illustration  of  the  sequence  of  instruments  are  also  shown  the 
clavichord  or  mimoehord  and  the  virginal^  all  of  which  pre-  ' 
ceded  the  spiiift,  harpsichor/l,  hammer-harpsichord,  aud  fortf-  \ 
piano,  as  it  was  first  named.  Keys  were  app.ied  to  org;ms  in 
the  eleventh  century:  centuries  before  t  ley  were  used  on 
stringed  instruments  by  Guido,  of  Arezzo,  who  originated  the 
clavicytlterium,  or  hyed  dthara. 

The  history  of  the  piano-forte,  as  we  have  seen,  involves  the 
early  history  of  stringed  instruments,  as  the  piano  is  but  a 
prostrate  harp  «ith  strings  in  groups  and  struck  by  keys. 

Plate  XL.  shows  the  series  of  improvements,  be^nning  with 
the  lyre,  the  invention  of  which  is  credited  to  Hermes  (Mer- 
cury). 

Fig.  a  is  from  an  Egyptian  tomb  at  Beni  Hassan,  the  paint- 
ing being  supposed  to  represent  the  arrival  of  Joseph's  family 
in  Ezypt,  the  tomb  being  contemporary  with  that  event,  b  is 
from  a  lyre  in  the  Berlin  Museum,  which  Is  perfect  except  as  to 
its  striuL's.  c  is  a  drawing  from  a  punting  in  Thebes,  showing 
the  use  "f  the  invention  </  is  a  square  lyre  from  a  painting  in 
Uercul  meum,  the  figure  holding  a  plectrum,  e  is  a  bow-shaped 
twt-Ive-striuged  harp,  from  an  Egyptim  painting  copied  by 
Wilkin>on  /*  is  from  an  Egyptim  picture  representing  a  fig- 
ure playing  on  a  harp  mth  triangular  frame  and  perpendicular 
strings.  (See  H\RP,  for  cut  of  Bruce's  hai  pers. }  g  isamediL-val 
cithnra.  h  U  a,  psaUeriitm,  from  an  illuminaledMS.  of  the  four- 
teenth century,  i  is  a  dulcimer,  from  the  •'  Musurgia  sen  Praxis 
Musici^,"'  by  Ottomarus  Luscinius,  StrasBurg,  1536,  The 
dulcim*T  of  old  .\s.'*yria  had  strings  of  varying  lengths  passing 
over  the  sounding-board,  and  was  slung  by  a  strap  in  front  of 
the  performer  while  marching.  It  was  played  by  a  plectrum.  It 
is  known  as  the  kanoon  by  tae  Arabs  and  Persians,  who  twang 
the  lamb"s-gut  strings  with  small  plectra,  one  attached  to  the 
forefinger  of  each  hand.  The  dulcimer  played  with  mallets  is 
used  in  rural  fetes  on  the  Continent  of  Europe,  and  knosvn  as  a 
hackbret  {haclcbnard ,  or  chopping-board,  the  shape  of  which  it 
resembles);  saekbut,  in  our  translation  of  Daniel.  7,  a  citole, 
fr^m  a  dni%ving  preserved  in  the  British  Museum. 

"  A  ci/ofe  in  hire  right  hand  hadde  she." 

CfliUCEH. 

k,  a  clavicytherium,  or  keyed  cithara,  which  had  quilleil  plectra 
attached  to  the  keys;  the  strings  were  of  catgut.  The  illustra- 
tion is  from  the  "  Musurgii,"  just  cited.  The  clavicluird ,  also 
known  as  the  monochoj^ .  was  a  square  instrument,  and  had 
keys  on  which  were  vertical  pieces  of  brass  pin-wire  which 
conld  be  pressed  against  the  strings,  which  were  also  of  bra.'^s. 
These  pins,  therefore,  formed  wrest-pins  for  the  strings,  which 
vihnited  only  while  the  key  was  held  down,  a  close  damper  be- 
ing fixfd  behmd  which  acted  upon  the  string  when  quitted  by 
the  pill,  the  key.  in  fact,  forming  one  of  two  bridges,  bet.veen 
which  the  strings  ribrated.  This  instrument  playe"!  an  imj>or- 
tant  pirt  in  the  history  of  music  for  six  hundred  years.  It  was 
Bach's  favorite  instrument :  it  formed  part  of  Mozart's  traveling 
equipment.  It  is  said  by  Blount("  Glossographia,"  165»i)  to  be 
so  named  "  because  the  strings  are  wrested  up  with  a  clacts,  a 
key."  I  is  the  flarirymf/al,  in  which  the  strings  are  disp^ised 
harp  fashion.  Its  strings  are  of  steel  wire,  sounded  by  quill 
plectra  on  the  keys.  The  illustration  is  from  the  '"  Musurgia.*' 
m  is  the  manir/torde,  from  a  drawing  by  Mersennus.  1636.  It 
was  a  superior  form  of  rlai'tchord,  with  49  or  5(t  keys  and  70 
string',  which  rested  on  5  bridges,  some  of  the  strings  being  in 
unison.  It  h^d  a  hammer  of  brass  and  a  cloth  damper  to  stop 
t'ae  ribr.ition  after  the  note  had  been  struck.  It  wan  long 
and  narrow,  and  the  sounding-board  took  up  half  the  length  of 
the  instrument,  n  is  a  virs^iital,  taken  from  a  stained-glass 
window  of  the  Elizabethan  period.  It  hatj  strings  of  various 
lengths,  one  to  each  note,  of  iron  or  steel.  The  strings  were 
Btruck  by  small  pieces  of  quill  affixe<l  to  minute  springs  a^ljusted 
in  the  upper  part  of  the  jacks,  which  were  planted  in  the  keys 
and  directed  perpendicularly  upon  the  strings.  The  name  is 
dffrived  from  the  instrument  being  deemed  suitable  for  girls,  or 
from  its  being  used   in  accompanying  hymns  to  the  Virgin. 


oisatriangnlari'iVgr'na/firomthe  '"  Sj-ntagmaMusicum  ■"  of  Prse- 
torius.  The  instrument  is  frequently  mentioned  in  works  and 
inventories  of  the  fifteenth  and  sixteenth  ceuturies.  Shake- 
speare refers  to  it.  p  is  a  curious  drawing  of  an  upright  virginal 
from  a  collection  of  pen-and-ink  drawings  of  ancient  musical 
instruments,  executed  at  the  latter  end  of  the  sixteenth  cen- 
tury. The  virginal  of  Mary  Queenof  Scots  was  of  oak  inlaid  with 
cedar  and  elaborately  ornamented  with  figures  of  warriors,  ladies, 
and  birds.  The  colors  are  yet  bright,  q  is  the  spittft,  named  from 
spina,  a  thorn  or  quill,  the  tone  being  produced  by  a  crow's 
quill  inserted  in  the  tongue  of  the  jack.  As  described  by  Mer- 
sennus ("  Harmonicorum,"  Paris,  1636)  it  had  49  strings,  of 
which  the  lower  30  were  made  of  lattcn  (flat  bra.es  wire)  and 
the  remainder  (19)  of  steel  or  iron.  The  note  depended  on  the 
size  of  string  and  tension,  there  being  one  note  for  each  string, 
and  but  5  or  6  sizes  of  strings.  The  fpitiet  was  always  trian- 
gular, and  had  the  wires  carried  over  a  bent  bridge  ;  the  strings 
of  the  virginal  usually  went  direct  to  the  screw-pegs.  The 
illustration  is  from  Bonanui's  "  Gabiuetto  Armonico,"  4to, 
Home,  1722.  r  is  the  harpsichord,  which  is,  in  fact,  a  large- 
sized  spinet,  but  it  differed  from  the  latter  and  from  the  vir- 
ginal in  having  two  strings  to  a  note.  The  illustration  is  from 
the  work  of  Mersennus  just  quoted.  "  The  action  of  the 
harpsichord  was  simply  a  key  and  what  i<  called  a  jack, 
which  is  a  piece  of  pear-tree  with  a  small  movable  tongue  of 
holly,  through  which  a  cutting  of  crow-quilt  was  passed  to 
touch  the  string  when  the  jack  was  in  action."  (Bcrnet.) 
Thus  the  mechanism  of  the  jack  was  similar  to  that  in  the 
virginal  and  spinet.  Hans  Ruckers  joined  to  the  two  strings 
in  unL-son  a  third  one  of  shorter  and  finer  range  tuned  an  octave 
above  the  others.  He  mounted  his  instruments  partly  with 
catgut  strings  and  partly  with  steel  wire  :  he  added  a  second 
key-board  to  reach  but  a  single  wire,  and  extended  the  com- 
pass to  four  octaves.  Pedals  were  introduced  about  the  middle 
of  the  eighteenth  century,  to  work  stops,  as  they  were  termed 
(pedals  were  previously  used  on  oi^ns). —  the  forte  stop, 
which  raised  the  dampers:  the  so/t  step,  whicli  partly  stopped 
the  vibrations  of  the  strings:  and  the  buff  stop,  which  inter- 
posed a  layer  of  cloth  or  soft  buff  leather  between  the  strings 
and  the  jacks.  Tarquin  of  Paris  first  substituted  buff  leather 
for  the  quills  in  1768.  Schobert  had  a  double  tier  of  strings 
with  additional  sounding-board.  Wicglet  introduced  metallic 
tongues  in  1724  :  Silbcrmann,  a  mechanism  like  the  clavichord 
to  strike  the  string  at  its  midiength,  by  which  the  harmonic 
sounds  were  heard  at  the  same  time  the  whole  string  was 
sounded.  Stein  invented  the  vis-a-vis,  or  double  harj.K*ichord, 
which  was  played  by  a  performer  at  each  end.  Bumey  refers 
to  a  transposing  harpsichord  of  1760  :  "By  drawing  out  the 
keys  the  hammers  are  transferred  to  different  strings,  by  which 
means  a  composition  is  transposed  half  a  note,  a  whole  note,  or 
a  flat  third  lower  at  pleasure."  In  1730  Harris  took  an  Eng- 
Ush  patent  for  his  harpsichord,  *'  with  two  sets  of  strings,  on 
which  may  be  played  either  one  unison  or  two ;  or  two  unisons 
and  an  octave  together,  and  the  Fortes  and  the  Pianos,"  etc. 
Plenius,  in  1741,  also  refers  to  the  "  forte  and  piano  "'  capacity 
of  his  instrument.  In  1774,  the  patent  of  Merlin  described  a 
"new-invented  kind  of  compound  harpsii-hord,  in  which,  be- 
sides the  jacks  with  quills,  a  set  of  hanuner?  of  the  nature  of 
those  used  in  the  kind  of  harpsichords  called  piano-forte,  axe 
introduced,*'  etc. 

The  hammer-harpsichord,  so  called  from  the  substitution  of 
hammers  for  plectra,  was  the  first  pintio-forte,  and  invented 
by  Cristofori  of  Florence,  1711.  It  had  a  row  of  leather-topped 
hammers,  which  vibrated  on  a  rod  and  struck  the  string  firom 
below.  A  projection  on  the  hanuner  near  its  axis  was  struck 
by  "  a  tongue  of  wood  placed  upon  a  lever  that  meets  the  key 
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A,  Bartolomineo  Cristofori  of  Florence,  1711. 

B,  Mason,  London,  1755.       C,  single  action. 
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From  the  Lyre  0/ Egypt,  2000  b.  c,  to  the  Harpsichord  of  the  lith  Century  a.  d. 
•  CFroiti  authentic  sources,) 


See  page  1601. 
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and  that  is  raised  by  it  when  pressed  by  the  key."    (See  Rim-  i 
bauit's  "  Piano-forte,"  London,  1860  )     A  long  description  by 
Scipioue  Maflfei  and  a  cut  were  pubiished  in  the  '*  Gioruale  de" 
Litterati  d'  Italia,"  Venice,  1711  {Tom.  V.  p   144). 

In  A,  Fig.  368ti :  a,  string;  6,  frame  of  key-board  :  ,c,  key 
with  a  pud  on  the  end  which  comes  beneath  the  lever  e,  which 
has  a  jack  or  hopper  to  force  the  hammer  o  upward  when  the 
key  is  depressed;  m,  the  hammer  rail;  r,  the  damper  which 
leaves  the  string  when  the  key  is  touched  aud  returns  when  the 
pressure  on  the  key  is  remoTed.  The  hammer  is  leather-faced, 
aud  is  caught  by  a  silken  string. 

Mirius  of  Paris  submitted  four  of  bis  instruments  for  exam- 
inatioii  by  the  Academy  of  Sciences  iu  1716,  calling  them 
clavecins  dtfiaillets.  The  hammers  had  leathern  faces,  aud  iu 
one  the  hinged  hammer  was  impelled  against  the  string  by 
the  key  and  retreated  from  it,  although  pressure  on  the  key 
remained- 

Schr6ter''s  claim  dates  in  171S.  The  hammer  was  leather- 
heided  aud  moved  on  a  pivot,  and  rested  near  it**  axis  upon  a 
leatiier-headed  pin  screwed  into  the  farther  end  of  the  finger- 
key.  When  the  key  was  struck,  the  hammer  was  thrown  up 
agiinst  the  string  and  then  retreated,  allowing  the  string  to 
vibrate.  A  clothed  hammer  being  made  to  strike  the  strings, 
the  jarlc  no  longer  acting  as  a  hammer,  but  transferring  the 
motion  of  the  key  to  the  hammer,  making  the  jack  a  liammer- 
lifler  instead  of  a  striker. 

In  each  of  these  cases  the  particular  value  of  the  invention 
was  the  command  possessed  by  the  player  of  giving  a  sound 
more  or  less  forcible  by  the  force  of  the  blow  on  the  key,  —  a 
thing  scarcely  possible  in  the  spinet  and  harpsichord,  where 
the  string  was  twanged  by  a  passing  crow-quili.  The  ability  to 
moilnlate  the  sound  was  spoken  of  as  capacity  iot  forte  or  piano 
eflfects,  and  the  transposed  words  iu  the  article  in  the  Venetian 
journil  (1711),  quoted  above,  which  speiks  of  "the  piano  and 
forte  "  as  beiug  heard,  and  also  "gradations  and  diversity  of 
power,  as  in  a  violoncello,"  refer  to  the  same  versatility  of  ex- 
pression. 

The  immfi  forte-piano  occurs  in  Hirris's  EagUsh  patent,  1740, 
but  tlie  instrument  was  a  harpsidiord. 

Silbermaun  made  two  himmer-harpsichords  in  1736.  His  in- 
struments, called  forte-pianos,  were  played  by  Bach  at  Freder- 
ick the  Great's  palace  at  Potsdim.  Uacb  regarded  them  as  too 
coirse,  aud  preferred  the  clavii^horl,  "  waich  was,''  as  Forkel 
says  in  his  Life  of  Bach,  "  poor  in  tone,  bat  on  a  small  scale  ex- 
tremely flexible."'  After  Silbermann  came  his  pupil  Stein,  upon 
whose  piano-fortes  Mozart  so  loved  to  play  (1777).  Frederici,  a 
fello.v-pupil  of  Stein's,  male  the  first  siiuire  piano. 

The  farther  history  of  the  piano  iutro  duces  the  name  of  Se- 
bastian Erard  of  Strasburg,  who  invenr.L'd  the  escapement,  which 
effected  precision  iu  the  sEroke  of  the  hammer.  He  died  in  1831. 
Ignace  Pleyel,  another  notel  m  iker  of  pianos  in  Paris,  died  the 
same  year.  Zump6  made  bwgc  numbers  in  England,  1766,  and 
following  years.  Tae  movement  invented  by  Mason,  an  English 
clergy m  m,  about  1755,  is  shown  at  B(fc'ig.  3iS6).'  a  is  the  key 
rocking  on  a  rounl  bar  and  kept  in  place  by  a  pin;  (/  is  the 
mallet  with  a  hinge  of  vellum  ;  /  is  the  string  ou  which  rests 
the  damper  ^,  except  when  the  key  is  depre^sel,  raising  the 
pin  i  beneath  the  dam  pi?  r- lever,  whit'h  has  a  vellum  hinge.  The 
names  of  Bro.idwooJ,  Stodird,  and  Collard  are  familiar  as 
Engli:*h  inventors  and  makers  in  sneceeding  years.  Gieb,  in 
1786,  invented  the  grasshopper  action.  In  America,  we  have 
Steinway  and  Chickering,  Knibe  and  many  others,  who  have 
made  improvements  in  details  of  construction  and  produce  in- 
struments of  a  high  class. 

The  illustration  ( C,  Fig.  S^%)  shows  what  is  known  as  the 
simple  action,  in  which  the  hammer  h  is  hinged  to  a  bar  and  is 
operated  by  the  lifter  b  on  the  inner  end  of  the  key  k.  At  the 
extreme  end  of  the  key  is  the  sticker,  which  raises  the  damper 
d  when  the  key  is  struck.  As  the  key  is  restored  to  its  normal 
position,  the  damper  falls  and  hushes  the  sound  of  the  string  s. 

The  damper  existed  previously  in  the  clavichord,  but  was 
not  movable  vertically  so  as  to  leave  the  string  when  the  ham- 
mer struck 

The  piano-forte,  as  such,  was  introduced  to  the  English  pub- 
He  on  the  stage  of  Covent  Garden  Theater  in  1767.  On  a  play- 
bill of  that  date  occurs  the  following  :  — 

"  For  the  B-ne/ii  of  Miss  Bricklsr,  16'/i  of  Jllav,  1767.  At 
the  end  of  the  first  act  Mi*s  Brickler  will  sing  a  tUvorite  song 
from  '  Judith,' accompanied  by  Mr.  Dibdin  on  a  new  instrument 
called  the  piano-forte  ''' 

From  this  time  its  success  was  assured,  and  the  harpsichord, 
makers  changed  their  movements,  substituting  hammers  for 
plectra,  percussion  for  twan^in^. 

"  There  are  three  forms  of  the  piano-forte,  viz. ,  the  grand  and 
the  square,  in  which  the  strings  are  placed  in  a  liorizontal  posi- 
tion, and  the  upri'^ht,  in  which  the  strings  are  vertical 

"  The  form  of  the  grand  piano  is  the  same  as  that  of  the  harp- 
sichord, and  w.as  suggested  by  the  varying  length  of  the  strings. 
Tills  form  is  well  adapted  to  the  introduction  of  the  best  kinds 
of  mechanism,  and  is  always  chosen  for  first-class  instruments. 
Each  note  is  produced  by  the  simultaneous  vibration  of  three 
strings  ;  but,  in  order  to  lessen  the  cost  of  the  in?truinent,  a 
form  of  grand  piano  has  been  constructed,  in  which  there  are 
but  two  strings  to  each  note  ;  such  are  the  bi-gmnd  and  semi- 
grand.  There  are  also  boudoir  or  cottage  grands,  which  have 
shorter  strings  and  occupy  less  room. 


"  The  form  of  the  square  piano  is  oblong  rectangular,  the  same 
as  the  German  clavichord,  and  is  probably  the  first  shape  in 
which  the  piano  appeared.  It  remained  an  inferior  instrument 
until  the  mechauism  of  the  grand  was  introduced  intt»  it,  thus 
leading  to  the  variety  called  grand-square.  It  is  difficult,  in 
this  instrument,  to  strengthen  the  framing  Rufiiciently,and  the 
oblique  position  of  the  action  with  respect  to  the  strings  and 
keyboard  is  also  an  objection;  nevertheless,  this  form  is  the 
best  substitute  for  the  grand. 

"  The  upright  piano  was  patented  by  Stodart  in  England  in 
1705.  It  was  at  first  a  grand,  set  on  end,  raised  on  legs  two  or 
thi'ee  feet  above  the  floor,  and  struck  at  the  lower  end.  This, 
the  upright-grand,  &s  it  was  termed,  was  unwieldy  from  its  great 
hight,  and  was  superseded  by  the  cabinet,  invented  by  South- 
well in  IdOl,  in  which  the  frame  was  brought  down  to  the 
floor  and  the  blow  given  at  the  upper  end  of  the  strings  by 
means  of  levers  and  long  vertical  rods  communicating  from  the 
key  to  the  hammer.  It  formed  an  elegant  piece  of  furniture, 
and  continued  long  in  favor.  Still,  however,  its  great  hight 
(6  feet)  and  length  of  action  were  unfavomble  to  delicacy  and 
ease  of  touch.  About  1812,  Mr.  Robert  Wornum  introduced 
an  upright  piano-forte ,  the  hight  of  which  was  from  4  to  5  feet ; 
this  was  the  harmonic,  a  name  afterward  changed  to  cottage. 
In  1827,  its  hight  was  still  farther  reduced  to  3t  feet  from  the 
floor,  forming  the  piccolo,  which  has  served  jls  the  model  for 
many  others  of  different  names  and  about  the  same  size."  — 

TOMLOSOX. 

The  square  piano  is  much  more  generally  used  than  any  other 
in  this  country,  while  in  England  and  on  the  Continent  the 
cottage  form  appears  to  meet  with  most  favor. 

The  piano-forte  comprises  four  distinct  parts:  the  Jraining 
tind  sounding-board;  tlie  stringing;  and  the  striking  mechan- 
ism, or  action. 

The  framing,  having  to  resist  the  tension  of  all  the  strings, 
equivalent  in  a  full-sized  grand  piano  to  a  force  of  about  25,000 
pounds,  requires  to  be  made  of  great  strength. 

It  was  formerly  constructed  solely  of  timber ;  the  strings 
were  looped  at  one  end  around  studs  driven  mtoa  block  of  wood 
termed  the  string-block,  their  other  ends  being  wound  around 
a  series  of  iron  icrest  pins,  inserted  into  another  piece  termed 
the  wrest-plank.  These  were  separated  by  a  trussed  framing, 
arranged  so  as  to  resist  as  completely  as  possible  the  t<-ndeuey 
of  the  strings  to  draw  these  two  parts  together.  It  was,  however, 
found  that,  owing  to  the  great  strain,  even  the  most  seasoned 
timl>er  was  liable  to  become  distorted,  causing  the  instrument 
to  get  out  of  tune.  This  defect  also  precluded  the  use  of  heav- 
ier strings  for  the  purpose  of  increasing  the  power  of  the  in- 
strument. As  a  remedy,  the  system  in  general  use  of  combin- 
ing wood  and  metal  in  the  framing  was  invented.  This  was 
adopted  in  part  by  Broadwood  in  1808,  and  in  1820  Stodard 
patented  the  first  complete  system  of  metallic  bracing,  also  in- 
cluding a  means  of  counteracting  the  expansion  and  contraction 
of  the  strings  under  varying  temperatures  by  means  of  a  series 
of  tubes  which  expanded  or  contracted  simultaneously  with 
them,  but  in  an  opposite  direction. 

The  general  features  of  the  combined  framing  of  wood  and 
metal,  as  applied  to  a  grand  piano-forte,  consist  in  attaching 
the  studs  to  which  the  rear  ends  of  the  striugs  are  secured  to 
an  iron  plate  curved  to  the  form  of  the  hollow  side  of  the  instru- 
ment, and  called  the  string-plate.  From  this  metallic  bars  ex- 
tend parallel  with  and  above  the  striugs  to  ttie  v:r^st-planh. 
The  bars  are  firmly  connected  at  their  ends  to  the  string-plate 
and  wrest-plank,  "and  secured  at  iutervals  througliuut  their 
length  to  the  timber  Iraming  below,  to  which  the  .^^t ring- plate 
is  also  firmly  fastened;  both  the  bars  and  string-i>late  are  usu- 
ally of  wrought-iron  or  steel.  Seasoned  and  well-dried  oak  glued 
up'in  several  thicknesses  to  insure  greater  permanence  of  form. 
is  employed  for  the  wooden  parts  of  the  framing. 

The  cast-iron  string-frame  is  credited  by  the  English  writers 
to  Pleyel  &  Co.  of  Paris. 

In  order  to  enable  the  hammers  to  strike  the  wires,  an  open- 
ing is  necessary  completely  across  the  wooden  framiug  under 
the  strings;  this  is  spanned  by  small  thin  arches  of  metal 
abutting  on  one  side  against  the  wrest-plank  and  on  the  other 
a'^ainst  a  transverse  rail,  called  the  bellyrail,  which  forms  a 
portion  of  the  main  body  of  the  framing,  taking  the  thrust 
caused  by  the  ten>ion  of  the  wires.  Of  late  years,  framings  en- 
tirely composed  of  metal  have  been  extensively  employed  iu  the 
United  States. 

Owing  to  the  wide  and  deep  space  required  for  the  keys  and 
action  in  square  pianos,  the  strengthening  is  eflected  by  bolt- 
ing down  the  wrest-plank  and  .^triug-plate  upon  a  strong  bed  of 
timber  extending  from  beneath  the  keys,  so  as  to  form  the  bottom 
of  the  instrument  One  or  more  metallic  bars  above  the  strings 
also  extend  from  the  wrest-plank  to  the  string-plate.  Framings 
exclusively  of  iron  arc  also  used  in  this  class  of  instruments. 

The  upright  piano  requires  no  aperture  for  enabling  the  ham- 
mers to  strike,  and  i*s  framing  is,  therefore,  simply  sustained 
by  vertical  bars  at  the  back  of  the  instrument,  to  which  the 
w"rest-plank  and  string-plate  are  attached,  and  which  receive 
the  force  exerted  by  the  tension  of  the  strings  in  the  direction 
of  their  length.  Iron  braces  behind  these  are  sometimes  added, 
or  tliev  are  replaced  by  metallic  tubes. 

ThQ  sou}i'ling-board  or  b-^Uy  is  a  boarding  of  light  wood  about 

one  fifth  of  an  inch  thick,  occupying  in  agrand  piano  the  whole 

'  area  of  the  instrument,  in  a  square  piano  about  two  fifths  of 
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its  length,  placed  below  the  strings,  or,  in  upright  instruments, 
behind  them.  It  must  be  math-  uf  wood  free  from  knots  or  im- 
perfections, and  cut  in  a  particular  direction  of  the  grain.    Its 

Fig.  3687. 


Finno-Fortf.  Actions. 


edges  are  attached  to  the  fVaming.  leaving  its  middle  free  to 
vibrate  under  the  impulse  received  from  the  strings.  It  is 
supported  by  bars  glued  on  to  its  bock ;  but  if  these  are  made 


eufflciently  strong  to  resist  the  t«npion  of  the  strings,  it  is  so 
stiffened  as  to  prevent  the  requisite  vibration  ;  if  otlicrwise, 
it  is  gradually  forced  out  of  shape  so  that  its  »urfuee  Itecomes 
curved,  impairing  the  tone  of  the  instrument.  To  remedy 
this,  Mr.  DreajH'r  of  Liverpool  applied  hollow  chambers  to  the 
back  of  the  soundiug  board,  adjusted  to  any  desired  pressure 
by  screws. 

HI.  I'ape.for  this  purpose,  placed  the  sounding-board  at  the 
lower  side  of  u  fniuie  to  Mie  upper  part  of  which  the  strings  are 
attached,  so  that  their  etfrct  should  be  to  extend  rather  than 
compress  the  sound-board.  This  arrangement  also  admits  of 
its  being  made  of  larger  size,  so  as  to  increase  the  resonance. 

The  pitch  of  a  note  dei)euds  on  the  number  of  vibrations 
conmiunicated  to  the  air  in  a  given  time. 

lu  the  piano-forte  the  vihrntions  of  the  various  strings,  their 
intensity  of  sound,  and  their  quality  or  timbre,  are  regulated  in 
three  ditferent  ways:  by  varying  their  length,  their  weight,  or 
their  tension.  It  is  an  established  fact  that  of  two  strings  of 
equal  weight  and  tension,  one  which  is  half  the  length  of  the 
other  produces  a  sound  an  octave  higher,  the  intermediate  notes 
between  these  being  produced  by  strings  varying  in  length 
according  to  a  scale  which  has  been  ascertained  by  experiment. 

The  same  result  nmy  be  attained  by  varying  tlie  tension  ;  in 
this  ca.«e,  the  vibrations  are  in  proportion  to  the  square  root  of 
the  force  employed  in  stn?tching  the  strings.  In  strings  of  the 
same  length  and  tension,  but  differing  in  weight,  the  vibrationa 
are  in  direct  inverse  proportion  to  the  respective  weights  of  the 
strings.  The  relative  pitch  may  be  obtained  by  either  of  these 
modes,  but  in  practice  the  piano-forte  maker  adopts  them  all, 
in  order  to  produce  the  proper  timbre  and  volume,  as  well  as 
the  required  pitch. 

In  a  grand  piano-forte  there  are  fourteen  different  thicknesses 
of  steel  wire,  tho.«e  for  the  bass  being  wrapped  with  thin  copper 
wire,  and  each  diminishing,  but  not  uniformly,  in  icngth  and 
tension,  as  well  as  in  thickness,  from  the  lower  to  the  upper 
notes.  Three  strings  were  formerly  employed  for  each  note  in 
the  grand  pianp  and  two  in  the  upright.  Latterly,  however,  it 
is  common  to  have  but  two  strings  for  each  middle  and  one  for 
each  lower  note  in  the  grand  piano.  Uprights  have  usually  two 
strings  for  each  note. 

In  1827,  Messrs.  CoUard  patented  a  mode  of  applying  the 
strings,  differing  from  that  previously  in  u.«e ;  it  con.si.*ted  in 
employing  but  one  hitch-pin  of  double  the  usual  size,  and  pass- 
ing the  string  from  one  tuning-pin  to  the  other  around  this 
hitch-pin  in  one  continuous  piece  of  ^vire.  By  this  the  wires 
are  prevented  from  twisting,  and  it  obviates  the  danger  of  their 
snapping  at  the  noose  around  the  hitch-pin. 

Another  improvement  consisted  in  giving  the  string  an  up- 
ward bearing  at  the  striking  end  by  employing  perforated  plates 
instead  of  the  common  form  of  bridges  over  which  tlu'  string 
passed,  the  distance  between  them  ri-gulating  the  length  of  its 
vibrating  part.  The  tree  end  of  the  string  was  extemlcd  up- 
wardly after  passing  through  the  perforated  bridge,  so  that  the 
upward  blow  tf  the  hammer  tended  to  force  it  against  its  seat 
in  the  bridge,  instead  of  lifting  it  therefrom,  as  before. 

Wornum,  in  1S19,  reduced  the  strings  to  a  uniform  size  and 
tension,  wrapping  those  of  the  lower  notes  with  wire  to  pro- 
duce a  lower  tone. 

This  system,  though  possessing  some  advantages,  never  came 
into  general  use. 

The  mechanism  by  which  the  impulse  is  given  to  the  key  by 
the  finger  of  the  performer  is  termed  the  action.  Those  first 
employed  were  of  the  simple  construction  just  described,  known 
as  single  action.  In  this  the  hammer  would  not  reach  the 
string  unless  the  key  was  struck  with  considerable  force,  so 
that  it  was  impo.«sibIe  to  play  very  plana,  while,  if  it  was  at- 
tempted to  remedy  this  defect  by  bringing  the  hammer  nearer 
the  string,  there  w:is  danger  of  its  not  falling  back,  technically 
called  blocking.  This  dithculty  was  obviated  by  the  invention 
of  the  hopper  (6,  Fig.  3tj87).  This  is  an  upright  jointed  piece 
attached  to  the  back  end  of  the  key.  which,  when  the  key  is 
pressed  down,  engages  in  a  notch  on  the  under  side  of  the  ham- 
mer, lifting  it  so  near  that  a  very  slight  additional  pressure 
causes  it  to  strike  ;  at  this  moment  the  upper  joint  of  the  hop- 
per coming  in  contact  with  a  fixed  button,  escapes  or  hops  from 
the  notch,  allowing  the  hammer  to  fall  away  from  the  string. 
This  is  termed  the  double  action,  and  still  continues  to  be  used 
in  square  and  upright  piano-fortes.  In  case  the  key  was  struck 
with  too  much  force,  however,  the  hammer  was  liable  to  rebound 
from  the  bed  on  to  which  it  fell  and  strike  the  string  a  second 
time,  impairing  the  tone  of  the  note.  To  remedy  this,  a  pro- 
jection, the  cluck,  was  fixed  to  the  back  end  of  the  key,  catch- 
ing the  edge  of  the  hammer  as  it  fell  and  preventing  it  from 
rising  again.  These  actions,  however,  did  not  admit  of  the  same 
note  being  struck  twice  in  succes-sion  until  the  key  had  ri^en  to 
its  original  position,  so  that  the  hopper  could  again  engage  in 
its  notch.  Various  contrivances  have  been  devised  for  enabling 
the  quick  repetition  of  the  same  note,  all  of  which  effect  the 
object  by  holding  the  hammer  up  close  to  the  string,  while  the 
key  rises  so  that  the  hopper  may  sooner  engage  with  it  and 
repeat  the  note  with  less  effort  of  the  finger  and  greater  rapidity. 

Fig.  3ti?7,/l  illustrates  the  square  piano-forte  action  with  the 
Irish  damper,  so  called  from  its  inventor  Southwell,  an  Irish- 
man ;  and  B,  the  operation  of  the  check  and  crank-damper,  a 
is  the  key;  6,  the  hopper;  c,  the  string;  rf,  Irish  damper;  rf', 
crank-damper;  «,  under-hammer ;  /,  hammer;  and  g,  check. 
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The  common  grand  action  is  shown  at  C.  D  represents  Broad- 
wood's  grami  action,  and  E  the  improvement^  tht-retu  by  South- 
well, «,  key;  6,  lever;  c,  button:  '/,  check;  e,  damper ;_/", 
string :  g,  crank  for  damper ;  A,  damper  pedal-litter ;  i  i  i  i, 
rails  and  socket:  k,  spring;  I,  hammer;  m  n,  bUx-k  parsed 
through  the  hammer-butt  ;  o,  a  spring  pressing  a^inst  n,  so 
that  when  the  lever  passes  the  notch  in  the  foot  of  the  hammer 
it  is  caught  by  wi,  retaining  the  hammer  at  the  proper  htght ; 
p,  a  ppriog  which  determines  the  force  with  which  the  hammer 
shall  strike. 

Collard's  (properly,  Stewart's  grand  action  is  shown  at  F. 
a,  key;  6,  hopper:  c,  button;  d,  hopper-spring;  e,  hammer; 
y,  chick ;  g,  hammer-rail ;  A,  damper  j  t  i,  rails ;  ^,  crank  for 
damper  :  /,  damper  pedal-lifter. 

G  is  Erard's  grand  action  a,  key:  6,  lifter;  f.  hopper-lever; 
rf,  hopper;  e,  hammer-sust^iining  lever  ;  y",  spring  st*»p  ;  ^.hop- 
per-button; fi,  butt  against  which  the  hopper  strikes;  (',  t.vo 
small  wire  stops  which  act  against  e  ;  k  k-,  springs  acting  upon 
hammer-lever  and  hopper-lever ;  /,  check;  m  ?«,  leaden  balance- 
weights  ;  H,  damper;  o,  hammer;  /),  hopper-rail. 

In  addition  to  these  may  be  cited  two  actions  of  Wornum's, 
designed  for  upright  pianos;  the  first,  H, known  as  the  i/n/r/HP, 
and  the  second,  /,  as  the  double  or  piccolo  action.  In  the  first, 
a  is  the  key;  b,  hopper;  c,  string:  //,  hammer-rail;  e,  ham- 
mer;  y",  damper  and  wire ;  g^, damper-rail ;  /i, ruler:  ii,springs. 
In  the  l-itter,  or  double  action,  a  is  the  key;  6,  hopper  and 
springs  ;  r,  hammer  ;  d,  hammer-rail ;  e,  tie  and  wire  ;  _/",  check  ; 
gg,  damper  and  wire;  A,  setting-off  screw. 

Many  other  forms,  based  on  general  principles  similar  to  those 
illustrated,  have  been  devised  by  inventors  both  in  Europe  and 


Steimvay's  Piano-Forte 
ActioTts. 


a  bow  by  the  parchment ;  and  so  it  is  intended  to  resemble  sev- 
eral vialls  played  on  with  one  bow,  but  so  basely  aud  harshly 
that  it  will  never  do."' 

The  self-acting  piano  has  a  pin  cylinder  turning  horizontally 
on  its  axis,  acted  upon  a  coiled  spring,  and  regulat«'d  by  a  fly- 
wheel. The  pins  have  a  determinate  arrangement  on  the  ryUn- 
der,  like  those  of  a  barre.-orgiin  or  musical  box.  and  act  upon 
levers  which  actuate  the  hammers.  Certain  adjustvieuts  are 
made  for  piano  and  forte  effects.  Rolfe's  English  patent  speci- 
fies a  number  of  improvements. 

Tim  violin  attachment  for  piano- fortes  ^as  patented  in  Eng- 
land about  thirty  years  since  by  Todd.  It  is  attached  in  addi- 
tion" to  the  usual  h;mimer  action,  and  is  brouj^bt  into  use  aa 
required,  being  intended  to  confer  upon  the  j-trings  the  violin 
tone,  as  a  pleading  variation  or  accessory.  This  is  effected  by 
the  pressure  of  the  foot  of  the  player  upon  a  pedal,  which  puts 
in  motion  au  end.e^s  baud  covered  with  ret-in,  the  band  being 
made  to  rub  against  tae  particular  wire  appertaining  to  the 
key  which  is  depressed  by  the  finger  of  the  player. 

A  writer  has  taken  the  trouble  to  give  the  actual  material 
used  in  constructing  a  piano-forte :  In  an  ordinary  instrument 
there  are  fifteen  kinds  of  wood,  namely,  pine,  maple,  spruce, 
cherry,  walnut,  white.vood,  apple,  basswood,  birch,  mahogany, 
ebony,  holly,  cedar,  beech,  and  rosewood,  from  Honduras,  Cey- 
lon, England,  South  America,  aud  Germany.  In  this  combi- 
nation, elasticity,  strength,  pliability,  toughness,  resonance, 
lightness,  duraVjiiity,  and  beauty  are  individual  qualities,  and 
the  general  result  is  voice.  There  are  also  usid  of  the  metals, 
iron,  steel,  brass,  white-metal,  gun-metal,  and  lead.  There  are 
in  an  instrument  of  seven  and  a  half  octaves  214  strings,  mak- 
ing a  total  length  of  787  feet  of  steel  wire,  aud  oOO  feet  of  white 
(covering)  wire.  Such  a  piano  will  weigh  from  9iJ0  to  1,000 
pounds,  and  will  last  with  constant  use  (not  abuse)  fifteen  or 
twenty  years.  The  total  manufacture  of  pianos  in  New  York 
alone  averages  15,CKK)  per  annum.  —  Exchange. 

Fig  3689  illustrates  an  instrument  patented  July  11, 1871, 


Fig.  3689. 


America.  Prominent  among  these 
is  the  improvement  of  I'ape, which 
consists  in  placing  the  action 
mechanism  above,  instead  of  be- 
low, the  sounding-board,  so  that 
the  blow  of  the  hammer  acts  on 
the  string  from  above,  and  no 
opening  is  required  in  the  sound- 
boird;  by  this  arrangement  a 
superior  quality  of  tone  is  pro- 
duced and  the  strength  of  the 
instrument  incre:ised. 

In  this  the  hammers  are  placed 
nnder  the  keys,  and  are  ivorked 
from  their  front  ends  immediately  ' 
below  the  part  struck  by  the  fin-  , 
gers,  so  that  the  thrust  is  tnins-  ; 
mitted  directly   downward  in   a  | 
nearly   vertical   direction.     This 
arrangement  also  allows  longer 
strings  to  be  employed  in  propor- 
tion to  the  length  of  the  case,  or 
a   shorter    case   with   the    same 
length  of  string,  than  in  the  usual 
piano-forte  actions. 

/  K  are,  respectively,  the  hori- 
zontil  aud  upright  piano-forte 
actions  of  Steinway  and  Sons. 

Others  might  be  mentioned 
would  space  permit,  embracing 
the  peculiir  constructions  of 
instruments  whose  fame  is  wider 
than  the  continent,  such  as  the 
Chiekering.  Knabe,  U'eher,  Ual- 
let  and  Davis,  Schomacker.  and 
i  others.  On  the  stringing  and 
construction  of  pianos,  see"  Lebr- 
buch  des  Pianofortebasses,"  Wei- 
mar, 1S72. 

In  Pepys's  diary,  October,  lfit>4, 
another  form  of  stringed  instru- 
ment played  by  keys  is  thus  de- 
scribed :  — 

"To  the  musique  meeting  at  the  post-office,  where  I  was 
once  before.  And  thither  anon  come  all  the  Gresham  College, 
and  a  great  deal  of  noble  company  ;  and  the  new  instrument 
was  brought  called  the  Arched  Viall,  where,  being  tuned  with 
lute-strings  and  played  on  with  keys  like  an  organ,  a  piece  of 
parchment  is  always  kept  moving ;  and  the  strings,  which,  by 
the  keys,  are  pressed  down  upon  it,  are  grated  in  imitation  of  . 
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by  Messrs  Atkins  and  Drewer,  in 
which  steel  hooks  a  6,  having  one 
or  more  prongs,  arc  employed  in 
place  ofstrings.the  general  arrange- 
ments of  the  key -board,  action,  and 
sounding-board  resembling  those  of 
the  upright  piano.  The  hooks  are 
attached  to  a  metallic  frame  r,  com- 
posed of  two  bars  connected  by  pil- 
lars which  alternate  with  the  hook- 
support*,  and  cause  the  sound-board  to  vibrate  by  striking 
against  it.  When  the  hooks  have  more  than  one  prong,  each 
prong  must  be  tuned  to  a  different  octave.  A  kind  of  glocken- 
speii. 

Pi-a'no-for'te  Ac'tion.  The  motion-work  of  a 
piano-forte,  includin,^  the  key  and  hammer  ami  the 
itarts  interreninLT.     See  Fi^s.  36S7  and  3688. 

Pi-a'no-for'te  Ham'iner.  The  pen  iissor  in  the 
piano  movement  which  is  impelled  by  the  key  and 
strikes  the  strincr. 
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Piano-Lock. 

piano. 
Pi-a'no-move'ment. 

Fig.  3692. 


Pi-a'no-graph.    An  apparatus  attached  to 
liich   trauseiibe.s   on  piepuicil  paper 
the  piece  played 
Fig.  3090.  on  tile  piano. 

Pi-a'no-jack. 

(Music.)   A  leed- 
hand      wliich 
drives  the  liam- 
Piano- Hammer.       \  ]  nier  in  a  piano. 

See  Fig.  3tJS7. 
Pi-a'no-look.    One  with  curved  oi-  hookinj;  bolts 
which  ela.sp  the  keeper-plate  of  the  pianodid.      In 

the     illustration, 
Fig.  3691.  the  lock  has  two 

curved  liolts,  piv- 
oted to  a  eonmion 
center,  and  ojier- 
ati'd  by  the  key 
through  the  nie- 
diuui  of  a  tum- 
bler-plate, whieh, 
describing  the  arc 
of  a  circle,  passes 
through  a  plate 
.screwed  upon  the 
lower  surface  of 
the    lids    of    the 

The  mechanism  by  which 
the  vibration  of  the 
key  is  made  to  act 
upon  the  string.  The 
adioyi.  See  Figs.  3GS7 
and  .3iiS8. 

Pi-a'no-3tool.  A 
round-seated  stool,  ca- 
pable of  elevation  or 
depression  to  suit  the 
performer.  In  the  ex- 
ample, the  seat  is  ver- 
tically adjusted,  with- 
out being  rotated,  by 
means  of  the  hand- 
wheel  and  the  sleeve- 
nut  upon  the  .screw- 
stem  of  the  seat. 

Pi-az'za.      {Archi- 
tecture.)   a.  A  covered 
Pinno-Siool.  walk  ;  a  colonnade  or 

arcade. 

b.  A  central  court  in  a  Irailding. 

Pi'ca.    {Priiitintj.)    A  size  of  type  between  Small 
Pica  and  Emjlish. 

Lonj;  Primer,  89  ems  to  a  foot. 
Small  Pica,  83  ems  to  a  foot. 
Pica,  71  ems  to  a  foot. 
Eng-lish,  6-i  ems  to  a  foot. 

51    ems 


Great  Primer ;  as  Txoo-line  Pica,  Four-line  Pica, 

etc. 

Pic'co-lo.  1.  A  small  upright  piano,  about  3J 
feet  liigh.      r.sed  for  certain  brilliant  effects. 

i.  A  small  llute  having  a  pitch  an  octave  higher 
than  the  ordinary  tlute.      All  oclave-flule. 

Pic'co-lo-flute.  (Music.)  A  wind-instrument 
like  a  tluti',  liut  one  octave  higher,  and  having  nearly 
the  same  euiiipa.ss.      \  piccolo. 

Pick.  1.  A  tool  with  a  bent  iron  head,  which 
has  a  point  at  each 

end  and  an  eye  iii  Fig.  3693. 

the  middle,  through 
which  the  handle  is 
inserted  ]ierpeiidieu- 
larly.  It  is  the  tool 
of  the  (piarryman, 
road-maker,  and  cel- 
lar-digger. In  the 
e.xamjiie,  it  is  shown 
connected  to  the 
helve  by  an  iron 
.strap. 

The  pick  b  of  the  min- 
er is  a.-Jouiewhutsuialler 
and  neater  implement, 
adapted  to  work  in  cir- 
cuinseribed  situations. 
It  is  niiule  of  cast-steel 
with  poli.shed  points 
light,  medium,  and 
heavy  weights,  from  3i 
to  8  pounds.     See  Mix-  Pir-ks. 

ERs'  Tools. 

The  foot-pick  is  used  in  prying  out  stones,  in  setting  hedges, 
gardening,  or  otherwise.  It  is  84  feet  loug,  and  the  tivad  is 
adjustable,  but  is  ordinarily  about  16  inches  from  tue  point. 

The  push-pick  acts  by  thrust  and  endwise  blow. 

The  lower  figure  on  the  left  is  a  pickaxe. 

2.  A  tool  for  dressing  millstones.    See  MiLLSTOSE- 

PICK. 

3.  (IVeaving.)  The  mode  of  estimating  the  rate 
of  a  loom  as  so  many  piclcs  per  minute.  The  pick 
is  the  blow  which  drives  the  shuttle,  and  is  delivereil 
upon  the  armed  end  of  the  shuttle  by  the  picker- 
head  on  the  end  of  the  oscillating  picker-st"!f. 

Looms  of  1800  ran  about  60  picks  per  minute.  In  1860,  the 
power-loom  was  run  at  220  picks  per  minute. 

4.  (Print  ill  (I.)  Foul  matter  and  hardened  ink 
collecting  on  type. 

Fick'axe.  An  implement  resembling  a  pick,  ex- 
cept that  one  end  of  the  head  is  broad  and  made 
sharp,  so  as  to  cut.     See  Pick. 

The  pickaxe  of  the  United  States  artillery  service  is  of  iron, 
pointed  at  both  ends  with  steel.  Length  of  each  blade,  6.5 
inches:  width  of  axe  edge,  3  inches:  handle  (hickory),  1.5 
inches  by  1.25  inches  ;  30  inches  long ;  weight,  6.5  pounds. 

Pick'er.      1.    (CoUoii-numu/acture.)     A    cotton,- 
Fig.  3694. 


Great  Primer, 
to  a  foot. 

Double 


Pica, 
35  ems  to  a  foot. 

Tlie  name  is  derived  from  the  Pie,  or  table  used 
before  the  Deformation  for  finding  out  the  service  for 
the  day.  Pica  is  the  standard  of  measurement  in 
casting  leads,  cutting  rule,  and  regulating  the  price 
of  work.    Pica  is  also  the  unit  of  sizes  for  type  above 
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deaiicr.      A  machine    for  opening  the  tussocks  of    ends  of  the  lerers  F  Fm  alternation,  causing  them  to  puU 
bale-cotton,  rediiciug  it  to  a  more  neecy  comhtion, 
and  separating  from  it  dirt,  burs,  and  other  refuse. 


Tn  the  machine.  Fig.  3694,  the  cotton  is  fed  in  between  roll- 
ers ,  caught  by  the  teeth  on  the  revolving  drum,  and  drawn  down 
against  the  teeth  of  the  comb-plate.s,  which  act  in  succession 
upon  the  material,  and  each  is  cleaned  by  the  withdrawal  of  its 
teeth  through  openings  in  a  segmental  apron  partially  sur- 
rounding the  obUque-toothed  picking-cylinder. 

In  Fig.  3*j9o,  the  cotton  or  wool  is  fed  into  the  machine  by 
the  endless  apron  a  between  rollers  6,  and  is  seized  by  the  teeth 
of  the  picker  d,  which  revolves  in  a  slatted  cylinder  whose  in- 

Fig   3695. 


the  straps  G  G,  which  actuate  the  picker-blocks  H. 
Fig.  3696. 


Cott  n  Picker  and  Cleaner. 

tervals  allow  dirt  and  dust  to  pa.=:s  off.  the  operation  being 
assisted  by  the  centrifugal  action  of  the  air,  resulting  from  the 
ripid  rotation  of  the  picker.  The  fiber  is  seizeil  by  other  cylin- 
ders/?, and  delivered  from  them  by  the  pickers  h  i,  which,  in 
turn,  are  clearedby  the  bmsh-blo.ver  /,  which  drives  the  fib  r 
up  the  spout  to  the  condensing  rolls  m',  which  deliver  it  in  a 
la^. 

In  another  form,  the  fleecy  cotton  from  the  willower  is  passed 
between  fluted  steel  rollers,  when  a  beater  of  two  steel  arms  on 
a  rjpi  Uy  revolving  shaft  breaks  it  into  fine  fleecy  masses. 
T.iese  f:ill  on  ciliudrical  sieves  of  wire,  by  the  rotation  of  which 
they  are  carried  in  an  even  web  to  another  series  of  rollers  and 
beaters.  When  this  process  has  been  repeated  several  times, 
the  lap  or  web  of  cotton  p.-usses  between  heivy  iron  rollers  and 
is  wound  on  a  core  of  wood  fiimished  ^vith  journals  at  the  ends. 

See  COTTOS-CLE-VSEa. 

2.  (Cloth.)  A  machine  or  an  implement  for  JwrZ- 
inj  cloth. 

3.  (Husbandry.)  A  machine  for  picking  cotton 
from  the  boll  in  the  field.     See  Cottox-picker. 

4.  (Ordnance.)  A  priming-wire  for  clearing  the 
vent. 

5.  (Mena'ie.)  An  instrument  for  dislodging  a 
stone  from  the  crease  between  the  frog  and  the  sole 
of  a  horse's  foot,  or  between  the  heel  of  the  shoe 
an  I  the  frog. 

6.  (Founding.)  A  light  steel  rod  with  a  very 
sharp  point,  u.sed  for  picking  out  small,  light  pat- 
terns from  the  s.and. 

7.  (fVcaring.)  The  upper  or  striking  portion  of 
a  jneker-slnff  which  conies  agiiinst  the  end  of  the 
shutt'e  and  impels  it  through  the  shed  of  the  wn.rp. 
It  reqnires  a  tough  and  somewhat  resilient  material ; 
the  former  that  it  may  last,  the  latter  that  it  may 
not  injure  the  shuttle.    Raw-hide  is  frequently  used. 

The  usual  form  is  a  staff  .sweeping  in  a  vertical  plane,  and 
operated  opportunely  by  means  of  the  lay,  or  through  gearing, 
according  to  the  construction  of  the  loom. 

In  Fig  3B6.  the  picker-blocks  are  operated  from  the  lay  by 
a  system  of  rollers  and  straps.     PuUiiig  on  fje  straps  raises  the 
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Picker-Motion. 

Pick'er-mo'tion.    (Weaving.)    The  system 
of  part.s  involved  in  impelling  the  shuttle  through 
the  shed.      See  FiCKEU. 

Piok'er-staff.   (Weaving.)  The  bar  which  oscil- 
lates on  an  a.xis  at  its  lower  end,  and  by  a  sudden 

Fig.  3697. 


Picker- Staff. 


jerk  imparts  motion  to  the  shuttle.  The  staffs  in 
the  example  are  shown  at  C,  and  are  moved  auto- 
matically by  the  motion  of  the  lay. 

Pick'et     1.   (Fjrtijication.)    'a.  A  stake  with  a 


Picket-  damp. 


PICKET-CLAMP. 
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sharpeiieil  end,  used  in  laying  off  ground  for  fortifi- 
cations. 

b.  A  stake  sharpened  at  both  ends  ;  one  driven 
into  the  f^rimnd  and  tlic  other  acting  as  an  obstacle 
to  the  advance  of  an  enemy. 

2.  (Husbandry.)     A  pale  of  a  fence. 

3.  (Surivyiug.)  a.  A  staff  used  with  a  surveyinf,' 
cliiiin  liy  the  leader  and  follower,  being  passed 
through  the  end  rings. 

b.  A  marking  stake  to  indicate  positions  or  sta- 
tion.s. 

4.  {Menage.)  A  stake  to  which  a  horse  is  teth- 
ered. 

Pick'et-clamp.  A  device  to  liold  pales  wliile 
lirill;.;  dressed  to  sliape. 

Pick'et-pin.  (Jtcnm/c.)  An  iron  pin  about  14 
iii'-hes  lojig,  having  a  rounded  liead  and  a  ring  near 
thi'  Ill-ad,  to  whii'h  the  lariat  rope  is  fastened.  It  is 
driven  into  the  earth,  the  rope  permitting  tlie  horse 
to  graze  for  a  liiiiiled  distance  around  it. 

Pick'et-point'er.  A  machine  for  ilressing  the 
heads  of  fence  pickets  or  pales.     In  the  example,  an 


Fig.  3399. 


Mlachine  for  sharpening  Fejice- Pickets. 

osciUatiiig  plate,  carried  on  the  frame  on  wdiich  the 
pickets  are  placed,  has  a  cutter  attached  to  either 
the  upper  or  under  part  of  its  face,  according  as  a 
convex  or  concave  cnt  is  to  be  made. 

Pick-ham 'mer.  A  hammer  with  a  pointed  pccn, 
used  in  cnbhinij  ;  that  is,  spalling  of!'  the  inferior 
portions  from  blocks  of  ore.     A  piek. 

Pick'ing.  1.  (Fiber.)  a.  A  process  in  which 
deviled  wool  is  examined  for  foreign  matters  and 
impurities.     Stirring  is  a  substitute  operation. 

b.  See  Picker. 

2.   (.Metallurgii.)     Rough  sorting  of  ore. 

Pick'ing  Cloth.  One  of  the  iinishiiig  processes 
of  cloth.  It  is  subjected  to  a  strong  light,  and  all 
blemislies  removed  from  its  surface  by  tweezers. 
Spots  which  have  escaped  the  action  of  the  dye  are 
touched  witli  dye  by  a  camel's-hair  brush.    Burling. 

Pick'ing-peg.  {1  leaving.)  The  piece  which 
strikes  the  shuttle  .md  drives  it  through  the  shed. 
In  one  form  of  hand-loom,  the  picking-peg  is  drawn 
by  a  cord.  In  the  power-loom  the  diiver  is  on  a 
vibrating  staff. 

The  picker  is  the  invention  of  .Tohn  Kay,  about  1750,  and  the 
shuttle  thus  operiiteii  was  calletl  R_fljf-shultfe,  from  the  rapidity 
of  its  movement  as  compared  with  the  hand-shuttle. 

Pick'ing-stick.  (IVcavinrf.)  The  picker-staff 
for  driving  tlie  shuttle  of  a  power-loom. 

Pick'le.  1.  (Founding.)  A  bath  of  dilute  sul- 
phuric acid  to  remove  the  sand  and  impurities  from 
the  surface  ;  and  at  the  present  day  this  treatment  is 


by  no  means  confined  to  small  castings.  It  saves 
much  labor  and  improves  the  appearance  of  the  work. 
Dilute  nitric  acid  is  sometimes  used  for  bra.ss. 

2.  The  pickle  for  brass  castings  previous  to  lac- 
quering is  dilute  nitric  acid. 

Picklock.  A  flexible  or  a  bent  wire  or  small 
rod,  which  avoids  the  wards  of  a  lock  and  serves  to 
open  it. 

The  illustration  shows  an  expensive  form  of  ward-lock  used 
some  years  since  on  the 
strong-room  of  a  bank. 
The  wards  are  shown, 
surrounding  the  central 
key-pin, and  from  the  ap- 
pearance of  the  key, 
shown  at  n,  it  is  evident 
that  tjese  wards  must 
have  been  rather  com- 
plex. Ahurglaremployed 
an  instrument  shaped 
like  that  at  b,  having  on 
one  of  its  faces  or  sides  a 
layer  of  wax  and  yellow 
soap;  this in>trument be- 
ing introduced  through 
the  keyhole  and  turned  a 
little  way  round,  brought 
the  soft  composition  in  contact  with  the  ends  of  the  wards,  and 
these  ends  thus  left  their  impress  on  the  composition.  A  false 
key  was  then  made,  as  at  c ,  which  has  a  vacuity  wliere  there  ia 
a  cavity  in  the  true  key ;  and  by  tbi.s  instrument  the  lock  waa 
opened  The  flexible  instrument  c/,by  passing  round  the  wards, 
might  open  such  a  lock. 

Pi-co'tah.  A  kind  of  sweep  used  in  India  to 
raise  water  for  irri- 
gation, the  beam  Fig.  3701. 
having  a  stepped 
foot-way,  along 
which  the  operator 
w.alks  to  oscillate 
the  beam. 

Fig.  3702. 


Ward-Lock  with  Key  and  Picks. 


Picture-Nail. 


Hindoo  Picotah 


Pic'ture-nail.     An  article  of  household  hard- 
ware.     It  has  a  shank  capable  of  being  driven  into 
a  wall  w  liile  the  lie.ad  is  yet  detached.     Afterward, 
the  poicelain,  glass,   or  gilt   head  is 
screwed  to  the  shank.  Fig.  3703. 

Pi.  (Printing.)  Type  mixed  indis- 
criminately. 

Pie.  A  fruit  or  meat  pasty.  Our 
interest  in  it  concerns  the  madiinery 
involved. 

In  the  works  of  the  New  York  Pie-Baking 
Tompany,  tlie  ground-floor  is  used  as  a  retail 
department.  In  the  rear  are  the  bakery, store- 
rooms, ice-house,  wagon-sheds,  etc.  In  the 
basement  are  the  ovens,  ten  in  number,  meas- 
uring ten  by  twelve  feet,  also  a  rotary  oven, 
which  will  bake  nine  hundred  pies  per  hour. 
The  first  floor  above  contains  the  engine,  boiler, 
and  delivery  rooms.  The  second  floor  is  the 
pastry  depirtment,  where  the  mixing  of  the 
dougli  is  done,  and  the  third  floor  is  devoted 
to  the  preparation  of  fruit,  etc  On  this  floor 
is  a  huge  range,  capable  of  cooking  ten  barrels 
of  fruit  at  once,  also  two  copper  steam-kettles  Pictltre-Nail. 
with  a  capacity  of  two  barrels  each.  An  eleva- 
tor hoists  ,aud  lowers  the  pies  and  material  of  which  they  are 
composed. 
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The  weekly  consumption  of  materials  is  140  barrels  of  flour, 
42.000  pounds  of  sug:ir.  5,000  pounds  of  lard,  500  barrels  apples, 
tiO.OOO  pounds  pumpkins  and  squashes,  60,000  eggs,  500  bushels 
berrifS  in  their  season, 800  pounds  beef  for  minee.  1,500  pounds 
cocoinut,  100  boxes  lemons,  and  spices  accordingly.  They  also 
have  in  constant  use  about  150,000  pie-plates,  and  give  employ- 
ment to  100  workmen,  running  35  wagons. 

Pie-board.    A  board  on  which  dough  is  rolled 

thm  foi-  making  pastry. 

Piece.  (Bookbindituj. )  A  tablet  of  leather  occu- 
pyini;  a  panel  on  the  back. 

Piece-dyed.     Cloth  dyed  after  weaving. 

Pie-droit'.  (Architecture.)  A  pier  attached  to 
a  wall.  It  has  neither  cap  nor  base,  and  therein 
dillV-rs  from  a  pilaster. 

PieL     An  iron  wedge  for  boring  stones. 

Pier.  (Architecture.)  1.  a.  A  detached  pillar  or 
wall  supporting  the  ends  of  adjoining  trusses  or 
spLins  ;  or  the  springers  of  adjacent  arches.  See 
CAISSON',  for  mode  of  sinking  piers. 

The  terra  standinrj  pier  is  sometimes  applied  to 
the  isolated  structure  ;  abutment  pier  to  a  wall  from 
which  springs  the  landward  arch  of  a  bridge. 

The  piers  of  the  bridge  of  Semiramis  across  the  Euphrates  at 
Babylon  were  made  of  hewed  stones  secured  by  iron  cramps  and 
melted  lead.  —  DiODORUS  SicULUS. 

Fi^.  3704  is  a  sectional  view  of  a  pier  made  in  sec- 
tions. 

b.  Tlie  portion  of  a  wall  between  the  windows  or 
doors. 

c.  Xn  upright  projecting  portion  of  wall,  similar 
to  a  pilaster,  throwing  the  intervening  sunken  por- 
tions into  panel.     See  Eubble-swsonry. 

d.  A  buttress. 

2.  A  mole  or  jetty  extending  out  from  the  land 
into  the  wati-r,  adapted  to  form  a  landing-place  for 


Fig.  3704. 


Fig.  3705 


Sectional  Pier.  Hall-Pier. 

piussengers  or  7nerchandise  from  ships  which  float  in 
the  deep  water  alongside  the  pier  or  wharf. 

They  are  variously  constructed.  Some  are  found- 
ed on  piles,  with  cross-timbers,  braces,  and  sheath- 
ing ;  floor-timbers  aH'ord  a  road  fur  tile  traffic.  The 
woiden  structure  is  sometimes  filleil  up  with  stone, 
like  a  dike  ;  at  other  times  it  is  of  the  nature  of 
trestle-work. 

Many  elegant  adajitations  of  iron  to  this  work  are 
fo'.in  I  in  Europe. 

Piers  of  regular  masonry  are  also  common.  They 
are  founded  on  piles  and  built  after  the  manner  of 
b'.idge  piers,  with  cotfer-dams  and  the  usual  accesso- 
ri."s. 

Piar-arch.  (Architecture.)  An  arch  supported 
on  H  pier. 

Pier'cel.  K  gimlet  for  opening  vent-holes  in  casks 
of  li'i'inr. 

Pierc'er.     1.  A  bow-drill. 

2.  (Founding.)     A  vent-wire. 


Piercing-Saw. 


3.   The  sailniaker's  awl. 

Pierc'ing-file.  A  sharp  and  narrow  file  to  en- 
large a  narrow  diilled  hole. 

Pierc'ing-eaw.   A  thin  blade  fastened  by  screw- 
clamjis    in     a    light 
frame,   and  used   for  Fig  3706 

piercing  gold  and  sil- 
ver smiths'  woi'ks. 
Holes  are  drilled  in 
the  plate  and  the  saw 
introduced;  being  ^ai 
then  secured  in  the 
frame,  the  blade  is  re- 
ciprocated and  caused  to  follow  the  lines  of  the  tem- 
plet or  those  which  are  inscribed  thereon.  A  bithl-sav). 

Pier-elle'.  A  mass  of  stones  filling  a  ditch  and 
covered  with  clay. 

Pier-glass.  A  large  looking-gla-ss  between  win- 
dows, frequently  standing  on  a  pier-table. 

Pierre  Per-due'.  A  foundation  formed  of 
masses  of  stone  thrown  in  at  random,  as  in  the  con- 
struction of  the  Plymouth  Breakwater,  the  Hip  Raps, 
the  foundation  of  Fort  Sumter,  and  many  other  pub- 
lic works  in  various  countries. 

Pi-e'tra  Dti'ra.  .\  .species  of  inlaid  work  com- 
posed of  hard  stones,  such  as  agate,  jasper,  chalced- 
ony, camelian,  and  lapis-lazuli,  .set  in  a  .slab  of 
marble,  generally  black.  The  marble  is  worked  to 
a  thickness  not  much  exceeding  the  eighth  of  an 
inch  ;  the  design  is  drawn  upon  it  and  cut  out  with 
the  saw  and  file.  The  hard  stones,  formed  to  the 
desired  shapes  by  the  usual  processes  of  gem-cutting, 
are  accurately  fitted  into  the  spaces  thus  cut  out, 
and  the  whole  is  attached  as  a  veneer  to  a  thicker 
slab. 

Pi'e-zom'e-ter.  An  instrument  invented  by 
Oersted  for  measuring  the  compressibility  of  liq- 
uids. 

It  consist.s  of  an  elongated  bulb  a  having  a  graduated  stem 
of  small  bore.  The  instrument  is  tilled 
with  any  liquid  up  to  a  certain  mark  on 
the  stem,  and  a  globule  of  mercury  is 
placed  above  the  liquid  It  is  then  placed 
in  a  cylindrical  vessel  6  filled  with  water, 
to  which  pressure  is  applied  by  means  of 
a  screw  piston.  The  number  of  gradua- 
tions through  which  the  globule  of  mer- 
cury is  thus  cau.aed  to  descend  indicates 
the  apparent  diminution  in  bulk  of  the 
liquid  ;  that  is,  the  excess  of  its  contrac- 
tion over  that  of  the  bulb  which  contains 
it.  This  depends  on  the  ifuality  of  the  glass 
of  which  the  bulb  is  composed :  its  amount 
is  ascert-ained  and  the  proper  correction  is 
applied  by  deducting  the  increase  in  vol- 
ume due  to  the  ditTerence  of  the  two  ex- 
pansions, from  the  indication  of  the  mer- 
curial index  ;  this  gives  the  absolute  con 
traction  of  the  liquid. 

Pig.  An  oblong  mass  of  metal 
as  run  from  the  smelting-furnace. 

A  main  channel,  called  the  .totp,  is 
scraped  in  the  floor,  into  which  the  metal 
flows  from  the  Inppins-tif^lf  of  the  furnace ; 
on  each  side  of  this  are  shallow  ditches  to 
receive  the  metal  from  the  main  stem,  and 
the  laterals  are  called  pi^.^  from  a  fanciful 
resemblance  to  the  sow  and  pigs  of  the 
main  truuk  and  the  laterals. 


.5707. 


Piezometer. 


Pig'eon,  Me-chan'i-cal.  A  device  intended  to 
practice  siiortsnien  in  the  art  of  shooting  birds  on 
the  wing. 

It  consists  of  a  thin  strip  of  sheet-iron  rf,  six  or  more  inches 
long,  having  wings  bent  after  the  manner  of  screw-propeller 
blades  ;  when  rapid  rotation  is  imparted  to  the  device,  it  rises 
in  the  air,  its  appearance  when  in  motion  resembling  that  of  a 
flying  bird.  The  rotary  motion  may  be  given  either  by  rapidly 
pulling  a  string  wound  around  a  spool  a  or  by  means  of  a  spring 
contained  within  a  cylinder  n  and  compre.ssed  by  turning  a  pin 
I  or  key  c  inserted  in  a  hole  in  the  pronged  axij  on  which  the 
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Mechanical  Pigeon. 


"  piiieon  *'  is  placed  ;  the  spring  13  released  by  pulling  tlie  trig, 
ger  6,  to  which  a  string  of  any  desired  length  may  be  attached 


Pig-i'ron  Bfeak'er. 

Fig.  3709. 


A  form  of  power  hammer 
for  breaking  jiigs 
of  iron  into  pieees 
fit  for  charging 
into  a  furnace 
It  is  otherwise 
done  by  sleilges. 

Pig'ment.  A 
coloring  material. 
A  paint,  dye,  or 
stain. 

Pig'men  t- 
print'ing.  A 
style  of  calico- 
printing  in  wliich 
ordinary  pigments 
are  mechanically 
attached  to  the 
cloth  liy  albumi-* 
nous  cement. 

Pig-nose 
Vise.  A  hand- 
vise  with  nan'ow, 
pointi'd  jaws. 

Pig'tail.  (Nau- 
tical.)   A  form  of 
knot    worked    on 
the  end  of  a  calile 
or  rope.  See  K  nut. 
Pig-trough.     In  Fig.  3710,  a  b  are  two  varieties 
of  cast-iron  troughs,  designed  to  prevent  pigs  from 
wasting  the  food  or  interfering  with  one  another  while 

Fig.  3710. 


Pig-iron  Breaker. 


Pig-  Troug/is. 


eating.     This  is  effected  by  cnrved  bars  at  a  proper 
liight  lietwi'i'n  each  division  of  the  trou"h. 

Pike.     A  shaft  of  wood  armed  at  the  end  with  a 


sharp  metallic  head.     A  spear.     A  weajK)!!  used  in 
repelling  boarders.     A  board iiig -pike. 

In  all  times  down  to  the  invention  of  the  bayonet  it  has 
formed  a  weapon  for  infantry  in  line  or  in  mass.  "After  the  in- 
vention of  the  bayonet  it  was,  for  a  time,  mingled  with  the  bay- 
onets It  is  not  now  to  be  found  in  the  armies  of  Europe  in  the 
hands  of  infantry. 

Pi-las'ter.  (Architecture.)  A  square  pier,  like 
a  Hat  column,  built  against  a  wall,  and  having  cap 
ami  base. 

Flaidi  pilasters  are  known  as  antx. 

A  picdroit  is  a  pier  against  a  wall,  and  having 
neither  base  nor  cap. 

Pile.  1.  (Hijdraulic  Englneerinrj.')  A  beam  or 
timber  driven  into  treacherous  ground  to  form  a 
foundation  for  a  structure,  or  to  form  part  of  a  wall, 
as  of  a  coH'er-dam  or  quay. 

Piles  are  knowu  by  their  structure. 

Hollow  pile.  Screw-pile. 

Pneumatic  pile. 

Or,— 

Close  pile. 
Fal-o  pile. 
Filling-pile. 
Fouudation-pile. 


Gage-pile. 

Guide-pile. 
Sheathing-pile. 
Sheet -pile. 


A  pneumatic  pile  is  one  driven  by  the  atmospheric 
pressure  when  the  air  is  exhausted  from  witliin  it. 

A  hollow  pile  is  a  cylinder  which  is  sunk  by  exca- 
vation proceeding  inside. 

A  screw  pile  has  an  auger  at  the  lower  end,  and  is 
sunk  by  rotation  aided  by  pressure  beyond  its  own 
weight,  if  necessary. 

A  close  pile  is  one  of  whole  timber,  set  closely  to 
the  others  on  each  side. 

A  false  pile  is  an  additional  length  given  to  a  pile 
after  driving. 

A  filling  pile  is  to  fill  the  space  between  guge- 
piles. 

A  foundation  pile  is  one  for  supporting  a  struc- 
ture. 

A  gage  pile  is  a  preliminary  pile  to  mark  the  de- 
sired course. 

A  guide  pile  limits  the  field  of  operations. 

A  sheet  pile  is  of  half-timbers  in  contact,  filling 
the  gaps  between  gage-pile.s. 

A  sett  is  a  tempoi'ary  prolongation  at  the  upper 
end  when  a  pile  has  passed  beyond  the  stroke  of  tiie 
iiamnier. 

A  wale  is  a  horizontal  stiing-piece  to  bind  the 
piles. 

The  refusal  of  a  pile  inteniied  to  support  a  weight  of  134  tons 
can  be  safely  taken  at  ten  blows  of  a  ram  of  1,35<)  pounds  fall- 
ing 12  feet,  and  depressing  the  pile  .8  of  an  inch  at  each  stroke. 

File-cap;  a  beam  connecting  the  heads  of  piles. 
Pile-hooj) ;  a  band  around  the  head  to  prevent 
splitting. 

Pile-shoe  ;  the  metallic  point. 

The  quay  at  Loiient  is  erected  upon  a  bed  of  mud  of  unfath- 
omable depth,  and  in  this  case  both  the  wall  and  the  platform 
behind  it  are  carried  upon  piles  driven  with  the  broad  end 
downward. 

In  Fig  3711,  A  is  an  elevation,  plan,  and  section  of  the  system 
of  cast-iron  piling  employed  in  the  construction  of  wharves  at 
Deptford  and  lilackwall.  England.  The  main  piles  a  a  have 
rabbets  on  each  side,  into  which  the  sheeting  is  driven,  and  are 
secured  at  the  back  by  stays  and  a  thick  bed  of  concrete;  6  is  a 
guide-pile  ;  c,a  stay-pile  ;  and  (/,  land-ties.  In  driving,  a  piece 
of  timber  two  inches  thick  was  placed  on  each  pile  to  relieve 
the  jar  of  the  ram,  which  weighed  15  cwt.,  and  was  allowed  to 
drop  but  four  feet. 

The  piles  usedinextendingthequay  of  Rouen  (B)  were  from  12 
to  15  inches  thick,  an'l  were  driven  with  a  monkey  of  1,200  pounds 
falling  20  feet,  delivering  a  blow  equal  to  a  pressure  of  300,000 
pounds.  The  heads  of  the  piles  were  cut  off  ij  feet  below  low 
water,  and  stones  were  piled  in.  Caissons  were  suuk  on  to  the 
piles,  and  in  them  the  masonry  was  constructed.  Fach  pile 
was  calculated  to  support  18,633  pounds  of  masonry,  and  an 
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Pile- Work. 

estimated  addition  of  one  half  for  merchandise  ^ve  each  pile 
&  lo  ul  of  27,010  pounds. 

Ttic-  ijuay  was  advanced  120  feet  from  the  ori^nal  wall.  Sand 
and  li^ravel  were  filled  in  behind  the  new  wall,  and  the  area  was 
paved. 

Mol'om  Pile,  In  situations  where  piling  cannot 
lip  used  to  advantage,  wrought  or  cast  iron  cylinders 
have  been  sunk  vertically  by  digging  away  the  soil 
from  below  them,  the  workmen  operating  inside  and 
sending  the  earth  up  the  iron  sliaft,  which  is  like  a 
well-curb.  The  water  is  pumped  out  as  the  work  jiro- 
ceeils,  and  the  sections  of  pipe  are  added  from  time 
tn  time,  being  fastened  together  by  Haiiges  and  bolts. 
This  plan  has  been  frequently  adopted  in  well-dig- 
ginc;. 

Tn  the  construction  of  the  Terrace  Pier,  Gravesend,  England, 
Rclman  constructed  his  foundation*  by  sinking  cast-iron  cylin- 
ders in  the  manner  stated,  and  filling  them  with  a  concrete 
ot'sani]  and  pozzuolana,  w^iich  made  .'^olid  stone  columns. 

In  the  foundations  of  the  Town  Pier,  Gravesend.  England, 
erecttd  19:J4,  Mr.  Clark  used  a  system  of  cast-iron  piles.  Under 
t  !<?  site  of  each  column  were  driven  three  cast-iron  piles,  on 
w  lich  an  adjusting  plat*;  was  firmly  keyed,  forming  a  broad 
base  lor  the  support  of  t!ie  column,  which  wa.s  adjusted  to  its 
correct  position,  and  bolted  down  to  the  adjusting  plat«. 

2.  {Iron-working.)  A  pile  of  iron  bars  for  reheat- 
ing or  balling  consists  of  a  number  of  pieces  cut  by 


Fig.  3712 


cording  to  the  bulk  required.     Tlie  pile  or  fagut  is 
then  charged  into  the  balling-furnace. 

Piles  are  sometimes  made  up  approximating  a  reculiar  form 
required,  as  in  some  of  the  examples,  and  tae  various  (jualities 
of  iroQ  are  so  disposed  in  the  ditferent  parts  of  tbe  piie  as  to 

Fig.  3713. 


Piiisfor  Rolling  into  Beams. 

bring  them  where  a  special  quality  is  desirable.  See  also  Fagot  ; 
Beam  ;  Iron,  Axcle,  pp.  1198,  1199. 

3.  A  series  of  plates,  as  of  zinc  and  copper  alter- 
nattl}%  in  an  exciting  solution.     A  voltaic  pile. 

4.  A  stack  of  arras.     See  Stack. 

5.  A  regular  heap  of  shot  or  shells. 

6.  The  reverse  of  a  coin.  The  side  occupied  by 
the  arms. 

Formerly,  the  plane het  was  placed  on  a  fitake  on  which  waB 
a  rro.-^s,  and  the  pH*'  or  punch  with  the  amis  wa<  dtiven  hy  a 
hammer  The  rr"ss  is  now  superseded  by  the  head,  which  oc- 
cupies the  obverse. 

7.  {Fabric.)  A  fabric  in  which  the  warp  is  formed 
into  loops  which  project  from  the  face  of  the  goods. 
When  left  in  this  condition,  the  goods,  according  to 
material  and  (juality,  may  be,  — 


Brussels  carpet. 


Uncut  velvet. 
Beaverteen. 

When  cut,  it  may  be,  — 

Turkey,    Persian,   or   Wilton  Velveteen. 

carpet.  Plush. 

Cut  velvet. 

In  pile-iveaving,  in  addition  to  the  usual  warp  and  weft 
threads,  a  third  thread  is  introduced  in  the  course  of  the  weav- 
ing, and  is  thrown  into 
loops  by  being  woven  over  Fig.  3714. 

In  Brussels  carpet  and  Pile-Wtaving. 

I  vncut  I  elvet  the  wires  are 

I  simply  withdrawn  and  the  loop'  left  standing  In  Wiltnn  car- 
I  pet  and  velvtt  the  threads  are  cut  by  pacing  a  sharp  knife  along 
,  a  director  groove  on  the  upper  surface  of  the  wire  This  forms 
■  a  nap.  and  is  found  in  certain  carpets,  velvet,  velveteen,  fus- 
j  tian,  etc. 

'      In  the  Imperial  Bnisstls  the  figure  is  raised  above  the  ground 
and  its  pile  is  cut,  but  the  irround  is  uncut.     In  the   Royal 
!  WHtnn  the  pile  is  raised  higher  than  in  the  common  Wilton, 
'  and  is  also  cut 

See  under  the  following  heads :  — 


, 

g|E 

■ 
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she-ir-'5  to  the  size  best  adapted  for  the  finished  bar 
rei|uired,  and  then  built  up  one  over  the  other,  ac- 


Bearing-pile. 

Beetle-head. 

Bridge- pile. 

Close  pile. 

Dolly. 

False  pile. 

Fender-pile. 

Fistuca 

Gage- pile. 

Galvanic  pile. 

Guard-pile. 

Guide-pile. 

Monkey. 

Monkey-engine. 

Pile-carpet. 

Pile-drawer. 

Pile-driver. 


Pile-fabric. 

Piie  of  iron  bars  for  reheating. 

Pile-saw. 

Pneumatic  pile. 

Punch. 

Ram. 

Ringing-engine. 

Screw-pile. 

trett. 

Sheathing-pile. 

Sheet-pile. 

Short  pile. 

Stay-pile. 

Stilts. 

Tongs. 

Voltaic  pile. 

WaU. 


Pile-bridge.  A  biidge  whose  roadway  is  con- 
structed on  piles.  An  excellent  plan  over  extensive 
shallow  waters  but  little  o>»stnicted  by  ice,  as  that 
of  the  Wilmington  and  Baltimore  Railroad  over 
Gunpowder  River,  and  many  other  places. 

C:esar's  hiidge  (page  379)  was  aUo  a  pile-bridge 
with  trestle  superstructure. 
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Pile-cap.  (Hydraulic  Eiigiiicering.)  A  beam 
coniii't^^tin^  tlip  heads  of  piles. 

Pile-car'pet.  A  carpet  made  like  Brussels  Car- 
pet (which  see),  excepting  that  the  loops  are  cut, 
forming  a  pile  or  downy  surface.  For  /^iVc  or  IVil- 
ton  carpet  tlie  wii-es  are  tlattened,  and  have  a  groove 
along  the  upper  surface,  which  forms  a  director  for 
the  knife,  which  cuts  all  the  loops  and  liberates  the 
wire. 

Pile-clamp.  (Surgical.)  An  instrument  for  re- 
moving heniorrhoiils. 

In  the  example,  the  two  blades  are  made  to  close  perfectly 
parallel  by  oieans  of  a  screw,  so  as  to  equally  compress  the  mass 
to  be  separated.    This  is  afterward  removed  by  the  knife  or  by 

Fig.  3715. 


File- Clamp. 

Atrangulatinn.  The  surfaces  of  the  h^pdes,  which  are  applied 
to  the  iiitey:uments  of  the  pitient,  are  faced  with  ivory  to  pre- 
vent heat  being  communicated  to  the  sensitive  parts  during  the 
process  of  cauterization 

Piled-fab'ric  Loom.  One  for  weaving  velvet, 
Brussels  caii)et,  or  plush. 

Tn  some  cases,  as  in  the  example,  two  united  piled  fabrics  are 
■woven  simultaneously  and  cut  apart  by  a  revolving  knife  oper- 

Fig.  3716. 


PHerJ-Fabric  Loom. 

aMng  in  connection  with  a  puard-finger  in  the  loom  to  form 
velvet  and  similar  goods.  To  vary  the  length  of  the  pile,  the 
guide-bars  are  set  nearer  or  farther  apart. 

Pxle-draw'er.  (Ilifdrau/ic  Engineering.)  AVhen 
not  too  tinnly  imbedded,  piles  may  be  drawn  by 
means  of  a  simple  lever.  A  screw  set  in  a  strong 
framing  and  turned  by  a  windlass  or  crab  mav  also 
be  employed.  Still  greater  power  may  be  attained 
by  the  employment  of  the  hydrostatic  press.  In  tide- 
waters, a  barge  or  scow  can  be  made  fast  to  the  head 
of  the  pile  at  low  water  ;  this  is  a  very  effectual  mode 
if  the  boat  have  sufficient  elevating  capacity.  In 
either  case,  the  attachment  must  be  very  secure. 
This  is  sometimes  effected  by  boring  a  hole  through 
the  head  of  the  pile  and  inserting  an  iron  pin,  project- 
ing oil  either  side  ;  over  the  ends  of  this  are  i)assed 
iron  rings  or  loops  made  fast  to  the  lifting  rope  or 
chain.  When  the  whole  of  the  pile  is  below  water, 
so  that  it  is  not  accessible  for  this  purpose,  an  ellip- 
ti.:al  iron  collar  is  slipped  over  the  head  of  the  pile, 
and  is  caused  to  bind  by  hauling  on  the  rope,  the 
angles  of  its  upper  and  lower  edges  bearing  against 
the  wood. 


Pile-driv'er.  (Hydraulic  Engineering.)  A  ma- 
chine having  a  rising  and  falling  weight  to  drive  a 
pile  into  its  bed. 

It  is  suggested  that  the^siwra  whereby  Csesar  drove  the  pilee 
of  his  bridge  over  the  Rhine  must  have  been  something  similar 
to  our  machine,  in  which 

a  weight  is  alternately  lift-  Fig.  3717- 

edand  dropped  on  the  head 
of  the  pile. 

Fig  3717  is  a  view  of  a 
Btenm  piie-driver,  in  which 
the  monkfy  is  raifed  by  a 
steam-hoist  and  automati- 
cally detached  on  reaching 
its  hight.  A  priir  of  nip- 
pers, as  seen  at  B,  engages 
the  hook  on  the  top  of  the 
weight,  and  is  kept  in  a 
closed  i)osition  by  springs. 
As  the  handles  of  the  nip- 
pers reach  the  slot  in  the 
bar  above,  they  are  pressed 
together,  releasing  the  jaws 
from  the  hook  of  the  weight 
and  allowing  it  to  drop  ou 
the  head  of  the  pile 

S^ome  conception  of  the 
rapidity  with  which  piles 
are  driven  by  this  mnchine 
may  be  formed,  when  it  is 
stited  that  a  pile  measur- 
ing 60  feet  in  length  and  14 
inches  square  can  be  driven 
45  feet  iuto  stiff  Foil,  down 
to  the  rock  below,  in  four 
minutes;  and  such  is  the 
good  effect  resulting  from 
(he  blows  being  given  by  a 
great  mass  of  30  cwt.  strik- 
ing quickly  but  with  small 
velocity  of  actual  impact, 
that  the  head  of  the  |  lie 
requires  no  hoop,  and  pre- 
sents, after  being  driven, 
a  i.eater  appearance  than 
it  had  when  it  was  first  placed  under  the 
hammer. 

Fig  3718  is  another  kind  of  Apparatus. 
A  is  an  end;  .B,  a  side  elevation;  O, 
a  plan  of  Nasmyth's  steam  pile-driver. 
The  driving-apparatus  ab  c  and  pile  are 
raised  by  a  windlass  operated  by  a  small 
detached  steam-engine,  the  former  rest- 
ing on  the  shoulders  of  the  pile  ;  the 
lifting-chain  is  then  detached  and  stcnm 
from  the  boiler  is  admitted  through  the 
jointed  pipe  d  into  the  cylinder  b,  alter- 
nately above  and  below  the  piston,  the 
ram  c  giving  a  rapid  succef.'-ion  of  blows 
to  the  head  of  the  pile  until  driven  to 
the  required  depth,  the  jointed  pipe  d 
gradually  following  its  downward  nmve- 
ment.  The  pile  and  driver  are  guided 
in  their  descent  by  clamps,  which  loosely 
grasp  a  guide-rail  at  the  side  of  the  main 
upright. 

In  .Shaw's  pile-driver,  the  monkey  is  sustained  nt  its  highest 
elevation  by  means  of  a  ratchet  and  pawl,  while  a  cartridge  and 
cap  are  placed  in  a  recess  in  the  head  of  the  pile.  The  pawl  he- 
iiig  withdrawn,  the  monkey  fiills  upon  and  explodes  the  car- 
tridge. The  force  of  the  explosion  raises  the  monkey  to  the 
hight  from  which  it  fell,  where  it  is  automatically  arrested  by 
tlie  detent  arrangement 

The  effective  force  of  the  fall  is  said  to  be  much  incren.=ed  by 
the  action  of  the  powder.  One  man  places  the  cartridge  in 
position  and  releaj^es  the  monkey,  or,  as  it  is  sometimes  called, 
the  ram.     See  Gunpowder-hammer. 

Pile-fab'ric.  One  in  which  a  looped  weft  is 
formed  bv  wires,  to  be  afterward  cut,  as  in  velvet 
and  in  Wilton  cai-pet,  or  left  in  loops,  as  in  Brussels 
carpet. 

Pi-len'tum.  A  light  vehicle,  something  between 
a  rnb  and  a  caniage. 

Pile-pier.  {Hydraulic  Engineering.)  One  sup- 
])orted  on  piles. 

Pile-fia'w.  The  saw  for  cutting  off  piles  below 
Ihe  surface  of  the  water  was  invented  by  Liibelye  in 
jtlanning  the  operation  for  estiiblishiug  foundations 
for  t lift  ])iers  of  the  Westminster  Bridge,  1738,  and 
improved  by  De  Cessart,  when  building  the  bridge 
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Pile-Driver. 


of  Saumur,  1756- 
64.  la  a  simple 
form  the  machine 
consists  of  a  frame 
composed  of  two 
longituilinal  and 
three  transverse 
timbers  ;  to  the 
central  transverse 
piece  are  attached 
two  npriglits  pro- 
jecting above  and  below  the  frame,  tlie  saw  being 
inserted  between  tlieir  lower  ends,  and  their  upper 
ends  connected  by  a  tension -rod  for  stretching 
the  saw  ;  handles  are  attached  to  the  longitudinal 
piece  of  the  frame,  through  which  a  reciprocating 
motion  is  given  to  the  apparatus  by  the  workmen, 
wlio  stand  on  a  platform. 

Fig.  3719  is  Vogler'a  pile-sawing  attachment  for  boats.  The 
circular  saw  is  keyed  on  an  upright  shaft  in  a  frame  ringed  out- 
board from  the  boat ;  it  is  secured  between  spiral  springs  above 

Fig.  3719. 


Pilt-Saw. 


anl  below,  which  yield  to  the  movements  of  the  boat  while 
cuttin-;  is  going  on,  and  is  driven  hy  belting  from  a  shaft  at 
t'l^t  side  of  the  frame  nearest  the  boat,  and  rotated  by  bevel- 
gears  operated  by  maohinery  on  board. 


Pile-shoe.  {Hydraulic  Engineering.)  An  iron 
joint  at  the  foot  of  a  pile,  to  enable  it  to  penetrate 
hard  ground.  It  may  be  a  hollow  pyramid  of  cast- 
iron  ;  or  two  wrought-iron  straps  crossing  at  right 
angles  may  be  secured  to  the  foot  of  the  pile. 

Pile-sup-port'er.  A  suppository  for  preventing 
protrusion  of  the  rectum. 

Rabbi  Moussa  Ben  Maimon  wrote  on  hemorrhoids.  He  was 
known  over  Europe  as  the  "  Great  Sage  "  Maimonides,  and  often 
designated  by  his  initials  R.  M  B.  M.,  or,  brietly,  Hambum. 
He  was  born  at  Cordova,  .\.  n.  1135,  but  emigrated  to  Egypt, 
and  became  physician  to  Sultan  Saladin.    See  Suppositorv. 

Pile-'Vffarp.  A  warp  which  is  woven  in  loops  on 
the  face  to  form  a  nap. 

Pile-'wire.  {IVcaving.)  The  wire  around  which 
the  warp-threads  are  looped  to  make  a  pile-faljiic. 
When  the  pile  is  to  be  cut,  like  velvet  or  plush,  a 
groove  on  the  top  of  the  wire  acts  as  a  director  for 
the  knife. 

Pile-'with-draiw'ing  Ma-chine'.  {Hydraulic 
Enyincerinti .)  A  machine,  usually  a  screw,  worked 
by  levers  in  the  manner  of  a  capstan,  and  connected 
by  cliain  to  the  pile.     See  Pile-dhaweh. 

Pil'ing.  1.  {Metallurgy.)  Building  up  pieces  of 
sheared  or  scrap  iron  into  a  pack  suitable  for  heating 
in  a  balling  or  reheating  furnace,  which  forms  the 
pile  into  a  loop  suitable  for  rolling.   See  Pile  ;  Fa(;oi'. 

2.  {Leather.)  Unhairing  hides  by  piling  or  hang- 
ing up  in  a  stovc^  so  called. 

Pill.  Medicine  in  the  form  of  a  small  ball,  larger 
than  a  pellet. 

Large  pills  of  metallic  antimony  constituted  a  favorite  ancient 
remedy,  which  were  administered  and  pas.=cd  through  the  sys- 
tem with  no  more  effect  than  so  many  lift  e  pebbles.  Indeed, 
the  s;ime  pills  were  used  over  again,  and  half  a  dozen  such  glob- 
ules lasted  for  an  unlimited  time,  being  inherited  in  the  family 
and  performing  innumerable  supposed  cures  upon  successive 
generations.     This  was  not  so  very  long  ago. 

Pills  in  a  box  and  rolls  of  material  for  making  tbem  were 
found  in  an  apothecary's  house  in  the  disentombed  Hercula- 
neum. 

Pillar.  1.  {Architecture.)  A  column  or  pier 
forming  an  upright  insulated  support  for  a  super- 
structure. The  word  is  rather  a])i)licable  to  those  of 
the  Gothic  and  other  irregular  styles  of  architecture 
than  to  the  Grecian  and  Roman  orders,  which  are 
somewhat  determinately  proportioned  and  known 
specifically  as  columns. 

A  round  pillai'  is  a  column. 

A  square  pillar  is  a  pier. 

A  flat  pillar  with  a  narrow  return  and  apparently 
built  into  a  wall  is  a  pilaster. 

A  pier,  similarly  placed  but  without  cap  or  base,  • 
is  a  piedroit. 

2.  {Mining.)  The  post  or  mass  of 
coal  or  ore  left  for  the  support  of  the 
ceiling  of  a  mine.  The  worked  space 
is  called  room.  Thus,  pillar  and  room 
is  equivalent  to  the  usual  technical 
phrase,  post  and  stall. 

3.  {Shipbuilding.)  A  vertical  post 
beneath  a  deck-beam. 

4.  The  nipple  of  a  fire-arm. 

5.  A  frame  on  which  the  tobacco- 
pipes  rest  in  a  kiln. 

6.  {Horology.)  One  of  the  posts  in 
a  watch  or  clock  which  separate  and 
yet  biiul  together  the  plates. 

Pil'lar-block.  A  corruption  from 
Pli.Low-BLDCK  (which  see).  See  also 
Plumber-bliick. 

Pil'lar-com'pass.  A  pair  of  di- 
viders, the  legs  of  which  are  so  ar- 
rangeil  that  the  lower  part  may  be 
taken  out,  foniiing,  respectively,  a 
bow-pen  and  bow-pencil,   or,  by  in-  Pillar-Compass. 


Fig.  3720. 
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vcrtiiij;  them  in  tlieir  sheaths  in  the  upper  ]iart  of 
the  k'gy  a  compass  with  a  pen  or  pencil  point  is 
foruH'il. 

Pil'lar-file.  A  narrow,  thin,  flat  hand-file  with 
one  s<ffc  t'lige. 

Pill-box.  Oiie  for  containing  little  balls  of 
nii'ilifiiie. 

Some  pill-boxes  are  made  from  sca/eboanl  coxered  with  paper. 
Plank  h;ive  been  cut  into  scales  120  to  the  inch,  but  i  3,,  of  an 
inch  is  a  more  usual  thickness.  The  scale  is  cut  into  pieces  the 
(^ize  of  ii  box,  grooved  half-way  through  where  the  sides  and 
ends  turn  up,  formed,  the  corners  glued,  and  covered  with  tliin 
paper.  The  after  addition  of  bright-colored  paper  gives  the  box 
an  ornamental  appcJirance. 

Pasteboard  is  used  in  the  same  way  as  Bcaleboard  as  a  foun- 
dation for  pill-boxes, 

A  veneer  f^omewhat  thicker  than  scale  is  cut  into  pieces  for 
boxes,  one  die  cutting  the  top,  another  the  bottom  piece,  and 
ot;iers  the  side.*'  of  the  box  and  cover.  The  sides  are  bent  to 
shape  by  machinery,  glued  to  the  top  and  bottom  respectively 
and  the  end.-;  fastened  by  small  tacks. 

Paper  boxes  are  made  by  windings  sheet  of  sized  paper  on 
a  cylinder,  drying,  and  cutting  the  resulting  tube  into  rings 
as  long  as  the  hight  of  a  box.  Circular  or  ov.il  bottom  and  top 
pieces  are  tlien  glued  in  and  held  firmly  by  the  covering  paper. 
See  Paper-box  Machine. 

Wooden  boxes  are  made  with  great  rapidity  by  machinery. 
A  straig  it  grained  stick  is  turned  to  the  required  size  in  a  man- 
drel, and  tue  cavity  of  the  box  bored  out  before  the  box  is  sawed 
off.  The  shoulder  to  receive  the  cover  is  cut  by  a  mandrel. 
The  cover  is  made  in  a  similar  manner,  bored  to  fit  the  shoulder 
of  the  box.  The  completed  boxes  are  cut  off  by  'saws  or  revolv- 
ing cutters. 

Pil'lion.     1.   A  woman's  soft  saddle. 
2.   A  i>ad  ean-it'd  behind  the  saddle. 
Pill-ma-chine'.    An  apparatus  used  by  apothe- 
caries    for     making 
*'S  3721  pills   of    proper   and 

uniform  size.  The 
ingredients,  mixed  to 
a  doughy  consistency 
with  treacle  or  other 
substance,  are  formed 
into  an  elongated 
roll  on  the  flat  part 
of  the  slab  by  the  aid 
the  roll  is  then  divided  by  being 
ju'essed  on  tlie  corrugated  part  of  the  slab,  and  the 
pills  rounded  by  rolling  with  the  fingers  in  sugar  or 
other  pulverized  material  to  prevent  adhesion. 

Pilis  are  frequently  made  by  simply  rolling  the  mass  on  a 
flat  surface  and  cutting  the  roll  into  equal  lengths,  indicated 
on  a  gradu;ited  slip  of  porcelain,  called  a. pill-tile. 

In  Kig  3722,  the  mass  is  fed  between  the  grooved  rollers 
/S")  by  which  it  is  cut  into  cylindrical  slips,  which  are  rolled 

Fig  3722. 


Fill'Madiine. 


of  a  flat  stick  ; 


PiU-Mackine. 

by  hand  ncrowi  the  tab'e  q  to  the  rollers  5  (  at  right  angles  to 
the  first  pair,  and  revolving  \vith  unequal  velocities  in  opposite 


directions.  This  movement,  combined  with  the  rotary  motion 
imparted  by  the  hand,  gives  a  rounded  form  to  the  pills  as  they 
are  cut  to  size  by  the  rollers  5  r,  from  which  they  pass  along 
an  incline  to  the  farther  compartment  of  a  receiving -box,  cut- 
tings and  pills  under  the  proper  size  falling  into  the  first  com- 
partment through  a  grating  i-.  Scrapers  m  n  are  attached  for 
eleauing  the  rollers. 

Pil'lo-w.  1.  (Machinery.)  a.  The  rest  or  hear- 
ing ((/)  of  a  gudgeon.  A  brass  ;  usually,  however,  of 
bronze  (copper,  96  to 


Fig.  3723. 


lOS  ;  tin,  11)  and  not 
brass  (copper  and  zinc). 

Other  materials  have 
been  used ;  — 

Babbitt-met.vl  (which 
see). 

Hard  cast-iron. 

Soap-stone. 

Unseasoned  green  thorn- 
wood 

Pox- wood. 

Griin  oak  soaked  in  oil. 

Compiessed  paper. 

See  Pillow-block. 

b.  The  socket  of  a 
pivot.  An  ink  or 
step. 

2.  {ShiphuikUng.)  A 
block  of  wood  on  which 
the   inner  end  of  the  Pillows. 
bowsprit  rests. 

3.  (Fabric.)    A  kind   of  fustian  having 
leaved  twill. 

4.  A  cushion  for  the  head. 

The  ancient  Egj'ptians  used  a  head-rest  for  a  pillow  (6),  very 
similar  to  that  now  used  in  China  and  called  a  "  head-stool,"  or 
rather  by  its  equivalent  in  Chinese.  It  looks  uncomfortable, 
but  no  doubt  was  preferred  to  our  kind  of  pillow  in  a  hot  cli- 
mate. 

These  Egyptian  head-rests  are  mentioned  by  Porphyry.  They 
were  maiie  of  wood  or  alabaster.  They  are  still  used  in  China, 
Japan,  Abyssinia,  Ashantee,  and  Otaheite.  Wood,  stone,  and 
earthenware  are  the  modern  as  they  were  the  ancient  materials. 
They  are  from  4^  to  10  inches  high. 

Many  of  them  are  preserved  in  the  British  Museum.  One  of 
wood,  6 i  inches  high,  and  inscribed  with  the  name  and  titles 
of  Mas-khar-hao.  Another  of  arragonite,  6|  inches  high,  with 
a  fluted  column,  and  the  name  and  titles  of  Atai  in  front. 

Fig.  3724. 


four- 


a,  base. 

d,  pillow. 


PiUow-Block. 

b,  pedestal. 
€,  cap. 


c,  pedestal-corer. 


PILLOW-BLOCK. 
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Others  might  be  cited.  It  appears  to  have  been  a  regular  piece 
of  household  furniture. 

The  Egvptians  were  not  ignorant  of  the  use  of  soft  pillows. 
A  cushion  with  a  linen  cover  and  filled  with  the  feathers  of 
water-fowl  is  preserved  in  the  British  Museum. 

Michal,  when  she  sought  to  save  her  husband  David  from  the 
fury  of  her  father  Saul,  took  an  image  and  laid  it  in  the  bed, 
piilo'^ving  its  head  upon  a  bolster  of  goafs  hair  covered  with  a 
cloth 

Cushions  and  pillows  are  common  in  the  East,  formed  of 
sheep's  fleeces  or  goat-skins  stuffed  with  cotton. 

Pillow-block.  (Madiin-ert/.)  An  iron  emdle 
or  bearing  to  hold  the  boxes  or  brasses  wliich  form  a 
journal-bearing  for  a  shaft  or  roller. 

Pil'low-lace.  A  lace  made  with  bobbins  or  pirns 
u[H)n  a  pillow.     Bobbbi-lac^. 

It  was  originally  made  of  silk  or  tbreid  woven  into  a  net 
witli  hexagonal  or  octagonal  meshes.  Afterw.iid,  it  ivae  orna- 
meated  with  a  thicker  taread  called  gimp,  so  i^tcrw^ven  with 
t.ie  me-'hes  as  to  form  flowers  and  curved  designs.  The  pillow 
i*  h  ird  stuffed  and  covered  wita  pirchment,  on  which  the 
de  \:.u  U  drawn.  To  form  the  meshes,  pins  are  stuck  into 
t.ie  <  u  =hion  and  the  threads  woven  or  twisttnl  round  them.  The 
p  ittern  on  the  parchment  indicites  t  Je  spots  for  the  insertion 
of  tie  I'ias,  and  also  snofl-s  the  places  for  the  gimp,  which  is 
interwovej  \vith  tie  fine  threids  of  the  febric.  The  work  is 
begun  at  the  upper  side  of  the  cushion  by  tying  the  threads 
tojet.ier  ia  piirs,  e-ich  pair  being  attache*!  to  a  pin.  The 
threids  are  twisted  and  crossed  and  secured  by  the  pins,  which 
dt'termiae  the  meshes.  ' 

Pill-tile,  A  cormgated  metallic  slip  for  rolling 
pills  on,  to  divide  them  accurately. 

Pi-lon'-mill.  A  stamp-mill.  The  term  is  more 
pariioularly  applied  to  the  mill  for  incorporating  the 
ingredients  of  gunpowder. 

Pi'lot.  The  cow-caicJier,  or  fi-ame  in  front  of  an 
en^ne  to  push  obstructions  from  the  rails. 

Pi'lot-cloth.  {Fabric.)  A  heavy  indigo-blue 
woolen  cloth  for  overcoats  and  seamen's  wear. 

Pilot-en'gine.  A  locomotive  sent  in  advance  of 
a  tr.iin,  as  a  precaution. 

Pil-u'li-er.  {Pharmicy.)  a.  An  instrument  for 
rollin„'  and  dividing  pills. 

b.   An  earthen  pot  for  pills. 

Pi'lum.  {Pharmacy,)  A  wooden,  iron,  bell-met- 
al, tnar!ile,  agate,  porcelain,  or  gla*s  instrument  for 
triturating  substances  in  a  mortar.     A.  pestle. 

Pin.  1.  A  small  piece  of  headed  and  pointed 
wire  used  as  a  dress  fastening. 

The  pins  used  by  the  ladies  of  ancient  Egypt  were  uimally  of 
bronze  ;  more  expensive  oaes  were  of  si.vcr  or  gold. 

A  collecti'tn  of  twenty-five  bronze  pias  fi-om  the  subterranean 
vaults  of  Thebes  are  in  the  Museum  6ft  le  Louvre.  A  number 
aje  also  in  the  Abbott  Collection,  Xct  York  City. 

Same  of  tae  ancient  E^yptitn  pins  are  7  or  8  inches  long,  and 
have  large  golden  heads  or  a  bind  of  gold  at  the  upper  end, 
these  latter  being  prob.ibly  used  as  hair-pins. 

The  ancient  Mexicans  also  used  pins,  but  generally  employed 
ths  taorns  on  t!ie  agave  as  a  substitute. 

The  pias  mentioned  in  t^e  Bible  were  those  of  metal  for  fas- 
tening t-ie  hanging  around  the  court  of  tae  temple,  and  were 
lilie  teat-pins  ;  and  others  of  wood,  mentioned  by  licckiel.  which 
were  in  fact  wooden  pegs  driven  into  a  wall  to  hang  clothes 
upon. 

Tie  Roman  pins  had  round,  square,  perforated,  or  ornamented 
hfeids  :  Were  usually  of  bronze ;  were  from  \\  to  S  inches  long, 
and  were  sometimes  of  wood,  ivory,  or  bone.  Uair-pins  were 
common  for  holding  up  the  knot  of  bniided  hair. 

Before  t'le  invention  of  pins  there  were  many  pretty  and  in- 
genious devices  for  fisteuing  the  dresses  and  ornaments  of  both 
sexeji.  such  as  ribbons,  loop-holes,  laces  with  pearls  and  taijs, 
clasps,  hoolis  and  eyes,  and  skewers  made  of  gold,  silver,  and 
briss.  From  the  latter  pins  were  derived,  being  only  miniature 
ekew,-rs.  The  first  mention  of  brass  pins  in  the  English  stat- 
ute* is  in  14^3,  when  their  importation  was  prohibited.  An  act 
of  Henry  VIII.,  a.  d.  1^43,  indicates  the  clumsy  things  they 
were:  "  No  person  shall  put  to  sale  any  pinnes,  but  only  such 
a*  shall  be  double-headed,  and  have  the  heads  soldered  fast  to 
the  shank  of  the  pinne,  well  smoothc'l,  the  shank  well  shaven, 
the  point  well  and  round  filed,  canted  and  sharpene<1." 

The  mf^de  of  making  them  was  much  improved  about  15G0. 

Catheri  le  Howard,  queen  of  Henry  VIII.,  it  is  said,  used 
brxss  pins  brought  from  France. 

Before  t'le  introduction  of  Wright's  pin-making  machine, 
1S24.  the  following  was  the  process  :  Bra*s  wire  was  straight- 
ened by  dra\ving  it  between  pins  set  in  zigzag  order  on  a  bench, 
and  was  then  cut  into  lengtns  for  six  pins.    These  were  taken 


a  number  at  a  time,  and  pointed  at  one  end  by  grinding  on  a 
coarse  and  a  fine  grindstone.  A  length  for  a  pin  was  then  cut 
from  each  wire,  and  the  process  was  repeated  till  the  piecei*  of 
wire  were  used  up.  The  heads  were  made  from  pieces  of  a  fine 
wire  coiled  around  a  mandrel,  which  was  then  slipped  out  of 
the  coil.  Two  convolutions  were  cut  off  for  each  head,:nd 
were  then  annealed.  Tuese  bicoils  wtre  put  in  a  tray  before 
little  boys,  who  fastened  them  on  to  the  pins  by  a  foot-worked 
hammer  and  an  anvil.  The  ^ins  weie  theu  cleansed  by  boiling 
in  sour  beer,  wine  lees,  or  tartar,  and  tinned  by  being  laid  in 
alternate  strata  with  grain  tin  and  boiied:  washed,  winnowed 
with  a  fen,  and  finally  inserted  by  hand  in  the  papers 

Of  late  years  iron  wire  has  been  largely  substitutcJ  for  brass 
in  the  pin' manufacture,  making  a  cheaper  though  less  enduring 
article. 

In  iV'right's  patent,  the  main  shaft  of  the  machine  gives  mo- 
tion in  its  rotation  to  a  number  of  sliders,  levers,  and  wheels, 
which  work  the  different  part^  of  the  apparatus  A  slider  pusliea 
forward  pinchers,  which  draw  wire  from  a  reel  at  every  n  tatioa 
of  the  shaft,  and  advance  such  a  length  of  wire  as  will  produ(e 
one  pin.  A  die  cuts  off  this  length  by  the  de>cent  of  its  upper 
jaw,  and  the  latter  then  opens  a  carrier,  which  takes  on  the 
wire  to  the  pointing  apparatus.  Here  it  is  received  by  a  revolv- 
ing holder,  while  a  bevel-edged  file-wheel,  rapiJly  turning,  gives 
to  the  wire  it^  first  rough  point.  It  proceeds  in.mediaiel,\  by  a 
second  carrier  to  a  finer  file-wheel,  by  which  the  process  of 
pointing  is  finished.  A  third  carrier  transfers  the  pin  to  the 
first  heading-die,  and  by  the  advance  of  a  steel  punch  one  end 
of  the  pin-wire  is  forced  into  a  recess,  whereby  the  head  L;  par- 
tially produced.  A  fourth  carrier  removes  the  pin  to  a  stcond 
die.  where  the  heading  is  ccmpleted.  When  the  heading-bar 
retires,  a  forked  lever  draws  the  pin  Irom  the  die  and  drops  it 
into  a  receptacle  beneath.  This  completes  the  production  of 
!  the  pin  so  lor  as  the  machine  is  concerned,  but  it  has  yet  to  be 

whitened,  polishtd,  sorted,  and  stuck. 
I  The  first  process  is  effected  by  rolling  them  in  a  rotating  bar- 
I  rel  containing  sawdust :  after  removal  trom  this  they  are  placed 
in  kettles,  between  perforated  plates  of  tin,  which  form  alter- 
I  nate  layers  with  the  pins.  Very  dilute  nitric  acid  is  iidded,  and 
I  boiled  for  three  hours,  when  the  pins,  covered  with  an  almost 

■  infinitely  thin  coating  of  tin,  are  withdrawn,  being  then  of  a 
I  dud  whitish  hue.  They  are  »gain  rolled  in  a  barrel  with  hot 
I  sawdust  to  £rive  thtm  the  final  polish.  The  perfect  and  iuiper- 
j  feet  pins  are  then  separated  by  a  series  of  belts  having  a  com- 
I  bined  horizontal  and  oscillating  movement,  which  retsiin  the 

defective  ones  on  the  belts  until  arriving  at  their  ends,  while 

those  of  perfect  form,  having  no  hold  on  the  belts,  are  shaken 

off  into  a  recept-c.e  tci"w. 

To  separate  those  of  different  sizes,  they  are  transferred  to  an 
I  inclined  plane,  down  which  they  slide  to  a  horizontally  revo.v- 

ing  wheel  provided  with  sets  of  ?teel  fingers,  each  of  which  ia 
I  adapted  to  gra5p  pins  of  a  particular  length  and  distribute 

them  into  separate  receptacles. 
I      Having  been  sorted,  they  are  nest  stuck  into  the  papers. 
1  This  may  be  efiected  by  the  hand-machine  or  the  power-ma- 
I  chine 
I      In  the  forme'"  the  pins  are  placed  in  a  hopper,  and  arc  caught 

by  their  heads  between  conductors  which  convey  them  through 
!  a  gooie-neck  to  a  sliJe  having  as  many  notches  as  there  are  to 

be  pins  in  a  row  :  when  these  are  filled  the  slide  is  withdrawn, 

a  crimper  seizes  the  paper  and  holds  it  while  the  pins  are  driven 

through. 

In  the  power  sticking-machine  the  pins  are  placed  upon  a 
I  slowly  revolving  t^ble,  from  which  they  drop  into  a  revolving 
I  cylii-der  h;iving  longitudinal  ribs,  which  transfer  them  to  an 

■  endless  chain,  the  links  of  which  are  notched  so  as  to  receive 
j  the  pins,  which  hang  by  their  heads  and  are  carried  forward  to 
I  a  ga'e,  where  they  are  driven  into  the  paper,  which  is  simulta- 
I  neously  crimped  and  held  to  receive  them. 

•       Pins  of  peculiar  forms  and  sizes  are  made  for  specific  purposes. 
I  Among   the>e   may  be  mentioned  diapfr,  (irtss_   cloak,  scarf, 
'  i-hawl  pins,  whose  names  indicate  their  duty. 
j       besides  these  are  others  used  in  the  toilet  or  about  the  work- 
table,  such  as  the  6re(W/-pin,  ^atr-pin,  stwing-yiu,  etc. 

2.  A  peg  or  bolt  of  wood  or  metal,  having  many 
uses.     Among  these  may  be  cited,  — 

a.  A  bcdstcad--pm,  projecting  from  the  rail  to  hold 
the  cord. 

b.  A  bcla-ifing-yin,  for  coiling  ropes  upon. 

c.  A  coiipUnij-\A\x,  uniting  the  draw-heads  of  ad- 
jacent railway-cars. 

(/.   A  ^fnNpin,  to  which  the  ropes  are  fastened. 
c.   A  tTcciiaii. 

3.  The  a.\is  of  a  sheave. 

An  axis  of  a  joint,  as  of  the  gimbal  or  compass- 
joint. 

4.  A  clot1ics-]im,  to  grip  a  garment  to  a  clothes- 
line. 

5.  The  bull's-eye  of  a  target. 

6.  The  i)eg  of  a  .stringed  instrument  on  which  it 
is  wound  in  tightening. 
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7.  Tlie  lmch-]>in  of  an  axle. 

8.  The  turning  axis  of  a  capstan,  crane,  windlass, 
etc. 

9.  {Locksmithing.)  The  part  of  a  key-stem  which 
enters  the  look.     See  Key. 

10.  (Joinery.)  The  smaller  member  of  a  dovetail 
which  fits  into  the  socket  or  receiving  portion. 

11.  To  swage  by  striking  with  the  pccii  of  a  ham- 
mer ;  as  splaying  an  edge  of  an  iron  hoop  to  give  it 
the  Hare  corresponding  to  that  of  the  cask. 

Pi'na.     (Spanish.)     The  pile  of  wedges  or  bricks 
of  hard  silver  amalgam  placed  under  a  capellina  and 
subjected  to  heat,  for  the  expulsion  of  the  mercury. 
S-'B  Amalc.^matcir. 
Pin'cer.     See  Pinchers. 

Pinch-bar.    A  lever  with  a  fulcrum-foot  and  pro- 
jecting STiout  ;    applied   lie- 
Fig.  3725.  neath  a  heavy  body  to  move 
it  by  successive  small  rais- 
ing and  shiftings. 

Pinch'beck.   A  brass  for 
cheap  jewehy  :    copper,    5  ; 

zinc,    1.      Named  after  the 

•     Pinch-Bar.  introducer.      See  Alloy. 

Pinch'ers.  An  instru- 
ment having  two  handles  and  two  grasjjing  jaws, 
formed  of  two  pieces  pivoteil  together.  Pinchers  are 
adapted  for  special  work, 
such  as  drawing  nails,  for 
shoemakers'  use(.see  cut). 
C,  common  pinchers. 
L,  lasting-pinchers. 
S,  shoemakers'  pinch- 
ers. 

V,  cutting-pinchers. 
P,  pinching-tongs  for 
making   glass   drops  for 
chandeliers. 

Pinch'ing.  A  term 
applied  to  moving  aheavy 
object,  such  as  a  gun, 
mortar,  log,  or  bed-plate, 
by  small  heaves  of  the 
handspike,  which  de- 
scribes arcs  of  a  circle 
nearly  horizontally.  See 
Pinthen.  PiNCH-BAR. 

Pinoh'iag-bar.  A 
crow-bar  for  moving  an  object  by  successive  short 
hitch  'S.     A  pinch-bar. 

Pinch'ing-nut.  A  jam-nut  screwed  down  upon 
auothe]'  nut,  to  hold  it  in  position.  A  chcck-nal  or 
I  ick-nul.      See  NuT-LOCK. 

Piuch'ing-pin.  (Steam.)  A  portion  of  the  de- 
vices by  wlucli  a  slide-valve  is  packed  or  tightened 
upon  its  seat. 

Pincb'ing-tongs.  (Glass-making.)  Used  for 
making  chandelier-drops,  etc.  Each  jaw  of  the  tongs 
carries  a  die,  between  which  a  lump  of  glass  heated 
to  plasticity  is  compressed  ;  a  wire  between  the  jaws 
makes  the  hole  by  which  the  drop  is  suspended.  It 
is  afterward  cut  and  polished  on  a  leaden  lap.  See 
Pinchers. 

Pin-cop.  (Spinning.)  A  yarn,  roll-shaped  like 
a  pear,  used  for  the  weft  in  power-looms. 

Pin-drill.  X  ilrill  for  countersinking.  The  cen- 
tral )iortion  is  a  jdug,  which  fits  in  the  bole  previ- 
ously bored,  and  around  it  is  an  annular  cutting 
portion,  which  makes  the  depression  for  the  head  of 
a  bolt,  rivet,  or  screw.  In  a  certain  modification,  the 
drill  is  steadied  in  po.sition  by  a  center-pin,  which 
bears  in  a  hole  made  by  a  center-punch  retiring  into 
the  stock  as  the  drill  advances  into  its  work. 

Pine-leaf  Fab'rio.     This  is  described   in  the 


"Journal  of  the  Franklin  Institute,"  1S52,  page 
412  el  se.q.  The  green  leaves  are  used  in  preference 
at  Breslau  for  making  this  pine-tree  wool,  which 
was  extensively  used  from  1842  for  mattres.ses,  cov- 
erlets, etc.  Five  hundred  of  these  coverlets  were 
purchased  for  the  hospital  of  Vienna  in  the  former 
year,  and  shortly  afterward  at  other  places.  It  was 
particularly  useful  as  stuffing  for  beds  and  for  uphol- 
stering, as  it  was  otfeusive  to  insect  vermin.  The 
leaves  are  treated  by  heat  and  chemical  reagents  to 
separate  the  fibers  and  remove  the  lesin.  The  in- 
vention is  credited  to  M.  Pannewitz.  "  liib,  Univ. 
de  Genevi,"  June,  1852,  page  165.  See  also  English 
patent.  No.  1002,  1853.  See  also  Belgian  patent, 
"Genie  Industriel,"  Paris,  1864,  page  104,  wliere 
the  ]iroce,ss  is  fully  described. 

Pine-wood  Still.  An  apparatus  for  obtaining 
tar,  resin,  and  the  volatile  products  of  pine-wood  by 
distillation. 

Mellen'a  consists  {1 )  of  a  cylindrical  retort  .4  f  urroundeil  by 
flues  b  6',  and  heated  by  a  furnace  B  B  on  e  ich  side  ;  the  wood 
is  placed  in  cylinders  A^  perforated  at  their  heads  and  bottoms. 

Fig.  3727. 


and  containinf;  about  one 
'J  half  cord :  two  of  these 
are  run  within  the  retort 
by  being  placed  upon 
trucks  which  travel  on  a 
railway.  Resin  or  tar  dia- 
ei)f;aged  by  the  application 
of  heat  passes  through  the 
nritices  in  the  bottom  of 
V  the  cylinders  into  a  basin 
C,  surrounded  by  a  water- 
jacket,  and  is  iinally  nl- 
loweil  to  flowinto  the  pitch- 
chamber  C.  heated  by  the  furnace  H  K  .  The  volatile  pro- 
ducts, turpentine  or  pyroligneous  acid,  pass  over  into  a  con- 
denser, from  whence  they  are  drawn  off  into  a  rotating  agitator 
f  f,  where  they  are  mingled  with  purifying  agents.  This 
process  complete,  they  are  transferred  to  the  still  L  L  L'  L  , 
which  is  surrounded  by  a  fire-jacket,  and  has  nulial  flues  in  its 
lower  part;  in  this  they  undergo  the  final  distillation. 

Pine-'wool.  Fiber  obtained  from  the  leaves  of 
Pinus  si/hestris,  from  which  vegetable  flannel  is 
made.     See  Pine-leaf  Fabric. 

Pin'ion.  Of  two  cog-wheels  in  gear,  the  lesser 
is  called  the  pinion.  It  may  be  spur,  bevel,  vritcr, 
etc.     The  pinions  of  watches  are  made  from  pinion- 
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Fig.  3723. 


■Tat. 


■)|e** 


*  * 


Pininns. 
a,  piQion  and  spur  wheel ;  6,  pinion  and  rack  ;  c,  piaiou-wire 

wire,  turned  down  at  the  parts  which  are  not  destined 
to  mesh  with  the  coficting  wheel. 

Pin 'ion-file.  (U^atckmaking.)  A  knife-file  em- 
ployed by  watuhmakcr.s. 

Pin'ion-gage.   {JFatckmaking.)   A  fine  calipers. 

Pin'ion-'wire.  (Uctal-ivorking .)  Wire  formed 
into  the  shape  and  size  required  for  the  pinions  of 
clocks  and  watches  ;  it  is  drawn  in  the  same  manner 
as  round  wire  through  plates  whose  holes  correspond 
in  section  to  the  shape  of  the  wire.     .See  I'lxio.v. 

Piak.  (Xautkal.)  A  slup  with  a  very  narrow 
stern  ;  used  in  tlie  Mediterranean. 

Pink'ing-i'rou.  A  cutting-tool  for  s  alloping 
the  edge  of  ribbons,  flounces,  paper  for  coffin  trini- 
mini^s,  etc. 

Pink-salt.  (Dyeing.)  Ammonia  combined  with 
per<-hloride  of  tin,  used  in  calico-printing. 

Pink-stern.  {Nautical.)  Said  of  a  vessel  with 
a  vi'ry  narrow  stern. 

Pin-lock.  One  of  which  the  bolt  is  a  round  pro- 
truding pin,  as  in  some  forms  of  locks. 

Pin'nace.  a.  A  man-of-war's  boat,  next  in  size 
to  the  launch  ;  it  is  carvel-built,  usually  28  to  32 
feet  long,  has  a  beam  .29  to  .25  of  its  length,  and  is 
rowed  by  6  or  8  oars. 

b.  A  small  schooner-rigged  vessel  provided  with 
oars  or  sweeps  ;  vessels  of  this  kind  of  60  to  SO  tons 
bui'den  were  formerly  employed  by  the  French  for 
coast  defense,  and  carried  one  long  24-pounder  and 
100  men. 

Pin'na-cle.  (Architecture.)  An  ornament  placed 
on  the  top  of  a  buttress  as  a  termination  to  an  angle 
or  gable  of  a  house,  church,  or  tower ;  also  a  sum- 
mit or  lofty  apex. 

Pin'ning-in.  (.Uasonri/.)  The  filling  in  of  the 
joints  of  stune  walling  with  s]ialls  of  .stone. 

Pin-pa'per-ing  Ma-chine'.  In  Fowler's  ma- 
chine the  pins,  fed  from  an  inclined  table,  are  sepa- 


Fig.  3729. 


I  rated  and  arranged  into  a  row  by  reciprocation  of 

I  the  stop-bar  r  and  toothed  cut-off  s  ;  falling  into 

,  grooves  c,  they  are  conducted  to  the  spring  door  k, 

which  is  swung  open  by  tlie  vibratory  movement  of 

the  rake  i  to  the  crimper,  and  forced  through  the 

paper  by  a  downward  motion  of  the  rake. 

Pin-rack.  (Nautica!.)  A  frame  placed  on  the 
deck  of  a  vessel,  and  containing  sheaves  around 
which  ropes  may  be  worked,  and  belaying-pius 
around  wliich  they  may  be  secured. 

Pin-tail.  The  iron  pin  in  the  a-fleti'ee  of  a  lim- 
ber, to  which  the  trail-eye  of  the  gun-carriage  is 
attached  for  travel.     Pintle. 

Pin'tle.     A  pivot-pin,  such  as  that  of  a  hinge. 

a.  Tlie  hook  portion  of  a  rudder  liinge  which  is 
driven  into  the  stern-post  and  receives  tlie  bnicc  of 
the  rudder.  \,  pintle;  2,  brace  (¥\'^.  ZTiff) -Kith  jaws 
which  clasp  the  rudder. 

A  dumb-pintle  at  bottom  is  the  step  of  the  rudder 
on  the  framing.  The  rudder  is  wood-locked  above  to 
prevent  unshipping.     See  Fig.  3730. 

b.  A  bolt  to  prevent  the  recoil  of  a  cannon. 

c.  The  bolt  on  which  a  chassis  oscillates  in  trav- 
ersing. 

d.  A  plate  with  projections  of  the  nature  of  dowel- 
pins  placed  between  the  lengths  which  constitute  an 
upright  post. 

e.  A  king-bolt  of  a  limber  or  wagon. 

/.  The  pin  on  which  the  leaves  of  a  hinge  vibrate. 

Pin-tool.  A  tubular  cutter  (b.  Fig.  3730)  for 
making  pins  for  .sash,  blind,  and  door  makers.  The 
stutl'  is  got  out  in  the  si|Uare,  and  is  cut  round  by 
forcing  the  tool  against  it  in  the  direction  of  the 
grain.  The  stuff  is  pine,  poplar,  or  other  soft  wood. 
Hard-wood  pins  for  doicels,  etc.,  are  turned.  See  KoD, 
Pin,  and  Dowel. 

Pin-vise.  (Clock-making.)  A  hand-vise  for 
grasping  small  arboi-s  and  pins. 

Pin-'wheeL  A  contrate  wheel  in  which  the  cogs 
are  pins  set  into  tlie  disk. 

Tlie  disk-wheel  c  hai>  three  concentric  rows  of  pins, 

•  Fig.  3730 


6,  Pin-Tool. 


a,  Pintle. 


c,  Pin-Wheel. 


Pin-Papering  Mtickine. 


either  of  which  may  be  made  to  engage  the  mortise- 
wheel,  according  to  the  speed  requireil. 

Pipe.  1.  A  tube  for  conveyance  of  water,  air,  or 
other  Huid. 

Clay  pipes  were  used  by  the  Romans  for  aqueducts,  drains, 
hollow  walls,  and  domes.  The  pipes  had  contracted  ends  to 
enter  the  sockets  of  the  adjoining  ones.  In  the  therma?  of  An- 
toninus the  pipes  were  cylindrical ;  in  the  baths  of  Titus,  square  ; 
in  t'le  fountain  of  E^eria,  conical  and  fitting  into  each  other. 
_  Pipes  are  now  made  of  cast  and  wrought  iron,  copper,  lead, 
tin  lined  lead,  various  kinds  of  clay  and  concretes,  glass :  wood 
treated  with  antiseptics  or  with  resins,  paraffine,  etc.,  to  render 
it  water-proof;  folds  or  plies  of  scaleboard  or  paper  treated  as 
stated. 

■'  Through  pipes  of  metal,  water  both  warm  and  cold,  to  suit 
the  season  of  the  year,  was  delivered  into  baths  of  marble." 
Description  of  the  palace  of  Abderrahman  III,  at  Zehra,  Spain, 
about  A.  D.  757.  Talk  about  a  house  "  with  all  the  modern 
conveniences  "  I 

Rule  for  tlie  Computation  of  ttie  Wft'shts  of  Cast-iron    Pipfs 
(HoR.\Tio  Allen). 
To  the  inner  diameter  of  the  pipe  add  the  thickness  of  the 
pipe  in  inches,  and  multiply  the  sum  by  ten  times  the  tliick- 
ness,  and  the  product  will  give  the  weight  in  pounds  per  foot. 
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Weight  of  Riveted  Iron  and  Copper  Pipes,  frotn  5  to  30  Inches 
in  D  ameter,froni  '  9  to  ''>,iq  in  Thickness,  1  Fool  in  Length 
(lIvsw^LL) 


Diam- 
eter. 

Thick- 
ness. 

Inch. 

Iron. 

Copper 

Diam- 
eter. 

Inch. 

Thick- 
uess. 

Iron. 

Copper. 

Inch. 

Lbs. 

Lbs. 

Inch 

Lbs. 

Lbs. 

5 

'. 

7  12 

8.14 

9 

', 

25.01 

28.58 

"/,n 

10.68 

12.21 

V, 

26.33 

30.09 

', 

14.25 

16.28 

10 

■ 

27  75 

31.71 

El. 

'« 

7.7S 

8.89 

10>. 

', 

29.19 

33  22 

».o 

ILW 

13.33 

u 

' 

30.49 

34.85 

', 

15  56 

17.78 

12 

', 

33.13 

37.86 

6 

■, 

8.44 

9.04 

13 

' 

35.88 

41 

»  ", 

12.65 

14.46 

14 

1 

38.52 

44,02 

' 

16.88 

19.29 

16 

' 

41.26 

47.16 

B'l 

■, 

9.1 

10.4 

'  n 

51.57 

58.94 

=  ,n 

13.65 

156 

IB 

■ 

43.9 

50.17 

>, 

18.2 

20.8 

'  n 

54.87 

62.71 

V 

' 

9.78 

11.18 

17 

' 

46.53 

53.18 

"in 

14.68 

16  78 

Sn 

58  17 

66.48 

> 

19.57 

22-37 

18 

V 

49.17 

68.2 

VI'- 

■'« 

10  49 

11.99 

61.47 

70  25 

"10 

15.73 

17  98 

20 

^ 

68  07 

77  79 

1/ 

20.89 

23  87 

24 

' 

81.33 

92.95 

8 

'/11 

lo7 

19.08 

25 

'  n 

84  57 

96.65 

'I 

22.26 

25.44 

28 

» 

9456 

107.95 

87o 

';. 

23.59 

28  96 

30 

V.0 

101.14 

115  59 

The  above  weights  include  the  laps  of  the  sheets  for  rWeting 
and  calking. 

Tlie  \vei]_Mta  of  the  rivets  are  not  added,  as  the  number  per 
lineal  foot  of  pipe  depends  upon  the  distiince  they  are  placed 
ap  irt,  and  their  diameter  aud  length  upon  the  thickneaa  of  the 
metal  of  the  pipe. 

Table  of  Standard  Dimensions  of  Wroiight-Iron  welded  Tabes 

(Ha  SWELL). 


B 
.3 

•3 

1 
2; 

■3 

E 
s 

P4 

'3 

a 

a 

n 

a 

1 
a 

a 

■3 

1st 

m 

Pi 

jr. 

PI 

E 

Si 
a 

1 

is 

Z 

In 

Ins. 

[ns. 

Ins. 

Ins.  i  Ins, 

Feet. 

Feet. 

Ins. 

Lbs. 

* 

.40 

.088 

.27 

,85    1.27 

14.15 

9.44 

.057 

.24'  27 

i 

.51 

.(IKS 

.3! 

1.14    1.7 

10.5 

7.076 

.104 

.42    18 

i 

.67 

.091 

.49 

1,55   2.12 

7,67 

5,ii57 

.192 

56    18 

i      .84 

.1(19 

Mi 

1.96   2.1>5 

6.13    4.502 

.306 

.84    14 

J    105 

113      .82 

2  59   3.3 

4.64 

3.837« 

.633 

1.13    14 

1      1.31 

.1.34    1.05 

3  29    4.13 

3.68 

2.903 

863 

167    11 

Ij    166 

14  !  1  38 

4..33   5  21 

2,77 

2311 

1498 

2.26    11. 

li    19 

.145    1.81 

6.06    6,97 

2.37 

2.01 

2.038 

2.69    11, 

2-|  2.37 

.154    207 

6,49 

7.46 

1.86 

1.611 

3.355 

3.87    11, 

2i   2.87 

.204    2.47 

7,75 

9  03 

1.55 

1.328 

4  783 

6.77     8 

3-    3,5 

.217    3  07 

9.84 

11 

1.24 

1.091 

7,388 

7.65      8 

3V'  4 

226   3.55 

11.15 

12  67 

l.(J8 

0.9,j6 

9.S87 

9.05      8 

4-,  4.5 

2.37    4  07,12.69 

14.14 

.95 

0,849 

12.73 

1073 

8 

H   5 

.247    4,61,14,15 

15.71 

.85 

0,765 

15.939 

12.49 

8 

6 

5  58 

259    5.04 

I5.,S5 

17.47 

.78 

0.629 

19.99 

14..56 

8 

6 

H.82 

28 

6  06 

19,(15 

211  81 

.63 

0  677 

28.889 

1H77 

8 

7 

7  62 

,301 

"02 

22  08 

23.96 

.54 

0,505 

3S  737 

23  41 

8 

8 

862 

.322 

7.98 

25  08127.1 

.48 

0  441  60.039  28.35 

8 

9 

9.89  344 

9      '28.28  30,43 

.42 

0.394  63  «J3  34.08 

8 

iU 

10.75  .366 

10.02  31.47  33.77 

.38 

0  355  78.838  40.64 

1            1 

8 

The  following  list  includes  pipes  known  by  rheir  material, 
mode  of  manufacture,  purpose,  con-^truction,  or  form  ;  also  ma- 
c'line*  and  tools  for  making  or  using  them.  See  under  the  fol- 
lowing heads : — 


Blast-pipe. 

Burras-pipe. 

Chain  locker  pipe. 

Clav-pipe. 

Cork. 

Concrete-pipe. 

Co'ipling. 

Drip-pipe. 

Eirthen  pipe. 

E  luction-pipe. 

Exhaust-pipe* 

Faucet 

Feed-pipe. 

Flange-pipe. 

Flute-pipe. 

Gas-pipe. 

Hawse-pipe. 

Heating-pipe. 

Iron  pipe. 


Laminated  pipe. 

Lead  pipe. 

Locomotive  smoke-pipe. 

Main. 

Mouth-pipe. 

Organ -pi  lie. 

Pandean -pipe. 

Pipe-clamp. 

Pipe-clearer. 

Pipe-coupling. 

Pipe-cutter. 

Pipe-grab. 

Pipe-joint. 

Pipe-molding. 

Pipe- pro  ver. 

Pipe-socketing  machine. 

Pipe-threader. 

Pipe- tongs. 

Pipette. 


Pipe-valve. 

Pipe-vein. 

Pipe-vi.«e. 

Pipe-wrench. 

Pitch-pipe. 

Keed-pipe. 

Screwed  tubes. 

Service  pipe. 

Socket-pipe. 

Smoke-pipe. 

Sm'iki  rig-pipe. 

Stand-pipe. 

Steam -pipe. 

Stone  pipe, 

Sub-aqueoua  tube. 


Suction-pipe 

Tapping  w!iter-pipe. 

Thimble-joint 

Tile-machine 

Tin-lined  lead-pipe. 

Tobacco-pipe. 

Tube-di-awing. 

Tube-welding. 

Union. 

Valve. 

Water-pipe. 

Welded  tube. 

Wooden  pipe. 

Wrought-iron  pipe. 


2.  {Music.)  A  tube  of  wood  or  metal  usedin  wind- 
instruments,  as  the  Fandcan-\)\i)es,  the  orgati^  etc. 

Many  straight  tubular  instruments  have  specific 
names,  as  the  Jfutc,  flageolet,  clarinHy  etc.  See  list 
under  Musical  Instruments.  The  pii)e  is  among 
the  most  ancient  of  wind-instruments.     See  Fluti:. 

Ptolemy,  in  his  "Harmonics,"  explains  how  tlie  acuteness 
and  gr:ivenes3  of  notes  is  produced:  "  In  strings  and  pipes, 
other  things  remaining  the  amie,  those  which  are  stopped  at  a 
smaller  distance  f:om  the  bridge  give  the  most  acut4»note  ;  and 
ill  pipes,  those  notes  which  come  through  holes  nearest  to  the 
mouth-hole  are  most  acute." 

The  ancient  pipe  (//ftfVi)had  various  forms  ;  was  made  of  reed, 
of  boxwood  bored  with  a  gimlet  {ttrtbrato  buxo),  or  of  bone  ; 
that  of  asses  preferred  by  the  Greeks.  It  is  suspected  that 
the  clarinet,  flageolet,  and  flute  forms  were  all  known  and 
used  ;  the  bagpipe  also.  One  form  of  single  pipe  had  a  mouth- 
piece set  in  at  right  angles.  The  Pandean-pipe  or  syrinx  is  very 
ancient.  The  double  pipe  was  rather  a  pair  of  pipes,  and  was 
used  for  air  and  accompaniment.  They  were  distinct  and  of 
different  pitch,  say  ba.>;s  and  treble ;  known  as  tibia  dextra,  tibia 
sinistra,  male  and  ffifiale;  low  and  high. 

The  niouth-pieees  of  the  musical  pipes  were  made  of  a  reed 
growing  in  a  lake  above  Celiente  in  Phrygia.  (Str.\.do.)  Pliny 
also  mentions  it  The  double  pipe  was  a  very  common  instru- 
ment with  the  Egyptians  and  Greeks,  and  still  survives  as  the 
zumdra  of  modern  Egypt. 

Among  the  pipe-instruments  of  the  Japanese  we  recognize  the 
analogues  of  the  Pandean-pipes,  the  flute,  and  the  flageolet. 

Organ-pipes  are  of  two  kinds :  — 

1.  The  _^»/f-/)//'e  or  »io»r/[-/fipc,  which  has  a  lip  to  cut  the 
wind  e^caping  through  an  orifice  in  a  diaphragm.  See  Mouth- 
pipe. 

2.  The  reed-pipe,  wherein  the  sound  is  first  produced  by  the 
Tibratiou  of  a  metallic  tongue.     See  R.ed-pipe. 

Mouth-pipes  are  technically  said  to  have  bodies,  ^nA  reed-pipes 
tubes. 

The  pitch  of  the  note  depends  upon  the  length  of  the  pipe 
above  or  beyond  the  mouth.  The  longer  the  pipe,  the  graver 
the  tone,  and  conversely. 

Doubling  the  length  of  the  pipe  gives  a  note  an  octave  lower. 
Halving  tlie  length  of  a  pipe  gives  a  note  an  octave  higher. 
Stopping  the  end  of  a  pipe  lowers  the  pitch  one  octave,  the  etlect 
being  to  double  the  length,  as  the  wind  is  obliged  to  rctnrn  on 
its  tracks  and  find  an  exitat  the  mouth,  after  having  twice  passed 
the  length  of  the  pipe. 

■'  Tomlinson  on  Acoustics  "  gives  the  following  table ;  — 

Length  of  open     Vibrations 
pipe  in  feet.        per  second. 
The  lowest  audible  note,  C  below, is 

produced  by 32  82 

The  lowest  0  of  a  grand  piano  ia 

produced  by 16  64 

The  lowest  C  of  the  violoncello  is 

produced  by 8  128 

The  tenor  C  is  produced  by 4  256 

The  middle  C.  the  note  of  the  C  clef, 

is  produced  by 2  512 

C  on  the  third  space  in  the  treble 

clef  is  produced  by 1  1,024 

C  in  alt  ia  produced  by v  2,048 

The  length  of  a  pipe  for  a  given  octave  being  1,  the  lengths 
for  the  intervals  will  be  as  follows :  — 


TheupperC I'j 

B «'.5 

A 3^ 

G 2, 


F 

E 

D 

The  lower  0. 


1 


The  quality  of  the  tone,  the  timbre ,  depends  on  the  size  of  the 
pipe,  the  material  of  which  it  is  made,  the  form  of  the  body  or 
tube,  and  the  nature  of  the  construction,  whether  r«f(/  or 
mouth. 

Different  woods  give  tones  differing  in  respect  to  mellowness 
and  clearness 

It  h:is  been  noticed,  that  while  the  sides  of  a  wooden  pipe 
vibrate  violently  in  the  process  of  speaking,  the  front  and  back 
remain  perfectly  quiet. 
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Tbe  thickness  of  the  material,  its  toughD«ss  and  elasticity, 
exert  an  ioHuence  on  the  tone  of  mttullic  pipes  witaout  at  all 
affecting  their  pitch.  The  size  and  proportions  of  the  mouth 
aNo  iiftect  the  quality  of  the  sound  emitted  by  the  pipe.  The 
stiuiiard  proportions  are,  for  the  width  of  the  mouth  one  fourth 
the  diameter  of  the  pipe,  and  for  its  deptii  one  tenth  of  the  same 
diameter ;  but  these  are  varied  to  produce  different  effects.  A 
wide  and  high  mouth  produces  a  round,  powerful  tone  ;  a  nar- 
row mouth  a  sharper  tone  ;  and  a  narrow  and  low  mouth  a  del- 
icate tone.  If,  however,  the  upper  lip  be  too  high,  the  pipe 
wid  either  sound  slowly  or  not  at  all ;  and  if  the  mouth  be  too 
n.irrow,  it  will  speak  an  octave  above  tbe  correct  note. 

Pipes  are  either  round  or  rectangular  in  cross-section,  and 
these  two  classes  are  divided  into  several  varieties.  The  princi- 
pal kinds  of  round-bodied  pipes  are  cylindrical,  conical,  conical 
surmount^'d  by  a  bell,  inverted  cone,  inverted  cone  sur- 
mouuted  by  a  bell.  Cylindrical  pipes  are  either  open  (a,  Fig. 
3731),  slopped,  or  half  stopped,  the  first  biing  more  numer- 
ous in  all  organs.  The  stops  called  open  diapason,  principal, 
Jijteenth,  and  mixlure,  among  others,  are  usually  composed  of 
pipes  of  this  shape. 

btopped  cylindrical  pipes  (&)  are  closed  at  top  by  a  metallic 

Fig.  3731. 


Organ-pipes. 

cap     They  are  rare  in  English,  but  quite  common  in  German 
orgtns,  under  the  names  of  gedarht  and  quintntion. 

Half-stopped  pipes  (c)  have  a  perforated  cap,  in  which  a  small 
tube  is  inserted. 

In  certiiin  stops  cylindrical  pipes  perforate  1  with  one  or  two 
hole^  near  the  top  or  about  midway  of  the  bodv  are  employed. 

Thf>u^h  usually  of  metal,  it  is  common  in  Germany  to  make 
cylindrical  pipes  of  wood  ;  these  produce  a  very  superior  tone. 

Some  snff-toned  refrf-stops,as  the  clarinet  {d)  and  vox  htiryiana 
(*/').  are  cylindrical. 

Conical  pipes  vary  considerably  in  taper,  e  represents  the 
German  sp'tz  flute,  which  tapers  to  about  one  half  its  greatest 
diameter  The  ^e»Ktfiorn  (/")  has  a  still  greater  diminution  at 
the  top  Conical  pipes  with  a  bell  at  top  is)  are  used  in  the 
via'  dr  i^amba  stop  of  English  orgtns. 

Inverted  conical  pipes  {h  i]  are  largely  employed  in  most  or- 
gans, tlie  greater  portion  of  those  of  the  reed  stops  having  this 
general  form.  Flue-pipes  arc  also  in  some  cases  made  in  this 
way.  Inverted  cones  with  a  bell  (k)  are  employed  for  the  haut- 
boii  and  its  octave. 

Four-sided  pipes  are  common  in  most  organs  ;  they  are  either 
open  (A-')  or  partially  or  entirely  sloppfd.  Open  pipes  of  this 
cla-is  are  frequently  introduced  in  the  bass  of  the  dulciana  and 
opi-n  d-apa^on.  Some  stops,  as  the  claribella,  etc.,  are  exclu- 
sively composed  of  open  pipes. 

Four-sided  stopped  pipes  (0  are  closed  at  the  upper 
end  with  a  stopper  fitting  within  the  tube  and  provided 
with  a  handle.  In  half-stopped  pipes  a  perforation  is 
made  through  the  handle  and  stopper.  Pipes  of  this 
kind  are  generally  used  in  the  treble  of  certain  stops, 
the  larger  sizes  seldom  being  bored. 

Pjtramidal  pipes(m)are  sometimes  used  in  the  bass  of 
tops  composed  principally  of  metallic  conical  i^ipes;  in 
eome  instances,  entire  stops  are  made  up  of  them. 


InTerted  pyramidal  pipes  (n  n')  are  frequently  used  in  the 
large  reed-stops,  Iti  to  ^  teet ;  small  reed-stops,  as  the  bassoon, 
are  frequently  composed  of  pipes  of  this  kind. 

In  stopped  and  half-stopped  wooden  pipes  the  stopper  is  cov- 
ered with  leather  at  the  top  and  sides,  to  make  a  tight  joint. 

The  mouth  is  formed  by  beveling  off  the  front  board  (o),  so 
that  its  lower  edge  constitu  es  the  upper  lip,  and  leaving  an 
opening  between  it  and  tbe  cap,  the  upper  edge  of  which  is  the 
under  lip. 

Sometimes  the  mouths  of  block  pipes  are  inverted.  In  this 
arrangement,  tbe  inner  surface  of  the  front  board  is  beveled 
(p),  and  the  block  extends  as  far  as  the  outer  surface  of  the 
body.  Languid  wooden  pipes  (q)  have  a  plate  or  languid  (Fr. 
languCf  tongue)  of  wood  substituted  for  the  block.  Large 
pipes  are  often  of  this  kind  Tbe  double^nouthed  pipe  (r)  has 
a  mouth  on  each  side  placed  opposite  each  other,  producing,  it 
is  claimed,  greater  strength  of  tone. 

The  gravity  or  acuteuess  of  the  note  produced,  in  other 
words,  the  pitch,  depends,  in  pipes  of  the  "  mouth  "  or  "  flue  ■' 
class,  upon  their  length  In  the  reed  kind,  on  the  contrary,  it 
depends  on  the  size  of  the  mouth-piece  and  the  vibrations  of 
the  tongue  ;  thus,  an  open-flue  pipe  must  have  a  botly  of  eight 
feet  length  to  produce  the  CC  sound,  while  the  tube  of  the  reed- 
pipe  may  be  only  eighteen  inches  long.  In  instruments  of  the 
accordeon  class,  the  tube  is  entirely  dispensed  with,  the  note 
being  formed  by  tbe  tongue  alone  ;  the  tube,  however,  greatly 
increases  the  strength  and  fullness  of  the  sound. 

An  open  metalhc  flue-pipe  consists  of  three  parts  :  the  botty, 
foot,  and  language,  languid,  or  languette  The  body  [s]  is  tbe 
part  above  the  mouth.  It  is  formed  by  rolling  a  shiet  of  metal 
around  a  mandrel,  the  edges  forming  the  seam  being  soldered 
together;  on  the  front  or  opposite  side,  an  indentation,  the /cfl/", 
is  formed  at  bottom,  the  lower  part  of  which  is  cut  away,  leav- 
ing an  opening,  the  mouth  ;  the  lower  edge  of  the  lejif  is  termed 
the  upper  Up.  The  foot  (r)  is  an  inverted  cone,  fom.ed  in  a 
similar  manner,  and  having  a  corresponding  indentation,  called 
the  under  tip,  which  conducts  the  wind  to  the  ujouth  through 
an  aperture  at  the  apex  of  the  cone.  The  foot  also  serves  as  a 
support  to  the  pipe,  for  which  purpose  it  is  made  of  extra  thick- 
ness and  strength. 

The  language  or  languid  (u)  is  a  flat  piece  of  strongand  thi*  k 
metal  immediately  over  the  top  of  the  foot  and  just  inside  the 
mouth.  Its  front  edge  is  straight,  hke  those  of  the  upper  and 
under  lips,  but  is  placed  slightly  behind  the  latter,  so  as  to 
leave  a  narrow  opening,  the  wind-way,  between.  This  edge  is 
also  beveled  and  indented,  to  direct  the  sheet  of  wind  fairly 
against  the  upper  lip. 

Stopped  metal  pipes  have  a  cap  either  tightly  fitting  but  mov- 
able or  soldered  on  over  the  body. 

Half-stopped  pipes  have  a  small  cylindrical  tube  or  chimney 
soldered  into  a  hole  in  the  center  of  tbe  cap,  somewhat  increas- 
ing the  freedom  and  strength  of  tbe  tone.  Metallic  flue-pipes  are 
frequently  furnished  with  pieces  of  mttal,  calkd  eais,  pioject- 
ing  from  each  side  of  the  mouth. 

An  open  wood  pipe  {v)  consists  of  the  body,  block,  cap,  and 
foot.  The  body  \%  a  rectangular  tube  formed  of  planed  boards, 
and  is  usually  oblong  in  cross-section.  A  nearly  square  pipe 
gives  a  full  and  weighty  toce;  one  that  is  narrow  and  diep.  a 
soft  and  sweet  tone  ;  while  a  shallow  and  wide  pipe  yields  a  pow- 
erful and  hollow  tone.  The  proportions  vary  from  square  to 
2  by  1,  or  nearly  so,  according  to  the  effect  to  be  t)roduced. 

At  the  lower  end  the  body  is  tlostd  by  the  block,  which  is 
nearly  divided  in  two  by  tbe  throat;  over  this  is  fostened  the 
cap  (ic),  a  piece  of  wood  hollowed  out  on  one  fide,  the  upper 
edge  of  which  slightly  recedes  to  form  a  wind- way.  The  pipe- 
foot  is  a  rectangular  or  cylindrical  tube  inserted  through  an 
opening  in  its  bottom  to  admit  wind  and  support  the  pipe. 

Ducce^s  organ  at  the  English  Ex)'Opition  of  1S61  was  ?o  ar- 
ranged as  to  produce  the  12  pedal  notes  frrni  a  single  stepped 
p'lpe,  4  feet  long.  The  notes  ranged  fmm  lii  feet  C,  and  l.is.des 
the  range  ot  depth  far  beyond  what  the  length  of  pipe  would 
seem  to  justify,  the  pipe  was  made  to  speak  several  m  tes  by 
0(>ening  holes,  somewhat  in  the  manner  of  the  flute,  clurioet, 
and  flageolet.  The  valves  to  open  and  close  these  holes  were 
operated  by  the  pedal  keys,  and  the  whole  octnve  of  pidal 
notes  thus  produced  from  a  singie  pipe  in  the  stool  of  the 
organist. 

3.  A  tube  with  a  bowl  to  liold  tobncco,  opium,  or 
other  narcotic  or  medicinal  leaf,  wliich  is  burned 
slowly  to  yield  smoke.      See  SmuKING-I'IPE. 

Pipe-box.  ( Vehicle.)  The  box  of  a  hub  or  nave 
which  receives  the  arm.  or  spindle  of  the  axle. 

Pipe-clamp.     A  vise  or  Iiolder  for  a  pipe.     See 

PiPE-VISK. 

Fig.  3732. 


Pipe-  Clamp. 


PIPE-CLAY. 
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PIPE-CUTTER. 


The  cx'iniple  shows  a  tool  to  hold  a  deep-well  pipe  to  prevent 
i^  fruiu  slipping  iu  while  an  additional  length  is  being  at- 
tached. 

Pipe-clay.  A  white  clay  whose  excellence  de- 
Ix'iuU  uiiun  its  freedom  from  iron. 

Pipe-clear'er.     An  implement  for  pushing  out 
an  obstruction   from   a 
Fig.  3733.  bend  in  a  pipe.    A  force-  j 

pump    is    usually    em-  ' 
ployed,     hut    in    sonic 
cases  a  jointed  thru.st- 
ing  implement  is  used, 
as  in  the  example. 

Pipe-coup'ling.  A 
means  of  uniting  two 
pipes  to  make  their  tu- 
bular portions  continu- 
ous. Siu-h  couplings 
are  usually  in  line,  lat- 
eral connections  being 
by  angular  or  bent  sec- 
tions or  by  branching 
sections. 

a  h  show  respectively  the 
faucet  end  and  tlie  spigot  end 
Pipe-Clearer.  of  a  pipe. 

c  shows  the  common  mode 
of  entering  the  api^ot  end  of  one  pipe  into  tbe,/a/(Ct/  end  of  an- 
other one,  the  joiQt  being  made  by  ruaaing  lead  and  compact- 
ing by  the  cold  chisel  and  hammer. 

d  has  a  set  screw  in  one  section  bearing  against  a  flange  on 
the  spii^ot  section. 

e  is  for  wooden  pipe.  A  circular  metallic  section  has  sharp 
flanges  which  enter  the  contacting  ends  of  the  pipes  to  be 
united. 

In  /,  t'.ie  parts  are  halved  into  each  other  by  socket  and 
tenon,  and  fistoned  by  screws. 

^  is  a  vie.v  of  a  coupling-section  having  conical  tubulnr  ends 
which  enter  the  ends  of  the  pipes  to  be  united,  and  which  are 
forcibly  driven  upon  the  cone.s. 

k  tiaa  !i  double  socket-section  into  which  the  ends  of  the  pipe 
are  driven  and  then  fastened  by  keys. 

i  j  are  two  vie.vs  of  a  hose-couplmg,  in  which  the  sections  are 
drawn  together  against  a  packing-ring  by  rotition,  a  stud  on 
one  section  traversing  a  spiral  groove  in  the  other. 

k  has  sections  with  slots  traversed  by  a  transverse  locking 
key . 

Ms  a  hose-coupling,  in  which  the  ends  of  the  hose  are  clamped 
between  a  pair  of  sleeves  and  a  double-ended  coupling-section. 

In  in,  a  flange  on  the  end  of  one  pipe  abut=  against  the  end 
of  the  other  pipe,  inside  a  coupling-sleeve  which  screws  on  to 
a  thread  on  one  of  the  pipes.  A  packing-ring  is  between  the 
abutting  ends  of  the  pipes. 

n  is  a  sere-* -coupling  in  which  the  parts  screw  together  against 
a  packing-ring. 

0  shows  the  plunger-pole  used  in  Cornish  mines.  It  consists 
of  a  stuffing-box,  gland,  and  bolts. 

p  is  the  pipe-coupling  used  iu  the  Westinghouse  air-brake  for 
coupling  adjicent  cars  When  the  cars  are  uncoupled,  the 
valves  seat  t  lemseWes  instantly ;  when  the  cars  are  coupled, 
t.ie  air-way  is  open. 

7  is  a  flexible  coupling  shown  in  three  views. 

The  Oroton  aque  turt  pipe,  which  carries  the  water  across  the 
Harlem  River,  is  850  feet  long,  and  is  cast  in  8-foot  lengths, 
which  are  united  by  hollow  ball-and-socket  joints  r  is  formed 
by  providing  one  end  of  the  pipes  with  a  concave  flange,  which 
receives  the  conjoining  pipe-end,  hiving  annular  rilis  upon  it. 
The  space  between  the  pipe-end  and  the  flange  is  packed  with 
lead.     The  joint  is  thus  rendered  secure  without  screw-bolts. 

The  method  adopted  by  Mr.  Ward  for  laying  the  pipes  was  as 
folio  .V.-* :  A  large  "pen  bo  it  was  provided,  in  which  was  carried  a 
supply  of  pipes  and  melted  lead  At  the  stern  a  small  support- 
ing fr.une  "-.is  placed.  The  pipes  were  jointed  together  in  the 
boit,  and,  as  fast  as  completed,  pushed  out  over  the  stern  into 
the  witer,  thus  forming  a  flexible  string  of  pipes,  wliirh  sank 
and  rejstej  upon  the  river-hottom  as  the  boat  progressed-  The 
dep'.'.i  of  water  in  the  Harlem  River  where  the  pipe  lies  is  40  feet. 

The  water-mains  of  London  are  or  were  united  by  cylindrical, 
turneil  joints,  a  little  whiting  or  tallow  being  used  to  close  the 
joint  perfectly  and  permitting  expansion  and  contraction  of  the 
pipe  wit'i  changes  in  the  temperature  of  the  water.  See  also 
Hj.secoupling. 

There  are  several  forms  of  lead-joints  in  which  the  spigot  end 
is  forced  rtg.iinst  a  cast  leaden  gasket  so  as  to  crush  the  latter 
and  fomi  a  ti.ht  joint. 

Machines  are  also  made  for  connecting  pipes ;  O'XeilPs  twist- 
ing-jack, for  instance.  In  this  case  the  contacting  ends  of 
the  sections  or  lengths  forming  the  water  or  gas  main  have 
lugs  and  inclined  faces  which  pass  each  other  and  then  by  a 


twisting  action  are  made  to  draw  longitudinally  and  compress 
the  leaden  gasket,  which  makes  the  joiut  air  and  wuiur  tigut 

Pipe-CUt'ter.  A  tool  for  cutting  olf  gas  or  wa- 
ter pipes,  it  has  a  hook  which  passes  beneatli  the 
]iipe  and  forms  a  rest  while  the  cutting  chisel  or 
dibk  is  driven  down  the  pipe,  around  which  the  im- 
plement is  then  revolved. 

In  Fig.  3735,  a  sharpened  disk  within  a  block  is  fastened  to 
the  end  of  the  screw-rod,  and  the  pipe,  biing  clamped  be- 
tween the  disk  and  the  hook,  ia  cut  by  turning  the  instrument 
arouud  the  pipe. 

Fig  3T34. 


Pipe- Couplings. 

In  Fig  3736.  the  tube  and  its  bu.«hing  are  mode  to  encircle 
the  pipe,  and  the  cutler  is  forced  into  the  side  of  the  pipe  by 
turning  the  Fcrew  The  pipe  is  then  severed  by  turning  the 
instrument  around  upon  it. 


PIPE-DKIVER. 
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piPE-sLOTTixG  puircn. 


Fig.  3740. 


In  Fig.  3737.  the  movable  jaw  is  hio^d  to  a  nut  which  trav- 
erses the  threaded  shank,  and  operates  in  opposition  either  to 
the  socket  end  of  the  shank  or  to  a  cutter  inserted  therein. 

rig.  3736. 


Pipe-CuUer. 


Fig.  373?  i.1  a  tool  with  three  revolving  cutters  set  in  such  a 
relative  manner  that  two  of  the  cutters  are  in  a  stationary  part 


or  body  of  the  tool,  and  the  adjustable  cutter  is  held  by  a  mov- 
able part  or  stock  of  wrought-iron,  which  is  held  by  a  screw. 
See  also  Pipe-Cdtter  and  THRE.iD£R,  Fig  3741. 


Fig.  373& 


the  example,  in  which  pawls  or 
wedges  on  the  end  of  a  draw-rod  are 
lowered  into  the  well-tube  and  ex- 
panded against  its  sides  for  the  pur- 
pose of  withdrawing  it. 

Pipe-joint.  X  means  of 
conneftiiig  ailjacent  ends  of 
pi|«'S.     See  Pipe-coupling. 

Pipe-loop.  {Harness. )  A 
long  narrow  loop  for  holding 
the  end  of  a  buckled  strap. 

Pipe-mold'ing.  A  ma- 
chine for  making  clay  or  con- 
crete pipes.  See  Tile -ma- 
chine. 

Pipe-or'gan.    One  having 
mnakalpijjcs,  in  contradistinc- 
tion to  one  having  vibrating 
tongues,  and  known  as  a 
rcfrf-nrgan. 

Pipe-prov'er.  An 
apparatus  for  the  purpose 
of  proving  steam  and  wa- 
ter pipes  by  means  of 
hydraulic  pressure.  It  com- 
prises a  metallic  bed-plate,  on 
which  are  fi.xed  two  cast-iron 
head-stocks  connected  by  strong  wrought-iron  bolts, 
cast-iron  follower  with  square  thread  screw,  and 
hand  regulating-wheel,  .screw  water-valve,  and  air- 
cock.  Also  a  gun-metal  ]iressure-punip  inclosed  in 
an  iron  cistern,  and  a  pressure-gage. 

The  method  of  using  the  apparatus  is  as  follows :  The  pipe 
is  placed  between  the  head-stocks  in  contact  with  rubber  rings, 
and  the  joints  made  by  screwing  up  the  follower  by  means  of 

Fig.  3741. 


Pipe-  Grab. 


Pipe-  Cutter. 

Pipe-driv'er.  An  implement  of  the  general  form 
of  a  [jil  vdriver,  used  for  forcing  into  the  ground  pipes 
for  what  are  known  as  "  driven  wells." 

A  drive-head  is  temporarily  attached  by  a  stirrup  to  the  up- 
per end  of  the  pipe  to  receive  the  blow  of  the  monkey.    The 

3739. 


Pipe-Prover* 

the  hand-wheel  The  pipe  is  rapidly  filled  with  water  fVom  any 
convenient  souree  above  the  machine  by  opening  the  water- 
valve,  when  the  proof-pressure  may  be  applied  by  the  pump. 

Pipe-slot'ting  Punch.  Brigden's  machine  for 
punching  hole.«i  or  .slots  in  metallic  tubes  consists  of  a 
frame  a  in  which  is  fi.xed  a  strong  hollow  mandrel  b. 
A  semicircular  wedge  c  is  fitted  into  the  mandrel  and 
connected  by  a  rod  c  to  a  lever  at  the  other  end  of 


Pipe-Driver. 


stirrup  is  connected  with  the  bar  which  glides  on  the  guide- 
rods 

Pipe-grab.     X  tool  to  let  down  into  a  well-pipe 

to  enable  it  to  be  hoisted  to  the  surface.    See  Grab. 

Some  are  made  to  clutch  the  outside,  others  the  inside,  as  in 


Brigden's  Pipe- Slotting  Punch. 

the  machine  operated  by  the  rod/.    The  frame,  man- 
drel,  and  wedge  are  slotted  a,t  g  h  i,   forming   a 


PIPE-SOCKETING  MACHINE. 
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PIPETTE. 


serii'S  of  oijeuings  tlirough  which  the  punch  k  may 
work. 

In  using  the  apparatus  the  pipe  i?  slippeil  over  the  mandrel, 
and  hy  fon-iiiK  the  rod  /"  inward  the  wedge  r  ia  cau.sed  to  enter 
the  pipe  and  resist  its"  tendency  to  be  bulged  inwardly  uuder 
the  action  of  the  punch.   The  lever/  is  depres.sed,  operating  the 
eccentric  m  and  forcing  the  punch  through  tne  upper  side  of  ; 
the  pipe  ;  the  piece  of  metal  cut  out  is  driven  througn  the  aper- 
ture A  into  K     An  upward  movement  of  the  lever  /  l>erniits  a  I 
spring  to  lift  the  punch,  and   the  rod  /  is  pushed  inward  to  | 
withdraw  the  wed^e,  after  which  the  pipe  may  be  removed.    By  , 
a  reverse  movement  of  the  rod,  a  small  projecting  pin  on  the 
frame  a  is  caused  to  push  the  chip  cut  from  the  pipe  out  through 
the  longitudinal  slot  n  in  the  wedge. 

Pipe-sock'et-ing  Ma-chine'.  A  machine  for 
lini.sliiiig  tlic  moliliiig  process  of  clay  or  concrete 
pipes  by  making  a  socket  on  one  end  to  receive  the 
smaller  end  of  an  adjacent  pipe  when  laid. 

a  shows  the  pipe  before  socketing  ;  6,  afterward.  The  pipe  a 
is  placed  in  the  bed  of  the  machine,  and  the  upper  clamp 


Sig.  3T13. 


ipe 


has  automatic  feed,   cutting  the  ends   of  thi 
srjuarely  and  smoothly. 

2.  (Slicct-mctal .)  A  machine  for  impressing  a 
spiral  groove  upon  a  sheet-metal  tube,  such  a.%  a 
stove-pipe,  so  that  the  end  of  adjacent  sections  may 

Fig.  3745. 


brought  down  and  locked.  The  head-piece,  which  has  the  coun- 
terpart form  of  t!»e  socket,  is  then  brought  forward  by  the  lever, 
exploding  the  clay  into  t!ie  shape  of  the  former. 

Pipe-thread 'ing  Ma-chine'.     1.  A  machine  of 

the  nature  of  a  serew-stoitk  to  cut  a  thread  on  the 
end  of  a  wrought-iron  pipe.     The  figure  shows  tlie 

"  Chase  "    machine 


Fig.  ST14. 


fitted  for  hand-pow- 
er, motion  being 
I  transmitted  to  the 
several  parts  by 
means  of  gearing  ; 
the  pipe  is  shown 
projecting  toward 
the  left,  and  is  held 
stationary  by  the 
ailjustable  jaws  of 
the  pipe-vise.  The 
pipe  passes  through 
the  center  of  the 
gear-wheel,  the  ro- 
tary motion  of 
which  is  imparteil 
to  the  die  in  the 
die-box  by  means 
of  studs  or  guides  upon  which  the  die-box  freely 
slides  forward  as  the  die  passes  upon  the  pipe. 
When  cutting  pipe,  the  tool-post  with  the  cutter 


Tlie  Chnse  Pipe-Cmtiiis  and 
Thren'ling  Machine. 


Screiv-  ThreacUd  Stofe-Fipe. 

be  sciewed  together,  as  in  the  example.  The  same 
is  done  with  some  kinds  of  sheet-metal  covers  for 
fruit-jars. 

Fig  3746  is  a  machine  in  which  sheet-metal  pipe  is  passed 
between  the  two  rotating  circumferentially  ribbed  cyliudera, 


Fig.  3746, 


Machine/or  Threading  Skeet-Mclal  Pipe. 


the  ribs  of  the  cylinders  meshing  together.     As  the  cylinders 
rotate  they  impress  the  thread  upon  the  pipe. 

Pipe-tongs.    A  pair  of  tongs  with  one  short  jaw 
adapted  to  grasp  a  pipe  or  rod.     Their  range  of  grasp 


Fig.  3747. 


Pijie-  Tiings. 


is  but  limited,  and  a  number  are  provided  for  vary- 
ing sizes  of  pipes.  Their  grasp  is  more  tenacious 
than  that  of  a  monkey-wrench. 

Fig.  3743. 


Pipe-  Tongs, 

Figs  3747,  374S.  3749,  show  three  of  the  numerous  forms  of 
pipe-tongs.    See  also  Pipe-weenxa. 

Fig.  3749 


\X ^3 

i/  Pipe-  Tongs. 

Pi-pette'.     A  small  glass  open-ended  tube,  used 


PIPE-VALVE. 
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Fig.  3750.  for  transferring   small   quanti- 

Pties  of  licjuids.  Called  also  a 
drop-tube,  liom  its  being  used 
for  this  purpose.  As  the  press- 
ure of  the  linger  on  the  upper 
end  is  relaxed,  the  liquid  drops 
from  the  contracted  orifice  at 
the  lower  end.  The  vclinclie  or 
tdte-viu,  which  is  intended  for 
a  sampling -tube,  may  also  be 
MseA  as  a  drop-tube.  It  is  some- 
times called  a  wine-taster  or 
thief-tube. 
A  stop-valve  in  a  pipe. 

In  the  example,  the  valve  is  vertically  operated  by  a  wonn- 
wheel  and  screw-shaft,  aad  when  opened  sUdes  into  a  box  be- 


Fig.  3751. 


Fig.  3753. 


r         Pipettes. 

Pipe-valve. 


Slop-  Vatve. 

Death  the  maio :  the  water  in  the  box  is  discharged  by  a  &ncet. 
There  are  many  kinds.    See  list  under  Valve. 

Pipe— vein.  {.Mining.)  A  rein  which  contracts 
and  expands,  instead  of  preserving  uniform  size. 
Th"  expansions  are  bunches. 

Pipe-vise.     An  implement  for  holding  a  pipe 


while  being  threaded  or  otherwise  fitted,     a  and  i 
are  different  patterns,  both  for  bench  use. 

Pipe— ^(Trench.  An  implement  with  a  movable 
and  a  relatively  fixed  jaw,  so  arranged  as  to  bite 
together  when  they  are  made  to  grip  the  pipe,  and 
are  revolved  in  a  certain  direction  around  it.  The 
figure  shows  several  kinds,  which  will  be  understood 
without  specific  description. 
108 


Pipe-  Wrenches. 


Pip'ing.     1.   {Sarness.)     A  leather  covering  to  a 

trace-chain. 

2.  In  a  musical  toy,  — the  "  piping  biilfinch,"  — 
on  touching  a  spring  the  bird  is  caused  to  jump  out 
of  a  box,  move  its  wings  and  beak,  and  seemingly 

Fig.  3754. 


Mechanism  oj  the  "  Piping  Bidjinch..^^ 


PIPING-IRON. 
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pipe  a  tune.  The  sounJ,  however,  is  not  emitted 
by  the  biril,  but  eoiues  troiu  .1  concealeil  pipe  oper- 
ated by  mechanism  similar  to  that  shown  in  the 
figuit. 

An  endlc'*.'!  screw  a,  turned  by  hand  or  clock-work,  rotatcfj  a 
toothed  wheel  carried  by  the  cylinder  6,  which  is  set  with  Btud.« 
Arranged  like  those  on  the  cylinder  of  the  musical  box  or  bar- 
rel-orj;in,  so  Jia  to  play  one  or  more  tunes,  by  means  of  two 
jointed  levers  c  '/  opera'ting  a  piston  in  the  pipe  to  produce  the 
required  notes  ;  air  is  supplied  to  the  pipe  by  a  bellows  c  worked 
Viy  an  eccentric  on  the  endless-screw  shaft. 

Pip'iiig-i'ron.     A  fluting-iroii. 

Pi-que'.  (Fabric.)  A  eotton  goods,  iigured  or 
plain,  and  with  a  crimped  siulace  resembling  cord- 
ing-- 

Pi-quee'.  (Fabric.)  Marcella.  A  heavy  cotton 
goods  I'lir  vi'stiiig,  etc. 

Pi-que'--work.  A  minute  kind  of  buhl-work  ; 
inlaying  metals  in  metals,  usually. 

Pi-ram'e-ter.  An  instrument  for  measuring  the 
power  i'ei.[uired  to  draw  a  carriage  upon  a  road  or 
track.     A  dynamometer. 

Pirn.     1.   .\  quill  or  reed. 

2.  Vain  udund  on  a  shuttle. 

3.  Tile  liiibbiu  of  a  spinning-wheel. 

4.  The  wheel  of  a  fishing-rod. 

Pi-rogue'.  (NaiUical.)  a.  A  large  double  canoe 
formed  of  a  hollowed  trunk  of  a  tree,  or  of  two  ca- 
noes united. 

b.  A  narrow  ferry-boat  having  two  masts  and  a 
lee-board. 

Pis-ci'na.  (Architecture.)  A  niche  in  the  south 
side  of  the  altar  for  a  water-basin. 

Pi-se-TVork.  A  mode  of  forming  walls  of  rammed 
clay.  The  conformation  of  the  walls  is  given  by 
means  of  boards  on  each  side,  and  after  one  layer  is 
form^'d  and  partially  hardened,  the  boards  are  lifted 
to  form  bounils  for  another  layer. 

It  is  allied  to  the  adobe  method ;  but  the  clay,  instead  of 
being  formed  in  blocks,  is  rammed  into  place,  where  it  be- 
comes dried  bv  means  of  the  sun  and  air.  In  some  parts  of 
England  and  France  the  practice  is  universal  in  houses  of  mod- 
orate  and  humble  pretensions. 

The  fonmici,  or  earth- .vails,  described  by  Pliny  as  existing 
in  Gaul  and  Spain,  are  of  this  character.  See  Wall,  Conceete  ; 
Beton,  etc. 

The  best  materi  il  for  pis6-work  is  clay  with  small  gravel- 
stones  interposed   through  it.     It  is  made 
plastic  by  moistening  and  beating, and  then 
shoveled  into  a  movable  box. 

The  box  is  made  of  boards  tongued  and 


t? 


to  time  for  the  cnnvenienc-e  of  the  workman,  who  is  wcMing, 
working,  and  nimmint!;  tlit-  material  as  it  is  thrown  iu.  Three 
or  four  inclies  of  material  i.s  spread  at  a  time,  and  is  then  well 
trampoii  and  rainniecl  The  frame  is  shifted  from  time  to  lime, 
until  all  the  wall  is  built  on  a  yiven  level  to  a  certain  hight; 
alter  an  interval  for  drying,  another  thiekues-s  is  laid  on-  Boor 
aTid  window  ways,  sleepers,  and  joists  are  built  in  as  the  work 
proceeds. 

Pis'tol.  A  form  of  fire-arra  adapted  for  use  with 
one  liand.  The  modern  fomi  of  pistol  is  a  breech- 
loader, using  metallic  cartridges. 

It  is  said  to  have  been  invented  at  Pistoia,  in  Tuscany,  by 
Cnmillo  Vitelli,  in  the  sixteenth  century.  The  German  cavalry 
seems  first  to  have  used  them,  and  their  use  caused  the  lance  to 
be  abandoned.  At  the  battle  of  Ivry,  1590,  it  appears  tliat  tlio 
French  tj;ciitlemen  of  the  king's  army  lost  ground  by  the  change, 
finding  it  ditticult  to  meet  the  charge  of  the  enemy's  lancers 
without  taking  open  order  and  —  scattering. 

The  general  appearance  of  the  pistol  is  ao  well  known  that  the 
weapon  hardly  needs  description  here. 

About  1857,  those  for  the  United  Sbites  cavalry  were  furnished 
with  a  detachable  butt-piece  fastened  to  the  butt  of  the  pistol 
by  a  screw,  so  that  the  arm  could  be  fired  from  the  shoulder ; 
the  weapon,  with  this  addition,  was  termed  the  pistol-carbine. 
It  was  soon  entirely  superseded  by  Colt's  and  other  revolving 
pistols.    See  Revolver. 

The  dueling-pistol  of  the  last  century  was  a  finished  weapon, 
having  a  long,  slim  barrel,  and  fired  by  a  hair  trigger.  The 
stock  and  barrel  were  generally  inlaid  with  silver.  Much  pride 
and  pleasure  were  found  in  their  possession  and  curious  modi- 
fications,—  jaiv-handles  and  cross-handles,  and  so  on.  Jtifiiug 
r)r  pistols  was  not  generally  adopted  until  some  time  after  it 
had  been  used  in  long-barreled  guns. 

The  Derringer  pi.^tol,  which  has  some  celebrity,  is  short-bar- 
reled, of  very  large  caliber,  and  has  been  compared  to  a  pocket- 
howitzer.  It  is  H  very  effective  wi-apon  at  short  range.  The 
latest  pattern  of  Derringer  is  a  single  bar  re  led  breech-loader, 
Weighs  about  8  ounces,  and  carries  a  half-ounce  ball. 

Toy  pistols  have  been  made  which  project  a  buckshot  with 
considerable  force  by  the  explosion  of  a  percussion-cap.  Toy 
pistols  for  firing  an  arrow  by  the  force  of  a  spring,  or  projecting 
a  cork  by  the  exiiausion  of  air  which  has  been  previously  com- 
pressed in  a  chamber,  are  also  common. 

The  earliest  form  of  pistol  was  used  by  the  English  cavalry  in 
1541.  The  earliest  form  of  revolving,  cylindrical  breech,  whose 
chambers  are  bmuglit  consecutively  in  line  with  the  barrel,  is 
found  in  the  English  United  Service  Museum,  and  is  supp0!^ed 
to  date  from  the  time  of  Charles  I. 

The  Colt  pi.«tol,  which  has  attained  the  highest  celebrity,  was 
introduced  from  the  United  States  into  England  in  1853.    See 

llEVOLVKR. 

The  English  cavalry-service  pistol  has  a  length  of  133  inches ; 
ban-el,  8  inches;  weight,  40  ounces;  caliber,  .577  inches;  ri- 
fling, 5  grooves,  having  one  turn  in  four  feet. 

Pis'tol-car'bine.  {Firc-aryns.)  A  horseman's 
pistol  provided  with  a  removable  butt-piece,  which 

Fig.  3758 


y       Fis4~Wor/c. 

;rrooved  together  and  strength- 
t  tied  with  clamps  on  the  outside, 
riit-'se  sides  or  frames  rest,  when  iu 
'  lli'ii^'  their  places,  on  cross-pieces  or  putlogs, 
™lf'  "bich  pass  entirely  through  the  thick- 
ly ness  of  the  wall ;  near  the  ends  are  mor- 
■  tises,  into  which  upright  posts  are  stepped. 
;ind  are  wedged  firmly  at  the  foot  against  the 
-;.  .-         i  ieboards.     The  thickness  of  the  wall  is  usually 

b:, j  .{■-.  ■■  !  .A/  20  inches  at  bottom  and  batters  on  the  inside  as  it 
ascends,  the  clamps  of  the  box  permitting  the  ad- 
jus'.inent  as  required.  The  sides  or  frames  are  made  10  feet 
long  and  3  feet  deep  ;  the  uprights,  5  feet  long,  including  the 
tenons,  so  th-it  they  project  above  sufliciently  to  enable  them 
to  be  secured  by  ropes.  The  wedges  are  9  inches  in  length,  1^  at 
the  bii-e.and  5  inches  at  fop.  The  bottom  of  the  boards  incloses 
«  Sout  2  inches  of  the  top  of  the  wall  already  made.  The  sides  are 
held  apart  by  trajsversc  stays,  which  may  be  shifted  from  time 


Pistol- Carbine. 


may  he  .secured  to  its  stock  by  a  spring-catch,  or 
detaclicd,  so  that  the  weapon  may  be  Hred  eitlier 
IVoiii  llic  liaiid  or  the  shoulder. 

Pis'tol-pipe.  {Metal.)  The  tuyere  of  a  hot- 
blast  rurnace. 

Pis'tol-rout'er.  A  kind  of  carpenter's  plaue.  A 
routt'i'  witli  a  handle  like  a  pistol-stock. 

Pis'tou.  A  device  so  fitted  as  to  occupy  the  sec- 
tional ait-a  of  a  tulie  and  be  capable  of  reciprocation 
hy  pressure  on  either  of  its  sides.  It  uiay  be  of  any 
shai)e  corresponding  aoeui'ately  to  the  bore  of  tlio 
tube  ;  but  the  cylindrical  form  is  almost  exclusively 
employed  for  both,  as  in  the  common  pump  and  the 
steam-engine.  One  of  its  sides  is  titled  to  a  rod,  to 
which  it  either  imparts  reeiprocatory  motion,  as  in 
the  steam-engine,  or  by  whicli  it  is  itself  reciprocated, 
ns  in  the  pump.  In  the  former  case,  it  lias  uo  open- 
in-^  leading  from  one  side  to  the  other,  and  is  termed 
soUdy  though  generally  not  really  so  ;  but  in  the 
latter,  an  aperture  controlled  by  a  valve  permits  the 
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passage  of  the  i\mi\  from  one  side  to  the  other  dur- 
ing its  dowinvard  movement.  A  distinction  is, 
ho\vevei\  made  in  pumps  ;  the  solid  piston  being 
known  as  a  phuiffci;  the  IwIUnn  piston  as  a  bucket. 
Tiie  piston  usually  requires  ^xt(7^i?^r/  to  cause  it  to  fit 
closely  within  its  cylinder,  and  at  the  same  time 
allow  its  tree  backward  and  forward  motion.  For 
this  purpose,  its  ends  are  usually  formed  by  two  con- 
nected disks,  or  have  a  deep  annular  groove  between 
them  for  receiving  the  packing  material,  which  may 
be  liempen  cord  wound  around  it,  or  other  soniewhut 
expansible  substance,  which  will  not  wear  too  rap- 
idly nor  cause  excessive  fiietion.  In  modern  prac- 
tice, mt-tallic  rings,  cut  through  at  one  side,  so  that 
their  expansion  may  compensate  for  any  wear,  are 
largely  employed  in  the  steam-engine.  The  simple 
form  of  piston  rccjuired  for  the  pump  will  be  more 
fully  explained  under  the  head  Pl'mp,  this  article 
being  more  particularly  descriptive  of  the  vai'ious 
kinds  used  in  the  steam-engine. 

The  earliest  known  use  of  a  piston  in  a  cylinder  is  found  in 
gome  of  the  ancient  blowiug-niachines  of  the  native  metallurgists 
of  Asia  and  Africa.  This  was  much  earlier  than  the  air-pumps 
of  Ctesibus,  15<J  b.  c.     See  "  Spiritalia  Heronis." 

It  is  believed  that  Papin's  pistons  were  of  wood,  and  that 
Cartwright  was  the  first  to  use  a  metiiUic  piston. 

One  of  Cartwrighfs  valves  was  in  the  piston,  and  was  tripped 
by  the  contact  of  the  valve-stem  with  the  eml  of  the  cylinder. 

James  Watt  found  the  piston  imperfectly  fitted  in  a  roughly 
bored  cylinder.  The  principal  packing  was  a  body  of  water 
on  the  upper  surface. 

He  patented  the  lubricant,  1769,  preferring  mutton  tallow, 
but  hemp  and  tallow  had  long  been  used.  To  this  he  some- 
times added  plumb:igo-dust.  A  common  piston  till  a  compara- 
tively late  date  was  a  double  cone  of  wood  banded  with  leather 
strips. 

This  was  superseded  by  a  metallic  piston,  turned  to  fit  neatly 
in  the  cylinder,  and  having  a  circular  plate  on  each  .'*idc  clamp- 
ing two  leathers,  cupped  and  chamfered  off  to  an  angle  of  45°. 

The  piston  for  the  atmospheric  engine  was  a  plate  of  cast- 


iron,  about  ^  inch  less  in  diam- 
eter than  the  cylinder,  and  H 
inch  in  thickness,  with  a  rim 
about  4  inches  from  the  edge. 
Beyond  this  a  fiat  ring  is  fitted 
and  the  parts  nre  screwed  to- 
gether, after  hemp  and  tallow 
have  been  inserted  between 
them  to  form  the  packing. 

The  hemp-packed  pi^^ton  (n.  Fig  3757)  is  in  common  use.  The 
bottom  is  accurately  fitted  to  the  cylinder,  and  a  portion  of  the 
periphery  is  cut  away  to  admit  of  a  gasket  of  nnspun  hemp  or 
soft  rope  to  be  wound  evenly  around  it,  to  form  the  packing. 
This  is  compressed  by  means  of  a  plate  and  screws,  so  as  to  ex- 
pand it  against  the  inside  surface  of  the  cylinder,  making  a 
steam-tight  joint. 

The  pi?;ton-rod  is  attached  by  an  enlarged  head,  screw-nut, 
and  key  to  the  bottom  of  the  cylinder,  which  has  a  central  boss  to 
strengthen  it  at  that  point.  The  piston  is  lubricated  by  melted 
tallo'.v  or  nil  introduced  into  the  cylinder  by  a  funnelanda  pipe 
with  a  double  stnp-cock. 

AVolfs  piston  (b)  was  so  arranged  as  to  be  tighteneil  without 
removing  the  cylinder  cover.      A  screw-thread  is  cut  on  the 


cylinder-rod,  which  is  also  surrounded  by  a  toothed  wheel  en- 
gaging a  pinion  on  a  vertical  rod  passing  through  the  cylinder 
cover.  By  turning  this,  the  screw-thread  is  caused  to  draw  the 
two  piston-heads  together,  tightening  the  packing. 

Cartwrighfs  piston  (r)  resembled  the  wedge  n:ctallic  piston 
in  construction.  The  pieces  of  which  it  is  formed  having  a  de- 
termined curvature,  and  being  too  stiff  to  yield  readily,  it  did 
not  well  adapt  itself  to  inequalities  in  the  cylinder,  if  the  latter 
had  not  been  accunttely  bored- 
Brass  rings  as  a  substitute  for  the  hempen  packing  in  pistons 
was  invented  by  Murdock  and  Aiken  of  Glasgow,  in  1S13. 

The  wedge  metallic  piston  (e)  is  formed  by  rings  cut  Into  a 
number  of  parts,  pressed  upon  the  cylinder  by  wedges,  which 
are  kept  iu  their  places  by  springs. 

Jessop'S  piston  (rf)  has  an  expanding  coil  of  metal  of  spiral 
form  surrounding  the  piston-body  between  the  two  pistun- 
heads,  filled  in  with  hcuip  packing,  which  assists  the  outward 
pressure  of  the  coil  and  helps  to  prevent  the  passage  of  steam. 

The  spring  metallic  piston  {f)  has  wedges  inserted  behind 
the  metallic  rings,  forming  its  perimeter,  which  bear  against 
springs  that  force  the  rings  outward  into  coutact  with  the  sur- 
face of  the  cylinder. 

In  ^  the  wedges  are  dispensed  with,  the  springs  bearing  di- 
rectly against  the  metalhc  rings. 

In  Askwith's  packing  arrangement  (.4,  Fig.  3758),  a  divided 
ring  is  inclosed  between  the  pistou-heads  (/  e  ;  a  recess  is  formed 
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Steam-'En^ine  Pistons. 

at  the  point  where  its  two  ends  nearly  meet,  into  which  a  piy- 
oted  partition-piece  n  shuts,  so  ns  to  prevent  the  passage  of 
steam  through  the  cut/;  on  the  interior  is  a  toothed  rack  6,  in 
which  a  spring  enptges,  to  maintain  the  expansion  of  the  ring, 
which  is  regulated  by  set  screws  r.  c,  working  through  the 
flange  s  on  the  piston-head  ;  a  small  quantity  of  steam  is  ad- 
mitted between  this  flange  and  the  ring,  so  that  the  piston  is 
both  steam  and  metal  packed. 

In  .Tacob's  {B].  the  packing  is  effected  by  steam  entering 
tlirough  the  apertures  i  J,  alternately  above  and  below  the  plug 
/i,  which  acts  as  a  valve,  and  passes  to  the  back  of  the  ring  /", 
the  wedge-shaped  faceof  which,  under  the  influence  of  thesteani- 
pressure,  serves  to  force  outward  and  apart  the  outer  segmental 
rings  s  fi",  causing  them  to  act  equally  against  the  interior  sur- 
face of  the  cylinder,  forming  an  effectual  packing. 

The  following  may  be  cited  as  the  distinguishing  features  of 
pistons.  They  principally  concern  the  lapping  of  rings,  which 
are  forced  out  by  various  means. 

Screws  alone. 

Springs  alone,  supported. 

Springs  alone,  unsupported. 

Springs  and  wedges. 

Springs  and  screws. 

Wedges  and  screws. 

Wedge,  rack,  and  spring, 
^('one  and  axial  screw. 

Springs  on  outride  with  wedges. 

Sfeam  admitted  through  apertures  beneath  rings. 

Steam  admitted  through  face  of  packing. 

Steam  admitted  through  valves. 

Flexible  outsitie  disks. 

Pistons  with  grooves  for  wire  or  jute. 
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Fig.  3759  shows  a  nuDiber  of  steam-pi.-tons  with  peculiar 
modes  of  pncking. 

a  a'  is  Askwitli's,  1867,  in  which  the  divided  portion  Is  cov- 
ered by  a  break-joint  plate  h«ld  to  its  seat  by  a  spring.  The 
outer  ring  is  set  out  by  screws  projecting  from  the  inner  ring. 
a'  shows  a  dowel-plate. 

6  is  Brown's,  18ij9,  whieb  has  uietiiUic  springs,  thrusting  out- 
wardly the  clastic  break-joint  rings, and  seated  upon  a  support- 
ing boss. 

c  is  Fairbanks's,  1872,  having  a  corrugated  expanding  spring, 
screwed  fast  to  the  packing-riug  at  it?  midlength. 

d  d'  is  Lowe's,  1866,  which  has  a  beveled  spiral  spring,  in- 


closed between  a  head  and  follower,  and  expanding  the  rings. 
d'  shows  the  detached  ring  exjianded  laterally  and  vertieally. 

€,  IJowtT  and  Qualtcr's  piston ,  1856 ,  has  springs  driven  against 
the  rings  by  the  force  of  wedges  at  the  back.  The  wedge*  arc 
set  up  by  screws. 

/,  Ho;igland"s,  1857.  By  turning  the  axi:»l  screw  the  conical 
ishaft  is  ilrivcn  a^^rainst  the  radial  bars,  which  drive  against  tho 
springs  !iu'l  t  siiaiid  the  circumferential  ring. 

§  is  UlaUe's  piston,  1871,  a  part  of  which  is  shown  with  the 
cover  ivnioved.  It  has  screws  which  force  a  body  of  soft  vul- 
canite or  metallic  springs  against  the  outer  rings  of  the  piston. 
The  screws  arc  turned  by  bars. 


^eam-Pistons,  ivi'lh  different  Modes  of  Packini;. 


h  is  the  Tluss  piston,  1871,  combining  wedges  and  Fcrews. 
By  turning  the  screws,  the  radial  bars  projecting  from  the  cen- 
tral boss  are  forced  against  the  wedges  on  the  inside  of  the  ex- 
panding ring. 

(■  is  Allen's  piston,  1873.  Tt  has  wedges  and  springs,  and  a 
rack  to  hold  it  to  its  set  The  portion  of  the  wedge-pi.itc  at  =  is 
broken  away  to  expose  the  rod  and  the  spring  which  beai% 
against  the  .segment  which  distends  the  packing-ring.  The  ro- 
tation of  the  wodge-plafe  acts  upon  each  of  the  three. 

j  is  Carey's  piston,  1873,  which  has  an  axiul  screw  and  a  coni- 
cal nut,  the  latter  pushing  against  the  stems  of  the  followers  to 
force  outwardly  the  peripheral  piston-ring. 


k  k'  are  Adnms's  piston,  1868,  in  which  the  piston-rings  are 
wedge-shaped  nt  their  overlapping  portions, and  are  driven  out- 
wardly by  the  lateral  pressure  of  a  wedge  actuated  by  .'^pring-s 
on  the  face  of  the  piston. 

/  is  Buchanan's  piston,  1865,  in  which  the  piston-rings  arc 
expanded  by  steam  admitted  behind  them,  through  apertures 
on  each  face  leading  to  tho  groove  in  which  the  rings  work. 
These  openings  arc  at  three  points  of  the  circle,  and  show  at 
t/  y  in  tlie  figure. 

VI  is  the  Dunbar  piston,  1860;  and  is  somewhat  similar  to 
the  last  stated. 

n,  the  Ilunt  piston,  1867,  has  a  T-shapcd  packing-ring,  whoFC 
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stem  is  packed  in  its  groove,  and  which  is  expanded  by  steam 
below  its  tfXteuiied  tlan;^. 

o  is  tbe  Smith  piston,  1867.  Steam  is  admitted  through  a 
central  groove  in  the  packing,  and  parses  behind  the  rings. 

p,  Witty's  valve,  18(59,  in  which  steam  is  admitted  through 
vnive-ways  to  the  space  behind  tbe  ring.  The  contact  of  the 
valve-stem  with  the  end  of  the  cylinder  actuates  the  valve. 

q  is  Hodden's  valve,  1863,  in  which  steam  is  admitted  by 
valves  in  the  piston  into  the  space  behind  tbe  expansible  ring. 

r  is  Cabell's  piston,  1866.  It  has  flexible  outside  disks,  whose 
peripheries  move  in  contact  with  the  surface  of  the  cylinder. 

s  is  Cameron's,  13156.  It  has  a  coil  of  wire  in  a  spiral  groove 
around  the  piston 

f  is  Clark's,  1865.     It  has  a  grooved  periphery  for  wire  or  jute. 

Gale's  piitent,  July  21, 1857,  has  a  pl*tou  with  circuuiferentiul 
grooves  occupied  by  steam  and  water  of  condensation,  which  act 
as  a  packing.  The  same  feature  is  found  also  in  the  stuffing- 
box,  which  is  grooved  interiorly. 

The  dimension.s  autl  evaporative  capacity  of  the 
steam -generator  for  a  given  duty  fire  determineil  by 
the  uuinber  of  cubic  feet  of  water  required  to  propel 
a  piston  of  a  given  area  a  given  number  of  feet  per 
liour. 

Say,  for  instance,  that  to  overcome  the  resistance  of  the  ma- 
chinery to  be  moved  a  steam  pressure  of  20  pounds  per  square  inch 
on  a  piston  having  an  area  of  5s(iuar<-*  teet  will  be  required  As- 
suming the  required  speed  of  the  piston  to  be  2(*0  feet  per  minute 
to  give  the  necessary  velocity  to  the  macbinery,  the  calculation 
stands  thus:  The  speed  of  200  feet  per  minute  is]2,000  feet  per 
hour :  the  quantity  of  steam  at  20  pounds'  pressure  to  the  square 
inch  is  therefore,' 12,0011  ■  5  (the  .irea  of  the  piston)  =  60,000 
cubic  feet  of  steam  per  hour.  Steam  at  20  pounds'  pressure  to 
the  square  inch  bears  the  proportion  to  water  of  1.281  tol. 
Theivfore,  60,000 -i- 1,281  =47,  nearly,  which  represents  47  cu- 
bic feet  of  water  evaporated  per  hoiir;  say,  equal  to  47-horse 
power. 

Pis'ton-bePlows.  In  Fig.  3760,  a  represents  a 
portable,  siiigle-actini;  Chinese  bellows.  Air  is  ad- 
mitted to  the  tube  through  an  inwardly  opening 
valve,  when  the  piston  is  drawn  backward  and  is 


Fig.  3760. 


Fig.  3761. 


Piston- Belloxrs. 

forced  out  by  its  forward  movement  through  a  valve 
at  tbe  side  opening  outwardly. 

6  is  a  piston-bellows,  formed  by  boring  out  the 
tnmks  of  trees,  used  by  the  natives  of  Madagascar 
for  smelting  and  forging  iron.  The  air-induction 
valve  would  appear  to  be  in  the  piston.  The  oper- 
ator sits  on  and  between  two  of  tlie  tubes,  working 
a  piston  with  each  hand.  The  furnace,  seen  between 
the  two  paii-s  of  bellows,  is  merely  a  hole  roughly 
lined  with  stone  and  plastered  with  clay. 


Pis'ton  Blo-w'ing- 
ma-chiue'.  That  form 
of  blowing-machine  in 
which  the  air  is  driven 
from  a  cylinder  by  a  k 
ciprocating  piston.  See 
page  305. 

Pis'ton-head.  That 
portion  which  Jits  into 
and  reciprocates  in  the 
cylinder.  The  head  is 
distinct  from  the  rod. 
A  somewhat  unneces- 
sary distinetion.  See 
Piston. 

In  the  example,  the  hol- 
low head  has  a  self-acting 
valve,  by  which  steam  is  ad- 
mitted to  the  piston  for  the  expansion  of  the  packing-ring.  The 
aiieas  of  the  ends  of  the  valve  vary  in  proportion  to  the  desirvd 
difference  of  pressure  between  the  steam  on  the  outside  and  that 
on  the  inside  of  the  piston. 


i-H'ad. 


A  valve  in  a  piston  to 
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admit  steam,  either  to  the 
interior,    to    e.xpand    the  f^*] 
packing-ring,   as  in  Fig.  "  __ 
37G1,  or,  as  in  the  exam- 
ple (Fig.  3762),  in  which 
itactstochange  the  steam. 
As  the  piston  reaches  tlie    i^' 
ondof  its.stroke,  thevalves     ^ 
in    the    pi.ston-head    are^^ 
Oldened   by   contact   with 
the  cylinder-head,  and  ad- 
mit   steam    from    behind 
the   ](istou  to  that  space 
about   to  receive   the   in- 
coming steam. 

Pis'ton-pack'ing.    A  nffiT" 
material     for    pi-eventing  pisto 

the  leakage  of  steam  be- 
tween the  piston-head  and  the  cylinder  in  which  it 
works.     For  mechanical  devices,  see  Piston'. 

Among  the  materials  and  modes  of  piston  packing  maybe 
enumerated  the  followin;; : — 

The  first  list  is  from  English  patents,  and  gives  the  number 
and  j'ear  of  the  patent 

5,032  of  1824.  The  piston  is  padded  with  linen  or  woolen 
material,  placed  smoothly  on  both  sides  of  the  piston,  with  a 
thin  piece  of  p^ixir  between.  A  circle  of  metal  is  placed  on  each 
side  of  the  padding  and  screwed  together. 

7,437  of  1837.  Rings  of  cloth  diminishing  in  diameter 
toward  the  center  and  coated  on  both  sides  with  a  solution  of 
india-rubber. 

7,Sf-K)of  1838  Grooves  around  the  piston  filled  with  an  alloy 
of  zinc,  tin. and  r»gulus  of  antimony. 

9,411  of  1842.  Cork  between  two  plates  screwed  together. 
Around  the  edge  of  the  piston  and  the  cork  is  a  thin  band  of 
brass,  which  forms  the  rubbing  surface  of  the  piston. 

13,682  of  1851.  Thin  metallic  rings  luid  one  upon  another, 
and  backed  by  canvas  impregnated  with  a  composition  of  fat, 
graphite,  sulphur,  and  alum. 

41  of  1852.  Cuttings  of  india-rubber  burned  and  mixed  with 
charcoal,  graphite,  leacj.  and  lampblack. 

3S4  of  18.52.  Tuck's  patent.  Rolls  or  folds  of  canvas  coated 
with  india-rubber,  and  inclosing  strands  of  india-rubber. 

1.025  of  1854.  Spun  yarn  saturated  with  solution  of  India- 
rubber. 

1,865  of  1854.  Core  of  india-rubber  within  a  roll  of  canvas, 
coatetlwith  solution  of  india-rubber. 

2.617  of  1860      Le:<ther  band  covered  by  vulcanized  rubber 
and  another  band.     Sometimes  a  covering  of  wire-gauze. 
I      2,41-5  of  1863      Wire  and  woolen  threads,  interwoven,  placed 

over  canvas  treated  with  grease,  graphifo.  sulphur,  and  alum. 
I      3,148  of  186.3.     Esparto  grass  steeped  in  caustic  soda ;  then 
boiled  in  solution  of  carbonate  of  soda  ;  dried,  oiled,  and  opened 
j  for  spinning. 

19  of  1S65.  Web  formed  in  braiding-machine,  having  elastic 
I  india-rubber  core  :  passed  between  smoothing-rollers  and  then 
I  through  lubricaut. 

I      555  of  1868.     Interior  of  hemp,  jute,  etc.,  covered  with  cotton 
I  duck. 

j      1.120  of  1868.     P.iper.  cut  to  size,  is  treated  with    powdered 
I  soapstone  and  graphite,  then  spread  on  cloth  or  rubber,  rolled 
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up  into  ft  cyUndrical  form  iinj  ilried;  then  satuRited  with  hot 
tallow,  cooU'il,  dniint'd,  and  cut  into  riuj^s. 

GU2  of  1S71.  Cotton,  woolen,  or  Hixx  flocks  or  waste,  sub- 
jected to  pn-ssure  in  molds. 

BUT  of  1^71.     Asbestns  strengthened  by  cord. 

2,515  of  1871.  Strips  of  canviLs,  etc.,  wound  upon  a  rod,  from 
end  to  end,  so  that  e-ich  thickness  overlaps  the  preceding  oue, 
cemented  together.     Rope  thus  formed  filled  with  tallow. 

649  of  1*^7*2.     Kiiistic  liand  of  wire  and  a^be.stus  interwoven. 

(113  of  1S72.  Strips  of  curk  inclosed  in  fabric.  Brass  gauze 
aa  interior  lining. 

2'Jo  <)f  1ST2.  Fabric  treated  with  paraffinc,  india-rubber,  lead, 
zinc,  graphite,  sawdust,  and  quicksilver. 

;i,l*2t;  of  1872.     Rubber  tube  with  soft  rope  within 

The  following  are  United  States  patents.  The  figures  give 
the  numbers  and  years  of  the  patents  :  — 

34,288  of  18;i2.  Layers  of  flax,  asbestus,  and  wool,  plared 
alternately  in  a  tube  full  of  water,  through  the  bottom  of  which 
Bteam  passes.  After  being  pulped  in  this  they  are  compressed 
iu  moKls. 

3ii,y87  of  1802.  A  core  of  cork  with  a  locse  braiding  cover ; 
over  tliis  twine  with  cotton  sliver  wound  about  it.  The  whole 
sti-eped  in  hot  water  and  tallow. 

44,475  of  ISW.  Pulverized  soapstone  and  asbestus  mixed 
witii  ('(itton. 

45,2(U  of  18(i4.  Packing-yarn  saturated  with  a  mixture  of 
pulverized  charcoal,  molasses,  and  tallow;  then  covered  with 
canvas  sewed  on. 

47,119  of  18tJ5.  A  tube  of  fabric,  sewed  or  braided,  filled  witii 
sawdust,  soapstone,  graphite,  whiting,  zinc  paint,  white  lead, 
resin,  flaxseed  meal,  etc.  Yarn  may  be  saturated  with  this 
before  braiding.     Metallic  thread  braided  cover. 

63,285  of  18b7.  Strands  of  cotton  saturated  with  powdered 
Boai>sfniie,  or  other  lubricant,  and  covei'ed  with  yarn. 

64,(188  of  isr.T.  Harl  or  roving  of  hemp  covered  with  braided 
materi.il  nr  filnic. 

64,'Jli-'»  of  lS!i7.  Strands  of  jute  or  yarn  passed  through  pow- 
dered su^ip-tinie  ;  twisted  into  a  rope ;  passud  tlirough  melted 
parathiie  ;  covered  in  a  braiding-machine  ;  then  through  paraf- 
fine. 

73,454  of  ISfiS.  Wire  or  vegetable  fiber,  braided  oue  over  the 
other,  with  lubricants  bet.veen- 

77,275  of  18tj8.  Lubricant  of  stcariue,  powdered  soapstrfne, 
etc.,  is  iutroJuced  into  packing  while  being  twisted  or  braided 

77,902  of  181)8.  Yarn  run  from  reels  through  a  vat  of  oil, 
wax,  and  powdered  sonpstone,  and  twisted  into  rope. 

101,425  of  1870.  Core  of  asbestus,  with  canvas  cover  coated 
with  rubber,  vulcanized  or  otherwise.  Pulverized  asbestus 
sprcjui  on  tin-  canvas  cover,  or  the  latter  may  be  of  pulpy  asbes- 
tus !ind  a  tilnniis  or  glutinous  material. 

102,H'»K  of  1S70.     Pulp  of  rags  and  paraffine. 

108,284  ul  1870.  Sliver  or  hempen  rope  impregnated  with  a 
vehicle  nf  melted  paraffine,  with  graphite,  burnt  hair,  etc. 

108,28.^  ot"  187U.  A  layer  of  fiber  on  a  plate  saturated  with  a 
mixture  of  melted  piraffine  or  tallow  and  soapstone  or  graphite, 
compressed  into  sheets. 

108,286  of  1870.  Felt  impregnated  with  a  mixture  of  graphite, 
soapstone,  and  burnt  hair,  while  in  a  vessel  of  paraffine. 

108,722  of  1870.  Material  coated  with  rubber  is  punctured, 
and  graphite  or  other  lubricant  forced  therein. 

108,931  of  1870.  Graphite  mixed  with  comminuted  leather 
and  parafline. 

iuy,2;i9  of  1870.  Loose  yarn  run  into  slivers,  twisted  and 
combined  with  melted  paraffine,  graphite,  soapstone,  etc. 

110.582  of  1870.     Rubber,  grapliite,  and  soapstone  combined. 

110.583  of  1870.  Sponge  impregnated  with  graphite  and 
glycerine. 

110.584  of  1870.  Hair  or  wool  felted  with  graphite,  asbestus, 
etc..  consolidated  by  action  of  water. 

l;il,*.t45of  1S72.  Long  fibers  of  wool  and  asbestus  covered 
with  metallic  or  filmms  iiKitcrial  with  lubricants  between. 

Soiiicwhiit  similar  materials  are  used  for  the  pistons  of  pumps, 
tliough  the  common  device  is  a  leathern  disk  a  trifle  larger 
than  the  diameter  of  the  bowl. 

Pis'ton-1'od.     Tilt!  round  rod  which  connects  the 

pi-stou    with   the    oross-head    or 

Fig.  3703.  crank  of  the  steam-engine,  as  the 


Fig.  3764. 
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Ciisc  limy  bi' :  or 
tin:  lUiiiiii-liaiuUe 
with  tlie  iihiiiger 
or  liuckct. 

'\.'\n:  ]iiston-rnd  f 
passes  through  a  ( 
steam-tight  col- 
lar, known  as  a 
slujfing-box,  as  in 
tlie  exaniplo,  in 
which  cork  is 
i;oiii[trcsscd  hy  the 
gland. 

Pis'ton-rod  Pack'ing.  A  material  or  (hivice 
anmnd  the  ])iston-rod  to  })revent  hnikago  of  steam 
from  the  cylinder. 

In  the  example,  the  packing  is  pinched  between  the  conical 
gland  (/  and  tlie  perforated  collar  c,  through  wbicli  steam  is 
admitted  to  the  packing. 

In  Fig.  3765,  the  strands  of  hemp  are  wound  on  wire,  and 


Fig.  3765. 


Piston-Hod  Packing. 


Piston-Rod  and  Stuffmg-Box. 

form  annular  sections  or  a  coil  around  tbe  pistou-rod  in  tlio 
stuffing-box. 

Pis'ton-spring.  A  coil  in  the  circniiifcrciitial 
groove  of  a  jiiston  to  expand  against  the  cylinder 
and  I'orin  a  packing. 

A  spring  inside  a  piston-head  to  expand  the  rim 
against  the  cylinder.     See  Piston. 

Pis'ton-valve.     A  valve  consisting  of  a  circular 

(lisl;,  which  rei'i]irocates  in  a  cylindrical  chamber. 

It  is  sometimes  preferred  to  the  slide-valve,  as  it  is 

readily  packed  and  its  friction  is  le.ss. 

a  is  the  cylinder ;  ft,  the  steam-pipe,  having  a  belt  around  the 

Fig.  3766. 


Piston-  Valve, 


cylinder  by  which  the  steam  reaches  the  Talvc-clianiber  c.    Tlic 
valves  are  on  a  single  rod,  and//are  the  eduction  pas,sagf8 

In  Fig.  3767,  the  two  piston-valves  ai'e  on  the  stem  of  the 
piston ,  and  govern  the  induction  and  eduction  ports,  through 

I'iL'.  3767. 


Piston-Rod  and  Sluffing-Box. 


Steam-Engine  and  Pis'on-  Valve. 
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which  steam  is  admitted  to  be  conducted  from  the  respective 
cylinders. 

Pit.     1.   Tlie  shaft  of  a  mine. 

a.  PuiHpiiig-pit ;  a  shaft  in  which  the  pumps  and 
liyJraiilic  machinery  work. 

6.  If'orking-pit ;  a  shaft  in  which  the  mineral  is 
hoisted  and  the  supplies  and  workmen  lowered. 

c.  Emjitic-pit ;  the  sliaft  in  which  the  engine 
works. 

2.  (Founding.)  A  cavity  or  hollow  scooped  in  the 
lioor  to  receive  cast-metal. 

3.  A  vat  in  tanning,  bleaching,  dyeing,  or  in 
washing  aUun  earth,  etc. 

4.  A  sunken  place  in  whicli  charcoal  is  piled  for 
burnint;. 

Pitch.  1.  {Machinery.)  a.  The  distance  be- 
tween the  threads  of  a  screw  measured  on  a  line 
parallel  to  the  axis.  Tlie  depth  is  tlie  railial  niea.s- 
urement. 

b.  The  distance  between  the  centers  of  two  adja- 
cent teeth  in  a  cog-wheel,  measured  on  tlie  pitch- 
line,  which  is  concentric  with  tlie  a.vis  of  revolution 
and  at  such  a  distance  I'rom  the  base  of  the  teeth  as 
to  have  an  eiiual  rate  of  motion  with  a  similar  line 
in  the  cog-wheel  with  which  it  engages. 

c.  The  pitch  of  a  rivet  is  the  distance  apart  from 
center  to  center.  It  is  four  diameters  in  seams  and 
butts  of  jdates,  and  eight  diameters  in  angle  irons 
and  bars.      See  ElVET. 

d.  The  distance  between  the  stays  of  marine  and 
other  steam  boilers.  In  marine  boilers  it  is  usually 
from  12  to  18  inches. 

2.  (Carpentry.)  The  inclination  of  a  roof.  This 
is  expressed,  — 

a.  In  angles,  as  30',  45°,  etc. 

b.  In  parts  of  the  span,  as  one  half,  one  quarter  ; 
indicating  that  the  elevation  of  the  eo)nli  is  one  half 
or  one  ([uarter  of  the  span.  When  the  hight  is  half 
the  breadth  the  angle  of  the  slopes  is  a  right  angle. 

c.  In  the  proportion  which  the  rafters  bear  to  the 
spin. 

Tiii^  common  pitch,  so  called,  has  a  rafter  three 
(luarters  the  length  of  the  span. 

The  GjIIUc  has  a  fuU.  or  whole  pitch,  the  rafters 
being  the  length  of  the  span,  making  an  equilateral 
triangle. 

The  Greek  has  a  pitch  i  to  4"  of  the  span,  giving 
■.n  angle  of  12°  to  16'. 

The  Roman  has  a  pitch  from  i  to  5  of  the  span, 
giving  an  angle  of  23'  to  24°. 

The  Elizabethan  has  rafters  longer  than  the  span. 

3.  {Architecture.)  The  rise  or  vei'sed  sine  of  an 
arch. 

4.  {Mininrj.)  A  lode  or  portion  of  a  lode  let  out 
to  men  to  work  by  the  piece  or  by  a  percentage  of 
the  product. 

5.  {Sn.ws.)  The  pitch  of  a  saw  is  the  rake  or  in- 
clination of  the  face  of  a  tooth.  The  .^nice  is  the 
distance  between  the  points  of  the  teeth.  The  rake 
is  a  forward  slant  of  the/oce,  not  common,  but  found 
in  some  saws. 

6.  {Planes.)  The  slant  of  a  plane-bit  in  its  stock. 
The  pitch  is  regulated  by  the  angle  of  the  bed.  The 
spokeshave  has  an  angle  of  from  25°  to  30'.  The 
common  pilch  of  a  bench-plane  is  45°,  and  is  used 
for  pine  and  other  soft  woods.  York  jiitch  of  50° 
for  bench-planes  working  in  hard  aiul  stringy  woods  ; 
mahogany,  for  instance.  Middle  pitch,  55°,  for  mold- 
ing-planes and  smoothing-phmes  for  mahogany  and 
similar  woods.  Half  pitch,  60',  for  molding-planes 
in  wood  ditficult  to  work.  As  the  pitch  becomes 
steeper,  it  becomes  a  scraping  action.  Pitch  of 
scraping  and  metal  planes  is  80'  to  vertical. 

In  the  miter-plane  the  chamfer  of  the  bit  is  set 


upward  ;  the  flat  side  rests  on  a  bed  of  25°,  the  an- 
gle of  the  bit  is  35°,  so  that  the  cutting-edge  has 
an  elevation  of  60'. 

7.  {iFatcr-whecl.)  In  overshot  water-wheels,  the 
bucket-pitch  is  a  circular  line  passing  through  the  el- 
boius  of  the  buckets.  The  elbow  is  the  junction  of 
the  floor  and  the  arm,  which  form  the  bucket.  See 
BucivF.T. 

8.  {Paddle-wheel.)  The  pitch  of  the  paddles  is  the 
distance  between  them,  measured  on  the  circle  whicli 
passes  through  their  centers.  It  is  commonly  from 
1.6  to  double  their  depth. 

9.  {Propeller.)  The  pitch  of  a  propeller-screw  is 
the  lengtli,  measured  along  the  axis,  of  a  complete 
turn. 

A  (laining-pitch  is  one  in  wliich  the  pitch  gradu- 
ally increases  from  the  Icadim/  to  thefollowintj  edge. 

10.  {Music.)  The  acuten&ss  or  gravity,  hight  or 
ilepth,  of  any  particular  sound  in  the  comi)ass  or 
range  of  notes  comprehended  by  any  voice  or  instru- 
ment. A  musical  sound  is  produced  by  a  series  of 
vibrations  recurring  at  precisely  equal  intervals  ; 
the  greater  the  number  of  vibrations  in  a  given  time, 
the  more  acute  or  higher  the  pitch. 

The  st-iudard  or  concert  pitch  has  long  been  a  vexed  ques- 
tion, although  now  pretty  well  settled  For  a  long  scries  of 
years  prior  t<i  18-39  it  had  been  gradually  rising,  much  to  the 
inconvenience  of  public  singers.  The  C  "tuning  fork  in  use  in 
1690  made  489  vibrations  in  a  second,  while  in  1859  the  number 
of  vibrations  had  incl-eased  to  5-38.  In  England,  in  1842,  Mr. 
Hullah,  as  a  pubhc  instructor,  and  under  the  sanction  of  the 
Committee  of  Council  on  Education,  fixed  a  standard  of  512, 
which  has  an  especial  convenience,. as  being  a  power  of  2.  In 
France,  in  1858,  the  Imperial  Government  fixed  it  at  522.  It 
was  on  all  sides  agreed  that  the  then  existing  opera-pitch  of 
546  was  too  high  and  painful  to  soprano  singers.  Sir  John 
Ilerschel — a  high  authority — strongly  recouuiiended  512;  but 
instrumental  jicrformei-s  stated  that,  while  they  could  lower 
the  pitch  to  528,  even  at  that  srme  of  them  would  be  compelled 
to  get  new  instruments.  The  Committee  of  the  Society  of  Arts 
therefore  fixed  the  standard  at  528. 

Pitch-back  Vrheel.  {Hydraulic  Engineering.) 
A  kinil  of  water-wheel,  in  which  the  water  is  turned, 
at  an  angle  with  its  direction  in  the  flume  before 
descending  into  the  buckets. 

Pitch-block.  A  cushioned  seat  of  a  concave 
liemisi>herical  form,  in  wliich  sheet-metal  ware  is 
held  while  being  chased.      See  C'H.iSING-TOOL. 

Pitch-chain.  Vaucanson's  chain.  One  com- 
posed of  metallic  plates  bolted  or  riveted  together, 
to  work  in  the  teeth  of  wheels. 

Pitch-cir'cle.  (ticariny.)  The  circle  of  contact 
of  a  cog-wheel  m  hich  me.shes  with  a  corresponding 
cog-wheel  or  rack. 

Pitched  Fas-cine'.  A  fagot  of  dry  twigs,  cov- 
ered over  with  iiicndiary  composition,  and  used 
to  set  lire  to  buildings  or  to  light  up  works.  It 
is  inadi'  in  the  same  way  as  common  fascines,  ex- 
cept leaving  a  cylindrical  space  in  the  axis,  is  bound 
with  strong  wire,  and  is  first  coated  wdth  a  coin- 
position  of  ttt-enty  pitch  and  one  tallow,  and,  when 
hardened,  a  secoml  coat  of  equal  parts  of  pitch  and 
resin  is  given  the  fascine,  which  is  afterward  primed 
at  each  end  with  rock-fire. 

Pitched  'Work.  {Masonry.)  Work  in  rubble 
or  undressed  stones  which  are  not  thrown  in  indis- 
ciimiuately  (picrre  perdue),  or  laid  regularly  (coursed 
work),  but  in  which  the  blocks  are  pitched  or  tos.sed 
into  place  with  a  certain  degree  of  regularity,  so  as 
to  binil  one  another  in  jilace.  It  is  u.sed  in  the  facing 
or  uiiper  courses  of  breakwaters,  the  slopes  of  jetties, 
and  on  similar  maritime  constructions. 

Pitch'es.  The  guide-pins  which  direct  the  floor- 
cloth printer  in  placing  the  blocks  on  the  canvas  so 
that  the  respective  dots  of  color  will  fall  into  the 
right  places  in  the  pattern. 

They   answer  as   the  register-points  in   chronio- 
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lithographic  printing,  in  wliiuh  the  paper  is  placed 
successively  on  stones  with  ilitierent-colored  inks ;  the 
points  penetrating  the  paper  preserve  tlie  rajister. 

A  .sheet  of   paper  on  the  lijmpan  of  a  printing- 
press  acts  as  a  guide  in  placing  the  paper  thereon  in 
]irinting,  so  that  the  matter  shall  occupy  the  right 
place  on  tlie  page.    Wheie  the  printing  is  in  more 
than  one  color,  the  tt/mpan-shcd  acts  as  a  register. 

Pitch'iork.  A  husbandman's  fork  of  two  or 
three  tines  for  pitching  hay,  straw,  or  sheaves, 
or  of  four  tines  for  manure. 

Pitch'ing.  (Hijdmulic  Engineering.)  A  fa- 
cing of  dry  stone  laid  upon  a  bank,  to  prevent 
the  wear  by  waves  or  currents. 

Pitch'ing-piece.     {Carpentry.)     The   piece 
against  which  rest  the  upper  ends  of  the  carriage- 
pieces,  notched  boards,  or  rough-strings,  supporting 
the  steps  of  a  stairs.     An  apron-piece. 

Pitch'ing-tool.  1.  (I Watchmaking.)  A  tool 
used  in  placing  wheels  between  the  plates  of  a 
watch. 

2.  (Mining.)  A  kind  of  pick  used  in  commencing 
a  hole. 

Pitch-line.  (Gearing.)  The  circle  described  hy 
the  extremity  of  the  primitive  radius. 

Pitch-pipe.    (Music.)    A  flute  or  free-reed  pipe 
tuned  to  a  given  pitch,  and  used  by  choristers  as  a 
tuning-fork  to  give   the  required  elevation  of  the 
voice.     The  reed-pipe  has  a  given  note.     The 
flute-pipe  may  have  a  piston  and  a  range  of  ad- 
justment. 

Pitch-Twheels.   (Gearing.)    Toothed  wheels 
in  machinery  or  in  a  train  working  together. 

Pit-coal.     Fossil  coal.     Stone  coal. 

Pit-cock.  A  cock  to  discharge  air  from  a  water- 
pipe.     See  also  Pet-cock. 


In  the  example,  the  bolt  is  secured  to  the  forks  of  the  pitman, 
and  is  held  snugly  in  its  semi-cylindricul  socket  by  au  ndju:^t- 
able  houk-bolt. 

Fig.  3770. 


Pitman-  Coupling  for  Harvesters. 

Pit'man-head.  The  block  or  enlargement  at 
the  end  of  a  pitman,  at  which  point  its  connection 
is  made  to  the  object  by  which  it  is  driven  or  which 
it  drives. 

The  means  are  usually  a  strap,  gib,  and  key,  but  in  certain 
machinery,  as  in  harvesters,  another  arrangement  is  preferred, 
as  in  Fig.  3770,  or  in  the  example,  in  which  the  wrist  revolves 
in  the  divided  bo.x,  which  is  supported  on  a  screw  at  the  end  of 
the  pitman,  and  a  pivot  from  the  opposite  side  of  the  oil-cup  ;  a 


Fig.  3771. 


Pit-kiln.  An  oven  for  coking  coals ;  in  contra- 
distinction to  a  mound. 

Pit'man.  (Machinery.)  The  rod  which  connects 
a  rotary  with  a  reciprocating  object,  as  that  which 
couples  a  crank  with  a  saw-gate,  or  a  steam-pis- 
ton with  its  crank-shaft.  So  called  from  the  lower 
man  of  a  pair  who  worked  in  a  pit  at  the  lower  end 
of  the  saw. 

The  word  has  now  a  local  application  to  the  man 
in  charge  of  the  drainage-pumps  in  a  pit  or  shaft. 

The  more  general  use  of  the  word  refers  to  a  bar 
proceeding  from  a  crank  or  wrist,  such  as  the  rod 
connecting  the  cutter-bar  of  a  harvester  with  the 
wrist  on  the  crank-wheel. 

Pit'man-box,  The  stirrup  and  brasses  which 
embrace  the  wrist  of  the  driving-wheel. 

In  the  example,  the  driving-wrist  is  formed  with  a  ball  and 
flange,  on  which  is  fitted  a  cap  having  an  oil  reservoir  to  lubri- 
cate the  joint,  and  apertures  to  receive  the  forked  end  of  the 
pitman. 

Fig  3' 


Pitman-  Head 

determinate  freedom  of  motion  is  allowed  in  a  plane  coincident 
with  its  points  of  suspension  and  also  transverse  thereto. 
Fig.  3772  is  another  form  in  whicli  the  head  of  the  pitman  is 
connected  by  swivel -pieces  to 
the  parts  holding  the  boxes  of 
the  wrist  to  secure  freedom  of 
motion. 

In  Fig.  3773,  the  chilled-box 
pitman  -  head  has  an  internal 
screw  to  receive  the  threaded 
end  of  the  pitman,  which  is 
secured  by  a  jam-nut. 

Pi-tot's'  Tube.     A  current-meter.     It  is  a  tube 
Fig.  3772 


Harvester  Pitman-Head. 


open  at  both  ends  and  bent  at  right  angles.    The 
longer  leg  is  graduated  and  held  vertically  while  the 


Fig.  3773. 


Pitman-Box 

Pit'man-coup'ling.     A  means  of  connecting  a 
pitman  to  the  object  which  it  drives. 


Wrist-Wheel,  Wri^t,an'J  Pilman-Htad. 
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lower  end  is  plunged  in  the 
water,  the  mouth  pointing 
up  stream.  The  rising  of  the 
water  in  tlie  tube,  above  the 
level  of  the  outside,  is  the 
measure  of  the  force,  that 
is,  speed  of  the  current. 
See  Cur.r.ENT-METEr.. 

Pit-saw.  A  .saw  oper- 
ateil  by  two  men,  one  of 
whom  stands  on  the  log 
and  the  other  beneath  it. 
The  place  of  the  latter  is 
frequently  in  a  pit,  and 
thence  the  name. 

Pit-w^ork.  The  pump- 
ing and  lifting  ajjparatus 
of  a  mine-shaft. 

Piv'ot.  1.  (Machinery.) 
A  short  shaft  or  pintle  on 
which  a  body  oscillates  or 
,  revolves. 

A  bearing-pin  of  a  small 
Pii-Saic.  shaft. 

2.  {JFatchmating.)  A 
journal  at  the  end  of  an  arbor.      The  workman  uses 


special  tools,  known  as  the  pivot-drill,  j>ivot-broach, 

pivot;/?/?. 

Piv'ot-bolt.  (Ordnance.)  The  axis  of  horizon- 
tal oscillation.  A  traversing  platform  Dassing  through 
the  pivot  transom  and  the  front  sleeper  of  the  plat- 
form. 

Piv'ot-bridge.  One  form  of  swing-bridge,  which 
moves  on  a  vertical  pivot  beneath  its  midlength. 

Fig  3775  shows  a  number  of  forms  of  drawbridges. 

a  is  a  swioging  span  made  up  of  panels  of  trusses. 

6  is  a  span  on  the  BoUmau  principle  across  the  Mississippi  at 
Quincy,  Illinois. 

c  is  a  pivot-bridge  of  the  New  York  Central  Railway  on  the 
Linville  principle. 

rf  is  a  swinging  bridge  on  the  Linville  principle ;  it  is  one  span 
of  several  across  the  Missouri  River. 

c  is  a  bridge  on  the  bowstring  principle  across  the  Harlem 
River,  New  York. 

Plate  XLr.  is  a  view  of  the  Swing  Bridge  of  the  Amsterdam, 
Utrecht,  and  Cologne  Railway,  over  the  Yssel  near  Westervoort, 
in  Holland.  It  shows  the  swinging  span,  gatekeeper's  house, 
land  spans  for  carrying  off  water  at  spring  tioods,  ice-breakers 
in  the  stream  and  on  the  lowlands.  In  the  distance  are  the  dunes 
of  the  coast. 

Piv'ot-broach.   ( JValchmaking.)  A  fine  broach 

or  tool  for  opening  the  pivot-holes  of  watches. 

Piv'ct-drill.  (IVatchmaking.)  A  bow-drill  used 
in  making  the  pivot-holes  in  plates  of  watches. 


Fig  3775 


Pivot-Bridgps. 


Piv'ot-file.     (Watchmaking.)    A  fine  file  used 
in  dressing  pivots  on  the  arbors  of  watches. 
Piv'ot-gear'ing.    (Gearing.)    Cog-wheels  so  ar- 


ranged that  the  axis  of  the  driver  may  be  shifted,  to 
allow  the  machine  —  a  threshing-machine,  for  in- 
stance—  to  be  set  in  any  direction  from  the  )iower. 
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Piv'ot-giui.  A  gun  mounted  on  a  carriage  which 
may  be  rc\ulvcd  su  as  to  sweep  all  points  of  the 
compass.  Usually  employed  on  shipboard,  but  some- 
times in  tbrtitications. 

Fig.  3776  shows  a  Parrott  gun  mountecl  oo  a  pivot-carriage 
adapted  to  bo  stiifted  I'rom  side  to  side  of  a  vessel,  so  tbat  one 


I'ig.  3776. 
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battery  may  answer  for  botii  broadside.^;.  Tlie  carriage  is  in  use 
on  the  thirty  gunboats  built  for  the  Spanish  government  in  New 
York,  about  1870,  and  has  since  been  adapted  for  other  vessels. 
It  wa.^  invented  by  Ericsson. 

The  platform  a  runs  on  tracks  6  b  across  the  deck  of  the  ve.s- 
sel,  and  may  be  propelled  by  a  cog-wheel  gearing  in  the  rack  c 
on  one  of  the  tracks  The  carriage  proper  is  pivoted  in  the 
center  of  the  platform,  and  rests  on  wheels  d  d.  When  in  firing 
position  the  platform  is  fastened  to  the  deck  by  pins,  one  of 
which  is  shown  at  e. 

Piv'ot-lathe.  A  .small  lathe  used  by  watchmak- 
ers for  turning  tlie  pivots  on  the  ends  of  arbors  for 
watch-movcnients. 

In  the  example,  the  staff  on  which  the  pivot  is  to  be  turned 
is  sustained  in  a  laterally  adjustable  rest,  with  au  axial  support 
in  the  rear ;  the  head  which  supports  the  spindle  of  the  cut- 
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ting-tool  is  adjustable  laterally  ;  the  shank  of  the  burnisher  is 
socketed  in  a  transversely  adjustable  rest. 

Piv'ot-tooth.  (Deiitiil.)  An  artificial  crown  at- 
tached to  the  root  of  a  natural  tooth  by  a  dowel-pin 
of  wood  or  metal  occupying  the  nerve-canal,  which 
i.s  enlargeil  liy  a  broach  fin'  that  pnrpo.se. 

Piv'ot-tran'som.  {Ordnance.)  The  front  mem- 
ber of  the  idiassis. 

Pix.  {Coining.)  A  box  in  which  are  placed  .sam- 
ph's  of  coin  for  assay.  Pyx.  See  Coining  ;  Rem- 
r.i)\. 

Place-brick.  A  name  given  in  England  to  the 
imperfectly  burned  bricks  at  the  outer  part  of  a  kiln 
or  clamp.  They  are  inferior  in  hardness  and  dura- 
bility. Called  also  pecking-brick,  sandal-brick,  samel- 
brick. 

Pla-cen'ta-for'ceps.  {Stirgica!.)  A  forceps  for 
grast)hig  and  extracting  the  afterbirth. 

Pla-cen'ta-hook.     {Surgical.)    A  small,  round 


pointed  hook  with  ebony  handle,  used  in  obstetncs, 
to  extract  th«  afterbirth. 

Place-ol-arms.  {Fortification.)  Enlargements 
in  the  .salient  and  reentering  angles  of  the  covered 
way,  and  serving  for  the  occupation  of  tlie  troo])S 
who  defend  it.      8ee  B.iSTION. 

Plaid.  {Fabric.)  Goods  of  any  quality 
or  material  whose  pattern  consists  of  vari- 
ous colored  bars  or  stripes  in  the  warp  and 
in  the  weft,  colored  in  tlie  wool  or  thread, 
and  representing  the  Scotch  tartans  which 
distinguished  the  clans. 

Pliny  states  that  to  divide  by 
squares  in  weaving  came  IVoiu 
the  Gauls. 
Plain-back.  {Wcacini/.)  a. 
'J'hc  ground  on  w  liich  the 
miji  or  pile  is  raised. 
b.    Bomliazette. 
Plain  Cloth.     {Fab- 
ric..)    Not  twilled. 

Plain-com'pass.  A 
sim|ilB  form  of  the  sur- 
veyor's instrument.  It 
has  a  needle  about  six 
inches  long,  a  graduated 
circle,  tnain  plate,  levels 
and  sights,  and  is  placed  upon  the  brass  bead  of  the 
Jacob-staff. 

The  compass-circle  is  divided  to  half-degrees  on  its  upper  sur- 
face, the  wiiole  degree  marks  being  also  cut  down  on  the  inside 
circumference,  and  is  figured  from  0  to  90  on  each  side  of  the 
center  or  "  line  of  zeros." 

The  sights,  or  standards,  have  fine  slits  cut  through  nearly 
their  whole  length,  terniinated  at  intervals  by  large  circular 


Plain- Compass. 

apertures  through  which  the  object  sighted  upon  is  more  read- 
ily found. 

The  right  and  left  hand  edges  of  the  sights  have  respectively 
an  eye-piece,  and  a  series  of  divisions,  by  which  angles  of  eleva- 
tion and  depression,  for  a  range  of  about  twenty  degrees  each 
wav,  can  be  taken  with  considei-able  accuracy.  This  arrange- 
ment is  termed  a  tangetit-scnle,  the  divided  edges  of  the  north 
sight  being  tangents  to  segments  of  circles  having  their  centers 
at  the  eye-pieces  and  their  points  of  contact  with  the  tangent 
lines  at  the  zero  divisions  of  the  scale. 

Plain-gauze.  {fVcaving.)  Worked  without 
llowi'is. 

Plain-mold'ing.  {Joinery.)  Molding  of  which 
the  surl'aces  are  plane  figures. 

Plait     1.  Braid. 

•2.   A  Hat  fold  in  a  garment,  as  on  a  shirt-bosom. 

3.  Straw-plait  is  made  in  various  ways,  and  after 
a  variety  of  patterns,  known  by  the  name  of  the  place 
whence' it  is  brought,  as  Leghorn,  Tuscan,  Dunsta- 
ble ;  or  by  the  numVier  of  strands,  as  seven,  doithlc- 
scrcn;  or"  by  other  characteristics,  as  split,  Vandyke, 
open,  etc. 

The  straws  are  carefully  selected,  cut  into  equal 
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lengths,  bleaoheil  by  exposure  to  sulphur  fumes, 
split  lengthwise,  and  plaited  together,  according  to 
the  taste  and  the  market. 

The  Leghorn,  for  instance,  is  a  13  plait,  6  straws 
being  tuined  to  the  left  and  7  to  the  right,  so  as  to 
cross  each  other  at  right  angles  ;  the  outer  one  of 
the  seven  is  turned  down,  under  two,  over  two,  and 
under  two  ;  the  outer  straw  on  the  other  side,  w  hieh 
now  has  seven,  is  ne.xt  turned  down,  pa.ssiug  below, 
above,  and  below,  in  the  Siinie  manner. 

Straw  is  .split  by  a  wire  which  has  a  series  of 
sharp  edges  eijual  in  number  to  the  number  of  splits 
into  which  it  is  desired  to  divide  the  straw.  The 
Slips  are  softened  in  water  to  render  them  pliable  iu 
plaiting.  The  plait  is  flattened  between  wooden 
rol lers. 

4.  (XaiUical.)  Strands  of  rope-yarn  twisted  into 
foj-rs,  or  braided  into  sennit. 

Plait'ed  Rope.  A  flat  rope  made  by  plaiting 
instead  of  twisting.     Sennit. 

Flait'ing.  1.  (Hat-making.)  The  interweaving 
of  the  felted  hail's,  fomiing  a  hat-body  by  means  of 
pressure,  motion,  moisture,  and  heat.  Also  called 
Haedusixg  (which  see). 

2.  Interweaving  of  strands  to  form  a  flat  rope  or 
braid. 

Plait'ing-at-tach'meut    for    Se'w'ing-ma- 
chines'.    A  plait  is  a  flattened  gather  or  fold.     Of 
the  numerous  plait- 
ing and  tucking  de-  ,  Kg.  3779. 
vices  an  example  may 
be   given.      A   gage- 
plate  C  is  secured  to 
the  hinged  handle  B, 
and  has  an  extension 
which     guides      the 
cloth.    '\Vhen  operat- 


St.  John's  Tucker. 

ing,  the  gage-plate  re.sts  upon  the  cloth  and  pushes 
it  against  a  shoulder,  above  which  the  folding- 
plate  D  is  secured.  An  adjustable  guide  /  causes 
the  tuck  which  is  just  fonned  to  be  fed  in  a  line 
parallel  to  the  plait  which  is  lieing  stitched. 

Flan.  A  map  or  representation  of  a  building  or 
machine  on  a  given  plane.  A  hoiizontal  section  at 
a  specified  level. 

1.  In  architectural  drawing,  the  term  is  applied 
cither  to  a  ground  jilan,  the  orilutgraphy,  or  to  a 
horizontal  section  at  a  given  hight,  say  one  of  floors 
or  stories. 

In  the  geometrical  plan,  the  parts  are  represented 
iu  their  natural  pro{X)rtions. 

In  the  perspective  i)lan,  the  lines  follow  the  rules 
of  pei-spective,  reducing  the  sizes  of  more  distant 
parts. 

Other  views  are  elevations,  end  or  side,  and  sections; 
also  called  raised  plans. 

2.  In  shipbuilding,  the  term  plan  is  of  more  gen- 
eral import,  and  we  have  — 

a.  The  shear-plan,  ginng  the  lines  of  horizontal 
sections  at  ditlerent  liights,  as  well  as  the  bow^  and 
buttock  lines,  which  represent   the   boundaries   of 


vertical  sections  ^^S-  3780. 
in  planes  parallel 
to  the  vertical  lon- 
gitudinal section. 
The  shear-plan  is 
practically  a  side 
elevation  or  lon- 
gitudinal view.         

b.  The     lialf-  |fr~-' 
breadth    plan    is   .         ' 
practically  a   top  | 
view  of  one  half 
of  the  vessel,  di- 
vided    vertically 
and  longitudinal-  ly 
ly  in  the  line  of  its  |l 
keel.    Itisa^)?rt« 
in    the   more    re- 
stricted sen.se. 

c.  The    body- 
plan  is    an    end 
elevation,    show- 
ing    the      VMter-  Plan  of  a  Coltagt. 
lines,  bultoek  and 

bou:  lines,  diayonal  lines,  etc.     See  LiXE. 

Plan'ceer.     (Architecture.)     A   Soffit  (which 
st-e). 

Planch.     An  iron  shoe  for  mules. 

Plan'chet  (Coining.)  A  flat  disk  of 
metal.  A  round  disk  of  metal  weighed  and 
tested  is  a  plauchet  ready  for  coining. 

The  strips  of  plate  from  which  planchets 
have  been  removed  are  called  seissel. 

Plan-chette'.  1.  A  heart-shaped  piece 
of  board  mounted  on  thin  supports,  two  of 
which  are  casters,  and  one  a  pencil  which 
makes  marks  as  the  board  is  pushed  >inder 
the  hands  of  the  person  or  pei-sons  whose 
fingers  rest  upon  it.  The  exact  cause  of 
its  motions  is  not  clearly  underetood,  as  a 
portion  seems  to  be  involuntary  on  the  part 
of  the  performers. 

Planchette  belongs  to  the  family  of  so- 
called  "spirit-manifestations,"  table-tip- 
pings,  etc.  These  and  similar  phenomena 
have  not  been  satisfactorily  explained ; 
and  thus  far  they  seem  productive  of  more 
hai-m  than  good,  where  accepted  as  gen- 
uine manifestations  of  disembodied  spir- 
its. 


PlancAette. 

In  principle  it  is  as  old  as  the  hills.  The  Chinese 
know  all  about  it.  When  they  would  consult  a 
god,  they  set  before  the  image  a  platter  of  .sand,  and 
two  men  grasp  one  leg  each  of  a  V-shaped  piece  of 
wood,  the  point  of  which  rests  on  the  sand.  The 
spirit  of  the  god  is  supposed  to  descend  and  move 
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the  marker,  iind  the  marks  it  makes  in  the  sand  are 
traiishited  into  an  onicuhir  answer ! 

While  the  pursuit  of  such  knowledge  haii  been 
the  destruction  of  tlie  religious  faith  of  thousands, 
and  while  the  pursuit  of  the  exact  and  speculative 
sciences  ha^s,  in  njauy  oases,  crowded  out  all  belief 
in  the  sui>ernatural,  it  is  a  eomfort  to  some  of  us  to 
read  the  testimony  of  the  great  physicist  Faraday  : 
*'  1  have  never  seen  anything  incompatible  between 
these  things  of  man  which  can  be  known  by  the 
spirit  of  man  wliich  is  within  him  and  those  higher 
things  concerning  his  future  which  he  cannot  know 
by  that  spirit." 

2.   A  circumferentor. 

Plane.  1.  {JVoodworking.)  A  carpenter's  cut- 
ting and  surface-smoothing  tool,  of  which  there  are 
many  varieties,  called  from  some  peculiarity  of  con- 
struction or  purpose. 

A  tool  having  a  bit-iron  set  in  a  flat-soled  stock, 
and  used  for  smoothing  surfaces  by  taking  thin 
shavings  therefrom. 

The  bit  is  known  as  the  iroii. 

The  i'ro/t  is  fastened  in  the  stock  by  the  ivcdgc, 
which  holds  it  to  the  slanting  surface  known  as  the 
bed.  The  abutment  is  the  shoulder,  between  whiuh 
and  the  plane-bit  the  wedge  is  driven. 

The  bottom  of  the  stock  is  the  sole. 

The  toat  is  the  handle. 

**  The  shavings  of  fir,  when  briskly  planed,  always  curl  up  in 
circles  like  the  tendrils  of  the  vine."'  —  Hllnv. 
The  plane  of  the  Roniaas  was  known  as  ntncina. 
The  Japanese  planes  are  small,  with  single  irons, — no  handles. 
The  planes  are  shorter,  lighter,  and  the  wood  shallower  than 
ours,  being  generally  not  more  than  an  inch  deep.  To  plane  a 
piece  of  wood,  they  lay  it  on  the  ground,  squat  on  their  hams, 
ijold  it  fast,  with  their  toes,  and  work  the  plane  by  drawing  it 
Tith  both  hands  toward  them. 

Some  of  their  tools  appear  to  be  mere  children's  toys  ;  for  in- 
stance, they  have  a  sniootliing-plaue  two  and  one  half  inches 
long,  one  inch  broad,  and  half  an  inch  thick 

In  Fig.  3782,  a  shows  a  tl-it  solid  plane  applied  to  a  curved  exte- 
rior surface ;  the  round- 
ing can,  however,  be 
effected  more  speedily 
and  conveniently  by  the 
concave  plane  6.  The 
compass  -  plane  c  is 
adapted  for  curved  in- 
,  terior  surfeces,  and  may 
be  used  for  forming 
curves  having  a  greater 
radius  than  its  sole,  d 
is  a  plane  for  the  hand- 
rails of  staircases ;  ?, 
spoke'jhave ;  f,  bench- 
plane  ;  ^,  section  of  stock 
of  bench-plane  ;  /r,  i,  k,  I, 
m,  sections  of  molding- 
planes. 

In  Fig.  3783,  a  is  a 
Planes  {Diagram  showing  the  Kinds),  jack-plane  ;  6,smoothing- 
plane ;  c,  d,  double  plane- 
Iron,  the  shorter  is  termed  the  break-iron,  e  iUustratcs  the 
action  of  a  plane  in  which  the  mouth  has  become  much  worn  ; 
the  shavings  are  comparatively  unbroken,  and  the  iron, 
splitting  the  fibers,  does  not  give  a  smooth  surface.  /, 
mouth  of  miter-plow,  of  small  aperture,  faced  with  metal 
and  effecting  a  comparatively  smooth  cut ;  this  object  is  better 
effected  by  the  double  plane-iron,  as  shown  atg-;  A,  fillister ; 
t,  plow. 

In  Smith  and  Carpenter's  plane  (.1,  Fig.  3784),  the  stock  is 
stiffened  by  an  upper  metallic  frame;  the  plane-iron  a  is  held 
between  the  wedge  b  and  curved  branch  c,  and  is  adjusted  by  a 
thumbscrew  d. 

Kvans's  plane-stock  B  consists  of  a  metallic  piece  a,  in  which 
the  bit  is  secured  by  a  lever  b  provided  with  a  thumbscrew  ; 
curved  arms  c  c,  to  which  the  flexible  sole  d  is  attached,  work 
in  slot*  at  the  ends  of  the  stock  ;  the  sole  may  thus  be  adjusted 
to  any  desired  curve  within  certain  limits,  the  arms  being  se- 
cured by  the  screws  e  e. 

The  stock  of  Buckpl's  plane  C  is  made  in  two  parts,  pivoted 
together  at  a  through  metallic  guide-plates  on  each  side.  A 
spring  b  is  interposed  between  the  two  parts  at  front,  their  dis- 
tance apart  being  regulated  by  the  screw  c.  The  plane-iron  is 
fixed  in  the  upper  part,  and  is  caused  to  protrude  more  or  less 
ttom  the  mouth,  according  to  the  downward  pressure  exerted 
by  the  hand;  the  depth  of  cut  may  thus  be  varied  at  each 
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stroke,  and  the  drag  of  the  bit  as  the  plane  is  drawn  back  is 
prevented 

An  American  plane,  patented  in  1832,  has  a  thumbscrew  on 
the  top  iron,  which  moves  two  lateral  pins  fitting  in  grooves  in 
the  sides  of  the  plane.     The  plane-bit  being  adjusted  to  the 
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required  position,  rotation  of  the  thumbscrew  tilts  the  top 
plate,  which  bears  against  the  bit  and  holds  it  in  place  without 
a  wedge. 

The  following  are  the  dimensions  of  some  of  the  more  com- 
mon varieties  of  planes :  — 


Modeling-plane 

Smoothing-plane 

Rabbet-plane 

Jack-plane 

Panel-plane 

Trying-plane 

Long-plane 

Jointer-plane 

Coopcr^s  jointer-plane . 


Length  in 
Inches. 


1-5 

6^-8 

9i 

12  -17 
IH 

20  -22 
24  -26 
28  -30 
60-72 


Width  in 

Width  of 

Inches. 

Irons. 

i-2 

S«-H 

2S-3S 

U-2i 

J-2 

S-2 

21-3 

2  -2i 

3j 

21 

3J-3i 

2i-2i 

31 

2i 

3J 

2} 

5  -5t 

3i-3} 

The  angle  of  the  bit  varies  with  the  work;  the  harder  the 
wood  the  steeper  the  pitch. 

Cmnrnnn  jntch  is  4o°,  and  ha'f-pitch  is  60^.  There  are  other 
pitches  between  the  two.     See  Pitch. 

See  under  the  following  heads :  — 
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Angle-plane. 

Astragal-plane. 

Badger-plane. 

Banding-plane. 

Bead-plane. 

Bench-plane. 

Borderplane. 

Break-iron. 

Capping-plane. 

Carpenter's  plane. 

Compx«5-plaDe. 

Conc.-»To-plane. 

Cooper's  plane. 

Core-boi  plane. 

Cornice-plane. 

Counter-check. 

CoTetta. 

Cuttiog-pUne. 

Cutting-thrust 

Dovetiil. 

Dovetail  box  plane. 

Edge-plane. 

Fillet-plane. 

Filli-'^ter. 

Fluting-plane. 

Fore-plane. 

Forksuff-plane. 

Grooving-plaoe. 

Hind-rail  plane. 

Hollows  and  rounds. 

Hollow-sash  plane. 

Howel. 

Ico-plane. 

In-share. 

Jack-plane. 

Joiner's  plane. 

Jointer. 

Jointing-plane. 

La  nib's- tongue. 

Long-plane. 

M  Itching-plane. 

Metil-plane. 

Miter-plane. 

Mo  leling-plane. 

Molding-plane. 

Ogee-plane. 


OTetshaTe. 

Ovoloplane. 

Panel-plane. 

Panel-plow. 

Pistol-router. 

Plane-guide. 

Plane-iron. 

Plane-table. 

Plow. 

Q  uarter-round. 

Quirking-plane. 

Rabbet-plane. 

Reed-plane. 

Reglet. 

Kounding-plane. 

Round-nose  plane. 

Router. 

Sash-fillister. 

Sash-plane. 

Scaleboard-pla  ne. 

Scraping-plane. 

Shooting-plane. 

Side-fillister. 

Side-plane. 

Side-rabbet  plane. 

Side-round  plane. 

Side-snipe 

Single  and  three  reed  planes. 

Skew-plane. 

Skew-mbbet  plane. 

Slat-plane. 

Slitting-pLine. 

Smoothing-plane. 

Snipe-bill  plane. 

Splint-plane. 

Spokeshave. 

Spout-pla[]e. 

Square.rabbet  plane. 

Stock-shave. 

Sun-plane. 

Table  plane. 

Tonguing-plane. 

Toothing-plane. 

Trv-plane. 

Whisk. 

Witchet. 


2.  A  straight  surface  ;  a  "true  plane"  is  a  gage 
or  test  of  flatness.  The  "  true  "  planes  exhibited  by 
AVhitworth  at  the  Paris  Exposition  were  polishcil 
metallic  surfaces  of  100  inches  area.  These  were 
prepared  in  triplets,  to  avoid  the  error  which  may 
occur,  as,  when  ground  together,  one  might  become 
conve.x  and  the  other  concave,  but  a  third  could  not 
possibly  fit  both  unless  they  were  all  correct.  The 
error  is  said  not  to  have  exceeiled  the  TtfWoTnTth  of 
an  inch.  One  slides  over  the  other  as  freely  as  upon 
ice,  until,  hy  pressure,  the  film  of  air  is  removed, 
and  then  the  adherence  is  so  strong  that  one  is  read- 
ily lifted  by  the  other.     See  Pl.\ne-surf.\ce. 

3.  (Fortification.)  Plaite  of  defilade;  a  plane 
passing  through  the  crest  of  a  work  parallel  to  the 
plane  of  site. 

Piane  of  site  :  the  general  level  of  the  work,  hori- 
zontal or  inclined. 

Plaue-ash'lar.  (Masonnj. )  Ashlar  ■with  smooth- 
workel   face. 

Plane-bit  The  cutter  of  a  plane  ;  generally 
termed  the  plane-iron.  The  cutting-edges  of  plane- 
irons  are  generally  a  right  line,  but,  for  some  pur- 
poses, they  are  made  with  rectangular  or  curved 
grooves.  They  are  set  in  the  stock  at  various  angles 
with  the  sole,  45'  being  termed  common  pilch :  this 
is  employed  in  bench-planes  for  soft  woods ;  50°, 
York  pilch,  for  mahogany  and  hard  woods  ;  55°, 
middle  pilch,  is  u.sed  in  molding-planes  for  .soft 
woods,  and  smoothing-planes  for  mahogany  ami  hard 
woods  ;  60°,  half  pitch,  in  molding-planes  for  hard 
woods.  The  iron  rests  on  the  bed,  and  is  held  be- 
tween this  and  the  abutment  by  a  wedge  which 
adjusts  its  projection  beyond  the  mouth.  In  metal- 
workers' planes  the  iron  is  .set  at  an  angle  of  70°  or 
80° ;  it  is  adjusted  by  a  vertical  screw,  and  an  end 
screw  and  block  is  substituted  for  the  wedge  ;  its 
face  is  freiiuently  grooved,  giving  a  greater  penetra- 


tion, the  smoothing  being  afterward  effected  by  a 
plane  with  a  narrow  bit. 

Double  irons  are  generally  employed  in  the  better 
cla.ss  of  planes  ;  the  upper,  called  the  break-iron, 
does  not  cut,  but  breaks  the  .shaving,  allowing  the 
lower  bit  to  etfect  a  smooth-cutting  action  without 
splitting  the  wood. 

The  scraping-plane,  having  its  bit  perpendicular 
or  nearly  so,  is  also  employed  on  hard  wood  and 
ivory  ;  with  its  edges  serrated,  such  a  plane  is  used 
by  cabinet-makers  for  roughing  veneers  and  the  sur- 
faces to  which  they  are  glued. 

The  width  of  plane-irons  varies  according  to  kind. 

Modeling-planes s^^-l  J  inches. 

Smoothing-planes li  -  2^  " 

Rabbet-planer 3-2  " 

Jack-planes 2  -  2J  •' 

Panel-planes 2^  " 

Trying-planes 2J-2J  " 

Long-planes 2i  " 

Jointer-planes 2J  " 

Cooper's  jointer-planes 3^-3}  *' 

Plane-guide.    (Joinery.)    An  adjustable  attach- 
ment used  in  bevel- 
Fig  3785. 


ing  the  edges  or 
ends  of  plank. 
Woodville's  (Fig. 
3785)  is  secured  to 
the  stock  A  by 
screws  D,  passing 
through  slots  in 
the  plate  B  hinged 
to  the  plate  G, 
which  rests  on  the 
face  of  the  board  ; 
the  desired  incli- 
nation is  given  to 
the  sole  of  the 
plane  by  the  screw 
I{  working  through 
tlie  threaded  nut 
/,  and  held  by  the 
jam-nut  J  K. 
Plane-i'ron. 


Plane-  Guide. 


The   cutting-iron   inserted  in  a 
plane-stock  nnd  fastened  by  a  wedge.     Xames  in- 
dicate   structure     or 
function,  as  —  y  i^   Fig.  3786 

Double  plane-iron. 
Break -iron. 
Top  plane-iron. 
Round-nose  plane-iron. 
Toothed  plane-iron. 
Smoothing  plane-iron. 
See  Plane  ;  Pla>'E-bit. 

Plan'er.  (Print- 
ing. )  A  wooden  block 
used  to  even  the  face 
of  a  form  of  type  be- 
fore printing;  the  top 
j  usually  covered  with 
leather  to  deaden  the 
blow  of  the  mallet. 

Plan'er-bar.      A 
device  attached  to  a 
planer  for  the  purpose 
of  effecting   in   part 
the  work  of  a  slotting 
or  shaping  machine. 
Shaw's  (Fig.  37S7)  consists  of  a  transverse  cylinder 
a  journaled  in  the  standards  b  b  ;  the  bar  c  is  piv- 
oted to  a  at  d,  forming  a  universal  joint,  and  allow- 
ing the  tool  c  to  be  presented  in  any  direction,  within 
j  certain  limits,  to  the  work  on  the  bed  beneath.     At 
!  /"  is  a  pivoted  box,  which  is  fastened  by  a  pin  to  the 
i  tool-post  and  carriage,  in  the  feed-motion  of  which 
I  the  tool  e  consequently  participates.     The  illustra- 


i^anf-Tron. 


A,  plane-iron.        C,  cap. 
5,  coupling-screw ;  a  slot. 
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Fig.  3787. 


A  honi  is  a  projecting  piece  at  tlie  fore 
eud. 

A  handle  or  toat  is  at  tlie  rear  end,  to 
pxish  by. 

Plane-sur'face.  Plane-surfaces  are  pro- 
duced by  the  planing-niachiue,  by  the  lile, 
and  by  grinding,  using  an  abradant. 


tion  sliows  tlie  tool  operating  on  the  inrerior  of  a 
largH  Piistinrr, 

Plan'er-cen'ters.  Devices  similar  to  lathe-ccn- 
tcrs  for  supporting  small  work  on  the  l)cd  of  a 
planing-niachine.  One  of  the  two  {a  b,  Fig.  3788) 
is  provided  witli  a  worm  and  worm-wheel,  by  which 
the  work  may  be  rotated,  so  as  to  present  each  face 

Fig,  3738. 


^- 


Planer-  Centers. 

in  succession  to  the  cutter  c;  the  other  has  an  in- 
clined jdanc,  hy  which  the  slope  of  the  work  is  regn- 
lati'il  so  as  to  give  a  tapor,  if  required. 

Plane-stock.  (Joinery.)  Tlie  body  of  the  olane 
in  whiclt  the  iion  is  fitted.     See  Plane. 

The  sole  or  frrcc  is  the  flat  lower  surface. 

Tlic  iron  is  the  cutting  piece. 

Tlie  nrdffe  holds  tlie  iron  upon  the  slanting  por- 
tion, (•ailed  tlie  /jcd. 

Till'  plani'-iron  projects  through  the  mouth,  through 
which  also  pass  the  shavings. 


For  the  purpose  of  veri- 
fying their  accuracy,  the 
planotneter  was  devised  by 
Whitworth.      Tiiis  is    ap- 
plied to  the  face  of  the  ar- 
ticle, previously  brought  lo  _, 
au  approxiniati'ly  true  sur-  ^-' 
face,  and  thinly  coated  uitli   red- 
lead  in  oil,  which  will  be  transferred, 
in  those  parts  which  are  too  high, 
to  the  planometer.     These  must  he 
reduced  by  filing  or  grinding  until 
the  surface  of  the  work  coincides  in 
every  part  with  that  of  tlie  planome- 
ter ;  this  is  the  case  when  the  pig- 
ment is  transferred  equally  to  the 
face  of  the  testing-plane. 

In  Fig.  3789,  a  represeati:  this  in- 
strument. Its  hack  is  strengthened 
by  ribs,  which  have  three  leet,  so 
that  it  may  rest  even  on  the  table 
or  work-bench. 

ft  is  a  straight-edge,  similarly 
stiffened  by  vortical  and  diagonal 
flanges  extending  from  one  to  the 
other  of  its  parallel  sides. 

c  c  are  angle-plates,  mode  to  form 
a  true  right  angle  at  the  edges  and  ends,  so  that  by  placing  tho 
work  on  a  surface- plate,  its  external  angles  may  be  tested. 

(i  is  a  square  with  wide  faces,  and  having  braces  set  at  angles 

'<(  60°  and  45°,  respectively.     The  stops  e  e  may  be  set  po  as  to 

roject  beyond  the  square^  and  be  applied  to  the  edge  of  the 

work,  or  turned  out  of  the  way,  leaving  the  side  of  the  square 

Hat.     A  planometer. 

Plane-ta'ble.  An  ancient  in.strument  for  taking 
angles  in  mapping.  The  round  table  a  is  adapted  tti 
receive  sheets  of  paper,  and  has  a  marginal,  gradu- 
ated circle.     Over  the  center  of  the  table  an  alidade 

Fig.  3790. 
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is  pivoted,  one  side  of  the  alidade  intersecting  tlie 
center  and  reaching  to  the  marginal  graduations. 
The  telescope  being  directed  in  turn  to  the  ditierent 
objects  to  be  obseiTed,  a  litie  is  drawn  on  tlie  table  , 
wliicli  represents  the  direction  to  the  said  objects  ■ 
from  this  station.  Another  station  is  then  selected, 
an<l  tlie  distance  between  tlie  two  carefully  measured. 
The  telescope  is  then  pointed  to  the  same  objects  in 
turn  from  the  new  station,  and  the  lines  of  direction 
niai'ked  on  another  sheet  of  paper.  The  two  trian- 
gulatiuns  being  placed  ou  a  plotting-table  at  the 
proper  distance  l)etween  stations,  on  the  required 
snale,  the  lines  of  directiua  from  each  station  are 
l)rolonged,  and  their  intersections  give  the  angles, 
ius  in  tigure  b,  which  is  supposed  to  be  a  fort  whose 
angles  are  all  distinguisliable  objects,  and  whose  sides 
are  straight  lines  between  the  said  angles. 

WurJemann's  plane-table  is  a  geodetical  instrument  consist- 
ing of  t.vo  main  parti:  (1.)  The  motion  works  on  a  tripod,  in- 
cluding leve ling-screws  and  a  horizoutil  movement,  with  clamp 
and  tangent,  above  which  is  fi^tt-ned  down  the  drawing-board, 
which  receives  the  paper.  (2.)  On  this  is  placed  the  alidade, 
consisting  of  a  broad  metallic  ruler  with  level,  an  upright  col- 
umn, near  the  middle,  carrying  above  a  telescope  on  a  horizon- 
tal axis,  so  as  to  have  a  vertical  movement  of  about  30'  each  : 
way  from  the  horizontal  position.  The  telescope  itself  is  accu- 
rately aiijusted  parallel  to  the  ruler's  edge.  A  vertical  divided 
arc  of  StP  each  way,  with  vernier  reading  to  minutes,  is  com- 
monly added  for  determining  altitudes.  The  plane-tabie  is  used 
altogether  for  details  of  surveys,  such  a.?  roads,  shore  lines,  bor- 
dens  of  forest,  houses,  etc.  It  differs  from  all  other  instruments 
in  the  results  of  the  work,  that  it  produces  immediately  a  detail 
map  in  the  field,  whilst  going  over  the  ground,  measuring  dis- 
tances, and  triangul.tting  within  the  limits  of  the  sheet  on  the 
board  according  to  the  scale  of  reduction  retiuired.  A  telemeter  ■ 
rod  or  chain  is  used  in  connection  with  it.  I 

Plan'et-a'ri-um.     A  machine  for  exhibiting  the  ' 
relative  motions  of  the  planets  and  their  positions  in  ! 
respect  to  the  sun  and  one  another,  sometimes  rather 
absurdly  called  an  orrcnj. 

A  planetarium  made  by  Graham,  the  renowned  mechanicia-n 
and  watchmaker,  came  into  the  possession  of  the  Earl  of  Orrery 
and  obtained  celebrity.  It  received  its  name  from  Steele,  who 
wrote  a  description  of  it. 

The  first  recordrd  plnndariuyn  was  made  by  Archimedes, 
about  2(>0  B  c.  It  must  have  been  constructed  after  the  geo- 
centric system,  which  then  obtained,  —  the  earth  in  the  center, 
and  no  on. 

A  planetarium  constructed  at  Florence  in  the  fifteenth  cen- 
tury is  described  in  a  letter  from  Angelo  Politiano  to  his  friend 
Francesca  Casa.  It  illustrated  the  Ptolemaic  system,  the  re- 
ceived theory  of  the  time. 

The  planetarium  of  Hnyghens,  preserved  in  the  University 
of  Ley  den,  showed  the  revolution  of  the  primary  planets  about 
the  sun,  and  that  of  the  moon  round  the  earth,  performed  in 
the  exact  times  actually  occupied  in  those  motions.    The  orbits 

Fig.  3791. 


perpetual  ephemeris.  the  situations,  conjuDctions,  and  opposi- 
tious  of  the  planets  for  any  time  may  be  accurately  determined. 

We  read  of  a  planetarium  by  Watson,  in  1689,  and  another 
constructed  by  Rowley,  ITOtt,  from  the  plans  of  Graham.  This 
was  the  one  referred  to  above  as  having  come  into  the  posses- 
sion of  the  Earl  of  Orrery,  and  is  similar  to  the  upper  one  in 
the  accompanying  figure. 

Sir  John  llersLhel  says:  "As  to  getting  correct  notions  on 
the  magnitudes  and  distances  of  the  planets  by  drawing  circles 
on  paper,  or,  still  worse,  from  those  very  childish  toys  called 
orreries,  it  is  out  of  the  question." 

With  great  deference  to  the  distinguished  astronomer,  we 
must  insist  upon  the  use  of  orreries,  not  for  showjog  magni- 
tudes and  distances,  but  for  exhibiting  the  relational  positions 
and  explaining  celestial  phenomena. 

Dr.  DesaguHers  described  a  complete  planetariitm  in  his 
*'  Course  of  Experimental  Philosophy,"  pubhshed  in  1734. 

A  very  complete  apparatus  of  the  kind  was  a  planetarium 
shown  in  London  in  1791,  and  purchased  by  the  English  govern- 
ment in  1793,  to  be  sent  out  with  Lord  Macartney  on  his  em- 
bassy to  China,  as  a  present  to  the  emperor  of  the  Celestial 
Flowery  Land.  It  was  said  to  have  been  ample  and  scrupu- 
lously correct.  Whether  the  English  and  French  mashed  it 
when  they  sacked  Pckin.  about  s-eventy  years  afterward,  we 
do  not  know 

In  the  lower  planetarium  (Fig.  3791),  the  globe  representing 
the  sun  is  supported  on  a  tentr.il  shaft,  around  which  are 
arranged  a  series  of  sleeves,  <orrc?ponding  in  number  to  the 
planets  of  the  solar  system.  The  shaft  supporting  the  sun  is 
caused  to  rotate  in  a  time  relatively  corresponding  to  the  diur- 
nal revolution  of  that  luminary,  and  the  sleeves  which  carry 
the  tubes  supporting  the  planets  are  also  revolved  in  times  pro- 
portionate to  their  revolutions  around  the  sun  by  wheels  mesh- 
ing with  gears  on  a  shaft  within  the  case  ,4.  and  provided  with 
an  exterior  crank  by  which  it  is  turned.  The  diurnal  revolu- 
tions of  the  planets  are  caused  by  bevel-gearing  on  the  sleeves 
and  on  rods  within  the  tubular  arms  above  mentioned,  which 
rods  also  carry  on  their  ends  gears  for  causing  the  revolution  of 
the  satellites  around  their  primaries. 

Plan'et-gear.  {Gcnrintj.)  That  in  which  one 
or  more  cog-wheels  besides  rotating  on  their  axes 
revolve  around  the  wheel  with  which  they  mesh. 
In  the  example,  which  is  a  mechanical  movement 
for  gaining  speed  for  the  cutter-bar  of  a  harvestei*, 


Fig.  3792. 
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of  the  planet^!  are  said  to  have  their  true  pro- 
portions, eccentricities,  positions,  and  obliq- 
uities to  the  elliptic  :  and  bv  this  machine, — 
as  a  distinguished  author  ob.-erves,  —  as  by  a 


Planft-Gear  Movement. 


the  inclosing  cylindrical  case  is  fixed  and  has  an  in- 
side gpar.  A  planet-wheel  on  an  ami  turning  with 
the  axial  shaft  engages  the  inside  gear,  and  also  a 
spur-wheel  upon  a  sleeve  turning  loosely  on  the  ax- 
ial shaft.  The  latter  sleeve  has  an  -arm  carrying  a 
planet-wheel.  This  device  may  be  multiplied  to  any 
extent  to  convert  power  into  speed. 

Plane-tile.  A  flat  tile,  about  6i  x  lO^  inches  and 
f  thick.  It  weighs  from  2  to  2^  pounds.  It  is  fas- 
tened by  two  oak-pins,  which  pass  through  holes 
made  in  the  tiles  in  the  molding.  Tiles  are  laid  to 
a  6^-inch  gage  ;  740  cover  1  square,  i.  c.  10  x  10  = 
100  square  feet.      A  crovn-iiXe. 

Plan'et-wheel.     The  exterior  revolving  wheel 
of  the  "  .sun  and  planet  "  motion,  invent- 
ed by  James  "Watt.    So  called  from  its  ro-    Fig.  3793. 
tMion  around  another  gear-wheel,  which   //^\^~-^ 
is  termed  the  sun-gear.      The  axis  of  the  j/_>"T^^Oi\ 
planet-gear  is  preserved  concentric  with  IP-i"'       ' 
the  a.xis  of  the  central  or  sun  wheel  bv   V  ! 
means   of  an    arm.       The    planet-wheel 
sometimes  gears  withan  internally  cogged  Planei-ifkfel 
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wheel,  and  may  be  driven  by  the  latter,  rolling  I 
around  inside  the  larger  gear-wheel  instead  of  ont- 
side.  (See  Epicvcloidal  Wheel  ;  Sun  and  Plan- 
icr  Motion.)  The  action  may  be  inverted,  the  larger 
wheel  driving  the  smaller  instead  of  being  driven 
by  it. 

Pla-nim'e-ter.  An  instrument  for  ascertaining 
the  contents  of  irregular  plane  figures. 

More  than  thirty  years  ago,  Oppikolfer,  of  Berne,  invented 
an  instrument  of  this  description,  which  seemed  to  fulfill  all  the 
requirements  of  the  case  ;  but  its  cost  and  the  practical  diflicul- 
ties  attending  its  use  prevented  its  general  adoption. 

More  recently ,  .\msler  LalTon  of  Schotlhausen  devised  a  simpler 
and  much  less  costly  instrument  of  the  kind,  which  was  exhih- 
ited  at  the  Paris  E.\position  of  1867.  The  principle  of  each  is 
nearly  the  same,  the  area  being  measured  by  a  roller  of  given 
Burfaee,  the  number  of  revolutions  of  which  are  indicated  by  a 
disk- 

Amsler's  polar  planimeter  has  a  sliding  arm  a  and  a  pivot«d 
arm  6,  the  former  having  a  pin  for  penetrating  the  paper,  and 


Fig.  3794. 
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the  latter  a  tracing-point.  The  arm  a  is  graduated  to  indicate 
acres,  square  inches,  and  square  feet.  In  use,  the  needle-point 
is  pressed  into  the  paper  into  a  point  either  within  or  without 
the  figure  ;  the  arm  a  is  adjusted  by  sliding  in  or  out  until  the 
mark  for  acres,  inches,  or  feet,  as  may  be  required,  corresponds 
with  a  mark  on  the  box  c ;  the  tracing-point  is  moved  along  the 
outlines  of  the  figure  until  the  point  is  reached  at  which  it  was 
started.  If  the  stationary  needle-point  were  placed  mthout  the 
figure,  the  readings  of  the  counting-wheel  d  and  index-roller  e, 
subtracted  from  their  readings  at  the  commencement  of  the  op- 
eration and  multiplied  by  the  indication  to  which  the  slide  was 
set, give  the  area;  if  the  stationary  point  be  without  the  figure, 
a  number  opposite  the  indication  on  the  slide  is  added  to  the 
final  readings  on  the  wheels  d  «,  and  the  former  reading  sub- 
tracted therefrom ;  the  difference  is  then  multiplied,  as  before. 
Other  planimeters  have  been  constructed  by  General  Moria 
and  by  Mr.  Sang.     Sometimes  called  a  platometer. 

Plan'ing-ma-chine'.  1.  {Wood.)  A  machine 
for  truing  up  and  facing  boards  or  the  sides  of  tim- 
bers. When  it  also  works  the  edges,  it  is  known 
also  as  an  cdrjer ;  when  the  edges  are  respectively 
tongued  and  grooved,  they  are  known  as  /turtchcd, 
are  said  to  be  matched  up  ;  when  the  stuff  is  molded 
or  dressed  to  ornamental  shape,  the  machine  is  known 
as  a  MoLDiNG-M.icuiNE  (which  see). 

Planing-machines  for  wood-working  are  of  three 
general  kinds,  and  will  be  mentioned  in  the  order 
of  their  invention,  not  of  their  usefulness. 

a.  The  rcciprocatiiu/  planing-machine  was  invent- 
ed by  General  Bentham  in  1791,  its  action  being 
based  upon  that  of  an  ordinary  plane.  It  had  a  large 
plane  or  stock  with  inclined  bits  (plane-irons)  which 
reciprocated  on  ways,  planing  down  to  a  thickness 
the  board  which  lay  upon  the  bed  beneath,  the 
board  being  moved  forward  after  each  reciprocation 
of  the  plane,  in  order 
to  expose  a  fresh  sur- 
face tobe  worked.  The 
plane-iron  was  the 
whole  width  of  the 
board,  and  slips  on 
the  bed  determined 
the  depth  of  penetra- 
tion. The  plane  was 
moved  to  and  fro  by 
a  crank  ;  it  was  held 
down  to   its  work  by 


w^eights,  and  was  lifted  above  its  work  during  the 
back  stroke,  to  save  the  dulling  of  the  cutter. 

The  scalcboard  plane  is  of  this  character,  and  is 
used  in  cutting  from  boards  or  balks  the  wide  chips 
used  in  making  some  descriptions  of  boxes,  for  ve- 
neer, and  for  other  purposes.  It  has  a  plane-iron 
the  width  of  the  board,  and  the  protrusion  of  the 
iron  from  the  sole  of  the  plane  determines  the  thick- 
ness of  the  scale. 

General  Samuel  Bentham's  name  is  preeminent  in  the  history 
of  machines  for  working  wood.     See  \VooD-noRKi>G  Machines. 

This  plan  has  been  again  and  again  tried,  but  has  not  suc- 
ceeded. It  was  probably  the  feature  of  Hatton's  planing-ma- 
chiue,  English  patent,  1776. 

It  appears  that  subsequently  General  Bentham  (brother  of 
.Teremy)  made  molding-machines  with  rotary  cutters,  and  also 
planing-machines  to  dress  both  sides  at  once. 

b.  The  transverse  planing-macliine  was  invented 
and  patented  by  Braniah,  in  1802.  It  has  a  hori- 
zontal roughiug-wheel  armed  with  gouges,  followed 
by  plane-irons  for  finishing.  It  Is  known  also  by  the 
name  of  the  Daniels  planing-machine. 

A,  Fig.  3795,  is  a  view  of  a  machine  of  this  kind  by  Richards 
of  Philadelphia.  As  shown,  it  is  especially  adapted  for  pattern 
and  car  shops  ;  is  wholly  of  metal,  including  the  carriage,  which 
is  planed  true,  moves  on  anti-friction  rollers,  and  is  provided  with 


Fig.  3795. 


Transverse  Planer. 

end  and  side  clamps  that  will  hold  pieces  15  inches  wide,  6 
inches  thick,  and  0  or  more  feet  in  length,  or  as  small  as  1  inch 
square.    See  also  Transverse  Planer. 

The  clamps  and  all  the  adjustments  are  so  arranged  as  to  be 
in.stantly  changed  for  pieces  of  various  sizes.  The  feeding  move- 
ment is 'performed  by  hand.  This  admits  of  a  rapid  manipula- 
tion of  the  machine,  modifies  the  feed  to  snit  the  work,  and 
allows  the  operator  to  feel  the  action  of  the  cutters.    The  driv- 
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ing-pulle.?8  can  be  arranged  so  that  the  machine  will  stand 
either  parallel  with  or  tranj-verse  to  the  line-shaft ;  a  counter- 
shaft being  required  in  the  first  caae  The  cutter-head  is  of 
wrought-iron,  the  spindle  of  steel,  and  the  bearings  of  brass. 
The  framing,  being  open  on  the  front,  gives  easy  access  to  the 
cutters,  and  admits  piece-*  of  any  width.  The  operator  is  pro- 
tected by  an  iron  shield  in  front  of  the  cutters. 

la  Brimah's  machine,  as  used  in  the  gun-carriage  depart- 
ment of  ^Voolwich  Arsenal,  England,  the  boards  passed  beneath 
a  disk-wheel  which  rotated  on  a  vertical  spindle,  and  had  28 
gouges  and  2  plioe-irons  on  its  lower  face.  The  lumber  trav- 
ersed on  either  of  two  bed-*,  one  on  ea<^h  side  of  the  spindle,  the 
feed  being  by  means  of  a  continuous  chain  which  pa.'ised  over 
pulleys  at  the  ends  of  the  tracks.  The  cutter-wheel  was  large, 
and  revolved  90  times  in  a  minute. 

Fig.  3793  is  a  view  of  the  D  miels  planing -machine,  made  by 
Fay  &  Co.,  Cincinnati,  Ohio  Instead  of  the  wheel  with  28 
gouges  and  2  double-irons  of  the  original 
Bramah,  it  has  a  pair  of  arms,  each  carry- 
ing a  cutter.  The  timber  to  be  dressed  is 
dogged  to  a  sliding  carriage,  the  feed  being 
automatic  and  adjustable  a.s  to  rate.  The 
cutter  is  driven  by  a  band  upon  the  roller  on 
the  vertical  shaft  of  the  cutter  ;  this  portion 
of  the  machine  being  in  a  gate,  which  has  a 
vertical  a>ljustment  in  t  le  standards  of  the 
frame,  so  as  to  determine  the  level  on  which 
the  cutter  shall  work. 

c.  The  cylimkr  pfamnfj-machinc. 
This  i.s  now  the  usual  mai-hiue.     It 
lia.s  cutters  on  a  drum  rotatiucj  on  a 
horizontal  axis  over  the  board  which 
passfs    beneath.      The   cutter-drum 
is  the  width  of  the  board,  and  may 
be  repeated  under- 
neath  and   at  the 
edges,  so  as  to  plane 
top,    bottom,    and 
edges      simultane- 
ously.       In    some 
case.s,    the     boani 
travels  on  its  mh^w 

An  early  form  of  t'lis 
was  Muir's  planing- 
michiue  for  ficiu 
flooring-boards  It  had 
rotary  cutters  above 
and  below,  two  oblique 
fixed  cutters  to  smooth 
the  faces,  two  cutters 
to  make  the  sides  par- 
allel, and  t.vo  others  to 
make  tiie  r.ibbeta  which 
form  a  tongue. 


pie  of  its  class.  It  has  an  iron  frame,  will  plane  24  inches  wide, 
and  match  up  to  12  inches.  It  has  a  three-kuile  steet-lipptd 
cylinder  for  facing,  and  triple-sided  gun-metal  mat<-her-head8. 
It  planes  up  to  4  inches  thick. 

This  form  of  plauing-machine,  with  pecuharly  shaped  cutters, 
constitutes  a  Moldisq-machis£  (which  see). 

The  outside  molding-machine  is  one  in  which  the 
head  overhangs  the  bearing. 

The  viside  molding-machine  has  its  cutter-head 
between  bearings. 

Fig.  3798  is  a  view  of  Richards'a  planing-machine  for  dressing 
to  shape  and  dimensions,  timbers  for  cars,  machines,  bridges, 
etc.  It  planes  true  and  out  of  wind  thrte  sides  at  a  time,  the 
working  side  being  previously  dressed  to  lie  upon  the  carriage 
of  the  machine.     It  has  a  cross  cylinder-cutter  tor  the  top.  and. 

Fig.  3798. 


Dimenshv  Plnnhi^-Marhii 


The  WooJworth  planing-machine,  patented  in  1828  and  twice     two  vertical  cutters  for  the  sides,  with  in  and  out  adiu^tn-ent 
tPn,led    hP^.imP  :.n  r.,i.,.,w  n,^,,on«i^    «r.A  Hi.,  ^...h  .„  ^ic.     for  the  latter  and  Up  and  down  adjustD-cnt  for  the  forner  .-n  as 

to  dress  to  any  size  within  the  dimensions  for  which  it  is  con- 
structed. 

2.  {Metal-working.)  A  machine  in  which  a  me- 
tallic object  dogged  to  a  tiaversing-table  is  moved 
against  a  relatively  fixed  cutter.      In  practice,  the 


extended,  became  an  odious  monopoly,  and  did  much  to  di: 
credit  the  patent  system.  It  claimedthe  combination  of  cut- 
ting-cylinders and  fwiing-rolls.  Cutting-cylinders  were  used 
by  Be  itham  thirty-five  yeirs  before,  and  rollers  for  feeding 
lumber  to  circuiar  saws  were  described  in  Hammond's  EngUsh 
patent,  1811. 

ilichards's  roller-feeding  planing-machine  (.B,  Fig.  3795)  is  a 
small  machine  of  the  cylinder  class,  adapted  for  preparing  lum 


ber  for  pattern-makers  and  others.    As  shown,  it  is  construfted      ^^^^^^^    l^j    aajustetl    in    a    stock,    and    IS    usually    fed 


to  plane  from  ^  to  5  inches  thick  and  20  inches  wide ;  has  a 
wrtught-irou  cutting-cy  Under,  wrought-iron  feeding-rollers,  and 
cylinJer-bearings  of  brass. 
The  planing-machine  (Fig.  3797)  may  be  taken  as  an  exam- 
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automatically  between  stiokes. 

The  earliest  machine  for  planing  metal  was  invented  by 
Jo.seph  Moxon,  and  described  and  illustrated  at  pngps  208 
and  215  in  "  Mech.inick  Kxcrci?e.«,  or  the  Doctrine  of  llimdv 
Works,"  published  in  London,  1*^94.  The  metal-planing  ma- 
chine was  snb'^equent  to  the  litthe,  and  would  appear  by  this 
invention  to  have  grown  out  of  it. 

The  machine  wa-«  empio-  el  for  planing  bra.'^s  moldings,  and 
consisted  of  a  revolving  cutter  and  an  a..ljustable  guide  or  table, 
alorgwliirh'hebarorbrass 
to  1  c  plared  was  drawn  by 
thoopemtor  Themar'-i-i'e 
appears  to  have  been  entire- 
ly succpr.eful  for  the  purpo.>;e 
interdcd.  This  was  the 
original  ynillini^mnrliine 

A^  in  thecaFe  of  so  many 
important  inventions, how- 
ever, but  little  progress  was 
mnile  fir  a  while,  and  the 
original  invention  and  in- 
ventor were  himost  forgot- 
ten, when,  nearly  a  cen- 
tury after  Moxon,  the  nc- 
cessifiesof  the  times  caufrd 
thereviv'l  of  th4' invention 
to  be  made  with  /  fecial  ref- 
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erence  to  iron.  In  the  year  1751,  the  cDgineer  of  the  Marly  i  the  re  versing- tool  at  the  same  time  as  the  strap  is  Fhifted,  and 
Water- Works  on  the  Seioe,  France,  eontrivea  and  put  in  exfcu-  ;  the  tool  is  thus  made  to  turn  at  each  end  of  the  wc.rk.  J  he 
tion  a  nmchinc  for  planing  out  the  wrought-iron  puuip-burrels  ,  baod-pulleys  also  impart  self-acting  motions  to  the  tool  in  the 
employed  in  that  work.  (See  pige 454,  plate  45,  in  Buchanan's  i  transverse,  vertical,  and  angular  directions,  as  required. 
"Practical  Essays,"  published  1841.)  'I'his  is  believed  to  have  I  The  reciprocation  of  the  supplementary  tool-tvame  at  right 
been  the  first  instance  in  which  iron 'was  reduced  to  a  plane  ,  angles  to  tbe  motion  of  the  table  gives  the  transverse  cut.  Ihe 
surface  without  chipping  or  filing.  I  angular  cut  is  given  by  the  combmation  of  the  motions,  trans- 

Thc  present  meUil-plauing  machine  is  an  application  of  the    verse  and  longitudinal. 


Blide-rest,  which  was  invented  by  General  Sir  Samuel  Bentham 
and  described  in  his  patent  of  1793. 

The  planing-macliine  dispensed,  to  a  great  extent,  with  chip- 
ping and  filing,  and  is  at  the  bottom  of  all  successful  fitting  of 
machinery.  It  is  next  in  importance  to  the  lathe,  and  has, 
since  it^  invention,  about  1814,  been  much  modified  and  im- 
proved. Its  use  has  effected  a  complete  change  in  the  manufac- 
ture of  tools  and  machinery  of  every  class,  and  has  made  pos- 
eible  the  construction  of  many  works  which  could  hardly 
otherwise  have  been  attempted. 

In  its  invention  we  find  credits  to  Clements  of  London,  who 


The  same  general  arrangement  of  machine  with  a  fixed  tool, 
to  plane  only  one  way,  and  the  driving-apparatus  (/,con*^tructed 
to  give  to  the  table  a  quick  return-motion,  is  sometimes  made. 
The  tiibles  of  machines  which  do  not  plane  above  two  feet  long 
are  moved  by  a  crank. 

Planing-machines  were  farther  improved  by  the  use  of  two 
tool-boxes  on  the  cross-slide,  and  by  the  application  of  .-lide- 
rests  or  tool-boxes  fixed  upon  the  uprights,  self-acting  verti- 
cally, for  planing  articles  at  right  angles  to  the  tools  on  the 
cross-slide. 

The  necessities  of  the  manufacture  of  wrought-iron  and  steel 


a  workman  in  Bramah's  shop  ;  to  Fox  of  Derby .  and  to  Rob-     ordnance,  and  the  revolution  they  have  caused  in  the  construe 


ert^  and  Rcnnie  of  Manchester.  Bramah ,  it  appears ,  em  ployed 
in  1811,  the  revolving  cutter  to  plane  iron,  thus  adapting  to 
metal  the  form  found  best  adapted  to  wood-working,  and  which 
survives  in  our  miHins:-machims,  now  so  much  and  deservedly 
esteemed  Clement,  previous  to  1820,  made  a  planing-machine 
for  planing  the  sides  of  looms  and  tlie  triangular  bars  of  lathes. 
The  bed  moved  on  rollers,  and  the  tools  cut  both  ways.  Much 
of  the  work  for  Babbage^s  calculating-machine  was  planed  on 
Clement's  machines.  Fox  made  a  planing-machine,  in  1821,  to 
plane  the  cast  and  wrought  iron  bars  used  in  lace-machines. 
It  planed  10  feet  6  inches,  22  inches  in  width,  on  an  object  not 
above  12  inches  high.  Reonie,  in  1820,  it  appears,  h;id  a  planing- 
machine  with  a  movable  bed  urged  by  an  endless  screw  and 
rack  and  with  a  revolving  tool 

The  first  machines  were  moved  by  a  chain  winding  on  a  drum  ; 
rack  and  pinion,  and  eventually  'the  screw  arrangement,  were 
substituted. 

The  metal -planing  machine  of  Joseph  Clement  of  London  is 
illustrated  and  described  on  page  157  et  seq.,\o\.  XLIX.,  '"Re- 
port of  Society  of  Arts  "  for  the  year  1832.  Tae  inventor,  in 
his  communication  to  the  society,  says  that  he  aimed  to  do  with 
this  machine  for  straight  surfaces  all  that  thi>  lathe  was  made 
to  do  for  round  surfaces.  The  paring  or  cutting  tool  and  the 
stuff  to  be  operated  upon  were  held  respectively,  as  in  the 
lathe,  at  fixed  relative  distances  from  each  other,  entirely  inde- 
pendent of  any  mouth-piece,  such  as  employed  in  the  plane 
proper  or  carpenter's  plane.  This  great  invent  ou  included  the 
reciprocating  bed,  guided  and  moved  horizontally  and  automat- 
ically with  a  greater  or  less  stroke.  It  included  two  cutters, 
capable  of  being  directed  forward  and  backward  and  at  different 
elevations,  so  as  to  cut  at  both  forward  and  b-ickward  strokes 
of  the  bed. 

Tae  cutter  or  cutters  were  fixed  in  a  slide-head,  and  by  suit- 
able guides,  screws,  and  mechanical  connection  with  the  bed, 
were  shifted  automatically  at  the  end  of  every  stroke,  and  could 
be  fed  downward  at  will,  so  as  to  make  a  deeper  or  shallower 
cut.  . 

The  cutters  could  be  canted  to  one  or  other  side  to  any  angle 
whatever,  su  as  to  plane  either  the  right  or  left  side  of  the  stuff. 
In  a  word,  it  was  the  planing-machine  of  our  day.  Clement  was 
a  worthy  pupil  of  the  illustrious  Joseph  Bramah. 

Fig.  3799  is  a  side  elevation  of  a  self-acting  planing-machine 
for  horizonfcil,  vertical,  and  angular  planing. 

a,  bed  and  standards. 

6,  guide-screw. 

c,  the  table,  having  a  nut  (not  shown)  tak- 
ing into  the  guide-screw,  by  which  it  is  moved 
along  the  bed. 

rf,  the  driving-apparatus,  which,  by  being 
at  the  end  of  the  bed,  is  out  of  the  workman's 
way. 

e,  uprights. 

y,  cross-slide. 

g,  reversing-tool  to  plane  both  ways. 

h  h ,  two  stops,  which  can  be  fixed  at  any  dis- 
fctnce  apart,  according  to  the  desired  traverse 
of  the  table. 


Self  Acting  Planing- Machine. 


y,  lever  upon  which  the  stops  h  act. 

jfc,  rod  and  strap  lever,  by  which  the  driving-strap  is  shifted 
from  one  pulley  to  another^  and  the  direction  in  which  the  table 
c  moves  is  changed. 

I,  band-pulleys  which  transmit  the  motion  of  the  lever  j  to 


tion  of  vessels  of  war,  have  called  into  requisition  a  great  many 
alterations  and  adaptations  of  the  present  machines,  a.s  well  us 
many  entirely  new  ones.  The  planing-machine  especially  has 
been  called  upon  to  plane  the  edges  of  armor-plates  to  different 
curves,  shapes,  or  angles.  In  most  cases,  this  has  been  accom- 
plished by  a  pattern  bar  of  iron  or  steel,  placed  on  edge  in  a 
small  chuck  fixed  upon  the  surface  of  the  table,  adjushible  by 
set-screws,  and  shaped  to  the  form  to  which  it  is  required  to 
plane  the  edge  of  the  plate  :  as  the  table  travels,  this  bar,  whii  h 
runs  between  two  circular  rollers  att^iched  to  the  under  side  of 
the  cross-slide,  moves  the  tool  sideways,  according  to  the  amount 
of  curve  in  the  shaper  or  guide-bar,  the  tool-box  being  discon- 
nected for  this  purpo.'^e  from  the  screw  in  the  cross-slide. 

Fletcher's  duplex  planing-machine  (English)  is  arranged  with 
double  beds  and  double  tables,  each  table  having  a  separate  pet 
of  gearing,  with  starting,  stopping,  and  feed  motion.  There  are 
two  tool-boxes  on  the  cross-slide,  each  of  which  is  independently 
self-acting,  so  as  to  work  with  its  own  table.  Thus,  the  two 
tables  may  be  used  separately  as  two  smaller  machines  working 
independently  of  each  other,  and  capable  of  planing  different 
lengths  of  work  at  the  same  time  ;  or,  when  planing  a  large 
article,  the  two  tables,  gearing  and  motion,  may  be  coupled,  co 
as  to  form  one  large  machine,  — an  arrangement  rendering  the 
machine  capable  of  doing  a  variety  of  work.  Also,  one  table 
may  be  fixed  stationary  as  a  bed-plate  to  bolt  awkwardly  shaped 
or  long  pieces  of  work  upon,  while  they  are  planed  by  a  slide- 
rest  fixed  upon  the  other  table.  When  used  as  one  machine, 
both  set<  of  straps  and  gearing  are  in  operation,  and  are  revtrsed 
by  the  stops  of  one  table  only,  so  as  to  ensure  the  straps  moving 
at  the  same  time. 

This  machine  is  capable  of  planing  articles  10  feet  wide  and 
10  feet  high.  The  racks  on  the  under  side  of  the  tables  are  3 
inches  pitch,  with  stepped  teeth;  the  wheel  working  into  the 
rack  is  3  feet  9  inches  diameter  at  the  pitch-line,  and  is  driven 
by  a  smaller  pinion.  By  this  arrangement  a  steadier  motion  is 
obtained ;  and  also  the  pulleys  and  driving-gear  can  be  placed 
entirely  behind  the  face  of  the  uprights,  so  as  to  leave  the  front 
of  the  machine  perfectly  clear,  that  the  straps  may  not  be  in 
the  way  when  putting  the  work  on  and  off  The  pulleys,  being 
below  "the  ground-line,  may  be  driven  by  a  horizontal  under- 
ground shaft  at  the  back  of  the  machine,  and  no  straps  will 
then  be  visible.    Maciiines  of  this  description  arc  made  with 

beds  40  feet  long, 
Fig.  3799,  to  plane  work  up 

to     14     feet     in 
width. 

Fig.  3800  is  a 
perspective  view 
of  Sellers's  self- 
acting  planing- 
machine  for  hor- 
izontal, vertical, 
and  angular 
planing  of  any 
required  length, 
with  spiral-gear 
driving -motion ; 
positive  geared 
feeds,  self-acting 
in  all  directions, 
with  tool -lifter 
operating  at  all 
angles,  and  im- 
proved belt-shift- 
er- This  machine 
stands  parallel 
with  the  over- 
head driving- 
shaft;  the  bed 
and  table  are  fit- 
ted to  uniform 
gages,  so  that  the  table  will  work  with  either  end  toward  the 
uprights,  or  on  any  bed  of  the  same  size  machine. 

Amoiif^  the  niodifioations  of  the  jihuung-niaohine 
adapted  for  qviick  work,  for  cutting  grooves  aud  what 
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Fig.  3800. 


Sellers^s  PUinins-Mackine. 


not,  may  be  cited  the  jack,  jiin-crow,  ley-groove  ma- 
chine, mill ing-ynachine, planer-bar,  shxping-niachiiie, 
sloUing-machinc. 

The  jack  is  a  small  machine,  and  is  named  from 
its  quick,  handy  ways  and  its  compact  form. 

Tlie  jim-crow  is  the  improvement  of  Joseph  Whit- 
worth  upon  the  Clement  planing-machine.  It  has 
a  reversiug-tonl  to  plane  during  both  motions  of 
the  bed,  and  is  named  from  its  peculiar  motion,  be- 
ing adapted  to  "wheel  about  and  turn  aliout,  and 
do  just  so."  The  table  is  moved  endways  by  a  quick- 
threaded  screw,  which  allows  the  diiving  motion  to 
be  placed  at  the  end.  Whitworth's  English  patent 
is  No.  6850,  of  December  11,  1835. 

The  key-grooving  machine  is  a  modification  invented 
by  Robert  Roberts  of  Manchester.  It  has  a  strong 
mortise-chisel,  which  is  reciprocated  vertically  by  an 
eccentric,  while  the  wheel  to  be  slotteil  is  laid  hori- 
zontally on  a  slide,  and  traversed  toward  the  cutter 
until  the  slot  has  attained  the  depth  required. 

Tlie  millinq-maehine  is  one  in  which  the  work  is 
dog;'ed  to  a  table  and  fed  toward  a  revolving  cutter, 
which  has  a  serrated  face  which  cuts  away  the  metal. 
See  M1LLIXG-M.A.CHINE. 

The  planer-bar  is  a  forjn  in  which  the  tool  is  on 
the  end  of  a  bar,  which  penetrates  the  interior  of 
an  object,  ami  thus  is  enabled  to  reach  deep-seated 
pl.aces.     See  Shaper-bap..     See  also  Fig.  3787. 

The  shfiping-machine  is  one  in  which  the  object 
is  chucked  on  an  axis  or  mandrel,  the  tool  traversed 
above  the  work  in  a  line  parallel  with  the  axis  of 
the  mandrel  ;  the  latter,  bein:;  slightly  rotated  be- 
tween each  stroke,  constitutes  the  feed,  and  the  result 
is  a  circular  shape  attained  by  straight  cuts.  See 
Shaping-machine. 

The  slotting-machine —  or  paring-machine,  as  it  is 
sometimes  called  in  England  —  is  a  substitute  for  the 
file  in  hollowing  out  objects,  and  thus  resembles 
the  key-grooving  machine  ;  but  the  slotting-machine 
has  two  horizontal  slides  at  right  angles  to  each 
other  and  a  circular  adjustment  or  turn-plate,  all 
three  used  in  shifting  the  position  of  the  work  below 
the  vertically  reciprocating  cutter,  and  all  three  hav- 
ing devices  for  mechanically  /ccrfjiij/  the  cttt,  as  it  is 
called,  or  for  moving  the  slides  between  each  stroke. 

The  cra)U--planer  is  a  shaping-machine  for  metal, 
in  which  the  tool-stock  is  reciprocated  by  pitman 
attachment  to  a  wrist  on  a  crank. 

Plan'ish-er.  A  thin  flat-ended  tool,  used  by 
turners  for  smoothing  brass-work. 

Plau'ish-ing.  An  operation  in  which  sheet-metal 
is  condensed,  smoothed,  and  toughened  upon  a  smooth 
anvil  by  the  blows  of  a  smooth-faced  hammer.  Cop- 
per plates  for  engravers  are  thus  treated  to  condense 
the  metal,   which  is  othenvise  too  spongy  for  the 


purpose.  Burnishing  has  a  similar  effect.  Planish- 
ing is  also  employed  ujion  silver  for  table-ware  and 
in  many  other  instances. 

Flan'ish-ing-bam'mer.  A  planishing-hammer 
has  smootli,  very  slightly  convex  faces,  and  is  used 
upon  sheet-metal  in  connection  with  a  bright,  steel- 
faced  an\-il.  Its  action  is  to  condense  and  toughen 
the  metal,  and  frequently  to  bring  it  into  form,  as 
in  copper  kettles,  pans,  etc.  The  face  of  the  ham- 
mer is  rounded  more  or  less,  according  to  the  radius 
of  the  concavity  of  the  vessel  under  treatment. 

Heav)'  hammers  of  this  description  have  a  coun- 
terbalance suspension  arrangement,  to  relieve  tlie 
exertion  of  raising  them  after  each  blow,  or  are 
driven  by  machinery. 

Plan'ish-ing-roU'ers.  The  second  pair  of  roll- 
ers in  preparing  coining-metal.  They  are  made  of 
case-hardened  iron  and  polished.  The  metal,  which 
was  run  hot  through  the  brcaking-doicn  rolls,  is 
passed  cold  between  the  phinishing-rolh7-s,  which 
bring  the  strips  to  a  given  thickness. 

Plan'ish-mg-stake.  (^Copprrsmilhing.)  A  bench 
stake  or  small  auril  for  holding  the  plate  when  under 
the  action  of  a  planishing-hammer. 

Plan'i-sphere.  The  representation  upon  a  plane 
of  the  circles  of  the  zodiac. 

The  zodiac  represented  on  the  ceiling  of  the  temple  of  Pen- 
dera  wa:^  discovered  in  1799  by  the  French  Rivanp,  durinfr  their 
researches  under  Napoleon's  orders.  A  periodical  work  nt  1801 
thus  describes  this  work  in  connection  with  a  similar  work  at 
the  base  of  a  peristyle  at  E<ne  :  — 

*'  That  at  Esue  indicates  the  solstice  in  the  sign  of  Virgo,  and 
that  of  Dendera.  which  is  of  later  date,  shows  the  sun  in  I.fo. 
The  intention  of  the  founder?  of  these  monuments  was  certainly 
to  represent  the  present  state  of  the  heavens  when  these  were 
constructed.  A  comparison  of  these  two  zodiacs,  which  m.iy 
now  be  instituted,  throws  back  to  tlie  most  remote  Antiquity 
the  construction  of  these  temples,  and  proves  in  a  striking  man- 
ner the  knowledge  which  the  ancient  Egyptians  pns.sessed  of 
that  astronomical  phenomenon,  the  precession  of  the  equi- 
noxes."—  London  Monthly  Magazine. 

Modem  attempts  to  bring  the  matter  within  the  present  rmge 
of  written  history  cite  the  era  of  the  Ptolemies  as  the  date  of  the 
projected  zodiac. 

A  smaller  planisphere  of  the  same  temple,  Dendera,  was  re- 
moved to  Paris  in  1821- 

Visconti  judgetl  from  the  position  of  the  signs  that  the  zodiac 
in  the  ceiling  of  the  pronaos  of  Dendera  was  constructed  be- 
tween .\-  D.  12  and  A.  o  132,  —  a  conclusion  fortified  by  the 
reading  of  the  name  of  Tiberius.  It  is  not  certain  that  the  plan- 
isphere in  another  apartment  is  so  modem. 

Plank.  1.  Aboard  more  than  nine  inches  in  width. 

2.  The  board  of  a  petard. 

3.  The  frame  of  a  printing-press  on  which  the 
■  carriage  slides. 

I  4.  The  timbers  which  cover  the  ribs  of  a  vessel 
and  form  the  skin.     Also  those  of  the  deck. 

5.  To  unite  slivers  of  wool  in  forming  roving. 

6.  To  harden  by  felting  ;  said  of  hat-bodies  after 
forming.  They  are  planked  or  hardened  to  give  them 
solidity,  thickness,  and  strength. 

Plank-hook.  A  pole  with  an  iron  hook  at  the 
end,  with  which  quarrymen,  miners,  and  others  shift 
their  runs  or  wheeling-planks,  as  occasion  requires. 

Plank'ing.  1.  (Shipbuilding.)  The  si-i'/i  or  wood- 
en covering  of  plank  on  the  exterior  and  interior  sur- 
faces of  the  ribs  and  on  the  beams. 

A  line  of  planking  is  a  strake,  and  is  named  from 
its  position  ;  a.s,  garboavd-straVe,  Si/g'c-strake,  side- 
strake,  sfoar-strake,  etc. 

When  the  seam  between  two  planks  is  straight,  it 
is  said  to  he  fair-edged  :  when  it  is  sloped,  it  is  calleil 
anchor-stock  or  lop  and  butt,  according  to  the  char- 
acter of  the  sloping. 

Wales  are  strakes  of  thicker  plank.  The  term  is 
used  in  shipbuilding,  and  also  ia  piling.  See  Pile, 
page  1700. 

2.  (Spinning.)  The  splicing  together  of  slivers  of 
long-stapled  wool.     See  Breaking-machine. 


PLANKING-CLAMP. 
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3.   (Steam.)     The  lagijing  or  clothing  of  a  steam- 
cylinder.      Cleading. 

Plank'ing-clamp.   (Shipurrighting .)    An  imple- 
ment for  beniii.ng  a  strake  against  the  ribs  of  a  ves- 
sel ami  holding  it  till  .secured  by  bolts  or  treenails. 
In  Fig.  &S01  the  chain-hooka  catch  against  the  ribs  andaffonl 
a  hold  for  the  pLanking-clamp  to  strain 
FiR,  3301.  against. 

Fig.  3802  consists  of  a  strain-bar  with  a 
knee,  in  which  works  a  screw  for  pressing 

Fig.  3^02. 


Planking-  Clamps. 

up  the  plank.  Two  hooks  pass  in  the  opposite  direction  from 
the  strain-bar,  ami  are  iijjustable  thereon  ami  take  holi.1  ».)f  the 
timber  and  hold  so  that  the  screw  will  force  the  plank  up  to  its 
place. 

Fig  3803, 


f°g^^^ 


To^^le  Clamping-Frame. 

The  clampinf^-frame  (Fig,  3803)  has  toggle-levers  whose  ser- 
rate! segme.ital  ends  engage  the  ribs  or  joists,  the  screw  acting 
on  the  plank. 

Fig.  3804. 


Plank'ing-ina-chine'.  A  machine  in  which 
hat-bodii's,  alter  being  formed,  aie  ruUbed,  l)rebH(;d, 
and  steamed  to  give  them  strength  and  body. 

In  the  example,  the  intermediate  belt  of  lagn  is  the  working- 
apron  ;  the  upper  and  under  aprons  may  have  a  different  Teloci- 
ty or  merely  act  as  beds.     A  shell  at  the  exit  of  the  npper  apron 


Fig.  3805. 


Planking- Screw. 


Mnchinpfor  Sizing  and  Planking  Hat-Bodies. 


aids  in  discharging  the 
work-  In  the  arrange- 
ment for  returning  the 
work  to  continue  the 
operation,  a  roller  and 
hoard  keep  the  felt  clear 
of  the  lower  apron  till  it 
is  caught  by  the  apron 
above.  Steam  is  intro- 
duced between  the 
aprons,  the  upper  and 
under  ones  of  which  are 
counterweigh  ted  and 
vertically  adjustable. 
See  Harden[ng. 

Plan  k'ing- 
screw.  An  imple- 
ment for  .straining 
plank  s  against  the 
ribs  of  vessels. 

In  the  example,  the  <, 
fulcrum  -  point  of  the 
lever  is  dogged  to  the 
rib,  and  while  one  end 
is  propped  against  the 
rib  the  other  has  a  clam  p- 
ing-screw  which  brings 
in  the  plank  to  the  shape  of  the  frame.  The  lever  slips  in  the 
clevis  and  the  prop  upon  the  lib  to  adjust  the  screw  iu  the  re- 
quired position. 

Plank-re-vet'ment.  {Fortification.)  Board  lin- 
ing of  an  embrasnre  or  covt^ring  of  a  ramjiart. 

Plank-road.  A  road  of  transverse  planking  or 
puncheons  laid  on  longitudinal  sleepers  or  string- 
|)ieces.      A  plank-tcay. 

One  mode  of  forming  such  a  road  is  as  follows:  Two  ditches 
are  dug  IG  feet  apart,  the  earth  being  thrown  on  to  the  included 
atrip-  One  half  of  the  track  is  left  as  an  earthen  surface  slop- 
ing toward  the  ditch  on  that  side,  the  other  is  planked.  Im- 
bedded in  the  ground  are  laid  longitudinal  sleepers.  4\  feet 
apart.  Each  sleeper  is  from  12  to  2(t  feet  long,  12  inches  broad, 
and  4  inches  deep.  The  sleepers  are  supported  at  the  joint"  by 
scantling  beneath.  The  planks  are  8  feet  long  and  3  inches 
thick. 

Flank-sheer.  {ShiphnUdhig.)  A  plank  resting 
on  the  heads  of  the  top  timbers  of  the  frames  or  ribs. 
The  ifunwale. 

Pla'no-con'cave  Lens.  A  lens,  one  of  whose 
sides  is  a  plane  and  the  other  is  curved  inwardly. 
See  Lens. 

Pla'no-con'vex  Lens.  A  lens  one  of  whose 
sides  is  a  plane  and  the  other  is  curved  outwardly. 

The  doublet  and  triplet  are  combinations  of  plano- 
convex lenses.     See  Lens  ;  Doublet  ;  Triplet. 

Pla-nom'e-ter.  A  trial  or  plane  surface  on  which 
articles  are  tested  for  straightness  and  level.  It  af- 
fords a  standard  gage  forplane  surfaces.  (See  Plane.) 
An  approved  form  consists  of  a  ca.st-iron  plate  stif- 
fened on  the  back  by  transverse  and  longitudinal 
ribs.  The  latter,  two  in  number,  converge  to  a  })oint 
at  one  end,  so  that  in  use  it  always  rests  on  three 
points  of  support.  It  is  provided  with  a  handle  at 
each  end.     See  Plane-surface. 

Plant.  A  set  of  tools,  machinery,  apparatus,  and 
fixtures  as  used  in  a  particular  business,  c.  g.  the  tools, 
benches,  vises,  lathes,  planers,  etc.,  of  a  machinist; 
the  forge  (including  bellows),  anvil,  hammers,  tongs, 
etc.,  of  a  blacksmith.  That  which  is  necessary  to 
the  conduct  of  the  mechanical  business,  whatever  it 
may  be.  The  more  complete  the  assortment  of  tools, 
the  better  their  quality  ;  and  the  more  numerous 
they  are,  the  more  valuable  is  the  plant. 

The  rolling  stock  of  a  railway. 

The  vats,  tubs,  stills,  coolers,  etc.,  of  a  brewery 
or  distillery. 
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AccordiDK  to  a  report  recently  published  in  Germany,  the  all  parts  of  the  vessels  are  easily  access.be  A  passage  Q  on 
^.V^u?n,r  nlant  of  KruBD's  steel  works  at  Essen  was,  during  the  the  same  level  affords  access  to  the  coal-hoist.  lhl»  urrange- 
working  plant  of  Krupp  s  steei,  _  orK»  »^  __^^._^^  f,',„,„,.„i'  i,;9  n,ent  also  allows  greater  swing  to  the  cranes,  the  side  ingot- 
cranes  K  and  S  commanding  the  vessels,  the  pit,  and  all  the 
floor  room  over  which  they  swing.  The  central  ingot-crane  T 
commands  the  pit  and  a  large  floor  space,  and  nil  the  cranes 
swing  over  the  railroad  //.  The  ingots  are  removed  by  cars  as 
fast  as  produced,  and  taken  to  the  weighing-house  at  the  end  J 
of  the  road. 

The  cupola  building  has  bins  for  holding  the  matcnals,  as 
coal,  etc,  required  for  current  use.     Where,  as  in  England, 


last  year,  614  melting,  annealing,  and  cementmg  furnaces,  109 
forges  249  welding,  puddUug,  aud  reheating  furnaces,  Ha  coke- 
ovens  120  Diiscellaneous  ovens  or  kilns,  256  st«am-eugines 
(coUectivelv  of  8,3T7  horse-power),  340  lathes.  119  planlng- 
machines,  i»  shaping-machines,  144  boring-machines,  l.iO  un- 
classed  machines,  and  90  grindstones  There  were  also  6b 
steam-hammers,  one  of  which  weighs  30  tons.  The  number  of 
workmen  employed  were  7,100,  and  70,000  tons  of  steel  were 
turned  out.  The  Bessemer  convertors,  of  which  there  are  sev- 
eral at  work,  are  not  enumerated  in  this  list  ,.„,.,■,,• 

pi.ito  \'l  IT  iOiistrates  the  Bessemer  works  of  the  North  Chi-  ,  uuiiaings —  ..  -  -^  .  .  „.  i 

car^RoUing  Ml  Company!  from  which  those  of  other  large     and  the  places  where  their  contents  are  to  be  used  pat,  ami 
cago  Itolllng  ■'"".  ^°'"1""''  '.  ,1^  j,i^„.  ,  the  operat  ons    nterfere  with  each  other,  whereas  in  a  high 

American  «»'■''»  ,'J°°"'^'''«°'Si-confSing-enri       and  boiler-     building  with  several  floors  the  operations  are  simpMcd  and 

Fig.  1  IS  a  Sfound  plan  »/  '^y^^jfjl^  bSng  the  materials  more  conveniently  stored.     Thorough  ventilatioa 

houses  and  of  the  f  "f""' °°%fj '^  ^^iP^Vt^e  ^^^  or  cu-  I  is  secured  by  lantern  roofs  and  windows  on  every  side. 

Fig.  2  IS  a  ground  plan  and  Fig.  d  a  plan  ot  the  d,  loot  or  cu      i   ^^^^  ^^^^^/^f  ^^^  .^p^,^  buikling.allowing  free  ventilation  on 
pol;.  charging-flooi.  showing  the  cupolas  and     all  sides,  is  an  important  feature      The  gangway  X  B,  llg.  2,  is 

4  13  a  section  ai  a  h,  nt  -,  =""      s  f  ,  ^^^^^^((.nt  for  ventilation,  also  for  reaching  all  sides  of  the  ves- 


everything  in  the  melting  department  is  on  different  levels,  the 
buildings  are  necessarily  large,  the  distjiuce  between  the  bins 


Fig 


their  1  idles  in  elevation.  ,  . .      ,       ..        *■ 

Fig  6  is  a  section  at  E  F,  Fig.  1,  showing  a  side  elevation  of 
the  cranes,  convertors,  cupolas,  etc. 

Fi".  6  is  an  end  elevation  of  the  buildings 
Th'e  ground-Boor  of  the  works,  contrary  to  the  English  prac- 
tice is  all  on  the  same  level,  is  accessible  from  all  sides,  and  the  ' 
eni^'ne  and  boiler  houses  are  at  the  side  of  the  converting  build- 
in''   leaving  the  ends  open  for  the  through  passages  A  B  I  J. 

The  hoist  for  coal,  etc.,  and  that  for  iron  are  at  opposite  ends 
of  the  cupola  building,  — an  arriingement  which  allows  more 
room  in  the  yard  than  if  they  were  placed  side  by  side. 

A  hvdrauhc  cylinder,  whose  stroke  is  equal  to  one  half  the 
distance  traversed  by  the  hoist,  Ls  most  convenient  and  durable. 
The  pig-iron  and  coal  for  the  charges  are  carried  on  light  four- 
wheeled  froii  wagons,  easily  managed  by  one  man.  These  pos- 
sess the  advantage  over  those  of  larger  size,  of  being  less  liable 
to  interfere  with  eiu-h  other  upon  the  charging-ground,  and  also 
afford  greater  facilities  for  the  intimate  intermixture  of  the  dif- 
ferent qualities  of  pig-metal,  of  which  six  or  more  kinds  are 
thoroughly  mixed  in  each  wagon  before  charging. 

In  this'countrv.  cupolas  are  used  instead  of  reverberatory 
furnaces,  and  this  practice  is  being  introduced  abroad.  The 
cupola  is  cheaper  to  construct  and  maintain,  affords  greater 
heat  nieltin"  the  uiet,al  more  rapidly,  and  melts  5  to  6  pounds  of 
metal  to  the  pound  of  coal.  It  also  occupies  much  less  room  and 
requires  a  less  costly  building  than  the  reverberatory  furnace. 

In  order  to  adapt  the  ordinary  foundry  cupola  to  the  Besse- 
mer process  it  was  found  necessary  to  increase  the  depth  from 
the  tuyeres  to  the  tap  from  one  foot  to  three  or  four  tect,  to 
double  the  sectional  area  of  the  tuyeres,  and  to  reduce  the  pro- 
jection of  the  boshes. 

The  dimensions  of  the  cupolas  at*  about  as  follows:  hight, 
14  feet ;  interior  diameter  of  elliptical  cupola,  6'  5"  by  3  5  ' ;  the 
ag-regate  sectional  area  of  the  tuyeres,  six  in  number,  is  200 
square  inches.  Circular  cupolas  having  the  same  sectional 
area  are  sonietunes  employed.  , 

The  charge  consists,  first,  of  5, 400  pounds  of  coal ,  over  which 
are  placed  from  3  to  3}  tons  of  pig-iron  ;  this  is  succeeded  by 
1  400  pounds  of  coal,  over  which  is  charged  the  same  amount  of  , 
nietal      These  alternate  charges  of  coal  and  metal  are  contin-  1 
ued  until  the  cupola  is  filled,  a  small  quantity  of  limestone  j 
being  added  as  a  flux.     The  cupola  is  kept  filled  to  the  charg- 
ing-door  for  from  8  to  10  hours.     It  will  hold  5  tons  during  the 
first  few  charges  ;  but  as  the  hearth  becomes  filled  with  slag,  the 
capacity  is  decreased,  and  more  frequent  topping  is  required 
They  are  capable  of  melting  100  tons  of  iron  in  9  hours.     The 
molten  iron  is  tapped  from  the  cupola  into  ladles  A',  having  a 
capacity  of  12  ti'us  each.     The  objects  of  interposing  ladles 
between  the  cupolas  and  convertors,  instead  of  topping  lUrectly 
into  the  latter,  are,  (1  )  that  the  gray  iron  charges  may  be  accu- 
ratelv  weighed   so  that  the  amount  of  spiegeleisen  to  be  added 
may 'be  deflnitelv  ascertained;  (2.)  the  convenience  of  holding 
the  mctol  until  'the  vessels  are  ready  to  receive  it.     Pressure- 
blowers  have  been  usually  employed  for  the  cupolas,  but  of  late 
the  Sturtevant  fan-blower  has  been  successfully  introduced  at 
the  Troy  works.  .     .,    .    .. 

The  cupola  dump  L,  Fig  6,  is  situated  conveniently  to  the 
cinder-mill.  Fig  2,  where  the  cinders  are  ground,  so  that  the 
shot-iron  may  be  saved  and  remelted.  ,    . 

The  cupola  charging-floor  is  over  the  ladles,  thus  permitting 
the  width  of  the  building  to  be  reduced.  The  molten  metal 
is  conveyed  from  the  cupolas  to  the  convertors  by  means  of  the 
ladles  K  and  runners  M.  These  deposit  it  in  a  trough  having 
branches  by  which  it  is  conducted  to  either  converter.  The 
spiegeleisen  furnaces  are  shown  in  plan  Fig.  1,  and  in  cross 
section  Fig  4.  ... 

Reverberatory  furnaces  are  preferred  for  melting  spiegeleisen, 
as  the  charges  "niav  be  kept  hot  longer.  Cupolas  are,  however, 
used  in  some  works.  The  engine  which  drives  the  blower  is 
placed  beneath  the  charging-floor  of  the  building,  to  economize 
ppice.  This  engine  also  drives  the  cinder-mills.  At  the  oppo- 
site end  of  the  converting  building  a  space  is  left  for  grinding 
and  mixing  the  refractory  material  for  lining  vessels,  etc. 

In  the  converting  department  of  all  American  works  the  ves- 
sels are  placed  side  by  side  and  raised  above  the  general  level. 
A  platibrm  extends  around  the  convertors,  by  means  of  which 


sels,  as  well  as  for  transportation.  Underneath  this, in  the  l.cwer 
works,  is  an  underground  passage  (Fig  .5)  which  comniunicates 
with  the  cellar  under  the  grinding-mill  and  the  coal-hoist.  This 
serves  for  removing  waste  material  The  water  and  blast  pipes 
leading  from  the  regulator  are  secured  to  the  walls  of  this  pas- 
sage ;  an  indispensable  precaution  in  a  cold  climate.    . 

Until  recently,  only  eight  heats  per  day  could  be  made  with 
the  five-ton  convertors,  owing  lo  the  difficulty  of  replacing  the 
bottoms  of  the  converting  vessels  when  the  tuyeres  were  worn 
too  short.  This  difficultv  has  been  overcome  by  Mr.  Alexan- 
der L  Holley,  the  consulting  engineer  of  the  principal  Besse- 
mer steel  works  of  the  United  States.  Since  Mr.  llolley  9 
improvements  but  two  or  three  hours  time  is  required  to  re- 
place a  bottom.  This  has  doubled  the  production,  from  lb  to 
25  five-ton  heate  now  being  made  in  a  day  of  24  hours.  The 
quantity  of  metal  usually  charged  into  the  convenor  at  each 
heat  is  from  12,000  to  12.500  pounds,  to  which  from  5  to  b  per 
cent  of  spiegeleisen  is  added  at  the  close  of  the  operation. 

The  steel  is  cast  into  ingots  which  are  afterward  rolled  into 
blooms.  In  a  few  American  works,  however,  they  are  ham- 
mered into  blooms.     See  Bessemer  Process  ;  Convebtor. 

Plan-ta'tion-mill.  A  cnishinj^-iiiill  for  oats, 
linseed,  etc.,  adapted  to  plantation  use.  It  has  two 
hoppers  a  b  \vith  separate  delivery-spouts,  so  that 
two  difl'eient  kinds  of  seeds  may  be  ground  at  once, 

Fig.  3806. 


Plantation-Mitl. 

or  seed  of  the  same  kind  may  be  ground  to  two  dif- 
ferent degrees  of  fineness.  The  mill  may  be  driven 
bv  horse  or  hand  power. 
"  Plant'er.  See  Corn-planter  ;  Cotton-sefj) 
Planter  ;  Potato- planter,  etc.  See  list  under 
Agricultural  Implements. 

The  following  table  is  useful  for  calculating  the 
number  of  seeds,  plants,  shrubs,  trees,  or  what  not, 
to  an  acre  of  ground  at  given  distances  apart. 


PLAQUAGE-STYLE. 


Ill 


PLASTER-CAST. 


Hills  in  an  Area  of  an 

Acre. 

Feet 
Apart. 

1 

f 

f 

No. 

Feet 

Apart. 

No. 

Feet 
Apart. 

No. 

538 
482 
435 
301 
302 
258 
223 
193 

Feet 
Apart. 

No. 

43,560 
19,360 
10,890 
6,939 
4,840, 
3,556 
2,722 
2,151 

6 

f 

I' 
8i 

1,742 

1,440 

1,210 

1,031 

889 

775 

680 

692 

9 

9i 
10 
lOi 
12 
13 
14 
16 

16 
17 
18 
20 
25 
30 
35 
40 

171 

151 
135 
108 
69 
48 
35 
27 

Plaq'uage-style.  A  mode  of  calico-printing. 
Set-.  Padding. 

Plash-  To  Interweave  branches,  as  for  gabions, 
dikes,  weirs,  hurdles,  etc. 

Plasm.     A  mold  or  matrix. 

Plas'ter.  1.  {Plastering.)  a.  A  composition  of 
lime,  sand,  and  water,  with  or  without  hair  as  a 
bond,  and  used  to  cover  walls  and  ceilings. 

b.  Calcined  gypsum  or  sulphate  of  lime,  used, 
when  mixed  with  Avater,  for  finishing  walls,  for 
molds,  ornaments,  casts,  luting,  cement,  etc. 

It  is  also  the  basis  for  stucco  and  scagliola  or  arti- 
ficial marble. 

The  hydrated  sulphate  of  lime  is  calcined  at  a  heat 
of  about  300^  Fah.,  and  parting  with  20  per  cent  of 
water  falls  into  a  white  powder.  While  it  decrepi- 
tates it  does  not  decompose,  like  limestone,  but  is 
givtdily  absorbent  of  water,  and  by  combination 
therewith  becomes  again  solid. 

Calcined  with  alum  it  forms  KecJie's  cement,  "which 
solidifies  more  slowly  than  the  common  plaster  of 
Paris,  but  is  harder  when  set.     See  Cement. 

Eeburnt  with  borax  and  other  substances,  it  pro- 
duces other  and  fine  cements.     See  Cement. 

The  mortars  used  for  inside  plastering  are  termed  coarse,  Jine, 
gage  or  hard  finish,  and  stucro. 

Exterior  plaster  or  stucco:  1  volume  of  cement  powder  to  2 
volumes  of  dry  sand. 

In  India,  to  the  water  for  mixing  the  plaster  is  added  1  pound 
of  sugar  or  molasses  to  8  imperial  gallons  of  water,  for  the  first 
coat;  and  for  the  second  or  finishing,  1  pound  of  sugar  to  2 
gallons  water. 

Turkish  plaster  or  hydrauiic  cement:  100  pounds  fresh  lime 
reduced  to  powder,  10  quarts  liuseed-oU,  and  1  to  2  ounces  cot- 
ton. Manipulate  the  lime,  gradually  mixing  the  oil  and  cotton, 
ia  a  wooden  vessel,  until  the  mixture  becomes  of  the  consistency 
of  bread-dough. 

Dry,  and  when  required  for  use  mis  with  linseed-oil  to  the 
consistency  of  paste,  and  then  lay  on  in  coats.  Water-pipes  of 
clay  or  metal,  joined  or  coated  with  it,  resist  the  effect  of  hu- 
midity for  very  long  periods. 

The  names  of  plaster  coatings  are  as  follows  :  — 

First  coit  of  two-coat  plastering:  laying,  when  executed  on 
lath  ;  rtnt/fring-  when  executed  on  brick. 

First  coat  of  three-coat  pla.stering:  pricking-up,  when  exe- 
cuted on  lath  ;  roughing-in,  when  executed  on  briclt. 

Second  coat:  set,  in  two-coat  plastering;  _^oa((7wr,  in  three- 
coat  plastering. 

Third  or  finishing  coat:  stucco^  when  for  painting;  setting, 
when  for  papering. 

Or,  as  follows :  — 

Lath,  laid,  and  set :  lath  with  two  coats  of  plaster. 

Lath,  laid,  set,  and  colored:  the  addition  of  coloring  to  the 
former. 

Lath,  pricked'up ,  floated ,  and  set:  three-coat  work. 

Lath,  floated,  and  set  fair :  same  as  the  last. 

Roughed-in,  floated,  and  set :  three-coat  work  on  brick  walls. 

The  Greeks  used  a  ver>'  durable  mortar  for  stucco  and  plas- 
tering. Their  walls  and  tloors  are  yet  hard  and  white,  and  retain 
their  polish  in  instances  where  they  have  not  been  mutilated. 

The  Romans  plastered  their  cisterns  and  reservoirs  with  a 
mixture  of  pure  lime  and  pounded  brick,  which  hardened  into 
a  mortar  resembling  breccia,  which  has  nodule-"  of  red  matter 
in  a  white  matrix.  This  was  beaten  to  render  it  plastic,  and  it 
was  then  floated  on  to  the  walls  by  sandstone  trowels,  which 
were  rubbed  over  the  surface  to  smooth  it.  Over  this  was  laid 
a  coat  of  fine  plaster  covered  by  one  of  red-lead  and  oil. 

2.  {Medicinal.)  Plasters  are  spread  by  placing 
the  material  npon  the  wa.*;h-leather  or  paper,  on 
which  is  laid  a  mask  which  determines  the  margin 


when  the  material  is  flattened  by  the  hot  spatula. 
One  form  of  the  device  has  a  pair  of  masks  which 
move  over  each  other  so  as  to  expose  au  opening  of 
any  retpiired  size  and  proportions. 
Fig.  3S07  has  a  shield  hinged  to  a  block  which  has  a  concave 


Fig.  3807- 


I^aster-  Spreader. 


upper  surface.  The  leather  is  clamped  between  the  shield  and 
bed,  and  is  exposed  at  the  opening  in  the  former. 

Perkins's  patent,  January  15, 1&30,  has  a  pair  of  rollers,  be- 
tween which  the  leather  is  run,  flattening  down  the  plaster 
upon  it. 

BUsters  were  made  by  Hippocrates,  400  B  c  Cantharides  are 
commonly  found  in  Spain,  and  their  use  is  ascribed  to  Aretreus 
of  Cappadocia,  50  b.  c. 

Sticking-plaster  is  made  as  follows;  Two  solutions  are  first 
made  :  one,  an  ounce  of  isingla.'js  in  eight  ounces  of  hot  water ; 
and  the  other,  of  two  drachms  of  gum  benzoin  io  two  ounces 
of  rectified  spirits.  These  solutions  are  to  be  strained  and 
mixed.  Several  coats  of  this  mixture,  kept  fluid  by  a  gentle  heat, 
are  then  to  be  appUed  with  a  camel V-hair  bru^h  to  a  piece  of  silk 
stretched  on  a  Irame,  each  coat  leicg  allowed  to  dry  before  the 
next  is  applied.  A  layer  of  a  solution  composed  of  one  ounce 
of  Chian  turpentine  in  two  ounros  of  tincture  of  benzoin  is 
then  to  be  applied  to  the  other  side  of  the  silk  and  allowed  to  dry. 

Plas'ter-cast  A  copy  of  an  object  obtained  by 
ponring  plaster  of  Paris  (sulphate  of  lime  calcined 
and  pulverized)  mbced  with  water  into  a  mold  which 
forms  a  copy  of  the  object  in  reverse. 

Trhile  the  art  of  modeling  in  clay  was  attributed  by  the  an- 
cients to  Dibutades  the  Corinthian,  about. 986  B.  c.,that  of 
taking  plaster  casts  is  attributed  by  Thiophrastus  and  Pliny 
(a.  d.  70)  to  Lysistratus  of  Sicyon,  a  brother  of  the  celebrated 
sculptor  Lysippus.  He  first  took  plaster  casts,  and  from  these 
obtained  a  second  cast  in  wax.  The  plastic  nature  of  the  latter 
enabled  him  to  rectify  imperfections  ami  form  an  enduring, 
life-like  copy.  The  names  of  Khjecus  and  Theodorus  of  Sanios 
are  also  noted  in  this  connection. 

After  being  neglected  for  centuries,  the  art  was  revived  by 
Verocchio  (1422-88)  and  by  others;  the  immediate  incentive 
being  to  obt.iin  copies  of  the  specimens  of  ancient  art  which 
were  being  disinterred  and  discovered.  The  sovereigns  of  France 
also  took  this  means  to  add  to  the  artistic  interest  and  beauty 
of  their  capitals  and  art  museums. 

In  making  plaster  casts  the  gj  psum  is  mixed  with  water,  the 
proportion  of  the  latter  depending  on  the  purpose  to  which  it 
is  intended  to  be  applied.  The  more  fluid  the  mixture  is.  the 
more  easily  and  perfectly  will  it  enter  the  finest  lines  of  the 
mold  ;  but  such  casts,  when  dry,  are  more  porous  and  therefore 
more  tender  than  those  in  which  a  smaller  quantity  of  water 
has  been  used.  Much  also  depends  on  properly  mixing  the  in- 
gredients ;  the  water  must  never  be  poured  on  the  powder,  but 
the  powder  must  be  shaken  into  the  water,  and  the  best  way  of 
doing  this  is  to  take  up  the  powder  between  the  fingers  and 
thumb,  and  then  allow  it  to  drop  gradually  into  the  water,  tak- 
ing care  that  it  does  not  run  into  lumps,  and  that  every  parti- 
cle becomes  thoroughly  soaked.  Proceed  in  this  way  till  the 
powder  comes  to  the  level  of  the  water,  and  then  stop  if  a  thin 
plaster  is  wanted  ;  but,  if  a  stronger  one  is  required,  keep  add- 
ing powder  till  it  stands  about  a  tenth  of  an  inch  above  the 
water  When  the  whole  of  the  gypsum  has  been  put  in,  allow 
the  ingredients  to  remain  undisturbed  for  a  few  seconds,  and 
then  stir  up  the  mixture  cautiously  and  gently  with  a  spatula, 
and  as  soon  as  it  begins  sensibly  to  thicken  pour  it  into  the 
mold  The  gre.it  error  that  amateurs  fall  into  in  this  part  of 
the  process  arises  from  want  of  patience;  they  put  the  pow- 
der into  the  water  too  hastily,  generally  employing  too  much  of 
it,  and  keep  incessantly  stirring  it  till  it  thickens ;  the  conse- 
quence of  which  is,  that  it  contains  air-bubbles,  is  hard  in  some 
places  and  soft  in  others,  and  is  not  capable  of  being  perfectly 
united  to  a  succeeding  layer  of  plaster.  Good  plaster,  when 
mixed  with  the  proper  quantity  of  water,  should  be  of  the  con- 
sistence of  cream,  and  will  set  or  become  solid  in  about  ten 
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minutes,  but  cannot  safely  be  removed  from  the  mold  till  about 
h.ilfan  hour  afttTward. 

If  a  mold  is  to  be  made  of  a  simple  object,  it  is  evident  that 
it  inu^t  be  formed  in  at  lea^t  two  part.s,  that  we  may  be 
able  to  extract  the  cast,  or  allow  the  mold  to  delivtr,  ^a  it  is 
called ;  and  in  the  case  of  any  regular  geometrical  figure  two 
p.irts  only  are  necessary.  The  same  may  be  said  of  any  figure 
wnatever  whicLi  hu.'^  no  recesst'S  or  projection''  whose  .■•ide-s  do 
not  overlay  any  portion  of  the  mold  in  the  direction  iu  which 
it  U  necessary  to  withdraw  the  latter.  Should  any  of  them  do 
so,  it  will  be  necessary  to  construct  the  mold  of  a  greater  num- 
ber of  p:irt3,  so  t.i  \t  each  separate  part  may  be  removed  in  the 
direction  ot  the  wider  part  of  the  opening  formed  by  tae  object 
and  t.ie  projection  A  great  part  of  the  art  of  tue  molder  con- 
sists in  forming  these  safe  molds,  as  they  are  called,  in  as  few 
pieces  as  possible.  Nevertheless,  in  intricate  pieces  of  sbituary 
it  is  Slid  as  many  as  700  or  more  separate  pieces  are  required. 

Deeble's  mode  of  obtaining  casts  of  leaves  is  to  lay  tlxe  leaf 
face  up.virJ  on  a  bed  of  fine-grained,  moist  sand,  and  cover 
it  by  means  of  a  camel's-hair  brush  with  a  mixture  of  wax  and 
Burgundy  pitch  made  fluid  by  heat.  The  leaf,  being  then  re- 
moved from  t!ie  sand  and  dipped  in  cold  water,  is  readily 
withdrawn  from  the  wax  mo.d,  which  is  then  placed  in  sand, 
as  t  le  leaf  w.is,  and  covered  with  a  thin  pla^^ter  laid  on  with  a 
brusii  and  forced  into  all  tlie  interstices  of  the  moid  ;  more  plas- 
ter is  tlien  poured  on,  which,  in  setting,  evolves  sufficient  heat 
to  render  the  wax  pliable  and  allow  it  to  be  removed  from  the 

CilSt. 

Mr.  Fox's  method  of  forming  an  elastic  mo'd  in  two  pieces 
capable  of  delivering  undercut  surfaces  is,  after  oiling  the  bodv 
to  be  molded,  to  cover  it  completely  with  a  t'liek  mixture  of 
warm  melted  glue  with  a  little  treacle,  The  glue,  when  cold, 
is  cut  into  two  parts,  and  may  be  removed  without  difficulty 
from  the  object.  They  are  then  oiled  internally  and  bouud 
toget'.ier,  and  the  cavity  being  filled  in  the  usual  way  with  plas- 
ter, affords  a  pi;rfeet  cast. 

Luster  miy  be  imparted  to  plaster  casts  by  dipping  them  re- 
peatedly in  a  hot,  saturated  solution  of  alum.  The  surf  ice  of 
the  cast  i.-i  thereby  hardened,  and  a  certain  amount  of  translu- 
ceacy  obtjiined. 

Anot!ier  mode  is  to  dry  it,  then  coat  with  melted  white  wax 
and  warm  at  a  fire  to  effect  the  absorption  of  the  wax. 

Plas'ter-ers'  Tools  and  Work.     See  — 


Angk'-hcad. 

Angle  float. 

Angle  staff. 

Brt.stard-stucco. 

Batten. 

Boss 

Coarse  stuff. 

Coat. 

Darby. 

Dots. 

Dubbing  out. 

Fine  stuff. 

Finishing- coat. 

First  coat. 

Float. 

Floating. 

(■  ige  stuff. 

Grounds. 

Haud-fiaish. 

lla.vk. 

K  il-omine. 

Kev. 

I/iti 

Lit  ling-clamp. 

Lat.iing-hanimer. 

L-iving. 

Mnrfar. 

Parget. 

Flatter. 

IMastering-machine 

Fricking  up. 

I'u^'ging. 


Rendering. 

Rough-cast. 

Roughing-in. 

Rule. 

Scagliohi. 

Screed. 

Screen. 

Second  coat. 

Set. 

Setting. 

Shave-hook. 

Staff"- angle. 

Stucco. 

Three-coat  work. 

Trowel. 

Troweled 

Two-coat  work. 


PlaMe  ring -Machine. 


Plas'ter-ing- 
ma-chine'.  Co- 
burn's  [ilastfring- 
machine  (Fig. 
3808)  consists  of 
a  frame  A  inount- 
eil  on  wheels  ninl 
carrying  two  piv- 
oted beams  F  N. 
The  former  of 
these  has  a  pulley 
at  each  end, 
around     which 


passes  an  endless  band  carrying  a  serie.s  of  trowels 
R.  Mortar  is  placed  in  the  hopper  By  and  by  turn- 
ing a  crank  the  endless  band  is  set  in  motion,  ancl 
at  tiie  same  time  the  grooved  roller  b  is  rotated,  sup- 
plying each  trowel  with  moilar  as  it  passes  under 
the  hoiiper.  The  trowels  are  successively  carried 
forward,  and  their  contents  successively  apjdied  to 
the  surface  (a  ceiling  in  the  illustration)  to  be  plas- 
tered. After  giving  its  stroke  each  trowel  is  auto- 
matically tilted,  and  returns  to  receive  a  fresh  sup- 
ply from  the  hoi)per.  K  is  a  gage  for  smoothing  and 
regulating  the  thickness  of  plaster,  the  surplus  of 
which  is  carried  off  by  a  slide.  The  machine  is 
pushed  forward  as  the  work  advances,  the  beam  F 
being  raised  or  lowered  to  suit  the  work  by  a  rope 
pa.ssing  over  a  pulley  M  on  the  beam  iV. 

Plas'ter-mill.  One  for  grinding  gypsum  or  lime 
for  mortar.      See  Mortak-mILL. 

Plas'ter-spat'u-la.  A  piece  of  steel  about  3 
inches  long  by  1  wide  and  ^  thick,  in  a  long  han- 
dle. By  its  means  plaster  is  spread  on  muslin  or 
sheep.skin.  It  is  heated  and  used  something  like  a 
Hattening  iron. 

Plat.  {Nautical.)  A  braid  of /oa^s,  used  as  in 
service  for  a  cable  in  the  hawse.  A  fox  is  a  shoit 
rope  made  by  twisting  a  few  rope-yams  together. 
See  Plait. 

Plat-band.  (Architecture.)  a.  A  plain  flat  ash- 
lar or  a  molding  on  a  capital  from  which  an  arch 
springs.     An  iiiipost. 

b.  A  flat  fascia,  band,  or  string, 
whose  projection  is  less  than  its 
breadth  ;  the  lintel  of  a  door  or 
window  is  sometimes  so  named. 

Plate.  1 .  {Carpentry. )  a.  A 
beam  on  a  wall  or  elsewhere  to 
support  other  portions  of  a  struc- 
ture.    A  capping-inece. 

rt,  rrt/^c/'-plate. 

b,  purlin-\A^Xt, 

c,  crown-\i\^tQ. 
dy  wft//-plate. 
2.  {Nautical.)    a.  An  iron  band 

or  bar  :  as  the  hack-stay  plate  con- 
necting the  dead-eye  of  the  back- 
stay to  the  after  channel  ;  futtock- 
plates  ;  c^(?l?^f^ plates,  etc. 

b.  A  sheet  of  metal  form- 
ing a  portion  of  a  strake  on  a 
ship's  side. 

3.  A  thick  sheet  of  metal 
for  forming  a  portion  of  a 
boiler  or  similarly  constructed 
object. 

Weight  of  a  Square  Foot  of  Cast  and  Wrought  Iron,  Coppety 
Lead t   Brass,  and  Zinc ^  from  Vie  'o  1  Inch  in   Thickness. 

(lUsWELL.) 


rig.  3809. 


Thick- 
ness. 

Cast- 
iron. 

Wrought- 
Iron. 

Copper. 

Lead. 
^LbsT 

Brass. 

Zinc. 

Inch. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lb.s. 

'lO 

2.S46 

2517 

2.89 

8.691 

2.675 

2.34 

>, 

4  693 

6.035 

6.781 

7382 

6.35 

4.68 

s. 

7039 

7.662 

8  672 

11.074 

8026 

7.02 

1, 

9  3^"; 

10  07 

11.562 

14.765 

10.7 

9  36 

s- 

11733 

12.688 

14  453 

18.456 

13.875 

117 

3, 

14.079 

15  106 

17.344 

22.148 

16  06 

14.04 

',, 

16.426 

17.623 

20.234 

25.S.39 

18.725 

16.34 

>, 

1S.773 

20.141 

23.126 

29.63 

21.4 

18  72 

»,« 

21.119 

22.659 

26.016 

33.222 

24.075 

^\ 

23.4% 

25.176 

28.906 

36.913 

26  76 

"    n 

25.K12 

27.694 

31797 

40.604 

29.425 

3 

2S.K9 

30.211 

34.688 

44  296 

32.1 

"     0 

31505 

3'2.729 

37.678 

47.987 

7  ' 

32.8.i2 

31.247 

40.469 

B1.C78 

'•'in 

3olH9 

37.764 

43  359 

56  37 

1 

37.545 

40.282 

46  26 

69  061 
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XoTK.    The  wrought-iron  is  that  of  hard-rolled  Pennsylvania    end  more  than  the  other,  plates  may  be  bent  to  a  conical  shape. 


plates,  and  the  copper  that  of  hard-roUed  plates  from  the  works 
of  Messrs.  Pheips,  Dodge,  &  Co.,  Conn. 

i.  (SleaM-cnijinc.)  To  p'ate  a  part  is  to  close  it 
Iiy  the  land  or  uiiiieiforated  portion  of  the  plate  of 
a  s'.iJe-valve. 

5.  (Horology.)  One  of  the  parallel  sheets  of  metal 
in  a  watch  or  clock  into  which  the  principal  wheels 
are  pivoted. 

6.  (De.nlistnj.)  The  portion  which  fits  to  the 
mo  ith  and  holds  the  teeth  of  a  denture.  It  is  of 
gold,  silver,  aluminum,  or  vulcanite. 

7.  (Motallunjtj.)  A  flat  metallic  jiiece  in  a  fur- 
nace, usually  a  part  of  the  bed  or  bosh. 

8.  (Hat-making.)  A  plate-hat  is  one  of  which 
only  the  outer  layer  is  fur. 

9.  (Printing.)  A  page  of  type,  stereotype,  or 
electrotype,  for  printing. 

10.  (Engraving.)  a.  The  metallic  surface  in  which 
an  engraving  is  cut.  Hence  the  names  plate-engrav- 
ing, cupp'rplalc,  etc. 

h.  An  impression  from  such  an  engraved  plate. 

11.  A  piece  of  metal  to  be  attached  to  an  object  ; 
as  a  7ia/Hc-plate  to  a  trunk,  a  rfoor-plate,  a  cojfin- 
plate,  a  7? «fjrcr-plate,  to  keep  the  stain  of  fingers  from 
a  door,  etc. 

12.  A  piece  of  service  of  silver,  gold,  or  their  imi- 
tations. 

The  Roman  patera  or  patella  (a  plate,  dish,  or  saucer)  was  of  _    _ 

metal  or  earthenware,  often  highly  ornamented,  and  sometimes  essence  of  turpentine.      This  is  transferred  to  a  COIV 

wit.,  a  handle.    In  the  latter  condition  it  looked  Uke  and  was  p^^  plate  ;  the  paper  is  removed  by  Washing,  and  the 

occasionally  used  as  our  griddle.  \       '■     ^,  ,.^_.^     ,  .       ,         ,.      .x      ,     .,    ,P     .,        . 


or  by  altering  the  relative  hight  of  its  bearings,  their  surf.ice8 
may  be  made  of  an  elliptic,  parabolic,  or  other  non-circular  curve. 

For  bending  the  thick  and  irregularly  curved 
plates  required  for  armor-plating  a  powerful  form 
of  press  is  employed.  Tlie  up]ier  and  lower  beds 
have  each  a  scries  of  parallel  longitudinal  bars,  ad- 
justable by  screws,  so  that  a  special  curve  may  be 
given  to  each  plate.  The  bars  of  the  two  beds  are 
adjusted  so  as  to  correspond,  and  the  plate,  flat,  as 
it  comes  from  the  forge  or  rolling-mill,  is  jdaced  be- 
tween them,  and  the  movable  bed,  usually  tlie  lower, 
is  caused  to  approach  the  other  by  screw  or  hydrau- 
lic pressure.     See  Akmoh-plating  ;  PiOLLIng'-mill. 

Plate-brass.     Rolled  brass.     Lattcn. 

Plate-eu-grav'ing.  A  mode  of  engraving  as 
distinct  from  the  relief  engraving  on  wood.  The 
lines  are  cut  into  tlie  plate,  aie  filled  with  ink,  and  the 
surface  is  wiped  clean  and  polished  ;  soft  pa]ier  is  laid 
on  the  plate,  and  both  are  run  tlirough  a  loller-press. 
See  Coppki:pl.\te-en-gr.\ving,  pages  618,  619. 

Engraved  plates  are  multiplied  by  the  electro-plat- 
ing process. 

1.  A  reverse  of  the  plate  is  obtained  by  deposition 
of  copper  in  the  bath.  This  mold  is  in  cameo,  and 
from  this  as  many  intaglio  copies  of  the  original 
may  be  obtained  as  ma\'  be  desired. 

2.  An  impression  of  the  plate  is  taken  on  thin 
paper  with  an  ink  of  gum-dammar,  oxide  of  iron,  and 


Tfle  patina  seems  to  have  been  deeper,  like  a  bowl,  and  some- 
tiuies  had  a  cover.  A  large  bowl  was  crater :  the  ladle,  cyallius  ; 
a  drinking  cup.  pocutum.  See  Smith's  "Dictionary  of  Greek 
and  Roman  Antiquities,*'  Patera  ;  Patina. 

13.  A  small,  sliallow  vessel  for  table  service  ;  one 
at  a  time  for  each  guest,  in  contradistinction  to  the 
dish  which  holds  the  viand  from  which  a  guest 
is  helped. 

Pepys  complains  that  at  the  Lord  Mayor's  dinner,  London, 
16>3,  the  m.ijur  part  of  the  guests  had  "  no  napkins  nor 
change  of  treucliers,  and  drank  out  of  earthen  pitchers  "  and 
ate  frcm  "  wooden  dishes.'' 

Pewter  and  wood  were  the  ordinary  ware  for  many  centuries. 
Afterward,  common  earthenware.     Importcd'ware  from  China 


cameo  thus  obtained  is  placed  in  the  bath  for  tlie  de- 
position of  an  intaglio  for  the  printer. 

Plate-glass.  Plates  of  glass  covered  with  tin- 
foil, for  mirrors,  were  made  in  Venice  during  the 
sixteenth  century,  but  the  invention  of  casting  glass 
to  foiTO  plates  is  due  to  Abraham  Thevart.  In  the 
year  1688,  [dates  84  x  50  inches  were  cast  by  his  pro- 
cess at  St.  Gobin,  in  Picardy. 

A  plate-glass  manufactory  on  a  small  scale  was 
established  at  Lambeth  in  1673,  but  the  manufacture 
does  not  appear  to  have  flourished  in  England  until 
it  was  undertaken  by  the  British  Plate-Glass  Com- 
pany, chartered  by  act  of  Parliament  in  1773.  Tlieir 
g:ive  the  fldip  to  some  persons  of  ingenuity  and  taste^  the  prin-  works  at  Ravenshead,  Lancashire,  are  still  in  opera- 
tion. 


cipal  one  of  whom  was  Wedgewood.    See  Potter?  ;  Porcelain. 

Plate-bend'ing  Ma-chine'.  A  machine  for 
bending  |ilates  of  metal  to  any  required  curve  for 
boilers,   water-wheel  buckets,  etc.     Those  for  form- 


The  ingredients  and  their  proportions,  employed 
in  making  plate-glass,  are  kept  secret  as  far  as  possi- 
ble by  the  manufacturers.     The  following  is  given 


ing  regular  curves  comprise  three  rolls,  two  of  which  ,  as  one  of  the  formulas  :  Silica,  73  parts  ;  potash,  2  ; 
are  driven  by  gearing,  and  the  third,  generally  the    soda,  13  :  lime,  5  ;  alumina,  2. 


upper  one,  runs  free. 

In  the  illustration,  a  b  are  the  driven  rolls,  rotated  in  either 
directinn  by  the  gears  c  d.  The  bearings  of  the  free  roll  e  are 
raised  or  lowered  by  turning  the  hand-wheel/,  which,  by  means 

Fig.  3810. 


Plate-Bending  Machine. 

of  the  gear-wheels  g,  rotates  the  shafl  h , 
hiving  a  worm  at  each  end  gearing 
with  worm-wheels  /,  which  turn  screws 
supporting  the  bearings  of  the  roll  e. 
By  varying  the  dist4nce  between  the 
upper  and  lower  rolls,  a  greater  or  less 
curvature  is  given  to  the  plate,  the  cur- 


TUe  materials,  in  a  comminuted  form,  are  fused  in  crucibles 
or  pots  exposed  to  an  intense  heat  in  a  furnace  ;  the  complete 
fusion  requires  about  20  hours.  From  the  poLs  it  is  ladled 
into  a  cistern,  the  cuvette,  which  is  also  placed  in  a  hot  furnace, 
where  it  remains  until  the  glass  is  fined  and  in  proper  condi- 
tion to  flow  readily  and  equably.  When  this  occurs,  the 
cuvette  is  lifted  out  of  the  furnace  by  means  of  tongs  and 
hoisted  on  to  a  carriage  by  which  it  is  moved  to  the  cast- 
ing-table. It  is  now  skimmed  to  remove  impurities  from 
its  surface,  and  hoisted  by  a  crane  immediately  over  the 
casting-table.  See  CtJVETTE,  Fig.  1579;  Casting  T.\BLE. 
Fig.  1181. 

The  casting-table  is  surrounded  by  side  and  end  ledges, 
corresponding  in  depth  to  the  thickness  of  the  plate  to 
be  made,  to  prevent  the  escape  of  the  liquefied  glass  which 
is  poured  upon  it  by  tilting  the  cuvette.  During  the 
pouring  a  washer  is  drawn  immediately  in  front  of  the 
glass  to  remove  any  dirt  from  the  casting-slab,  and  when 
this  h.-is  been  covered  to  the  requisite  depth  a  heavy  cop- 
per roller  is  passed  over  the  surface  of  the  glass,  causing  it 
to  exhibit  a  beautifully  iridescent  play  of  colors:  this  roller 
flattens  it*  upper  surface,  and  causes  any  excess  of  the  metal  tobe 
thrown  off  at  the  end  of  the  table,  where  it  is  received  in  a 
trough  of  water. 

A  thick  flange  of  the  glass  is  turned  up  at  the  end  of  the 
plate,  to  which,  when  somewhat  hardened,  a  rake-shnped  iron 


^^ttire   being  greater  in  proportion  to     is  applied,  by  which  it  is  forced  into  the  annealing-oven  or  upon 

their  nearness  together.  a  carriage  bv  which  it  is  conveyed  to  the  oven.     As  the  plate  is 

In  some  machines  of  this  kind  the  upper  roller  is  provided     vet  plaslic.'lts  under  side  takes  an  impression  from  the  bricks 

with  separate  adjustments  at  each  end,  so  that,  by  raising  one  .  of  the  oven,  while  its  upper  surface,  though  smooth,  is  un- 
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eren;  it  consequently  requires  to  be  ground  and  poIisheJ. 
After  reiimining  iu  the  oveu  about  fivis  days  and  heint,' allowed  to 
coolgnidually,  it  i,i  carefully  examined  to  see  if  it  will  admit  of 
being  finished  as  a  single  plate,  or  whether  ir  has  Haws  or  knots 
which  neeessitate  it^  being  cut  into  smaller  pieces.  If  the 
latter  be  the  case,  the  defective  portions  are  cut  out  and  the 
remainder  served  for  plates  of  lees  syae. 

In  either  case  the  plates  are  imbedded  in  plaster  of  Paris 
upon  fltuno  tables  about  8  x  15  feet  in  width  and  leu'jth ;  these 
are  arranged  in  pairs,  at  about  10  feet  distance  apart 

Other  pi  ttes  of  glass  are  cemented  to  the  under  surfaces  of 
two  svving-tables  or  runners,  w.iich,  by  means  of  a  horizontal 
frame  between  each,  are  caused  to  tniverse  backwiird  and 
forward,  a  circular  motion  being  at  the  same  time  imparted  by 
means  of  a  vertical  crankv-ihaft  pivoted  to  the  central  and 
upper  p.irt  of  the  table  and  actuated  by  bevel-gearing;  four 
ot!ier  cranks,  one  at  e;ich  corner  of  the  frame,  serve  to  guide 
and  limit  its  motion,  cau:iing  its  central  point  to  de.seribe  a  cir- 
cle about  four  feet  iu  diameter,  no  that  diiTerent  portions  of  the 
faces  of  the  upper  and  louver  glass  plates  are  continually  ap- 
plied to  each  other.  Sharp  river  sand  sifted  iuto  two  different 
sizes  is  used  as  an  abradant;  when  the  surface  of  the  lower 
plate  has  been  ground  quite  flat  by  the  coarser  sand,  it  is  re- 
moved by  careful  washing  and  the  finer  sand  is  substituted  for 
it;  to  this  succeeds  emery  powder,  a  coarser  and  then  a  finer 
quality  being  applied,  the  glass  being  thoroughly  washed  pre- 
vious to  eaeh  change  of  material,  so  that  none  of  the  coarser 
particles  previously  used  may  remain  to  cause  scratches  on  its 
surfico-  The  plates  are  then  inverted,  and  the  same  process  is 
repeated  on  the  other  side.  For  this  purpose  the  frame  above 
describe  1  is  suspended  by  chains  which  admit  of  its  being 
raised  from  the  face  of  the  lower  table.  These  machines  do  not 
permit  the  use  of  very  fine  emery,  as  their  weight  and  velocity 
at  such  near  proximity  as  they  would  necessarily  be  would  tear 
the  surface  of  the  glass;  the  velocity  is  consequently  reduced 
when  tlie  finer  emery  is  employed,  and  a  different  machine, 
worked  by  hand-power,  is  used  for  the  final  smoothing,  prepara- 
tory to  tlie  process  of  polishing.  This  is  effected  upon  stone 
beilches  iibuut  two  feet  liigh,  having  plane  upper  surf  ices  which 
are  covered  with  wet  canvas.  Upon  this  one  of  the  larger 
plates  is  laid,  the  wetted  surface  of  the  canvas  serving  to  retain 
it  in  place.  A  smaller  plate  is  used  as  a  grinder  or  runner  ;  if 
this  be  of  such  size  that  a  uniform  pressure  caunot  be  imparted 
to  it  by  hand,  leaden  weights  are  distributed  over  its  surface. 
Emery  po^vders  of  gradually  increasing  fineness  are  applied  with 
water,  and  the  runuer  is  traversed  back  and  forth  by  hand  with 
a  semicircular  stroke,  its  path  being  slightly  changed  at  each 
stroke,  while  the  runner  itself  is  gradually  turned  around  as  on 
an  axis  during  the  progress  of  the  work  These  combined 
movements  serve  to  evenly  distribute  the  emery  and  insure  an 
equal  amount  of  grinding  both  to  the  bed-plate  and  runner. 
tSmall  plates  are  smoothed  by  young  girls ;  for  the  larger  sizes 
two  women  stand,  one  on  each  side  of  the  bench,  and  by  pla- 
cing taeir  outstretched  hands  on  the  runner  give  it  a  backward 
and  forward  movement  of  five  or  six  feet. 

About  six  sizes  of  carefully  washed  emery  are  used  in  smooth- 
ing, and  between  each  change  the  plates  and  everything  about 
t'\e  apparatus  are  carefully  washed,  including  the  hands  of  the 
operators  The  fine  emery  powder  last  employed  imparts  a 
very  smooth  surface  to  the  plates,  which  are  now  ready  for  pol- 
ishing. The  polishing-machine  has  a  bed  mounted  upon  roll- 
ers, and  traversed  slowly  back  and  forth  sidewise  by  a  rack  and 
pinion  beneath.  Two  carriiges  supported  on  wheels  at  e;ich 
end,  which  run  on  rails  at  each  end  of  the  table,  have  a  recip- 
rocation of  about  two  feet  by  means  of  two  oppo.sed  cranks,  so 
that  one  iulvances  as  the  other  recedes.  They  are  placed  about 
four  feet  apart,  and  to  their  under  surfaces  are  attached  rub- 
bers having  sockets  in  their  upper  part,  into  which  bars  with 
rounded  ends  on  the  underside  of  the  carriage  are  fitted,  allow- 
ing a  certain  freedom  of  motion  independent  each  of  the  other; 
they  measure  6x8  inches,  are  placed  at  distances  of  one  foot 
apart,  and  their  faces  are  covered  with  thick  felt.  By  the  re- 
ciprocating motion  of  the  carriage  and  the  transverse  movement 
of  the  bed,  they  are  caused  to  act  on  every  part  of  the  surface 
of  the  glass,  a  sufficient  pressure  being  imparted  to  eaeh  by 
weights. 

The  powder  generally  employed  in  polishing  is  "Venetian 
pink,"  a  substance  containing  a  small  proportion  of  oxide 
of  iron  mingled  with  earthy  matter.  It  is  used  with  water, 
which  reduces  the  friction  and  prevents  the  glass  from  becoming 
heat^'d  Tripoli,  crocus,  and  putty  powders,  when  used  with 
water,  cut  too  actively  to  produce  a  high  polish  in  this  way  ; 
though  they  are  employed  dry  for  the  last  finish  in  hand  pol- 
ishing, the  amount  of  surface  acted  on  with  the  velocity  and 
power  of  the  machinery  would  render  them  liable  to  tear  the 
face  of  the  glass,  beside  exposing  it  to  the  contingency  of  being 
broken  by  the  beat  evolved. 

Repolishing  old  plates  which  have  been  scratched  is  generally 
eflected  by  hand,  as  the  operation  may  be  restricted  to  the 
scratched  portion.  The  process  is  commenced  with  tripoli  and 
finished  with  putty-powder  or  crocus.  The  rubber  is  attached 
to  the  end  of  a  pole  suspended  fVora  a  spring,  which  affords  the 
necessary  pressure,  and  is  pushed  back  and  forth  by  a  workman. 
This  process  is  both  tedious  and  laborious,  and  causes  the  sur- 
face to  present  a  wavy  and  polished  appearance  much  inferior 
to  that  of  machine-poUshed  glass. 


Plate-hoist.  A  clamp  or  clutch  by  which  a 
plate  i.s  lit'tt^d  into  position  for  attachment  to  the 
angle-irons  forming  the  ril>.s  or  frames  ;  or  forgetting 
the  plates  aboard  fur  other  parts  of  the  work.     It 


Plate-Hoist. 


consists  of  a  stronji;  stirrup  h  and  ring  c,  the  latter 
being  attached  to  the  hook  of  the  tackle.  Tlie  plate 
a  is  clamjied  against  one  leg  of  the  stirrup  by  the 
point  of  the  set-screw  d^  which  passes  through  the 
other  leg. 

Plate-hold'er.  {Photographif.)  a.  Also  knoM-n 
as  dark-sUdi:  or  slide.  That  part  of  a  ]ihotogra]ihic 
camera  which  is  used  to  contain  and  transport  the 
.sensitized  plate.  It  consists  of  a  thin,  Hat,  rectan- 
gular frame  or  box,  sijuare  or  nearly  so,  the  dimen- 
sions of  which  enable  it  to  take  exactly  the  place  of 
the  groand-gla.ss  screen  upon  which  the  visible  pic- 
ture falls.  The  back  of  the  plate-holder  is  provided 
with  a  door,  which,  when  opened  in  the  dark  room, 
admits  of  the  introduction  or  withdrawal  of  the  col- 
lodionized  plate.  The  front,  that  is,  the  side  which 
faces  the  lens,  has  a  thin  sliding  shutter,  which 
serves  to  uncover  the  sensitive  surface  when  the 
slide  is  in  its  jdace,  so  that  it  may  receive  the  rays 
of  light,  the  action  of  which  forms  the  photographic 
image,  exactly  in  the  position  occupied  by  the  ground 
glass  during  the  operation  of  focusing.  By  this  con- 
trivance the  plate  is  taken  to  and  from  the  camera 
in  total  daikness.  Inside  frames  or  kits  are  used 
within  the  plate-holder  for  making  small  negatives. 

b.  A  pneumatic  device  used  to  hold  the  plate  dur- 
ing development. 

Plate-i'ron  Gird'er.  A  girder  made  of  wrought- 
iron  ])late,  either  rolled  with  flanges  or  built  up  of 
flat  plates  and  angle-iron.  See  Giudkr.  See  also 
pages  1198,  1199. 

Plate-leath'er.  Wash-leather  for  rubbing  and 
cleansing  silver-plate  and  jewelry. 

Plat'en.  (Print iny.)  The  slab  which  acts  in 
concert  with  the  bed  to  give  tlie  impression.  See 
Printino-press. 

Plate-of-wind.  (Music.)  In  the  construction 
of  organ-pipes,  a  thin  aperture  whence  a  sheet  of 
air  issues,  impinging  u]ion  the  lip  of  the  mouth  and 
receiving  a  vibration  which  is  imjmrted  to  the  col- 
umn of  air  in  the  pipe.     See  Pipe  ;  Moi'Tii-i'lPE. 

Tlie  word  is  sometimes  api>Iied  to  the  issuing 
stream  of  air,  which  is  flattened  by  the  surfaces  be- 
tween which  it  passes,  so  as  to  impinge  as  a  ribbon 
of  air  upon  the  edge  of  the  lip. 

Plate-pa'per.  Paper  for  taking  impressions  of 
engraving.      Copperplate-Ytaxu'V. 

Plate-plan'ing  Ma-chine'.  A  machine  de- 
signed for  planing  true  edges  and  bevels  on  plates 
for  boilers  and  for  iron  ships. 

In  the  machine  illustrated,  the  plate  is  clamped  upon  a 
woodeu  bed,  14  feet  long,  by  means  of  holding-down  bolts  a  a. 
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etc.  Thecutter-heaJ  is  driven  by  a  screw  sliding  on  a  pair  of  squares  up  a  narrow  calking  surface.  Ships'  platea  may  be 
ways  b  6,  one  above  the  other.  It  is  self-operatiug  in  feed,  and  planed  before  or  after  bending.  In  the  latter  case  thu  bed  is 
has  cutter3  which  work  each  way.     It  bevels  Che  edge  and  :  curved  to  the  form  of  the  plate. 


Fig.  3812. 


StUKrs''s  Plate-Planing  Machine. 


Plate-pow'der.  Rouge  and  prepared  chalk  or 
oxi'le  of  tin  and  rose-pink.  Used  in  polishing  sil- 
ver-ware. 

Plate-print'iag  Ma-chine'.  One  for  printing 
from  plates  or  cylinders  engraved  in  intaglio.  Such 
])lates  have  depressed  lines  made  to  contain  ink, 
which  is  smeared  all  over  the  surfai^e  ;  the  supertlu- 
ity  is  wiped  oH',  leaving  the  lines  full ;  the  surface  is 
thi'U  polished  and  ilamped,  absorbent  paper  being 
pressed  again.st  tlie  plate  during  t\\t  passage  between 
roUeis.  The  ink  leaves  the  lines  and  adheres  to  the 
paper. 

Machines  for  this  purpose  have  been  made  to  operate  upon 
plates,  the  inlying  rollers  being  succeed-tl  by  wipers  and  polish- 
ers, after  which  the  plate,  on  its  bed,  passes  beneath  a  D-roUer 

rig.  3S13. 
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Cylindrical  Plate-Printing  BTachine. 

and  returns.  The  plate  is  kept  hot  by  jrns  or  oil  lamps  beneath 
the  bed  or  by  iron  heaters  ;  a  blanket  between  the  impression- 
roller  and  the  back  of  the  paper  gives  a  spongy  but  severe 
pres-sure,  which  forces  the  paper  partly  into  the  lines  of  the 
plate,  whence  it  wit'idraws  the  ink  as  the  paper  is  subsequently 
lifted.     See  COPPERPLVTS-PRINTI.NG,  page  619 

Another  form  of  plate-printing  press  has  the  engraving  on  a 
roller  B  heated  from  the  interior  by  a  row  of  gas-jets  b  The 
ink  is  applied  bv  the  roller  on  the  left,  which  rotates  in  contact 
with  the  ink-distributing  roller  and  the  engi-.aved  cylinder  on 
its  respective  sides.  Beneath  the  inking-rollers  is  uii  ink-doc- 
tor, a  knife  edge  which  removes  the  greater  portion  of  the 
supertluons  ink.  The  cylinder  then  comes  in  contact  with  an 
independently  revolving  wiping  brush-roller,  then  with  a  second 
wiper-roller,  and  next  with  a  roller  F,  who^e  surface  performs 
the  duty  performed  in  the  hand  printing  process  by  the  palm 
of  the  hand,  being  surfaced  with  whiting  for  giving  the  final 
polish  to  the  cylinder  before  it  passes  to  the  paper,  which  is 
pres.sed  upon  it  by  the  roller  above. 

Plate-rack.  A  frame  in  which  washed  and 
rinsed  dishes  and  plates  are  placed  to  drain. 


Plate-rail.    {PMilway  Engineering.')    A  flat  rail. 

Plate-raU'Tvay.  A  tramway  in  which  the  wheel- 
tracks  are  Hat  plates. 

Plate-roll'er.  A  smooth  roller  for  making  sheet- 
iron. 

Plate-shears.  {Metal-working.)  A  shearing- 
machine  for  sheet-metal,  such  as  boiler-plate.  See 
Sheaking-machi-ve  ;  Bar-shear,  etc. 

A  shears  for  cutting  bent  plates  or  angle-irons.  The 
bed  a  and  cutter  b  are  ailapted  to  the  shape  of  the 
piece,  so  as  to  avoid  bending  or  buckling,  and  the 


Fig.  3814. 


shears  for  Angle-Iron. 


cutter  is  operated  by  a  cam  on  the  shaft  c  or  equiv- 
alent. 

Plate-warm'er.  A  small  cupboard  standing  in 
front  of  a  tire  and  holiling  ]ilates  to  warm. 

Plate-'wheel.  A  wheel  without  amis.  One  in 
which  the  rim  and  hub  are  connected  by  a  plate  or 
well.  Many  car-wheels  are  made  in  this  way.  The 
wheels  of  wati'hes  are  made  so,  and  the  plate  is  af- 
terward filed  away  in  portions  so  as  to  leave  spokes 
in  the  form  of  a  cross.  This  is  called  crossing-out. 
A  specinl  file  is  used  for  the  jmrpose. 

Plat'form.  I.  (Fortificafion.)  The  floor  on  which 
the  guns  are  placed.  It  is  level  transversely,  and 
has  a  slight  slope  toward  the  embrasure.  The  chas- 
sis, when  pivoted  forward,  traverses  on  a  curved 
track  at  the  rear.  The  gun  runs  in  and  out  of  bat- 
tery on  the  chassi.s. 

2.  A  landing-stage. 

3.  A  raised  walk  alongside  a  railroad-track,  to 
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assist  ia    mounting  to   or  dismounting   from    the 
cat's. 

4.  A  floor  supported  by  a  scaffold. 

5.  Tlie  bench  in  a  glass-furnace  on  which  the  pots 
aic  pluccd. 

Plat'form-board.  {Orduance.)  A  side-board 
ou  an  amniuuition-carriuge  for  forage.  Side-board ; 
wing. 

Plat'form-bridge.  (Railway-cars.)  A  gangway 
over  tlie  space  between  the   platforms  of  adjacent 

Fig.  3815. 
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cars  in  a  train.  U  is  a  measure  of  safety,  to  prevent 
piTsons  fulling  down  between  cars  when  in  motion. 
In  Fig.  3815  it  is  a  gang-plank  with  arrangements 

to   allow   it   to 

Fig.  3816 slip   back    and 

^  forth,    but   not 

slip  off. 

In  Fig.  3816, 
the  floor  and 
sides  of  the 
bridge  which 
unite  the  plat- 
forms of  adja- 
cent cars  are 
made  on  the  ex- 
panding lattice  or  lazy-tongs  principle  ;  they  are 
contractible,  to  be  taken  on  board,  or  are  swung  in 
on  pivots  wlien  the  cars  are  detached. 

Plat'form-car.  (Railway  Engiiuering.)  An  open 
car  having  no  inclosing  sides,  or  merely  surrounded 
by  low  ledges  ;  intended  for  carrying  stone,  pig-iron, 
and  similar  articles  of  freight. 

Plat'form-car'riage.  (Ordnance.)  Onefortrans- 
portins;  nioi  tars.      Plaf/nrni-wagion. 

Plat'form-craue.  1.  A  crane  on  a  movable 
truck. 

2.  A  crane  on  the  break  of  a  platform  to  land 
goods  from  wagons  or  cars. 

Plat'form-scale.  One  with  a  flat  scale  on  which 
the  object  to  be  weighed  is  placed. 

There  are  eoanter  platform-scales  of  a  comparatively 
small  size.  Larger  ones  are  wheeled  about  on  the 
floor  of  a  store  or  warehouse,  being  adapted  for 
weighing  boxes,  barrels,  sacks,  and  packages  which 
are  moved  by  trucks.  A  still  larger  form  is  the  cat- 
tle or  hay  scale,  on  which  the  wagon  and  its  load 
are  weighed  at  once,  and  the  tare  afterward  deduct- 
ed.    See  Scales. 

The  principle  is  readily  understood  from  Fig.  3817. 
The  knife-edge  of  the  scale-beam  F  rests  in  an  arm 
dei)ending  from  the  lever  C ;  this  and  the  beam  are 
connected  by  the  pivoted  lever  A,  its  connecting  rod 
and  loop  E,  so  that  the  beam  may  be  maintained  in 
horizontal  po.sition,  and  its  vibrations  instantane- 
ously checked  during  the  process  of  weighing. 
A  favorite  form  of  British  platform-scales  is  upon 


Fig.  8817. 
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the  lever   principle,   but  unlike  the  steelyard.     A 
constant  projiortion  as  to  length  exists  between  the 
respective     enils. ,    A 
number  of  weights  are  Fig.  3818. 

employed,  which  rep- 
resent from  four  to  ten 
fold  their  amount  on 
the  platform,  accord- 
ing to  the  proportion 
established.  It  is  port- 
able, and  is  the  ordi- 
nary scale  of  the  coun- 
try for  weighing  coal 
or  produce  in  bags. 

Pla-til'la.  A  white 
linen  Silcsian  fabric. 

Plat'i-na.   Twisted 
silver  wire. 

An    iron    plate   for 
glazing  stuff. 

A  metal.     See  Platinum. 

Plat'ing.  The  art  of  covering  baser  metals  with 
a  thin  coat  of  silver  or  gold  was  practiced  by  the 
Orientals  and  Egyptians  many  centuries  before  Eu- 
ro|ieans  excelled  in  ornamental  metallurgy. 

The  process  is  now  extensively  applied  to  the 
cheaper  metals,  those  which  are  more  oxidizable 
being  protected  by  those  which  are  less  so. 

The  process  originally  practiced,  known  as  French  gilding, 
consisted  in  applying  silver  leaf  to  articles  of  brass  or  steel; 
the  union  of  the  two  metals  was  effected  by  heat  and  by  rub- 
bing with  n  burnisher.  This  lacked  the  desired  permanency, 
and  was  supplanted  by  the  method  still  generally  employed 
where  electro-nuignetic  agency  is  not  resorted  to.  As  practiced 
at  Birmingham,  Sheffield,  and  other  places  where  work  of  this 
description  is  largely  carried  on,  the  process  is  essentially  as 
follows:  An  ingot,  composed  of  an  alloy  of  copper  and  brass,  is 
prepared  by  melting  the  alloy  in  graphite  crucibles,  and  pour- 
ing into  two-part  east-iron  molds.  grea.sed  on  the  interior  to 
prevent  adhesion,  and  having  a  high  g-.iteor  mouth-piece  to  give 
the  pressure  requisite  to  insure  solidity  and  uniformity.  After 
withdrawal  from  the  mold  the  ingot  is  dressed  with  the  file  on 
one  or  both  sides,  according  as  it  is  to  be  single  or  double  plated. 
A  plate  of  silver  l  40  the  thickness  of  the  ingot,  and  of  slightly 
smaller  dimensions,  is  then  applied  to  its  lace,  tied  to  it  with 
wire,  and  a  small  quantity  of  a  saturated  .solution  of  borax  in- 
serted around  the  edges.  This  salt  nielt.s  at  a  low  temperature, 
and  excludes  the  air,  which  might  otherwise  oxidize  the  copper 
and  prevent  the  union  of  the  metals.  The  ingot  is  then  trans- 
ferred to  the  plating-furnace,  and  laid  directly  on  the  coke  fire 
of  the  furnace,  which  has  an  iron  door,  provided  with  an  aper- 
ture through  which  the  interior  may  be  viewed. 
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The  operator  watrhea  at  this  hole,  and  when  the  proper  8ol- 
dering  tt'Uiperatiire  is  iittained,  which  is  known  by  the  rivnting 
or  drawing  together  of  the  faces  of  the  two  metals,  the  ingot  is 
instantly  removed  from  the  furnace  ;  were  it  to  remain  a  httle 
longer  an  alloy  would  be  formed,  spoiling  the  plating.  A8  it 
is,  the  metals  are  held  in  contact  by  the  formation  of  a  thin 
film  of  silver  solder  at  their  contacting  surfaces.  The  ingot  is 
then  cleansed  and  drawn  to  the  desired  thickness  between  rolls. 

In  plating  rnpper  wire  the  silver  is  first  formed  into  a  tube 
one  of  the  edges  of  which  slightly  overlaps  the  other.  A  red- 
hot  copper  cylinder  fitting  somewhat  loosely  is  then  inserted, 
and  the  two  edges  of  the  tube  joined  by  rubbing  with  a  steel 
burnisher.  Its  interior  is  then  cleaned,  and  a  copper  rod  on 
■which  it  exactly  fits  is  inserted  ;  this  is  slightly  longer  than  the 
tube,  and  is  grooved  at  its  ends,  so  that  the  ends  of  the  tube  by 
being  pressed  into  these  grooves  may  exclude  the  air :  the  com- 
pound rod  is  then  heited  red-hot,  and  the  silver  coating  united 
to  the  copper  by  rubbing  briskly  lengthwise  with  the  burnisher. 
The  wire  is  then  drawn  to  the  required  shape  and  thickness,  be- 
ing occa->ionally  annealed  during  the  process,  and  finally  cleaned 
wit-i  dilute  acid.  Such  wire  is  used  for  making  bread-baaketa 
and  similar  articles  of  utility  or  ornament. 

Plated  ivare  is  formed  by  raising  with  the  hand  hammer, 
spinnins,  or  on  a  large  scale  by  stamping  with  counterpau-t  dies 
or  swages,  and  by  punching 

Gilding,  in  which  a  thinner  coating  of  the  gold  is  applied  to 
metallic  or  other  surfaces,  is  effected  chemically,  as  in  Elking- 
ton's  or  more  properly  Bonnet's  process,  by  dipping  the  metal 
into  a  solution  containing  gold  ;  or  mechanically,  as  in  destem- 
per,  o(7,and  /en/" gilding,  by  apply  ing  gold-leaf  on  a  surface  previ- 
ously covered  with  size  or  similar  adhesive  matter.  Waier-gihl- 
ing  consists  in  the  application  of  an  amalgam  of  mercury  and 
gold,  from  which  the  mercury  is  afterward  expelled  by  heat. 
Various  modifications  of  these  processes  employed  in  surfacing 
articles  with  gold  and  silver  have  received  different  technical 
names,  as  German  gilding,  Grecian  gilding,  and  Japanese  gild- 
ing :  in  the  latter  a  fine  powder  is  used,  producing  a  "  dead- 
ened ■'  appearance.     See  Gilding. 

Stlventig  brass  or  copper  may  be  effected  by  dipping  the  arti- 
cle in  nitric  acid  to  clean  the  surface,  and  then  rubbing  the 
surface  with  a  composition  of  — 

Cream  of  tartar 100 

Chloride  of  silver 10 

Corrosive  sublimate I 

111 

Then  polish.    Thermometer  scales  are  thus  silvered. 

Articles  madeof  an  alloy  of  silver  and  copper  may  be  blanched 

by  dipping  them  into  a  solution  of  bisulphate  of  potash.     The 

acid  dissolves  out  the  copper  and  leaves  the  silver  isolated. 
Silver  may  be  precipitated  on  to  a  surface  in  a  lustrous  form 

by  aiJding  oil  of  cassia  or  cloves  or  a  solution  of  grape  sugar  to 

a  solution  of  certain  salts  of  silver.     Mix  — 

Aqua  ammonia 30  grains 

Nitrate  of  silver  (crystals) &)     " 

Spirits  of  wine 90     " 

Water 90     " 

270  grains. 
When  the  nitrate  of  silver  is  dissolved,  filter,  and  add  a  solu- 
tion of  — 

Grape  sugar 15   grains 

Spirits  of  wine 1 J  ounces 

Water l}      " 

Leave  the  article  in  the  solution  for  a  day  or  two. 
Tin-f 'late, coninionly  known  ns  sheet-tin,  but,  properly  speak- 
ing, tinned  iron-plate,  is  male  by  dipping  the  plate,  previously 
scoured  bright  and  pickled  by  immersion  in  dilute  sulphuric 
acid,  into  a  bath  of  molten  tin  covered  with  a  mixture  of  oil  and 
rosin.  Tinned  iron  uire  is  prepared  in  a  similar  way.  See 
Tin-plate. 

In  M.illett's  process  for  cavering  iron  with  zinc,  the  plates, 
having  been  hammered  and  scoured  to  detach  scale,  are  im- 
mersed in  a  "  preparing  b;ith,"  composed  of  equal  parts  of  sal- 
ammoniac  and  muriate  of  zinc,  from  which  they  are  transferred 
fco  the  metallic  bath,  which  is  composed  of  202  parts  mercury 
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to  1,292  parts  zinc,  by  weight,  with  the  addition  of  about  1 
pound  sodium  or  potassium  to  each  ton  of  the  compound.  The 
affinity  of  this  alloy  for  iron  being  very  strong,  care  must  be 
taken  to  avoid  too  long  immersion,  which  would  dissolve  the 
iron. 

Fig.  3819  is  a  machine  for  covering  with  a  soft  metal  a  strip 
of  roofing-metal  made  up  of  several  sections  joined  together.  The 
ends  of  sheets  or  strips  of  metal  are  interlocked,  and  the  con- 
nected sheets  then  passed  between  rollers  to  close  the  .=eanis, 
and  then  through  abath  of  molten  tin  or  other  soft  metal,  which 
coats  the  surface  and  closes  and  covers  the  seams,  so  as  to  form 
continuous  pieces  of  indefinite  length  without  appreciable  or 
pervious  joints. 

In  coating  copper  or  brass  vessels  imth  tin,  they  are  first 
pickled  with  sulphuric  acid  diluted  with  about  three  times  its 
bulk  of  water,  then  scrubbed  with  sand  and  wafer  and  washed 
dry.  They  are  next  sprinkled  with  dry  powdered  sal-ammoniac 
and  slightly  heated  ;  a  small  quantity  of  melted  block-tin  is 
poured  into  the  vessel,  which  is  turned  about  until  the  inside 
is  well  covered,  the  excess  being  poured  back  into  the  melting- 
trough. 

Iron  is  treated  in  a  similar  way,  but  requires  more  care,  hav- 
ing less  affinity  for  tin  than  copper  If  the  vessel  be  greasy,  it 
must  be  treated  with  strong  muriatic  acid.  In  old  iron  vessels, 
where  the  grease  has  penetrated  the  pores  to  a  considerable 
depth,  even  this  may  fail  to  remove  the  grease. 

An  alloy  of  nickel,  tin,  and  iron  has  also  been  employed  for 
this  purpose. 

Plating  GfTtnan-silver  table-ware  with  pure  silver  is  effected 
by  electro-magnetism.  Affer  removal  from  the  coating-bath 
the  articles  are  rubbed  with  a  wire  scratch-brush,  and  bur- 
nished with  a  steel  burnisher  wet  with  cream  of  tartar. 

Grjeger's  process  of  coi-tring  iron  and  steel  with  copper  con- 
sists in  first  treating  the  object,  previously  well  cleansed,  with  a 
solution  of  protochloride  of  tin  and  afterward  with  amnioni- 
ated  solution  of  sulphate  of  copper;  from  the  latter  metallic 
copper  is  deposited,  firmly  adhering  to  the  object,  which  may 
be  afterward  polished.  Zinc  and  galvanized  iron  may  be  coated 
in  the  same  way. 

Gilbert's  process  of  coating  hard  inetols  u~ith  tin  or  alloy  con- 
sists in  enveloping  the  metal  to  be  coated,  rolled  into  sheets  of 
proper  thickness,  with  a  sheet  of  tin  or  alloy  varjing  in  thick- 
ness from  .01  to  35  of  that  of  the  hard  metal.  The  surface  of 
the  coating  material  is  carefully  rubbed  smooth  to  prevent  the 
formation  of  bhsters  or  wrinkles,  and  the  compound  sheet  is 
passed  through  polished  rollers  under  a  heavy  pressure,  by 
which  considerable  heat  is  generated,  firmly  uniting  the  sur- 
faces of  the  two  metals.  The  hard  metal  may  also  be  tinned 
by  immersion  in  a  liquid  consisting  of  one  part  by  weight  of 
nitrate  or  muriate  of  tin  to  about  eighty  parts  of  water;  the 
time  required  varies  from  five  to  twenty  minutes.  See  also 
Electro  phting;  Nickel-plating  ;  Gilding;  SavERiNG  ;  Plat- 
inizing ;  Tin-plate,  etc.    For  hst  see  Metallurgy. 

Plat'i-niz-ing.  The  depo.sition  of  a  thin  film  of 
platinum  on  to  plato-glass  ;  thi.s  is  transparent  when 
regarded  by  transmitted  light,  but  givesareHection, 
as  from  a  mirror,  when  viewed  from  the  side  which 
has  the  stronger  light  upon  it.  See  Looking-glass. 
Plat'i-n\mi.  A  white,  heavy,  ductile  metal,  very 
difficult  to  fuse,  and  resisting  the  action  of  heat  and 
air  and  most  acids.  Equivalent,  98.7  ;  symbol,  Pt ; 
specific  gi-avity,  21.5  ;  fusible  under  the  oxyh}"drogeu 
blowpipe.  It  is  a  grayish-white  metal,  moderately 
hard  (between  copper  and  iron),  ductile  ;  \velds  at  a 
white  heat  ;  almost  infusible.  Alloys  readily  with 
many  metals  ;  is  non-oxidizable. 

It  is  used  for  burners,  chemical  vessels,  and  tools, 
setting  artificial  teeth,  bushing  for  guns,  points  of 
lightning-rods,  etc. 

Plat'i-niun-steel.  Steel  alloyed  with  tItj  part 
of  platinum.  It  is  said  not  to  be  quite  so  hard  as 
silver  steelf  but  tougher. 

Pla-tom'e-ter. 
An  instrument  fur 
measuring  areas  on 
plans  by  mechan- 
ism.    See  Plaxim- 

ETER. 

Piatt.  (Mi)u 
inq.)  A  cavity  at 
the  extremity  of  a 
level  near  a  shaft, 
for  collecting  sup- 
plies of  ore,  which 
are  placed  in  the 
kibbk  to  be  hoisted. 
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Plat'ten-ing  Glass.  The  operation  of  forming 
glass  into  sluxts  or  plates.  In  crown-glass  this  is 
etfected  by  imparting  a  rapid  whirling  motion  to  the 
blown-out  globe  while  still  on  the  pontil.  (See 
Flashino.)  Plate-glass  is  plattened  by  the  roller, 
which  lornis  it  while  .still  in  a  liquid  state.  The 
term  is,  however,  specially  applied  to  the  oper- 
ation of  flatting  cylinder-glass.  In  this  case,  the 
Ibrmed  cylinder  is  cracked  longitiidiiially  by  draw- 
ing a  hot  iron  from  end  to  end  and  dropping  water 
on  the  heated  line.  A  number  of  the  cylinders  are 
then  introdu<'ed  into  a  furnace,  the  cracked  side  U))- 
permost,  and  when  sufficiently  softened  each  is 
taken  up  on  an  iron  rod  bent  to  a  right  angle  and 
laid  upon  the  Hatting-stone,  where  it  opens  out  and 
is  smoothed  down  by  an  implement  resembling  a 
baker's  peel,  after  which  it  is  annealed.  See  Glass  ; 
Cylindkr-glass  ;  Sheet-glass. 

Plat'ting.  The  top  course  of  a  brick  stack  or 
clamii. 

Play.  (Machinery.)  a.  A  movement  in  a  pre- 
scribed path  ;  as  the  stroke  of  a  piston,  the  oscillation 
of  a  pendulum. 

b.  Freedom  of  movement  to  a  given  extent  to  pre- 
vent binding.  A  certain  looseness,  as  that  of  the 
arbors  of  watches  between  the  plates,  against  which 
the  shoulders  abut.  Known  to  watchmakers  as  end- 
shale. 

Pleat'ing.    See  Plaiting. 

Plec'trum.  {Music.)  An  ivory  instrument  where- 
by the  strings  of  the  lyre  were  anciently  struck.  It 
survived  till  a  late  day  in  the  quills  of  the  harpsi- 
chord and  its  congeners. 

Pledg'et.  1.  (Surgical.)  A  compress  of  lint  flat- 
tened between  the  hands  and  laid  over  an  ulcer  or 
wound  to  exclude  air,  retain  dressings,  or  absorb 
discharges.  It  dill'ers  from  a  tent  in  that  the  latter 
is  a  roll  of  lint  introduced  into  a  wound  or  ulcer  to 
keep  it  from  closing. 

2.  (KaiUical.)  A  string  of  oakum  used  iu  calk- 
ing. 

Plensh'ing-nail.    A  large  flooring-nail. 

Plex-im'e-ter.     A  plate  employed  in  ausculta- 

Fig.  3820. 


a,  flat-nose  pliers 

b,  lonjr  flat-nose  pliers, 
f ,  cuttinp-pUers. 

d,  flaf-nnse  pliers  with  wire- 
cutter  on  the  side. 
f,  side-cutting  pliers. 


Pliers. 

/,  pliers  with  cutters  on  the 
joint-plates  of  the  hinge. 

gy  pliers  with  circular  jaws  for 
holding  bolts 

k,  gii.s-burner  pliers. 

i,  wire  shears  and  pliers  com- 
bined 

J,  gas-pipo  pliers. 

^,  long-nose  pliers  for  blowpipe 
work 

I,  figures  illustrating  action  of 
pliers. 


tion,  being  placed  in  contact  with  the  body  to  re- 
ceive the  blows  of  the  hammer.     See  Perc'Issor. 

Pleyt.  (Nautical.)  A  kind  of  river  craft.  Pluijte. 
(Ad.mikal  Smyth.) 

Pli'ant.     A  French  folding  seat  or  chair. 

Pli'ers.  A  small  pair  of  pinchers  with  long  jaws, 
adapted  to  handle  small  articles,  such  as  the  parts 
of  a  watch  or  other  fine  machinery.  It  is  also  spe- 
cially adapted  for  bending  and  shaping  wire. 

Pliers  with  peculiarly  shaped  or  proiiortioned  j'aws 
are  called  loiig-noscd  pliers,  round-nosed  pliers,  cut- 
<t«g'-pliers,  etc. 

For  special  purposes,  as  fishing-^Wers,  bottling- 
pliers,  etc.     See  Fig.  3820. 

Plinth.  (Arcliilccture.)  a.  A  square  set  off  at 
the  base  of  a  structure  or  edifice. 

b.  The  lower  course  or  courses  which  project  be- 
yond the  general  face  of  a  wall,  giving  it  a  wider 
base. 

The  plinth  of  a  column  is  a  square  slab  above  the 
base  and  below  the  dado.  When  it  has  an  upper 
receding  member,  it  is  a  double-faced  plinth. 

Ploc.  A  mi.xture  of  hair  and  tar  for  covering  a 
shiji's  bottom. 

Plomb-brut.     Rough  lead. 

Plon'gee.  (Fortification.)  The  declivity  of  the 
superior  slope  of  the  parapet. 

Plon'ket.     A  coarse  woolen  fabric. 

Plot.     A  ground  plan.     A  ])lat. 

Plot'ting-Bcale.  A  scale,  usually  IJ  inches  by 
IJ  feet,  used  in  plotting  ground.  It  is  of  brass, 
ivory,  silver,  or  boxwood. 

Plo'w.  1.  (Agriculture.)  An  implement  for 
making  a  furrow  in  land,  the  oliject  being  to  stir 
the  soil,  make  a  bed  for  seed,  cover  seed,  hill  up 
earth  to  crops,  lay  out  lines  for  ]ilantiiig  trees  or 
shrubs,  and  for  other  purposes,  according  to  con- 
struction. 

Excepting  in  the  sacred  records  of  the  period  before  the 
flood,  historj'  gives  no  account  of  a  time  when  man  was  de^ti- 
tute  of  the  Iwe  and  the  phin>.  The  history  of  one  of  the-e  is 
the  history  of  the  other,  for  they  had  a  common  origin.  In  the 
distant  past  they  were  all  of  wood,  and  differed  little  except  in 
size.  We  may  safely  assume  that  the  hand  implement  pre- 
ceded that  drawn  by  animals. 

The  original  hoe  was  a  forked  limb  (a,  Fig.  3S21).  This,  be- 
ing shaped  a  little,  and  the  tvsi:  being  pointed,  formed  a  plow 
(i).  Byron  refers  to  the  plowshare  by  this  name  in  his  at  count 
of  the  storming  and  satliing  of  Ismail  on  the  Danube,  where 
Suwarrow  swears,  — 

"  That  shortly  plow  or  harrow 
Shall  pass  o'er  what  was  Ismail,  and  its  titsk 
Be  unimpeded  by  the  proudest  Mosque." 

Dox  Ju.^N. 

e  d  are  other  shaped  limbs  in  which  the  lower  piece  is  formed 
so  that  its  sole  mav  run  on  the  ground  and  turn  a  furrow,  and 
not  merely  scratch  the  soil,  e  is  an  ancient  Etruscan  plow 
from  an  urn  f  g  are  Japanese  plows  in  the  Sniith.sonian  In^ti- 
tution  ;  they  show  two  degrees  of  ingenuity  in  advance  of  the 
other  examples 

The  images  of  Osiris  are  represented  with  a  plow  grasped  in 
each  hand,  and  a  harrow  slung  over  the  shoulder  by  a  cord. 
See  Harrow 

'•Osiris  taught  the  way  and  manner  of  tillage  and  good 
management  of  the  fruits  of  the  earth.  Isis  found  out  the 
way  of  cultivating  wheat  and  barley,  which  before  grew  here 
and  there  in  the  fields,  among  the  common  herbs  and  grass, 
and  the  use  of  them  was  unknown."  —  D.ODORUS  Sict:LUS. 

The  early  deifications  were  many  of  them  of  individuals  who 
had  opened  up  sources  of  agricultural  prospeiity.  his  was  the 
Greek  Crtes;  Osiris  became  Encclitis,  the  Fttthir  Litter  of  the 
erudite  Pliny 

The  great  efficiency  of  the  engineering  works  believed  to  have 
been  executed  by  Sesostris,  about  18110  B  c  indicates  a  great 
progress  in  the  agriculture  to  which  this  scheme  of  irrigntion 
I  was  subservient.  The  alluvium  of  the  valley  of  tlie  Ni!e,  how- 
ever,  never  was  plowed  in  the  manner  we  consider  essential  to 
good  husbandry  on  our  soils. 

"  Some  of  the  Egyptians  lightly  run  over  the  surface  of  the 
earth  with  ft  plow,  after  the  water  is  fallen,  and  gain  a  mighty 
crop  without  any  great  cost  or  pains."  —  Diodorus  S.cclijs  (60 
B.  c). 

The  paintings  in  the  Memphis  pyramids  show  plows  with  one 
'  and  others  with  two  handles.    It  cannot  be  said  that  they  pos- 
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sess  a  mold-board  ;  they  rather  resemble  our  shoTel-plow,  and 
by  going  over  the  ground  a  sufficient  number  of  times  would 
have  put  light  alluvial  soil  in  a  fair  state  of  tilth  to  a  depth  of 
five  inches.  In  the  rich  valley  of  the  Nile,  which  receives  an 
annual  deposit  of  silt,  a  plow  of  this  kind  would  produce  its 
maximum  eHect.  Poor  as  they  are,  they  are  substaatially  sim- 
ilar to  those  used  at  the  present  day  in  the  greater  part  of  Eu- 
rope, as  may  be  seen  by  a  comparison  of  the  plows  in  Fig  3821. 
A  is  an  ancient  plow  copied  from  Niebuhr.  and  is  stated  by  him 
to  be  similar  to  the  implement  used  to  this  day  in  Eg.\  pt  and 
Arabia.  With  such  tools,  it  was  no  wonder  that  Home  and 
Constantinople  depended  upon  the  alluvial  valley  of  Egypt,  i  j 
are  two  wheeled-plows  from  Caylus's  collection  of  Ureek  an- 
tiquities, and  k  is  from  an  ancient  SiciUan  medal  illustrated  by 
lAsteyrie.  /  is  a  modern  plow  of  Castile,  and  m  is  the  plow  now 
used  in  Sicily.  It  is  hardly  as  good  a  one  as  that  shown  at  A-, 
which  is  a  plow  of  the  Greek  occupation  over  2,(i()0  years  since, 
before  Syracuse  fell  unJer  the  att-ack  of  Marcellus,  212  b.  c.  It 
still  lacks  the  mold-board,  n  shows  the  modern  Roman  plow, 
■with  a  broad  flat  share.  The  diverging  wings  form  a  wedge 
which  divides  and  turns  over  the  soil  to  some  extent  The  plow- 
man stands  on  the  rear  portion  of  the  sill-piece  and  holds  on  by 
the  post,  adding  his  weight  to  increase  the  depth  of  furrow. 


instance,  vras  probably  as  good  an  implement  as  the  one  now 
used  by  the  peasantry  of  the  Arno, —  the  same  territory. 

In  Fig  3822,  o  is  a  group  from  Beui-Hassan,  and  of  about 
the  date  of  Osirtasen,  who  is  considered  by  NVilkinson  to  be 
contemporary  with  Joseph;  he  who  stored  grain  during  the 
seven  years  when  the  Nile  exceeded  its  usual  hight ;  when  Osiris 
came  forth  with  more  than  wonted  vigor  and  spread  beyond  the 
usual  cultivated  area.  The  group  has  three  men  ;  the  oxen  are 
yoked  by  the  borus, — a  mode  which  is  occasionally  seen,  but 
not  so  commonly  as  the  neck-yoke.  The  plowman  is  assisted 
by  a  driver,  and  is  followed  by  a  man  with  a  hoe,  who  breaks 
the  clods.    In  some  cases  the  plowman  had  a  whip  or  goad,  and 


Fig  3822. 


Ploics,  AT(icient  and  Modem. 


This,  perhaps,  is  the  pioneer  of  sulky  plows  and  buggy  plows, 
as  we  of  the  West  call  them,  n  is  from  Strutt's  plates  of  an- 
cient dresses,  and  indicates  the  appearance  of  the  Anglo-Saxon 
plow  and  plowman  of  the  eighth  century. 

From  the  foregoing  and  tho<:e  shown  in  the  next  figure,  and 
a  comparison  of  others  for  which  we  have  no  room  here,  it  ap- 
pears that  the  ancient  Egyptian,  Etruscan,  Syrian,  and  Greek 


Plows  of  Egypt  and  Syria. 

no  driver.     Cows  were  much  employed  in  plowing; 
men  and  asses  also.     Horses,  never 

Another  form  of  the  ancient  Egyptian  plow  is  shown 
at  b  in  the  accompanying  cut.  The  presentation  of  the 
share  is  different,  much  like  our  sliovcl-plow,  but  in- 
stead of  connecting  the  sfilts  to  the  beam  and  having 
a  pair  nf  handles  proceeding  therefrom,  the  man  gn^^ps 
a  stilt  in  each  hand  Reins  were  not  u.'^ed  in  plowing 
in  ancient  Egypt,  but  are  not  uncommon  in  modem 
Egypt. 

An  illustration  of  the  modem  Syrian  plow  (d)  is  given 
to  afford  means  of  comparison.  The  ehnre  and  mold- 
board  in  this  more  nearly  resemble  our  form  than  do 
those  of  any  other  Eastern  plow.  The  drawing  is  from 
Kitto,  It  is  probable  that  his  artist  has  improved  on 
the  original 

Figure  c  gives  views  of  two  yokes  and  the  details 
of  the  molern  Syrian  plow  As  before  stated,  it  is  rather  of 
the  shovet-plow  order.  The  goad  has  a  shovel  at  one  end  for 
clearing  dirt  from  the  share. 

Osiris  has  the  supremacy  in  all  the  deifications  of  ancient 
Egypt.  Who  he  was  that  came  to  be  so  honored  for  his  useful- 
ncs,  that  scores  of  centuries  only  added  to  hi«  great  f:ime,is  now 
a  matter  of  conjecture.    He  is  represented  with  the  instruments 


plows  were  equal  to  the  moiiem  plows  of  the  South  of  France,  j  of  tillage,  and  it  is  a  reasonable  supposition  that  he  introduced 
part  of  Austria.  Poland,  Sweden,  Spiin,  Turkey,  Persia.  Arahi.i.  I  (rre.it  practical  improvements  in  husbandrv  among  this  people 
India,  Ceylon,  and  China.  The  la-t  thirty  years  may  have  of  the  Nile.  As  time  rolled  on.  the  name  came  to  be  transferred 
worked  a  partial  change,  but  not  sufficient  to  invalidate  the  gen-  to  the  river  itself,  and  0.=iris  the  benefactor  became  a  god,  and 
eral  truth  of  the  statement.     The  ancient  Etruscan  plow,  Ibr  ,  the  incarnation  of  the  flood  whose  annual  overflow  was  the  life 
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of  the  land.  No  flood,  no  food  ;  let  the  Nile  stay  within  his 
bauks  for  a  few  years,  and  the  granary  of  the  ancient  world 
becomes  a  d^-sert.  Abraham  went  down  there  to  buy  bread; 
Isaac  started  for  the  f>an:e  place  for  the  same  purpose,  but  put 
up  with  Abinielech  at  Oerar  ;  Jacob  and  his  fuuiily  were  sjived 
alive  in  K','ypt  during  another  drouth,  from  which  even  Egypt 
was  not  exempt.  Year  by  year,  for  seven  years,  to  follow  "the 
metaphor  of  the  people.  Osiris  (the  Nile)  rose  in  his  vigor,  and 
spread  himself  upon  Isis  (the  cultivat4.'d  soil),  causing  her  to 
bring  forth  abundantly,  in  the  excess  of  his  virility  he  even 
embraced  Nephtliya  (the  barren  ground  of  the  desert  adjacent 
to  that  cultivateil),  causing  her  to  yield  a  fruitage. 

"  And  in  the  seven  plenteous  years  the  earth  brought  forth 
by  handfuls."'  Then  followed  a  succession  of  years  during 
which  the  overflow  was  stinted  in  (iuantity,and  the  land,  mi.-s- 
ing  its  usual  top-dressiug,  refused  to  repay  the  toils  of  the  hus- 
bandman. 

The  periodical  rise  of  the  Nile  commences  about  the  first  of 
June,  continues  for  three  months,  remains  stationary  about 
twelve  days,  and  then  as  gradually  subsides.  The  rise  is  great- 
est in  Upper  I'-gypt.  and  leas  toward  the  mouth  of  the  river. 

The  rise  was  less  at  former  periods  than  now.  In  the  time 
of  Moeris,  it  is  said  that  eight  cubits  were  sufficient ;  fifteen  or 
sixteen  were  required  in  the  time  of  Herodotus,  456  B.  c.  At 
the  present  day  eighteen  cubits  is  considered  the  lowest  inun- 
datiou  at  Cairo.  In  the  time  of  Pliny  (a.  d.  70)  twelve  cubits 
were  a  famine,  thirteen  scarcity,  fifteen  safety,  sixteen  plenty. 
At  the  present  day  eighteen  cubits  is  the  lowest,  and  at  this 
hight  the  canals  are  <ut,  and  distribution  commences:  nine- 
teen cubits  are  tolerable,  twenty  adequate,  twenty-one  excel- 
lent, twenty-two  abundant,  and  twenty-four  ruinous  to  the 
houses  and  stores  which  are  overflowed  thereby.  The  ri.*e 
toward  the  Kosetta  and  Damietta  mouths  may  be  about  four 
feet. 

The  amount  of  mud  left  by  the  retiring  Nile  raises  the  culti- 
vatable  soil  of  Egypt  about  six  inches  in  a  century,  at  Elc- 
phanta.  The  land  at  that  point  has  been  raised  about  nine 
feet  in  one  thousand  seven  hundred  years;  at  Thebes  about 
seven  feet,  and  less  toward  the  Delta.  Many  of  the  sites  of 
antiquity  are  now  buried,  together  with  all  kind^  of  debris  lost 
and  forgotten  during  the  scores  of  centuries  the  river  has 
rolled  north  to  the  Mediterranean,  and  annually  rejuvenated 
the  strip  of  land  between  the  E.istern  and  Lybian  Deserts  The 
cultivated  land  is  gradually  encroaching  on  the  barren  margin, 
except  at  points  where  the  winds  cross  the  mountain  barriers, 
and  bring  deluges  of  sand  from  the  desert.  Buildings  and 
nionumonts  originally  erected  on  the  barren  land  outside  of 
cultivatioa  have  now  a  depth  of  many  feet  around  their 
bases. 

The  form  of  the  ancient  share  is  indicated  by  the  words  of 
Isaiah  and  Micah, 

"  Beat  your  swords  into  plowshares." 

The  change  would  consist  in  flattening  a  portion  to  enable  it  to 
throw  the  soil  laterally,  and  then  attaching  the  hilt  to  the 
stock  at  the  most  efficient  angle.  Had  the  comparison  been 
made  in  our  times,  the  change  of  *' the  sword  to  a  colter" 
might  have  been  suggested. 

While  Saul  the  son  of  Kish  was  yet  a  young  king  and  was 
the  head  of  a  little  band  in  Gilgal,  1093  n,  c.,  the  Israelites, 
who  had  no  smiths,  ■'  went  down  to  the  Philistines,  to  sharpen 
every  man  his  share  and  his  colter,  and  his  axe  and  his  mat- 
tock." —  1  Samuel  xiii.  20. 

But  little  metal  was  used  in  ancient  plows,  and  the  statement 
is  also  true  of  those  of  later  date  made  of  the  old  forms.  It  is 
even  within  the  memory  of  some  of  us  that  wooden  mold- 
boards  were  used.  The  beasts  of  draft  of  old  time  were  oxen 
and  asses,  hut  it  was  forbidden  by  the  Ilebrevv  law  to  p'ow  an 
ox  and  an  ass  together.  The  mode  of  plowing  was  to  make  a 
second  furrow  just  alongside  of  the  one  last  made  ;  having  no 
mold-boards  they  did  not  throw  up  in  lanr/s,  as  we  do.  This 
mode  gave  its  name  to  the  mode  of  writing  in  the  time  of  Solon 
[boiistropheilon),  in  allusion  to  the  writing  of  the  lines  alter- 
nately to  the  right  and  left,  and  left  and  right,  and  so  on. 
Thi-J  was  in  the  transition  of  the  language,  when  the  people 
were  changing  from  the  mode  of  writing  of  the  Phoenicians, 
from  whom  they  received  their  alphabet,  —  not  language, — 
from  right  to  left,  and  were  by  the  bousCrophednn  compromise 
approaching  the  mode  adopted  by  almost  all  of  their  allies  of 
the  Aryan  race.     See  Fig  3U3,  page  1665. 

The  usuiil  team  was  a  yoke  of  oxen,  but  the  yoke  was  also 
used  if  other  animals  were  employed.  Even  the  harnessing  of 
horses  in  Egypt  and  Mesopotamia  was  by  a  yoke.  See  IIar- 
NKss  ;  Ce.\RioT.  A  pair  of  oxen  was  sufficient  for  the  light  im- 
plement; and  when  we  read  of  "  Elisha,  the  son  of  Siiaptiat, 
plowing  with  twelve  yoke  before  him,  and  he  with  the  twelfth," 
we  !ire  to  understand  that  twelve  teams  and  plows  were  in  the 
field 

The  unit  of  measurement  of  farming  land  was  the  quantity 
{jtii^pru?}})  that  a  yoke  (Ju^er)  of  oxen  would  plow  in  a  day  ; 
ami  we  i-ead  of  a  time  centuries  before  the  period  assigned  to 
Romulus,  that  Jonathan  and  his  armor-bearer  killed*' twenty 
men  within  as  it  were  half  the  space  which  a  yoke  of  oxen 
might  plow  "  in  a  day.  About  one  hundred  and  cipchty  years 
after  the  times  of  the  scrimmage  "  over  against  Micniash,"  we 
find  Uesiod  writing  about  his  farm  in  Boeotia  and  farming  mat- 


ters in  general.  These  primitive  plows  must  have  been  pcTu- 
liarly  inefficient  in  his  land,  which  he  describes  as  "  bad  in 
winter,  hard  in  summer,  and  never  good."  The  enthuKia>m 
about  Slount  Helicon  was  and  is  exotic.  Hesiod's  recommen- 
dation to  have  an  extra  plow  for  use  in  case  of  accident  seems 
well  placed. 

With  such  a  tool  it  is  no  wonder  the  comparison  was  made  in 
Luke  ix.  62,  of  the  worthlessness  of  the  plowman  who  looked 
back  in  the  middle  of  a  furrow  Ilesiod  for  him?elf,  and 
Pliny,  quoting  from  "  heroic,  Stoic  Cato  the  featentious,"  say, 
*'  Never  stop  in  a  furrow,  but  drive  riglit  on."'  The  same  thii-g 
is  often  said  in  our  own  day  in  laying  out  lands  or  running  off 
corn-ground,"  Look  ahead  and  do  not  try  to  true  your  furrow  by 
looking  back."  This  is  true  in  fact,  and  in  metaphor,  as  cited 
by  the  recorder,  "the  beloved  physician,"'  and  by  him  of 
Tarsus,  the  epistolarian. 

Varro  mentions  the  double  mold  board  for  ridging,  and 
Pliny  the  single  mold-board  for  covering  the  teed  It  does  i.ot 
appear,  however,  that  the  mold-board  was  common  at  tliat 
time. 

"  The  plowman,"  says  Hesiod,  "  must  be  well  fed,  go  naked 
in  summer,  rise  and  go  to  work  very  early,  have  an  annual 
feast,  proper  rest,  and  for  winter  have  a  coat  of  kid-skins,  worst- 
ed socks,  and  ox-hide  boots."  A  good  plowman,  in  the  lin'.e 
of  Columella  (about  A.  D.  60),  was  worth  about  $^300,  or  the 
price  of  eight  acres  of  good  land.  The  interest  on  money  was 
about  six  per  cent  per  annum  at  that  time  ;  the  rate  was  fluc- 
tuating, and  not  legallv  prescribed.  A  good  yield  from  the  land 
at  this  time  was  21  to  32  bushels  of  wheat  per  acre-  In  Varro's 
time  (50  b.  c.)  wheat  was  worth  from  32  to  44  cents  per  bushel. 
For  convenience,  the  figures  are  rendered  into  our  currency  and 
measures.  In  Columella's  time,  wheat  was  worth  $168  per 
bushel  in  Rome.  Money  invested  in  land  yielded  about  four 
per  cent  per  annum,  and  the  land  was  worth  twenty -five  years' 
purchase,  or  twenty -five  times  its  rental. 

Agriculture  declined  from  the  time  of  Cato  to  that  of  Pliny. 
The  best  of  the  memoranda  on  husbandry  compiled  b\  the  bitter 
are  from  Cato  and  A'arro.  It  revived  in  the  part  of  Gaul  called 
Khoetia,  where  reaping-machines  were  running  in  the  first  cen- 
tury A.  D  ,  as  recorded  by  Pliny,  and  sub.*cquently  referred  to 
by  Palladius.  The  latter  describes  them  in  his  "  De  Re  Kus- 
tica,"  about  a  D-  350,  as  driven  by  oxen  and  harvesting  fields 
in  one  day.    See  Rkaping-machine. 

From  these  authors  we  also  find  that  the  Gauls  had  mold- 
board  plows,  with  and  without  wheels  ;  ate  good  wheJiten  yeast- 
rai:^ed  bread,  "  lighter,"  says  Pliny  ,"  than  we  httve  in  Rome''; 
and  this  although  the  Romans  dug  down  the  chalk-hill  Leucor- 
geum,  between  Naples  and  Puteoli,  to  get  an  artifii  iiil  whitening. 

Pliny  says  (a.  d-  79) :  "  Plows  are  of  various  kinds.  The  mi- 
ter is  the  iron  part  that  cuts  up  the  dense  earth  lefore  it  is 
broken  into  pieces,  and  traces  beforehand  by  its  incisions  the 
future  furrows,  which  the  share,  reversed,  is  to  open  with  its 
teeth  Another  kind,  the  common  plowshare,  is  i.othing  n  ore 
than  a  lever  furnished  with  a  pointed  beak  :  while  another  va- 
riety, which  is  used  in  light,  ea.sy  soils,  does  not  present  an  edge 
projecting  from  the  share-beam  throughout,  l>ut  only  a  j^nall 
point  at  the  extremity.  In  a  fourth  kind,  again,  this  point  is 
larger  and  formed  with  a  cutting  edge,  by  the  agency  of  which 
implement  it  both  cleaves  the  ground  and,  with  sharp  edges  at 
the  sides,  cuts  up  the  weeds  by  the  roots.  There  has  been  in- 
vented at  a  comparatively  recent  period,  in  that  part  of  Gaul 
known  as  Rha-tia,  a  plow  with  the  addition  of  two  small  whctl^, 
and  known  by  the  name  of  'plauniorati.'  The  extremity  of  the 
share  in  this  has  the  form  of  a  spade  :  it  is  only  u^^ed,  however, 
for  sowing  in  cultivated  lands  and  upon  soils^  wliich  are  nearly 
fallow.  The  brradcr  the  plowshare,  the  better  it  is  for  turning 
up  the  clods  of  earth." 

The  action  and  object  of  plowing  were  well  understood  by  the 
old  Romans.  As  stated  in  the  "  Georgics,"  the  purpoi^e  is  to 
pulverize  the  soil,  expose  it  to  the  atmosphcie.  and  keep  down 
weeds.  Stiff  foil  was  plowed  four  tin  es  for  wheat ;  broken  in 
spring,  cro.«s-plowed  in  sumn.er,  and  tffice  in  September. 
Richer  ground  was  plowed  three  times,  the  earlier  Septen  her 
plowing  being  omitted.  Poor  ground  was  only  plowed  twice  for 
a  wheat  crop.  They  understood  summer  fallowing  Deep  plow- 
ing was  recommended. 

A  day's  work  in  good  soil  was  one  juger,  equal  to  four  fifths 
of  an  English  acre 

The  modern  plow  with  a  share  and  mold-board  intended  to 
run  in  a  certiin  tnick  and  lift  a  furrow-slice,  whii  h  it  upset 
agjiinst  the  previous  one  or  completely  reversed,  feems  to  have 
been  unknown  till  quite  late  times.  The  improvcn  ents  of  the 
last  hundred  years  are  probably  greater  than  those  of  the  pre- 
vious thousand,  and  the  tool  is  regarded  as  about  perfect.  Any 
great  advances  will  now  consist  in  the  adaptation  of  machinery 
as  a  motor     A  number  of  forms  are  to  be  cited  pre.'^ently. 

It  would  seem  that  until  the  time  of  the  dearth  in  Egj'pt, 
170S  - 12  B  c  ,  the  land  was  held  by  proprietors  in  fee  ;  but 
under  the  skillful  financiering  of  Joseph  i^  reverted  to  the  crown, 
the  people  thereon  going  into  vassalage  also.  "  Behold."  says 
Joseph,  "I  have  bought  you  this  day  and  your  land  for  Pha- 
raoh." Thus  the  nation  became  changed  from  freeholders  to 
lea.se-holders.  The  king's  share  was  thereafter  one  fifth  of  the 
crop.  This  was  for  grain  ;  for  wine,  the  practice  in  a  neighboring 
country  was  the  reverse.  ''  Thou,  O  Solomon,  must  have  one 
thousand,  and  those  that  keep  the  fruit  thereof  two  hundred." 
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Strabo  8ays  that  in  India  the  rent  was  one  fourth  of  the  produce. 
Evidence  before  committees  of  the  British  House  of  Commons, 
in  1814  and  1821,  showed  that  the  English  rent  was  about  the 
same. 

The  hectemorii,  poor  Greeks  who  cultivated  the  fields  of  the 
rich,  only  received  one  sixth  of  the  produce  before  the  time  of 
Solon. 

The  politor,  or  renter  of  land  under  the  Roman  system,  re- 
ceived from  one  fifth  to  one  ninth  of  the  produce  ;  the  landlord 
beu'ing  all  expenses,  the  tenant  finding  the  labor.  All  on  the 
farm,  stock,  tooLi,  and  seed,  belonged  to  the  landlord  ;  the  ten- 
ant was  a  workman.  The  modern  system,  where  the  landlord 
finds  tools  and  fixtures,  the  tenant  everything  else,  wa.s  not 
generally  practiced  in  early  Uoman  times,  although  the  colonic 
described  by  Columella,  held  under  a  tenure  nearer  the  modern  ; 
but  tile  amount  of  the  landlord's  share,  being  from  four  fifths 
to  eight  ninths  of  the  product,  shows  the  relation  of  the  tenants 
was  a  base  and  slavish  one  In  most  cases  the  slavery  was  des- 
titute of  even  a  flim.sy  pretext,  and  the  peasantry  were  serfs  on 
the  land.  Of  course  the  custom  of  different  provinces  and  of 
the  regions  nearer  home  differed  in  different  times  and  places. 

The  food  of  the  Roman  farm-servants  was  according  to  expos- 
ure and  kind  of  work  Those  who  worked  in  fetters  had  four 
Roman  pounds  of  bread  per  day  in  winter,  equal  to  forty -seven 
o  iii>"es  avoirdupois ;  five  pounds  in  summer  till  the  figs  came 
in,  when  it  w.is  reduce!  to  four  pound-i. 

Tae  grade  of  slaves  who  were  not  fettered  had  one  bushel  of 
w;ie:it  a  month  in  winter  and  five  pecks  in  summer. 

Wine  was  allowed  at  the  rate  of  forty-eight  to  sixty  gallons 
a  year :  say  a  gallon  a  week  After  the  vintage,  lora  was  used 
ad  libitum.  This  was  made  by  pouring  water  upon  the  pressed 
stalks  and  skins  and  re-pressing  the  cheese.  The  servants  had 
also  rations  of  olive-oil.  The  farm-servant  also  received  a  coat 
and  a  gown  three  and  a  half  feet  long,  once  in  two  years.  Most 
of  the  inhabitants  of  Europe  were  serfs  down  to  the  sixteenth 
century.  This  is  true,  as  to  time,  of  a  very  large  number  of  the 
peasantry  of  England,  and  the  poor-laws  of  that  country  per- 
petuate it  to  a  great  extent  Excepting  as  to  Russia,  and  to  parts 
of  Turkey,  —  the  latter  might  as  well  be  counted  out  as  an 
anichronism  on  the  face  of  Europe,  — slavery  survived  longest 
in  Scotland,  where  it  was  extingui,-ihed  within  the  memory  of 
people  yet  living.  It  was  succeeded  by  eviction  and  deporta- 
tion, which  are  no  great  improvement  and  are  now  the  order 
of  t  le  diy.  The  Scotch  lord  has  no  more  bowels  than  Cato, 
who  recommended  to  sell  old  and  diseiised  slaves.  The  poor- 
law  gu  irdianSj  lacking  a  market,  pay  a  bonus  for  their  removal, 
and  call  it  emigration 

In  Lombardy  the  landlord  pays  taxes  and  makes  repairs :  the 
tenant  provides  cattle,  implements,  seed,  and  labor,  and  gives 
one  half  the  produce  to  the  landlord.  In  the  Neapolitan  terri- 
tory the  landlord  has  two  thirds  the  produce.  In  Ohio  and 
neighboring  States  the  landlord  receives  one  third.  In  Japan 
he  receives  one  sixth. 

The  grain  or  produce  rent,  in  contradistinction  to  the  cash 
rent,  is  the  more  common  mode  of  tenure  througliout  the 
Continent  of  Europe.  In  England  it  is  on  a  cash  basis.  That 
country  is  rapidly  drifting  into  the  hands  of  a  few  proprietors. 
Thanks  to  the  much-maligned  French  Revolution,  the  land  of 
France  is  held  in  small  freeholdings.  The  Hebrew  land  polity 
is  the  best  yet. 

Passing  over  a  long  interval,  we  find  that  the  modern  plow 
originated  in  the  Low  Countries,  so  called.  Flanders  and  Hol- 
land, gave  to  Englitnd  much  of  her  husbandry  and  gardening 
knowledge,  field,  kitchen,  and  ornamental.  Blythe's"  Improv- 
er Improved,''  published  in  1352,  has  allusions  to  the  subject. 
Lummi^,  in  1720,  imported  plows  from  Holland.  James  Small 
of  Ber.vickshire,  Scotland,  made  plows  and  wrote  treatises  on 
the  subject,  1784.  He  made  cast-iron  mold-boards  and  wrought- 
iron  shares,  and  introduced  the  draft-chain.  He  made  shares  of 
cast-iron  in  1785.  The  importation  of  what  is  known  as  the 
"  Rotherham  "  plow  was  the  immediate  cause  of  the  improve- 
ment in  plows  which  dates  from  the  middle  of  the  last  century. 
Whether  this  name  is  derived  from  Rotterdam  cannot  now  be 
determined 

The  American  plow,  during  the  colonial  period,  was  of  wood, 
the  mold-board  being  covered  with  sheet-iron  or  plates  made 
by  hammering  out  old  hoi'seshoc:.  Jefferson  stmlied  and  wrote 
on  the  subject,  to  determine  the  proper  shape  of  tlie  mold-board. 
He  treated  it  as  consisting  of  a  lifting  and  an  upsetting  wedge, 
with  an  eisy  connecting  curve.  Newbold  of  New  Jersey,  in  1  ("07, 
patented  a  plow  witli  a  mold-board,  share,  and  landside  all 
cast  together.  Peacock,  in  his  patent  of  1807,  cast  his  plow  in 
three  pieces,  the  point  of  the  colter  entering  a  notch  in  the 
breast  of  the  share.  Jethro  Wood  of  Scipio,  N  Y  ,  patented 
improvements  in  1819,  and  made  the  best  plows  up  to  date  He 
met  with  great  opposition  and  then  with  much  injustice,  losing 
a  competenre  in  introducing  his  plow  and  fighting  infringers. 
The  peculiar  merit  of  his  plow  consisted  in  the  mode  of  securing 
the  cast-iron  portions  together  by  lugs  and  locking  pieces,  doing 
away  with  screw-bolts  and  much  weight ,  complexity , and  expense. 
It  was  the  first  plow  in  which  the  parts  most  exposed  to  wear 
could  be  renewed  in  the  field  by  the  substitution  of  cast  pieces. 

Plows  in  Britain  are  divided  into  swing-plnws  and  ivheel- 
p'owa ;  the  former  being  without  wheels  nh\v\  the  annexed 
figure  give  the  appearance  in  side  view  and  plan  of  the  Wilkie, 
Scotch,  wheel-plQW ;  the  difference  between  it  and  ours  is  mainly 

no 


in  the  greater  length  of  the  stilts  or  handles  and  the  shape  of 
the  beam.  It  is  usually  made  of  iron.  The  moUl-bnarJ  is 
rather  long  and  twisted,  but  this  may  vary  with  its  adaptation 
to  sod  or  stubble  A  plow  like  that  made  by  Gibbs  of  Canton, 
Ohio,  will  do  either  well.  His  mold-board  is  of  such  a  shape 
that  it  may  be  molded  on  a  cylindrical  former. 

The  Scotch  tvheel-ploiv  c  has  a  forward  carriage  to  regulate 
the  depth  of  furrow,  one  wheel  running  on  the  laud  and  the 
other  in  the  furrow.  They  seem  generally  to  have  that  wedge- 
formed,  convex  shape  to  the  front  portion  of  the  mold-board, 
which  with  their  long  handles  constitutes  their  most  peculiar 
feature  in  our  eyes.  The  long  handles  give  the  plowman  great 
command,  and  if  he  were  to  ride  ou  the  handles  as  we  do  on 
ours  in  going  over  a  cradle-knoll  he  would  throw  the  share 
clean  out  of  the  ground-  They  will  not  be  in  favor  except  in 
countries  long  subdued  to  cultivation,  as  they  take  so  much 
room  to  turn.  We  like  a  short  plow,  and  hitch  the  team  as 
close  to  the  work  as  pos.<iible.  This  matter  of  hitcliing  close 
was  well  illustrated  during  the  late  war.  The  old  rambling 
way  of  hitching  up  a  six-mule  team  with  six  feet  distance  be- 
tween the  pairs  was  discarded,  and  their  traces  and  fifth  chains 
were  shortened  in,  so  that  they  could  almost  browse  upon  the 


tails  of  the  span  in  advance,  —  as  they  did  in  fact.  The  old 
stiff  tongue  fourteen  feet  long,  and  the  span«  hitched  up  two  or 
three  paces  apart,  remind  one  of  the  practice  not  yet  quite 
exploded  in  England,  of  hitching  three  horses,  tandem  fashion, 
to  a  plow,  which  was  universal  till  Dawson  e  f  Frogdcn,  Scot- 
land, about  1770,  showed  how  to  place  them  abreast,  for  which 
the  British  farmers  owe  him  a  debt  of  gratitude,  and  after  try- 
ing it  fifty  years  to  make  sure  it  was  all  right,  are  prepared  to 
pav  on  demand. 

At  the  latter  end  of  the  eighteenth  century,  the  level  lands 
of  Herefordshire  and  Radnorshire,  Great  Britain ,  were  turned  by 
plows  which  were  rigged  with  wheels  to  obviate  the  necessity 
of  a  plowman.  As  usual  at  that  time,  the  horses  were  hitcli<'d 
tandem,  one  ahead  of  the  other,  to  the  extent  of  three  or  four. 
A  publication  of  that  dav  (Housman's  Travels,  1799)  compares 
it  with  the  superior  husbandry  of  Norfolk,  where  horses  were 
hitched  abreast.     The  same  writer  states  as  follows  :  — 

"  I  to-day  observed  a  farmer  sowing  wheat  near  Aberga- 
venny ;  a  yoke  of  eight  oxen  were  drawing  one  plow,  attended 
by  two  men,  one  to  drive  the  cattle  and  the  other  to  manage 
the  plow.  Another  yoke  of  eight  oxen  were  drove  up  and  down 
the  ridges  after  plowing,  in  order  to  sodden  or  compress  the 
earth,  —  an  unnecessary  operation.  The  farmer  valued  these 
oxen  at  £  11  each,  one  with  another.  Their  motion  was  extreme- 
ly slow, and  consequently  little  work  was  done  in  a  day.  In  the 
same  field,  one  man  wjis  sowing  wheat  and  another  harromng 
with  three  horses,  whil**  the  master  sat  on  horseback  directing 
the  several  operations  of  this  posse." 
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Hitching  horsen  by  the  toils  to  plows,  harrows,  and  other  im- 
plemeutii  wji*  forbidden  in  Ireland  by  law  in  1634.     See  Harrow. 

In  the  United  Stut«a  we  generally  prefer  a  plow  without  a 
wheel,  in  England  called  a  5(r»n^-plow. 
If  this  be  rightly  constructed  and  adjust- 
ed, and  the  team  be  properly  hitched  aud 
even-pulling,  the  plow  will  keep  a  level 
sole  and  throw  an  even  furrow  in  level 
ground,  requiring  merely  ca.'iual  assistance 

from  the  plowman  The  writer  has  used  swing-plows  in  Ohio  in 
clover  sod,  going  round  and  round  the  field  or  the  land ,  and 
no  person  touching  the  plows  except  to  turn  them  at  the  cor- 
ners- To  those  not  familiar  ^rith  the  practice,  it  mil  be  well  to 
state,  that  in  plowing  sod  the  whole  field  is  frequently  thrown 
into  one  land.  The  Ohio  plow  is  generally  left-handed,  that  is, 
throws  the  furrow  to  the  left ;  the  ne  ir  horse  walks  in  the  fur- 
row, and  the  team  is  turned  '*  gee  "'  at  the  corners,  SC^  if  it  be 
a  rectangular  field. 

After  numerous  careful  trials  of  implements  by  the  Agricul- 
turil  Society  of  Eogland,  the  committee  determined  that  the 
wheeled  plows  had  the  advantage  in  point  of  lightne-'^s  of  draft, 
the  difference  amounting  t»j  from  10  to  20  per  cent 

Plows  with  anti-frictioQ  wheels  behind  the  shares  were  in- 
ventel  almost  simultaneously  in  England  and  Scotland,  1813- 
15.  \Viikies  (Scotch)  plow  d  of  this  class  was  in- 
vented in  1825.  The  wheel  is  journaled  to  run  in  the 
interval  between  tlie  mold-board  and  iandside,and 
answers  in  place  of  a  sole,  lessening  the  friction  to 
a  considerable  extent.  Wilkie's  first  plows  of  this 
description  htd  a  wheel  whose  flat  rim  ran  upon  i\n- 
bottom  of  the  furrow.  lu  the  one  illustrated  (Fi-' 
3S23),  the  wheel  has  aninclinatiou  of  3 J^,  and  follows 
io  the  angle  made  by  tbe  colter  and  share,  which  is 
found  to  ensure  grej.ter  steadiness. 

The  gain  in  draft  on  some  plows  by  addition  of 
the  wheel  has  been  proved  by  the  dynamometer  to 
be  from  20  to  50  per  cent.  Much  depends  upoa 
the  construction  and  condition  of  the  plow  and  the 
nature  of  the  soil. 

f/are  two  forms  of  the  Green  plow,  one  having  ;i 
flat  roller  i:i  the  sole,  and  the  other  having  also  roll- 
ers journaled  in  the  landside. 

Piowa  with  beams  curved  or  divided  to  avoid 
catching  stubble  have  been  common  in  Britain  for 
many  years. 

One  of  Finlayson's  r'ld-plows  (a.  Fig.  3824)  is  made 
with  a  beam  arched  in  front  of  the  colter  so  as  to 
avoid  the  lodg  nent  of  weeds  or  stubble  in  the  an- 
gle usually  formed  at  that  point. 

Another  (b)  has  a  beam  bowed  around  the  colter,  so  that  the 
latter  stands  on  a  projecting  piece,  allowing  any  stubble  to  slide 
up  and  fall  over  witliout  accumulating  to  such  an  extent  as  to 
interfere  with  the  turning  of  the  furrow. 

Fiulayson's  ske  It  ton-plow  {c)  is  adapted  for  extremely  tena- 


Stothard  (English)  perforates  the  mold-board  to  reduce  its 
frictional  area  in  tenacious  soils. 
d  is  a  potato-plow,  having  a  share  to  paKS  below  the  tubers  in 


Fig.  3825. 


Plows. 


cious  soils,  to  lessen  the  fricti.in  of  the  fnrrow-slice  upon  the 
mold  board.  It  was  designed  to  suit  the  soil  of  Kent  County, 
England,  and  only  expose  one  third  the  usual  surface  to  friction. 


Homsby's  Wheel-Plows  {English). 

I  the  hill,  and  divergent  arms  to  raise  the  soil  and  so  scatter  it 
,  that  the  tubers  may  be  scrabbled  to  the  top,  separated,  and  left 
I  lying  upon  the  surface. 

I  Fig  3825  is  a  view  of  three  Homsby's  (English)  prize  plows. 
A  is  the  champion  model,  having  a  small  precedent  share  to 
I  turn  over  tbe  stubble,  a  colter,  and  a  share  with  a  wing;  the 
'  share  gradually  merges  into  a  long,  peculiarly  shaped  mold- 
board,  which  is  convex  and  then  concave , — a  form  not  common 
with  U.S.  Of  the  pair  of  wheels,  one  runs  in  a  furrow,  the  other 
on  the  land.  The  stilts  are  long,  and  great  command  over  the 
plow  is  obtained  by  the  leverage.  The  jointed  draft-rod  passes 
through  an  eye-bolt  dependent  from  the  nose  of  the  beam, 
thence  to  the  carriage  of  the  wheels,  and  is  bolted  to  the  sheth 
of  the  plow  at  a  point  above  the  midlength  of  the  mold-board. 

B  is  a  double-furrow  plow  ;  it  has  two  plows  stocked  to  a  trian- 
gular beam.  It  has  a  gage-wheel  forward,  which  runs  on  the 
land,  and  an  anti-friction  wheel  which  acts  as  the  sole  of  the 
rear  plow.  The  middle  wheel  is  the  turning-wheel,  which  runs 
clear  of  the  soil  in  the  space  behind  the  forward  plow,  being 
only  brought  into  action  when  the  plow  is  to  be  turned  at  the 
comer  of  a  land.  When  this  is  to  be  done,  the  lever,  which  ia 
shown  standing  vertically,  Is  depressed  to  the  rear,  throwing 
down  the  turning-wheel  into  the  furrow  of  the  forward  plow, 
raising  the  plow  from  the  ground,  and  constituting  the  middle 
wheel  a  pivot  on  which  the  plow  may  be  swung  round,  as  on  an 
axis,  turning  in  its  whole  length.  The  plow  may  al.'^o  travel  to 
and  from  its  work  on  this  wheel.  The  depth  of  furrow  is  regu- 
lated by  the  hind  wheel  and  the  gage-wheel.  The  width  of  fur- 
row is  regulated  by  sliding  the  hind  plow-body  on  the  frame 
of  the  implement. 

The  plow  Cis  like  the  former  in  many  points  of  construction, 
but  has  a  single  body.  Its  adjustment  for  depth  of  furrow  is 
by  the  hind  wheel. 

The  essential  elements  of  a  plow,  in  its  primitive  and  in  its 
varied  modern  forms,  are,  —  a  fi.hnrf  to  stir  the  ground:  a  biam 
by  which  it  is  drawn  ;  and  a  handle  or  handles  by  which  it  is 
guided. 

The  modem  plow  has  (1.)  a  wootlen  or  iron  frame  or  stock,  to 
which  the  operative  parts  are  attached,  by  which  it  is  drawn 
through  the  ground,  and  to  which  the  guiding  handles  are 
attached.    The  parts  composing  the  stock  are, — 

The  bfa7y\. 

The  fiheth,  standard,  or  post. 

The  handles  or  stiUs. 

The  rounds. 

2.  The  operative  parts  are  of  metal,  and  consist  of,  — 

The  steel  share,  by  which  the  bottom  of  the  furrow  Is  cut 
and  the  furrow  slice  raised. 
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The  steel  colter,  by  which  the  furrow-slice  is  severed  from, 
the  land  or  unplowed  portion. 

The  vwUl-board.  by  which  the  furrow  slice  is  turned  over. 

The  lane/side,  seen  in  some  of  the  figures  but  absent  in  others, 
which  presses  against  the  unplowed  ground  and  serves  to  steady 
the  plow. 

3.  The  other  attachments  of  the  plow  are,  — 

The  clevis,  for  the  attachment  of  the  draft 

The  draft-rod,  extending  from  the  clevis  to  the  sketh. 

Many  modifications  are  found. 

The  colter  U  sometimes  a  wing  from  the  upper  forward  edge 
of  the  fnold  board  :  or  it  is  a  cutting-wheel  in  advance. 

The  drafi-Tod  is  not  universal ,  but  adds  to  the  strength  of  the 
implement. 

The  mold-board  wa5,  as  its  name  indicates,  formerly  of  wood. 
It  was  first  made  of  iron  by  Small  of  Berwickshire,  Scotland, 
about  1764. 

The  chilled  cast-iron  plowshare  was  patented  by  Ransome 
of  Ipswich,  England,  1S03.  The  under  side  and  points  are 
hardened,  and  the  top  wears  away,  leaving  a  comparatively 
thin  eilge  of  hard,  chilled  iron.  This  is  an  imitation  of  the 
provision  of  nature,  whereby  the  t^*th  of  the  rodentiae  are 
kept  sharp,  the  external  enamel  keeping  in  advance  of  the  softer 
parts  which  are  slop«'d  away  frOTH  the  cutting  edge- 

The  points  to  be  aimed  at  in  the  construction  and  manage- 
ment of  a  plow  are  as  follows  :  — 

A  sharp, clean  tapering  form  to  the  part  which  divides  the  soil. 

A  shape  to  the  mold-boarj  calculated  to  raise  and  turn  the 
furrow-slice  with  as  little  friction  as  may  be. 

The  beam  and  clevis  should  be  so  contrived  that  the  team 
may  be  advantageously  hitched  in  the  line  of  drafl  Especial 
care  is  necessary  when  four  or  more  horses  are  hitched,  so  that 
the  draft  of  all  may  coincide. 

The  line  of  draft  should  be  at  right  angles  to  the  horses' 
gtioulders.  from  whence  it  should  pass  through  the  middle  hole 
of  the  clevis  at  the  point  of  the  beam. 

Thelandside  should  be  a  plane, and  parallel  to  the  line  of  draft. 

The  colter  should  have  an  angular  presentation  of  45'^. 

The  fin  rising  from  the  forward  edge  of  the  share,  and  acting 
in  lieu  of  a  colter,  originated  in  Scotland. 

The  cutting-wheel  as  a  substitute  for  the  colter  is  found  in 
English  paring-plows  of  many  years  back. 
The  depth  and  width  of  the  furrow  should  be  as  2  to  3. 
The  furrow  slice  should  be  laid  over  at  an  angle  of  45'=. 

Fig.  3S26  represents  different  modes  of  turning  furrows 
ado^Jted  in  various  soils. 

Fig.  3826. 
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rtourinff, 

a  is  the  preferable  rectangular  furrow  with  level  bed. 

6  is  a  crested  furrow. 

c  has  a  completely  inverted  furrow-sslice. 

d  shows  ordinary  plowing,  the  furrow-slice  broken. 

e  is  extra  wide  plowing  with  broken  furrow. 

Gang-plows  are  now  u.sed  in  some  of  the  Western 
States,  also  to  a  large  e.xtent  in  England.  They  are 
simply  four,  six,  or  eight  plowshares  fastened  "to  a 
stout  frame.  In  California,  on  the  lighter  soils, 
eiglit  horses  draw  a  seven-gang  plow,  and  one  such 
team  is  counted  on  to  put  in  si.\-  hundred  and  forty 
acres  of  wheat  in  the  sowing  season  ;  or  from  eight 


to  ten  acres  per  day.  A  seed-sower  is  fastened  in 
front  of  the  plow.  It  scatters  the  seed,  the  plows 
cover  it,  and  the  work  is  done.  The  plow  has  no 
handles,  and  the  plowman  is,  in  fact,  only  a  driver ; 
he  guides  the  team ;  the  plows  do  tlieir  own  work. 
It  is  a  striking  sight  to  see  ten  eight-hoise  teams 
following  one  another,  over  a  vast  plain,  cutting 
"lands"  a  mile  long,  and  when  all  hare  passed, 
leaving  a  track  forty  feet  wide,  of  plowed  ground. 
On  the  hea\ier  soils,  the  process  is  somewhat  differ- 
ent. An  eight-horse  team  moves  a  four-gang  plow, 
and  gets  over  about  si.x  acres  per  day.  The  seed  is 
then  sown  by  a  machine  whicli  scatters  it  forty  feet, 
and  sows  from  se%'enty-five  to  one  hundred  acres  iu 
a  day,  and  the  ground  is  then  harrowed  and  cross- 
harrowed.  When  the  farmer  in  this  valley  has  done 
his  winter  sowing,  he  turns  his  teams  and  men  into 
other  ground,  which  he  is  to  summer  fallow.  This 
he  can  do  from  the  first  of  March  to  the  middle  of 
May ;  and  by  it  he  secures  a  remunerative  crop  for 
the  following  year,  even  tliough  the  season  be  dry. 
See  G.\NG-PL0W. 

2.  ( n'ood-working.)  A  grooving-plane  in  which 
the  adjustable  fence  is  secured  to  two  transverse 
stems  which  pass  through  the  stock  of  the  plane, 
and  are  secured  by  wedges  or  screws.  It  is  fitted 
with  eight  irons  of  various  sizes,  and  is  used  in 
making  grooves  in  door-stiles  to  receive  the  panel, 
and  for  similar  purposes.     See  Plane. 

3.  (Bookbindinq.)     An  implement  for  shaving  olf 
the  edges  of  books  ancl  squares  of  boards.     It  con-  ' 
sists  of  two  cheeks 

a   a    connected    to-  Fig-  3827. 

gether  by  two  guides 
b  b,  and  a  screw  pass- 
ing through  both 
cheeks.  In  one  of 
the  cheeks,  at  c,  is 
fi.xed  a  cutting-blade. 
The  book  to  be 
plowed  is  inserted 
between  two  boards  in  a  press,  the  edges  of  the 
sheets  projecting  sufficiently,  and  one  of  the  clieeks 
placed  iu  a  gi'oove  in  the  press,  which  serves  to  guide 
its  motion.  The  plow  is  moved  back  and  forth,  and 
the  cheek  carrying  the  cutter  advanced  toward  the 
other  by  turning  the  screw,  cutting  a  longitudinal 
strip  from  the  edge  of  the  book  at  each  forward 
motion  until  its  whole  surface  has  been  planed  olf. 

4.  (Weaving.)  An  instrument  for  cutting  the 
flushing  parts  of  the  pile  or  nap  of  fustian. 

See  under  the  following  heads 


Bookbinder'^ s  Flow. 


Bar-share  plow. 

Binot. 

Bog-cutting  plow. 

Breast-plow. 

Carpenters'  plow. 

Corn-plow. 

Cultivator-plow. 

Diamond  plow. 

Ditching-plow. 

Double  plow. 

Double  mold-board  plow. 

Double-shovel  plow. 

Down-share  plow. 

Draininit-plow. 

Expanding-plow. 

Furro  wing-plow. 

Gang-plow. 

Garden-plow. 

Hillside-plow. 

Hoe-plow, 

Ice-plow. 

Jumper-plow. 

Marking-plow. 

Mole- plow. 

Paring-plow. 

Plow-beam.  That  portion  of  the  frame  A  to 
which  the  standard  is  attached  and  to  whose  forward 
end  the  draft  is  applied. 


Prairie-plow. 

Railroad-plow. 

Reversille  plow. 

Ridging-plow. 

Rotary  plow. 

Seeding-plow. 

Shim 

Shovel-plow. 

Side-hill  plow. 

Single  shovel  plow. 

Skeleton-plow, 

Skim-colter  plow. 

Snow-plow. 

Sod-plow. 

Steam-plow. 

Straddle-plow, 

Sub.-oil-plow. 

Sulky-plow. 

Swing  mold-board  plow. 

Swing  plow. 

Tile  l;iying-in  plow. 

Treble-shovel  plow. 

Turn-wrest  plow, 

"Wheel-plow, 


PLOW-CLEANER. 
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PLUG. 


Plo'w-clean'er. 


Plow. 
A  long-handled  thrusting  im- 


c.  One  of  the  blades 
of  a  Cu  LTi  V  ATOP,  (which 
see). 

Fig.  3831  illustrates  Tarie- 
tie.s  of  plowshares  suited  for 
different  kiuds  of  work. 

a,  for  wide  work. 

6,  for  deep  work. 

c,  for  stony  land. 

rf,  for  crested  work. 

e,  for  square  work. 

y,  skim-coulter. 

g,  for  subsoiling. 

h,  for  ridging. 

i,  for  setting  out. 

k,  for  paring. 

Plow-truck.    A 

riding  attachment  to  a 
plow. 


Fi.r.  3831. 


^ 


ll 


Plow-  Cleaner. 


plement  by  which  the  plowman  may  rid  the  plow  of 
choking  weeds,  or  the  share  of  accumulated  .soil. 

Or,  a  vibrating  clearer  pivoted  to  the  beam  and 
operated  by  a  handle  to  remove  weeds  from  the  front 
of  the  sheth. 

Plow-cle'vis.  The  stin-up-shaped  piece  on  the 
nose  of  a  plow-beam,  having  three  loops,  in  either  of 


Fig.  3830. 


Plow-  Clevis. 


which  the  open  ring  of  the  double-tree  may  be  placed, 

aci'onling  to  tlie  de|ith  of  furrow  desired. 

Plow-head.  The  clevis  of  a  plow.  That  part 
to  which  the  draft  is  attached.  The  ^nuzzle  or  bri- 
dle. The  latter  are  names  by  which  the  clevis  is 
known  in  Britain. 

Plow-point.  A  detachable  share  at  the  extreme 
front  end  of  the  plow-boily,  forming  an  apex  to  the 
junction  of  the  mold-board,  .sole,  and  landside. 

Plow'share.  (Agriculture.)  a.  The  portion  of 
a  plow  wliich  cuts  the  slice  loose  below.  The  colter 
makes  the  vertical  cut  seveiing  the  slice  from  the 
land.  The  jnold-hoard  raises  the  slice  and  turns  it 
over  on  edge.     See  Fig.  3831. 

b.  A  triangular  or  heart-shaped  blade  on  a  shovel- 
plow  to  turn  the  earth  over  ;  and  used  in  tending 
crops  to  throw  the  earth  up  to  the  stems  of  the 
plants.     See  Shovkl-plow. 


Ploto-  Truck. 


Plo'W-vyheeL    A  wheel  on  the  head  end  of  a  plow 
to  limit  the  penetration  of  its  share.     In  the  illus- 


Fig.  3833. 


Bom- Wheel. 


tration  (an  English  pattern),  one  wheel  runs  on  the 
land  and  the  larger  one  in  the  furrow. 

Pluck.    A  two-pronged  dung-drag. 

Pluck'er.  (Worsted  Manufacture..)  A  machine 
for  straightening  and  cleaning  long  wool,  to  render 
it  fit  for  comhing.  It  has  a  traveling  feed-apron 
which,  as  it  advances,  delivers  the  ends  of  the  long 
tufts  to  a  pair  of  spiked  rollers,  which  open  the  tufts 
and  locks  ;  it  is  thence  introduced  into  a  fanning 
apparatus  whereby  the  wool  is  cleaned. 

Plug.  1.  (BuHdiufi.)  A  block  of  wood  let  into 
a  wall  of  brick  or  masonry,  to  afford  a  hold  for  nails 
In  fixing  the  interior  finishing. 


PLUG-CENTER  BIT. 
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PLUGGER. 


2.  (yautical.)  a.  A  conical  piece  of  wood  used 
to  stop  the  hawse-holes  when  the  cables  are  unbent. 

b.  A  block  to  stop  a  hole  made  by  a  cannon-ball 
in  a  ship. 

c.  A  stopper  for  the  hole  in  a  boat- bottom. 

3.  {Steam-boiler.)  A  stopper  of  metal  which  is 
placed  in  a  steam-boiler  or  a  pipe  in  connnunieation 
therewith,  and  which  melts  at  a  certain  temperature, 
so  as  to  establish  an  exit  from  the  boiler  when  the 
temperature  and  consequent  pressure  become  dan- 
gerous.  See  Fusible  Plug;  High-pressure  Al.\rm. 

i.  (Die-sinkiiuj.)    ,1  cylindrical  piece  of  soft  steel, 
wliose  end  is  turned  to  fit  into  a  inalrij:.     The  in- 
dented (inlaglio)  design  of  the  matrix  is  transferred 
to  the  end  of  the  plug  when 
Kg.  3831.  the  two  are  pressed  forcibly 

W  together.      The  i>/ug  having 

,    ,   the  design  in  relief  (cameo)  is 

i  then  hardened  and  becomes 

'^         a  punch,  which   is    used   to 
f '  J  impress  the  faces  of  dies  for 

,       -^  ^,,  coining.     See  Matrix  ;  Die. 

5.  (Stone-working.)  The 
plugs  are  inverted  wedges 
with  round  backs  placed  in  a 
hole  which  has  been  jumped 
in  a  rock  ;  a  feather  or  ta- 
pered wedge,  being  driven 
iaetween  the  plugs,  rends  the 
rock.     (((,  Fig.  3S34.) 

C.  (Ma^onrg.)  A  dowel  or 
cramp. 

7.  (Railway.)  A  wedge- 
pin  diiven  between  a  rail  and 
its  chair. 

8.  (Hydraulics.)  A  branch 
pipe  b  leading  from  the  main 
below  the  pavement  and  ter- 

Fire-Plug.  minating  at  a  point  readily 

reached  for  the  attachment  of 
hose.  Tliis  pipe  is  closed  by  a  cap  or  plug,  which  is  re- 
moved by  a  spanner  when  the  hose  is  to  be  attached 
by  its  coupling  to  the  thread  on  the  pipe.  A  stop- 
cock on  the  branch  pipe  is  reached  by  a  turn-key 
introduced  at  an  opening  in  the  pavement. 

Fire-plugs  were  first  laid  down  in  London  in  1710.  London 
wa.1  first  supplied  with  water  by  leaden  pipes  in  1237-  The 
water  was  brought  from  the  Springs  of  Tyburn,  a  district  long 
since  included  in  the  city,  —  not  the  city  proper,  but  the  nie- 
tropoiis  as  outsiders  underst.ind  it.  In  1613  Sir  Hugh  Middle- 
ton  finished  his  aqueduct  from  Ware  to  London.  This  is  yet 
called"  tie  Xew  River,''  and  discharges  into  a  reservoir  at  Isling- 
ton, a  northern  suburb  of  London.  The  water  was  distrib- 
uted by  wooden  mains  and  lead-pipe  branches.  Water-carriers 
still  pl'ie.l  their  trade  in  the  reign  of  Queen  Anne,  supplying 
households  from  the  public  pumps,  which  were  and  are  yet  nu- 
merous, and  yield  abundant  and  excellent  water. 

9.  (Ordnanee.)  The  wooden  stopper  in  the  vent 
of  a  petard. 

10.  a.  A  small  tompion  in  the  muzzle  of  a  mus- 
ket-barrel. 

b.  The  nipple  of  a  gun. 

n.   (Detifisfry.)     A  filling  for  a  carious  tooth. 

Plug-oen'ter  Bit.  A  bit  having  a  cylinder  in- 
stead of  a  pnint,  so  as  to  fit  within  the  hole  around 
which  a  countersink  or  enlargement  is  to  be  made. 

Plug'ger.  (Dentistry.)  A  dentist's  instrument 
for  driving  and  packing  a  filling  material  into  an 
excavated  hole  in  a  carious  tooth.  They  are  of  various 
forms,  —  hook,  curved,  or  straight ;  with  square, 
luinted,  circular,  edged,  rounded  ends  ;  and  with 
star,  serrated,  file-marked,  and  other  terminations. 

Some  of  the  tools  are  pushed  by  the  hand  ;  others 
are  driven,  like  a  punch,  with  a  mallet ;  a  third  form 
is  automatic,  and  the  pressure  on  the  lilling  brings 
the  mallet  into  operation.     See  Dextal  Hammer. 


In  Fig.  3S36,  the  plugger  has  a  pu.shing 
tool  at  one  end  and  a  hook-shaped  pulling 
tool  at  the  other,  each  operated  upon  by  a 
hammer  subject  to  the  ;wtion  of  a  spiral 
spring  and  other  mechanism  inclosed  witnin 
the  case. 

In  Fig.  3836,  the  pressure  of  the  pluj^ger 
upon  tb£  gold  in  tlie  cavity  of  the  tooth 

Fig.  3836. 


Dtntal  Plunger. 


Dental  Hammer. 


gives  movement  to  a  vibrating  hammer  which  strikes  upon  the 
extremity  of  the  plugger.  The  intermission  of  the  pressure  per- 
mits the  extension  of  the  spring  and  raises  the  hammer. 

The  electric  mallet  is  an  automatic  dental  instru- 
ment for  condensing  the  filling  or  plug  in  a  tootli  by 
a  rapid  succession  of  strokes  imparted  by  means  of 
electro-magnetism.  The  peculiar  mechanism  con- 
sists of  a  magnet  or  magnets,  a  pulsating  armature, 
and  a  retracting  spring  with  positive  and  negative 
■wires  and  an  automatic  circuit-breaker.  The  mag- 
net or  magnets  are  arranged  in  the  handle,  and  an 
armature  vibi'ates  in  a  case  behind  the  bit. 

The  action  of  the  armature  makes  and  breaks  the 
circuit.  In  one  form,  the  plugger,  being  fast  to  the 
coils,  partakes  of  the  jar  imparted  to  the  plunger. 
In  another  form,  the  plunger  has  a  sliding  motion 
when  struck  by  the  armature  hammer,  and  does  not 
involve  the  coils  in  the  jar  of  the  blow. 

In  still  another  form,  the  armature  is  fixed,  and 
the  magnet,  in  modified  form,  vibrates  within  the 
case  and  delivers  tlie  stroke.  The  electric  attrac- 
tion in  each  case  imparts  the  effective  stroke.  The 
wires  incased  in  insulating  material  enter  tlie  han- 
dle end  of  the  instrument,  and  by  their  flexibility 
permit  its  manipulation  by  the  operator,  who  has 
simply  to  hold  the  bit  in  proper  positions  until  the 
operation  is  completed. 

The  application  of  this  instrument  in  larger  size 
to  stone-cutting  and  other  work  has  been  proposed. 
G-een's  electro  magnetic  mallet,  manufactured  by  S  S  White 
of  Philadelphia,  for  packing  and  condensing  gold  in  filling  teeth, 
strikes  direct  and  very  rapiil  Wows,  perfectly  adjustable  as  to 
force,  and  either  continuous  or  dependent  upon  loiirit :  the  blow 
being  given  when  the  point  of  the  plugger  is  pre-ssed  upon  the 
filling,  and  ceasing  when  the  prea^ure  is  removed. 

Among  the  ancients  some  success  was  obtained  in  the  art  of 
dentistry.  Casselius  was  a  dentist  in  the  reign  of  the  Roman 
triumvirs,  and  gold  was  used  for  the  filling.  Nearly  500  R.  c. 
gold  was  thus  used,  and  gold  wire  was  employed  to  hold  artificial 
teeth  in  position.   A  fragment  of  the  tenth  of  the  Roman  tables, 


PLUGGING. 
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Fig.  3837. 


Gretn^s  Electro-Magnetic  Mallet. 

450  B-  c,  has  reference  to  preveuting  the  burial  of  any  gold  with 
the  dead  except  that  bound  ai-ouod  the  teeth.  Herodotus 
declares  that  the  Egyptians  had  a  knowledge  of  the  diseases 
of  teeth  and  their  treatment  200O  B.  o.  In  Martial,  Casse- 
lius  is  mentioned  as  either  tilling  or  extracting  teeth 

Plug'ging.  Pins  driven  into  the  joints  of  brick 
ov  stone  \v;ills  to  receive  the  nails  whereby  battens 
are  fastened  to  tlie  walls. 

Plug'ging-for'ceps.  A  dentist's  instrument  used 
in  oonipre.ssing  a  filling  into  an  excavated  hole  in  a 
carious  tooth. 

Plug-ma-chine'.  A  machine  for  making  wooden 
pluf^s  for  fauiet-lioles  of  beer  and  wine  barrels.  The 
stud'  is  clamped  in  a  frame  moved  up  hy  the  sliding 
ratchet  which  acts  upon  a  pawl.    A  similar  pawl-and- 


^Fig.  3838. 


Plug-  Valve. 

to  it  under  the  supposition  that  plumhtm  (lead)  was 
its  base.  This  turns  out  to  be  a  mistake,  as  it  is  a 
form  of  carbon,  and  does  not  of  necessity  contain 
even  iron,  though  a  trace  of  the  latter  metal  is  often 
found  in  it.  Sauijiles  of  Ceylon  plumbago  are  shown 
containing  98.55  pure  carbon.     See  Gkaphite. 

Plumbago  waa  formerly  a  monopoly  in  the  Cumberland 
mines,  but  the  mines  of  Russia,  Ceylon,  Ticonderog;»,  Green- 
laud,  California,  Spain,  and  Bohemia  have  fortunately  arrested 
imposition.    See  Pencil. 

Plumb-bob.  A  conoidally  sliaped  piece  of  iiK'tal 
suspended  by  a  cord  attached  to  its  upper 
end,  and  u.sed  for  determining  vertical,  or,  Fig.  3840, 
in  connection  with  a  level  or  straight  edge, 
horizontal  lines.  It  is  indispensable  in 
building  operations,  and  is  also  employed 
by  surveyors  and  astronomers  for  placing  an 
instrument  centrally  over  a  station  point  of 
departure. 

Plumb'er-block.  A  pair  of  jaws  or  a 
pedestal  for  holding  the  brasses  of  a  shaft 
bearing.    See  Pillow-block  and  Plummer- 

BLOCK. 

Plumb'er's  Force-pump.     A  pump 
used  by  plumbers  for  testing  pipe  or  with- 
drawing ob.staeles  from  a  gorgetl  pipe.     It 
may  be  attached  to  the  delivery  end  of  the  pipe  so  as 
to  act  by  suction,  or  may 
be  apydied  elsewhere,  ef-  Fig  3841. 

fecting  the  desired  object 
by  hydraulic  pressure. 


Machine  for  mahing  Barrel-Plugs. 

ratchet  holds  the  "  feed  "  gained.  A  hollow,  recip- 
rocating revolving  cutter  shapes  the  plugs.  An  au- 
tomatically descending  saw  severs  them.  At  the 
rear  of  the  cutter  are  two  saws  for  tenoning  the  plugs. 
A  lever  raises  the  pawls  on  the  clutch-frame  to  allow 
of  its  retraction. 

Plug-rod.  (Steam-engine.)  a.  A  rod  attached  to 
the  working-beam  of  a  condensing-engine,  for  the 
purpose  of  driving  the  working-gear  of  the  valves. 
Sometimes  called  the  phtg-trec. 

b.  The  air-pump  rod. 

Plug-tap.  A  master  tap.  A  cylindrical  tap  for 
cutting  tlie  dies  of  a  screw-.stock. 

Plug-valve.  A  tapering  valve  fitting  into  a  seat 
lik''  a  faucet. 

Plumb.  A  line  with  a  suspended  plummet  to 
prove  the  perpendiculaiity  of  work. 

Plum-ba'go.  A  non-pertinent  name  for  graph- 
ite.    This  name  and  that  of  black-lead  were  given 


Plumber's  Force-Pump. 

Plumb'er's  SoPder.     See  Solder. 
Plumb'ing  and   Sheet-met'al  Work   and 
Tools.     See :  — 


Autogeneous  soldering. 

Bat. 

Beah-iron. 

Blocking-down. 

Came. 

Copper-bit. 

Creasing-tool. 

Die. 

Dinged  work. 

Double-seaming  macluQe. 

Dutch  clinker. 

Dutch  tile. 

Eave- trough. 

Flagging. 

Fla.shing. 

Flux. 

Fret-work. 

Grozing-iron. 

Latterkin. 

Planishing-hammer. 

Punch. 


Raising. 

Rjiising-hammer. 

Riveting. 

Riveting-set. 

Peaniing-tooL 

Seam  set. 

Share-hook. 

Shears, 

Sheet-metal  press, 

Snarling-iron. 

Snip. 

Solder. 

Soldering-apparatus. 

Soldering-fumace. 

Soldering-iron. 

Soldering-tool. 

Spinning-metal, 

Stake, 

Striking-up  press. 

Teest, 

Tin-scrap.    Utilizing 
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Plumb-joint  A  sheet-metal  lap-joint  in  which 
the  edges  of  the  piece  are  simply  laid  over  each  other 
ami  secured  by  solder,  without  beuding  or  seamiiu/. 
A  lap-]oint  soldered. 

Plumb-lev'el.  A  level  in  which  the  horizon- 
tality  of  the  base  is  determined  by  a  suspended  line 
with  a  plumb-bob.     See  Level. 

In  the  example,  a  pluinb-leTel  and  protractor  are  combined 
in  cue.  The  base  is  a  plane.  The  protractor  swings  by  an 
axis  coincident  with  its  center,  and  a  point  on  the  base  deter- 


Piumb-Lfvel. 

mines,  in  connection  with  the  graduation  of  the  protractor,  the 
inclination  of  the  object  on  which  the  base  is  placed.  The  index- 
finger  is  movable  by  its  thumb-screw. 

Plumb-line.  Tlie  cord  by  which  a  plumb-bob 
is  suspended. 

Plumb-rule.  A  narrow  board  with  a  plumb- 
line. 

Plu-me'ta.    (Fabric.)    A  Spanish  woolen  cloth. 

Plum'mer-block.  {Machinery.)  An  adjustable 
bearing  for  journals. 

A  B,  Fig.  3S43,  are  elevations  (the  latter  partly  in  section)and 
C  D  plans  of  two  plummer-blocks.  That  shown  at  ^  C  is  se- 
cured to  a  bed-plate  n  by  screw  bolts  and  nuts  a  a ,  the  two  parts 
6  c  of  the  block,when  in  position,  being  united  by  the  screw-bolts 


F^ummer- Blocks. 

d  f,  by  means  of  which  they  may  be  approached  toward  each  other 
to  compensate  for  wear  of  the  soft  met,?l  linincr  f.  This  i^  com- 
posed of  brass.  Babbitt  metal,  or  other  composition  inclosed  with- 
in the  hard  metal  ri=in£;  ^,  which  fits  info  a  carifv  in  e'>chof  the 
parts  h  e,  and  is  adjusted  or  removed  bv  means  of  the  wrews 
h  i.  The  bedplate  is  mfide  f-^-st  bv  bnl»s  at  n  n.  The  ceneral 
arr&ngementa  of  the  blocks  C  D  are  identic&l  with  those  above 


I  described,  bnt  the  lower  half  is  fastened  directly  to  its  support 
<  by  square  bolt  and  nut  or  bolt  and  key  connection  :  the  bolts 
uniting  the  upper  and  lower  halves  are  also  keyed  at  k  I.  E 
shows  a  plummer-block  in  perspective.     See  Jour>al-boi. 

Plum'met.     1.  A  pencil  of  solid  lead. 

2.  A  plug  of  lead  for  sounding.     See  Sounding. 

3.  A  ball  of  lead  for  a  plumb-line.  An  ordinary 
and  simple  device  for  uprighting  a  structure,  a  post, 
or  what  not. 

The  plummet  is  said  by  Pliny  to  have  been  invented  by 
Daedalus,  1240  B-  c.  The  vast  edifices  of  the  plains  of  Shinar 
and  the  Nile,  not  to  mention  the  monuments  of  the  more  ea.st- 
ern  civilization,  contradict  the  statement  of  the  Roman.  It  is, 
however,  interesting  to  know  the  received  opinion  of  the  literati 
of  1800  years  ago,  and  to  this  historian  we  are  indebted  for 
manj'  details  which  appear  to  have  been  omitted  as  unimpor- 
tant by  contemporary  writers.  It  is  mentioned  by  Amos,  787 
B.  c,  and  by  another  Scripture  author,  698  b.  c. 

Plum'met-lev'eL  That  form  of  a  level  having 
a  suspended  plummet  in  a  standard  at  riglit  angles 
to  the  base-piece.     A  viasmis  level.     See  Level. 

Plun'ger.  1.  A  long  solid  cylinder  employed  as 
a  piston  in  a  force-pump.     See  PLrNOER-PUMP. 

2.  {Pottery.)  A  boiler  in  which  clay  is  beaten  by 
a  wheel  into  a  creamy  consistence.  From  this  it 
passes  to  an  ark^  thence  through  sieves  which  re- 
move nodules.     The  result  is  slip, 

3.  A  form  of  striker  used  in  some  breech-loading 
fire-arms.     A  firing-pin. 

The  plunger  Bhas  a  retaining  spring  Sin  the  hinged  block  of 
the  breech-loader.    The  spring  is  contained  in  a  bole  extending 

rig.  S^. 


Hunger  or  Firing-  Pin, 

from  the  under  side  of  the  breech-block  to  the  apertnre  in  which 
the  plunger  works. 

Plim'ger-buck'et  One  without  valve.  See 
PLi-NGEfi-PUMP,  E  F,  Fiij.  3845. 

Plun'ger-pole.  A  hollow  pnmp-rod  of  a  Cor.xisH 
Steam-enoin-e  (which  see).     See  also  (?,  Fig.  3S45. 

Plun'ger-pump.  One  having  a  solid  piston 
{plunger)  which  acts  by  displacement  of  the  water 
in  the  barrel,  in  contradistinction  to  a  bucket-pump 
which  has  a  hollow  piston  (bvcl-et)  through  which 
the  water  passes  during  the  down  stroke,  to  be  lifted 
when  the  bucket  rises. 

A  is  one  form  of  plunger-pump  adapted  for  mines.  The  de- 
livery-valve b  is  placed  on  top  of  the  suction-valve  c,  which  has 
a  branch  to  the  barrel  e  of  the  pump.  The  plunger-pole  a  is 
ca^ed  with  a  cast-iron  pipe  turned  true  and  draw-filed,  and 
works  through  a  stufflng-box  on  top  of  the  barrel. 

5  is  a  jack-head  lift-pump  introduced  for  the  purpose  of  il- 
lustrating the  distinction  between  lifl  and  plunger  pumps.  It 
is  also  a  form  of  mining-pump. 

The  working-bucket  i-i  packed  with  leather,  which  is  secured 
to  the  body  of  the  bucket  by  a  brass  ring.  The  suction-cham- 
ber a  is  bolted  directly  to  the  lower  end  of  the  working-barrel 
6,  and  has  a  suction-pipe  r  and  windbore  bolted  to  its  lower 
flange.  The  gooseneck  d  (in  which  consists  the  peculiarity  of  the 
jack-head)  is  bolted  to  the  top  of  the  barrel,  and  has  a  bonret 
and  stuffing-box  e  through  which  the  bucket-rod  passes.  The 
upper  clack  sits  on  the  branch  of  the  gooseneck,  with  the 
cohimn  bolted  on  its  upper  flange.  The  clack  chambers  have 
doors  through  which  the  clacks  are  removed  for  rt  pair«.  A 
door  is  sometimes  made  in  the  gooseneck,  tbronch  whi-'h  the 
working  bucket  may  be  taken  out  without  taking  off  the  bonnet 
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from  the  top  Jftck-head  pumps  are  best  adapted  for  lifting 
w:iter  from  a  eistern  or  a  peruianent  stinip,  altliough  tliey  are 
very  cooimonly  used  in  sinking  See  Mlmng-pump  ;  LlPT- 
PUMP  ;  F0RC--PIIMP,  etc.     See  also  list  under  Pump. 

C  shows  a  pump  with  a  loaded  plunger. 

D  shows  a  pistou  fitting  iu  the  top  of  a  pump-cylinder.    The 


Fig.  3846. 


Mining-Pumps. 


gland  is  screwed  down  upon  the  packing,  which  consists  of  two 
leather  riiii;s  and  one  of  metal. 

E  Fare  two  plung:er-pistons;  one  is  represented  as  cast  cyl- 
indrical, having  a  cap-plate  screwed  on  to  the  bottom  part. 

Another  is  made  up  of  circular  disks  a  clamping  rings  of 
leather  6. 

G  is  a  portion  of  a  plunger-pole,  showing  the  coupling  of 
sections. 

Plun'ging-bat'ter-y.  (Electro-magnetism.)  A 
tatti'iy  so  annii^'i'd  tluit  the  plates  may  be  readily 
lowerecl  into  tlieir  cells,  or  raised  therefrom  when  not 
required  for  use.  In  the  arrangement  (Fig.  3846), 
this  is  elt'ected  by  attaching  all  the  sets  of  the  series 
to  a  horizontal  bar  a  working  in  slots  in  the  stand- 
ards I)  h,  and  supported  by  cords  attached  to  the  shaft 
c  provided  with  a  crank,  and  a  ratchet-wheel,  which 
engages  with  a  spring-pawl  d,  so  that  the  plates  may 
be  held  clear  of  the  Huid  in  the  cups  or  immersed 
therein  to  any  desired  depth. 

Plun'ging-fire.  (Giniven/.)  Shot  fired  at  an 
angle  of  depression  below  point-blank. 

Plush.  (Ficlin'c.)  A  shaggy  pile-cloth  of  various 
materials.  Shnr/.  An  unshorn  velvet  of  cotton, 
silk,  or  mixed  fiber.  Sometimes  of  a  silk  nap  and 
cotton  back.     It  has  two  warps,  one  of  which  is 


brought  to  the  surface  to  make  the  nap.  The  warp 
is  gathered  in  loops  by  wire,  aud  cut  in  the  manner 
of  velvet. 

It  is  composed  regularly  of  a  woof  of  a  single 
woolen  thread  and  a  double  warp  ;  the  one  wool  of 
two  threads  twisted,  the  other  goat's  or  camel's  hair. 
Some  imitation  plushes  are  made  of  other  mateiials. 

*'  Put  on  my  new,  fine,  coloured  cloth  suit,  with  my  cloak 
lined  with  plush,  which  is  a  dear  and  noble  suit,  costing  me 
about  £  17  "  —  Pepis's  Diary,  October  26, 1664. 

Plush-cop'per.  (Mining.)  A  miner's  name  for 
chalcotric/tite,  a  fibrous  vaiiety  of  red  copper-ore, 
which  occurs  in  reticulated  capillary  crystals  of  red 
color. 

Plu'vi-am'e-ter.    A  Eain-oage  (which  see). 

Ply.     1.   (Fiber.)     A  fold,  twist,  or  plait. 

a.  A  strand  in  a  rope. 

b.  A  thickness  or  fold  in  a  carpet. 
2.   (Xtiutieal.)     To  work  against  the  wind. 
Ply'ers.    1.  (Mechanics.)   A  kind  of  balance  used 

in  raising  or  letting  down  a  drawbridge. 

2.  A  Ibrm  of  grasping  tool.  A  small  pinchers. 
See  Pliers. 

Pneu-mat'ic  Bat'ter-y.  A  contrivance  invent- 
ed by  Mr.  Taylor  of  Dublin  for  exploding  a  blasting- 
charge  iu  mining  operations.  A  priming  of  mingled 
white  sugar  and  chlorate  of  potash  is  placed  over  the 
charge,  and  connected  by  a  siphon  tube  with  a  ves- 
sel containing  sulphuric  acid  ;  another  tube  connects 
this  ves.sel  with  an  air-pump  placed  at  a  convenient 
distance  for  the  safety  of  the  operator.  On  working 
the  jiump,  a  blast  of  air  is  forced  through  the  tube, 
carrying  with  it  a  portion  of  the  suljihuric  acid, 
which  inflames  the  chlorate  mixture,  igniting  the 
gunpowder. 

Pneu-mat'ic  Cais'son.  One  which  is  closed  at 
top  and  sunk  by  the  exhaustion  of  the  air  within  or 
by  the  weight  of  the  masonry  built  thereupon  as  the 
work  progresses.  Such  caissons  are  necessarily  pro- 
vided with  air-locks  to  prevent  the  escape  of  the  air, 
which  is  foi'ced  in  at  a  pressure  equal  to  that  due  to 
the  water  pressure  at  the  depth  to  which  the  cais- 
son may  be  sunk. 

Those  used  by  Captain  J.  B.  Eads  for  the  piers  of 
the  St.  Louis  bridge  had  central  shafts  10  feet  in 
diameter,  around  which  the  masonry  was  laid  as  the 
caisson  descended.  The  shafts  were  open  at  to]i,  and 
had  but  a  single  air-lock,  which  was  at  the  bottom. 
See  AiK-LOCK  ;  Caisson. 
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Pneu-mat'ic  Car.  A  car  driven  by  compressed 
air  contained  in  reservoirs,  which  are  filled  by  means 
of  air-pumps.  This  application  of  compressed  air  is 
important  as  affording  a  means  of  dispensing  with 
animal  power  on  street  railroads,  and  has  been  ap- 
plied in  practice  with  a  certain  degree  of  success. 
The  cars  employed  in  Chicago  have  four  hollow  tanks 
between  the  ceiling  and  roof,  having  a  capacity  of 
150  cubic  feet.  The  air  is  condensed  to  a  pressure 
of  260  pounds  to  the  inch,  and  drives  two  small  en- 
gines, one  on  each  side,  at  one  end  of  the  car.  These 
are  controlled  b)'  means  of  a  wheel  adjacent  to  the 
brake-wheel  and  immediately  under  the  hand  of  the 
conductor.     See  Street-car. 

Pneu-mat'ic  Dis-patch'-tube.  See  Pneu- 
matic TrBE. 

Pneu-mat'ic  DrilL  A  drilling-machine  operated 
by  compressed  air  admitted  alternately  above  and 
below  a  piston  connected  with  gear-wheels  which 
rotate  the  drill.  The  air-reservoir  and  force-pump 
may  be  placed  at  any  required  distance  from  the 
cylinder,  and  connected  therewith  by  a  flexible  pipe. 

Fig.  S^7  is  Burleigh's  pneumatic  drill,  a  is  a  pipe  by  which 
air  is  brought  from  tlie  compressed  air-chamber  ;  h  c,  the  cylin- 
der, provided  with  proper  TaJve*  for  admitting  the  air  alternately 
above  aud  below  the  piston  and  for  exhaust.    The  drill  d  is 

Fig.  3847. 


BurUigh  Dria. 

attached  directlv  to  the  piston-rod,  and  is  driven  down  by  the 
a;inii3sioa  of  .air  above  the  piston,  and  retracted  when  the  air  is 
admitted  below,  giving  from  1.50  to  KO  blows  per  minute.  The 
cvlinder.  with  the  piston  and  drill,  is  advanced  by  the  screw  e 
as  the  drill  penetrates  the  rock,  the  drill  being  rotated  at  the 
same  time.  Five  sizes  of  drill,  forming  holes  from  li  to5\  inche-S 
diameter,  may  be  used,  the  engine  being  of  about  three  horse- 
power with  a  pressure  of  oO  pounds  to  the  square  inch.  A 
small  amount  of  power  is  lost  by  the  transference  of  the  air 
from  the  surface  of  the  ground  when  the  apparatus  is  employed 
in  subterranean  operations  in  mining  or  tunneling,  but  this  is 
more  than  compensated  by  the  cooling  and  ventilation  effected 
by  the  exhaust.  The  cylinder,  with  its  working  appiratus.  Is  ro- 
tatable  vertically  on  trunnions  for  varying  the  direction  of  the 
blows  given  by  the  drill 

By  the  pn-umalic  drill,  the  Mt.  Cenis  Tunnel,  seven  miles  in 
length,  was  bored  through  the  Alps.    The  Hoosac  Tutmel  in 


Massachusetts,  five  miles  in  length,  was  cut  by  the  same  meanB, 
Compressed  air  is  also  used  in  the  St.  Gothard  Tunnel  in  Swit- 
zerland, lately  commenced,  which  is  to  be  13  miles  in  length ; 
and  also  in  the  operations  at  Hell-Gate,  Ka£t  River,  N.  Y. 
See  Submarine  ExciVAiioN ;  Tdnnel. 

Pneu-m.at'ic  El'e-va'tor.  A  hoisting  device  in 
which  compressed  air  is  the  agent  for  lilting.  See 
PxEUM.iTic  HuisT  ;  Fui;n.\ce-hoist. 

In  planiug-mills,  the  pneumatic  method  is  used 
to  carry  the  shavings  from  the  planers  to  the  fur- 
naces of  the  steam-boilers  ;  in  grain  and  wool  houses, 
to  convey  the  stock. 

Pneu-mat'ic  Ham'mer.  A  hammer  in  which 
compressed  air  is  the  agent  for  lifting  the  helve  or 
the  head.     See  Atmosphep.ic  Hammer. 

Pneu-m.at'ic  Hoist.  An  elevating  apparatus 
in  which  a  platform  is  lifted  by  suspension  chains 
passing  over  drums  and  thence  to  pistons  working 
in  vertical  tubular  shafts. 

In  the  apparatus  used  at  the  Ayre.some  Iron  Works,  Great 
Britain,  the  cast-iron  pistons  a  are  p.'icked  with  double  cupped 
leathers,  and  are  worked  by  cnjating  a  plenum  above  or  a  par- 
tial vacuum  below,  according  as  the  elevatiug-table  d  is  required 


Pneumatic  Hoist. 

to  be  lowered  or  raised  For  lifting  ordinary  loads,  from  1.5  to 
1*3  tons,  an  exhaustion  equal  to  about  6  pounds  per  square  inch 
is  required  :  a  plenum  of  about  4  pounds  brings  the  table 
down.  Two  engines  coupled  to  a  crank  on  the  shaft,  which  h.a3 
on  its  ends  a  pair  of  opposite  cranks,  operate  two  single-acting 
air-pumps,  which  exhaust  from  one  pipe  and  deliver  into  an- 
other, each  of  which  is  connected  with  a  casing  fitted  with  a 
slide-valve,  so  that  it  acts  alternately  for  exhaust  and  delivery. 
The  two  cylinders  6  b  communicate  by  a  pipe  c  at  bottom. 

Pneu-mat'ic  Le'ver.  (Mtisie.)  A  device  in- 
vented by  Barker  of  Bath,  England,  in  which  the 
ela-sticity  of  the  air  itself  is  made  to  overcome  the 
resistance  of  the  valve.  The  valve,  being  ke)it  to  its 
seat  by  a  spring  and  the  pressure  of  the  air  in  the 
wind-chest,  rei^uires  a  certain  expenditure  of  force 
to  withdraw  it  from  its  seat  on  the  sound-board. 
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Fig  3849. 


The  pneumatic  lever  admits  air  from  the  wind-chest 
to  oven^ome  the  resistance  to  the  action. 

In,  Fig.  3849,  ^  is  in  open  and  Bia  closed  position.  The  two 
chambers  a  a  b  b  are 
connected  by  an  inter- 
mediate passage  c  c, 
opened  or  clo.-<ed  by 
means  of  the  bellows 
d  d.  Ea^-h  key  of  the 
instrument  is  connected 
with  its  appropriate  le- 
ver e  e,  and  on  being 
struck  depresses  one  end 
of  this  lever,  lifting  one 
of  the  valves  /'//"/and 
admitting  air  to  the  bel- 
lows (i  f/,  which  carry  a 
leverto  whoso  projecting 
,  end  is  attached  a  rod 
/(  /i.  connected  with  one 
of  the  valves  of  the  wind- 
chest;  this  is  by  this 
means  pushed  from  its 
seat,  allowing  the  air 
compressed  in  the  chest 
to  flow  to  the    proper 
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"pipe  On  withdrawing  the  finger  from  the  key,  a  reverse  action 
of  the  valves  is  produced,  as  shown  in  the  upper  figure,  the  air 
from  the  bellows  escaping  into  the  chamber  b  and  making  its 
exit  through  the  passage  ?  g  to  the  out^r  atmosphere,  i  i  are 
the  rods  connecting  the  keys  with  their  appropriate  levers. 
In  consequence  of  the  width  of  the  device,  about  three  inches, 
every  fifth  lever  is  placed  in  the  same  row,  the  whole  forming 
five  tiers. 

Pneu-mat'ic  Par'a-dox.  That  peculiar  exhi- 
bition of  atmospliuric  pressure  which  retains  a  valve 
on  its  seat  under  a  pressure  of  gas,  only  allowing  a 
film  of  gas  to  e.scape.  It  is  supposed  to  be  owing  to 
the  thin  tihn  of  escaping  gas  or  vapor  that  passes  out 
all  round  the  disk,  creating  a  partial  vacuum,  by 
which  the  disk  is  held  on  to  its  seat  by  the  atmo.s- 
pheiic  ]iressure  on  the  outside  of  the  disk. 

Pneu-mat'ic  Pile.  {Hijdraidic  Engineering.) 
a.  A  hnlluw  iron  cylinder  or  tube  closed  at  its  up- 
per end,  with  the  exception  of  an  aperture,  through 
which  passes  a  pipe  connecting  the  pile  with  a  re- 
ceiver. The  receiver  communicates  with  an  air- 
pump,  and  by  exhausting  the  air  when  the  pile  i.s 
in  position  over  the  spot  where  it  is  to  be  sunk,  it 
is  caused  to  penetrate  the  bottom  ;  the  mud,  sand, 
or  other  deposits  through  which  it  passes  being  with- 
drawn and  discharged  into  the  receiver,  while  the 
pile  is  forced  down  by  atmospheric  pressure. 

This  method  was  patented  by  Dr.  L.  H.  Potts  in 
1843,  and  through  its  means  piles  were  seimred  in 
the  hard  bottom  of  the  Goodwin  Sands,  off  the  coast 
of  Kent,  England,  after  passing  through  75  feet  of 
sand. 

The  pile  is  filled  with  concrete,  and  the  inventor 

also  proposed  the  injection  of  chemical  solutions  at 

its  foot  to  consolidate 

the  sand  and   form  a 

firmer  foundation. 

h.  A  caisson  with  a 
means  of  excluding 
water,  so  that  excava- 
tions may  be  carried 
on  in  the  submerged 
end.  It  was  first  used 
in  France. 

A  mode  of  sinking  cylin- 
ders for  foundations  by 
means  of  compressed  air, 
as  shown  at  Fig.  3'*50,  was 
adopted  to  meet  difficulties 
incirient  to  building  a 
bridge  over  the  Medway  at 
Rochester,  England.  It 
was  at  first  intended  to 
sink  the  hollow  ca-^t-iron 
pile^for  the  piers  by  means 
'  of  the  exhaustive  process, 

Pneumatic  Pile.  but  the  remains  of  an  old 


timber  bridge  Imbedded  in  the  mud  of  the  river  rendered  this 
impossible. 

This  foundation  cylinder  is  composed  of  several  sections,  as 
ab  c,  bolted  together  through  interior  flanges ;  the  edge  of  the 
bottom  section  is  beveled,  that  it  may  more  readily  penetnite 
the  ground.  The  top  may  be  either  dome-shaped  or  flat,  and 
strengthened  by  interior  transverse  ribs  or  braces,  t/  is  a  .si- 
phon through  which  water  is  discharged  by  the  pressure  of  the 
condensed  air;  e/ air-locks  through  which  the  workmen  enter 
and  return  and  supplies  are  introduced  ;  g,  a  platform  for  the 
hoisting  apparatus,  which  removes  excavated  materia).  The 
cylinder  has  a  supply-pipe  and  valve  for  introducing  compressed 
air,  a  safety-valve,  pressure-gage,  and  a  large  escape-valve  for 
discharging  the  compressed  air  suddenly  when  required.  The 
operation  of  sinking  is  as  follows  :  a  sufficient  number  of  sec- 
tions being  bolted  together  to  reach  the  bottom  are  placed  in 
position,  and,  the  air  being  allowed  to  escape,  the  cylinder  sinks 
until  bottom  is  reached  ;  air  is  then  forc-ed  in, and  workmen  are 
sent  down  who  excavate  the  material  beueath  to  us  great  a 
depth  as  possible  ;  this  is  removed  by  the  hoisting  apparatus 
and  pas-sed  out  through  the  air-locks.  When  this  is  effected  the 
workmen  withdraw,  the  escape-valve  is  opened,  and  the  water 
rushes  in,  filling  the  cyUnder,  and  allowing  it  to  sink  still  fur- 
ther, the  closed  top  is  removed,  and  another  section  added  and 
secured  to  the  one  beneath,  when  the  top  is  replaced,  air  is  again 
forced  in,  and  the  operation  proceeded  with  as  before.  It  is  ob- 
vious that  the  weight  of  the  cylinder  must  be  adequate  to  resist 
the  upward  pressure  of  the  condensed  air,  or  that  it  must  be 
sufficiently  loaded  to  enable  it  to  do  so.  When  sunk  to  a  suffi- 
cient depth  it  is  filled  with  grouting,  concrete,  or  bt^ton.  See 
Air-lock  ;  Caisson,  where  the  operations  of  sinking  the  piers 
of  the  East  River  Bridge,  N.  Y.,  and  those  of  the  Mississippi 
Bridge  at  St  Louis,  are  described. 

Pneu-mat'ic  Pump.  An  air-exhaust  or  forcing 
immp.  (iSee  Air-pump.)  That  illustrated  is  prin- 
cipally designed  for  forcing  nir  into  oil-wells,  etc. 

The  cylinder  ^  is  of  greater  capacity  than  the  cylinder  C\ 
their  respective  pistons  b  d  are  so  connected  with  cranks  c  ^  on 
the  driving-shatt  that  while  one  is  ascending  the  other  de>cendB 
andi'/wrer^a.  Exterior airisdrawnintothecyHuder  A  through 
the  induction-pipe  j^  and  forced  through  the  pipe  a  into  C,  wher« 

Fig.  3851. 


it  undergoes  a  reduction  in  bulk  proportionate  to  the  lesser  ca- 
pacitv  of  this  cylinder,  and  is  forced  through  the  pipe  j  into  the 
well-chamber  or  other  receptacle  under  a  corresponding  press- 
ure. \Vhen  used  for  forcing  liquid  from  a  well,  the  liquid  is 
caused  to  pass  through  the  jackets  ( /  surrounding  the  cylinders 
and  connected  by  the  pipe  m  ;  if  air  or  gas  is  to  be  forced  into 
a  tank,  water  is  "made  to  circulate  through  the  jackets  by  the 
action  of  the  pump  n,  whose  piston-rod  is  also  connected  with 
the  driving-shiift.    See  also  pages  28-30,  Vol.  I. 

Pneu-mat'ic  Rail'-way.  A  railroad  whose  roll- 
ing stock  is  driven  by  the  compression  or  exhaustion 
of  air  in  a  tube  laid  parallel  to  the  track.  The  plan 
has  a  number  of  variations,  which  are  considered 
under  Atmosphrric  Railway. 

Medhurst's  plan  (1810  - 12).  and  the  one  adopted  in  the  Crys- 
tal  Palace  Railway,  Sydenham,  England,  ^vas  to  run  the  car  on 
rails  laid  in  the  tube,  a  fringe  on  the  carriage  acting  as  a  pack- 
ing to  keep  the  air  from  passing  the  carriage,  which  thus  forma 
a  piston  in  the  tube. 
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The  plan  adopted  by  Pinkus,  Clegg,  and  others,  was  to  hare  a 
traveling  piston  connected  by  a  colter  with  the  carriage,  the 
colter  dL-piacing  a  continuous  Tatre  which  occupied  a  slot  in  the 
whole  length  of  the  pipe's  upper  surface. 

Pilbrow's  plan  was  a  traveling  piston  having  a  rack  on  its 
side  operating  in  succession  spur-piuions  in  bearings  on  the  side 
of  the  pipe.  The  piniou-shalts  have  other  pinions  which  mesh 
into  ruclls  on  the  side  of  the  carnage,  and  impart  motion 
thereto. 

Keene  and  Nichols  operated  by  the  expansion  of  air  in  elastic 
tubes  against  rollers  Journaled  in  a  pedestal  beneath  the  car- 
riage. 

Hallette  improved  the  valve. 

Taylor  and  Condor  used  magnetic  power  to  connect  the 
traveling  piston  and  the  carriage.     See  Almospheric  R  vlLW.vy. 

TIxe  application  of  compressed  air  to  driving  the  machinery 
of  a  locomotive  does  not  constitute  the  line  an  Altyiu.yj/teric 
Railway  as  ordinarily  understood.  See  Air-enouje;  Air- 
ESGiNE,  Compressed.    See  also  Pneumatic  Tube. 

Pneu-mat'ic  Spring.  Air  confined  in  bags  and 
used  as  a  spring  in  airriagcs  is  specified  in  the  Eiig- 
lisli  patent  of  Walker  and  Mills,  July  3,  18-15. 

It  has  been  used  to  receive  the  recoil  of  a  gun  in 
firing,  to  arrest  the  blow  of  a  reciprocating  bed  in  a 
printing-press,  and  in  many  other  positions. 

Fig.  3-S52  represents  its  adaptation  to  a  car-spring.  Air  is 
contined  in  the  upper  part  of  the  chamber,  and  acts  as  a  spring 
when  torce  is  applied  upon  the  surface  of  tae  water  in  the 


V  Fig.  3852. 


Pneumatic  Car-Spring. 


other  chamber.  The  water  extends  below  the  piston,  and  en- 
ters by  openings  to  the  in?ide  nf  the  picking-rings,  which  are 
thereby  'Iriven  against  the  inside  surface  of  the  cylinder. 

Fig.  ;iS.>5  shows  a  modified  form.     The  plunger  reciprocates 
Tertically  in  the  central  cylinder,  which  is  surrounded  by  an 


annular  air-chamber.   A  liquid  is  interposed  between  the  cush- 
ion of  air  and  the  head  of  the  plunger. 

Pneu-mat'ic  Tel'e-graph.  A  telegraph  used 
before  the  tunes  of  Morse  and  Wheatstone  for  com- 
municating iuformatiou  by  the  impulse  given  to  a 
column  of  water  by  pneumatic  pressure. 

A  device  in  which  air  instead  of  water  is  the  trans- 
mitting medium  was  patented  in  1868  by  Count 
Sparre  of  Sweden.  The  transmitting  apparatus  con- 
sists of  a  drum  covered  by  an  elastic  diaphragm  a,  to 
which  an  impulse  is  communicated  by  a  disk  d  at 


Pneumalic  Spring  for  Cars. 


P/ietimatic  Telegraph, 

the  inner  end  of  a  plunger  e.  The  air  thus  set  in 
motion  communicates  its  vibrations  through  the 
tube  *  to  a  similar  elastic  covering  over  the  head  of 
a  receiving  drum,  over  which  is  a  disk  d'  moving  a 
rack  i  that  gears  with  a  pinion  on  the  axis  of  the 
ratchet-wheel  I- ;  the  movement  of  this  wheel  causes 
one  of  its  teeth  to  lift  the  tail  of  a  pivoted  hammer 
sounding  a  signal  on  the  bell  h. 

Pneu-mat'ic  Trough.  The  pneumatic  trough, 
with  its  jars  for 

the  collection  of  o  Fig.  3855. 

gases,  is  the  in- 
vention of  Hon. 
Heniy  Caven- 
dish ;itis  gener- 
ally credited  to 
Priestley.  The 
jar,  filled  with 
water,  rests 
upon  the  shelf, 
and  the  beak  of 
the  retort  ex- 
tends beneath  the  shelf,  so  that  the  gas  passing  off 
from  the  retort  passes  up  into  the  jar  and  displaces 
the  water  therein. 

Pneu-mat'ic  Tube.  To  the  fertile  brain  of  Dr. 
Papin  of  Blois,  who  lived  about  the  end  of  the  sev- 
enteenth century,  we  are  indebted  for  the  first  sug- 
gestion rf  conveying  parcels  in  a  tube  by  means  of 
compressed  air.  This  distinguished  Frenchman  was 
the  first  to  adopt  a  piston  in  the  cylinder  of  a 
steam-engine.  He  invented  the  digester,  which  is 
the  progenitor  of  a  host  of  lard-tanks  and  rendering 
devices.  He  was  the  inventor  of  the  weighted-beam 
safety-valve.     He  was  the  first,  so  far  as  we  know, 
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to  suggest  the  use  of  compressed  air  conveyed  by 
pipes  as  a  means  of  ti"ansmitting  power.  See  page  26. 

After  the  death  of  the  doctor,  the  invention  took 
a  sleep  for  a  century,  which  might  be  a  long  sleep 
for  anything  else,  but  is  for  an  invention  only  a 
reasonable  nap.  Si.xteen  or  seventeen  centuries 
elapsed  between  the  double-cylinder  fire-engine  of 
Ctesibus  of  Alexandria  and  the  similar  engine  of 
Nuremberg.  The  .eolipile  of  Hero  is  substiintially 
analogous  to  tlie  water-wheel  of  the  worthy  Dr.  Bar- 
ker, who  left  us  a  century  back  or  thereabout,  except 
that  the  lluid  agent  of  one  is  sleum  and  of  the  other 
water.  The  principle  is  the  same,  and  the  turbine 
invented  by  Fourneyron,  in  1823,  does  not  differ  in 
its  principle  of  action  from  the  aeolipile  of  Hero,  150 
B.  c,  or  the  reaction  water-wheel  of  Barker,  say  a.  d. 
1740. 

We  are  much  indebted  to  the  worthy  Otto  Guer- 
icke,  a  magistrate  of  Magdeburg,  for  re-inventing  the 
air-pump,  about  1650  ;  but  Hero,  1,800  years  before, 
had  used  au  air-pump  to  condense  air  in  a  chamber 
above  water  to  make  an  artificial  fountain.  The 
splendid  French  edition  of  Hero's  "  Spiritalia  "  was 
published  in  Paris  iluring  the  reign  of  Louis  XIV., 
—  not  so  very  long  after  the  good  burgher  of  ilagde- 
burg  had  set  the  ball  rolling  again.  What  Archi- 
medes did  for  the  fieet  of  Marcellus  at  Syracuse,  212 
B.  (-'.,  Proclus  did  for  the  ships  of  Vitalian  at  Con- 
stantinople some  700  years  afterward,  and  Bufibn 
jierforms  the  same  feats  with  burning  mirrors  in  a 
peaceable  way,  about  the  middle  of  the  last  century, 
upon  metals,  gieen  wood,  and  various  intractable 
minerals.     See  page  410. 

In  1810,  Medhurst  took  out  a  patent  in  England 
for  a  means  of  conveying  goods,  letters,  parcels,  and 
]iassengei's  by  means  of  a  tube  and  a  blast  of  com- 
pre.ssed  air.  {Plenum.)  He  proposed  to  apply  it  to 
driving  passenger-cars  at  the  rate  of  fifty  miles  per 
hour,  the  cars  taking  the  shape  of  the  tube. 

In  1824,  Vallence  received  an  English  patent  for 
a  substantially  sinnlar  mode,  excepting  that  the  air 
was  exhausted  in  front  of  the  carriage,  and  the  latter 
was  driven  by  atmospheric  pressure.     {Vacuum.) 

In  1835,  Pinkus,  an  American  in  England,  changed 
the  scheme,  the  motion  of  a  piston  in  the  tu.be  being 
transferred  to  a  carriage  traveling  outside. 


Beach'^  Pneumaltc  Dispatch. 


This  takes  it  out  of  the  domain  of  our  subject,  in 
which  the  tulie  is  the  means  of  transmission.  The 
subject  of  farther  improvements  in  the  line  of  the 
invention  of  Pinkus  is  pursued  under  Atmosphekic 

K.\IL\VAY. 

The  jineumatic  dispatch-tube  was  started  by  a 
company  in  London  in  1859,  for  conveying  parcels 
and  light  goods  between  the  Euston  Square  Station 
and  the  Post-Office  in  Evei-sholt  Street,  London.  A 
continuation  to  Holborn  was  opened  in  1865. 

The  pneumatic  tube  for  the  transmission  of  pas- 
sengers or  goods  has  been  brought  into  ])rominence 
in  the  LTnited  States  by  the  exertions  of  A.  E.  Beach 
of  New  York,  and  passengers  were  conveyed  in  an 
experimental  section  of  tube  at  the  Cooper  Institute 
Exhibition,  1867.  Mr.  Beach  has  patented  many 
special  appliances  haring  reference  to  the  working 
of  pneumatic  tubes,  and  among  the  rest  one  for  de- 
livering letters,  parcels,  etc.,  November  13,  1866. 
The  pneumatic  tube  is  traversed  by  a  car,  which  re- 
ceives and  delivers  letters  at  intermediate  stations 
and  at  the  ends  of  its  route.  Devices  actuated  by 
the  car  in  passing,  or  controlled  by  an  electro-mag- 
netic apjiaratus  from  an  office,  arrest  the  ear  either 
for  the  reception  of  letters  from  a  receiver  or  their 
deposition  at  a  given  point,  as  the  devices  may  be 
arranged  or  actuated  by  the  electro-magnetic  con- 
nection. A  j)assenger  and  freight  railway  on  Beach's 
plan  has  been  constructed  for  some  distance  under 
Broadway,  New  York,  the  intention  being  to  extend 
it  from  the  Battery  to  Harlem. 

For  a  number  of  years  past  the  telegraph-offices  of  London 
have  communicated  with  the  central  office  by  pneumatic  tubes, 
in  which  the  nir  is  exhausted  in  front  of  the  carrier  and  con- 
densed behind  it ;  these  tubes  are  arranged  in  circuit.-*,  so  that 
the  current  of  air  is  continuous  and  conveys  parcels  in  each 
direction  at  the  same  time,  Ateach  way-station  on  the  Hue  is  a 
receiving  apparatus  consisting  of  two  short  barrels  panillel 
with  the  main  tube,  either  of  which  may  be  put  in  or  out  of 
connection  with  the  line  ;  one  of  these  is  open  at  both  ends,  so 
that  a  carrier  may  pass  through  unimpeded,  but  the  other  is 
closed  at  one  end,  with  the  exception  of  a  small  opening,  so  that 
when  it  is  switched  into  line  with  the  main  tube  it  intercepts 
the  carrier.  The  time  when  a  carrier  may  be  expected  to  arrix'e 
is  telegraphed  to  the  receiving  station.  In  the  telegraph 
pneumatic  dispatch  at  Liverpool  the  messages  are  placed  in 
little  round  bags,  accurately  fitting  the  tube,  and  urged  forward 
by  conipres.sed  air  under  a  pressure  of  eleven  pounds  to  the 
square  inch.  The  tubes  are  connected,  one  with  a  vacuum 
chamber  and  the  other  with  a  compressed  air-chamber :  air  being 
compressed  in  one  and  exhausted 
in  the  other  at  the  same  time  by  a 
double-barreled  air-pump,  operated 
by  an  engine  working  at  about  one 
horse-power.  A  speed  of  about  for- 
ty miles  an  hour  is  attained. 

Within    the   past   few  years  the 
pneumatic  tube  has  been  applied 
to  some  extent  for  the  tninsporta- 
tion   of  passengers  and  freight  as 
well  as  letters  and  parcels.     Such 
is  that  between  Holborn  and  Eus- 
ton Square  in  London.    In  this  the 
tube  at  the  stniight  portions  con- 
sists of  iron  pipes,  cast  in  9  feet 
lengths,  4   feet  wide,  and  4  feet  6 
inches  high.    The  curves  vary  from 
70  to  3()0  feet  radius,  and  the  gra- 
diants  from  1  in  60  to  1  in  40,  some 
portionsof  the  line  being  level.   The 
trucks  run  on  rails  laid  on  longitu- 
dinal sleepers,  and  are  about  10  feet 
long  ;  they  have  an  elastic  binding 
at  their  ends,  allowing  a  small  in- 
terval between  this  and  the  sides  of 
the  tube  to  avoid  friction ,  a  perfect  vacuum  not  being  required  : 
thev  weigh  *  ton,  and  carry  a  load  of  U  tons  ;  in  ordinary  work- 
ing* 24  trains,  a  gross  weight  of  240  tons,  have  been  carried  over 
the  road  in  four  hours.     The  air  may  be  either  forceil  or  ex- 
haustod,  the  pressure  required  usually  not  exceeding  i  pound 
per  squai*  inch.     These  operations  are  effecteil  by  a  fan  22  feet 
in  diameter,  driven  by  an  engine  having  a  pair  of  24-inch  cylin- 
ders of  20-inch  stroke. 

Brisbane's  carrier,  for  pneumatic  tubes,  is  made  of  spherical 
or  cylindrical  shape,  so  as  to  rotate  when  set  in  motion,  avoid- 
ing the  friction  due  to  the  pressure  of  the  weight  on  bearings. 
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Pneumatic  Tube. 

Pneu-mat'ic  Tube-valve.  An  interior  slide- 
Tahe  so  arranged  as  to  be  withdrawn  automatically 
or  otherwise  when  the  conveyor  or  train  is  to  be 
started,  or  at  passing  any  particular  point. 

Beach's  valve  (Fig.  385S)  consists  of  two  parts 
sliding  in  vertical  guides.  The  end  of  a  train  pass- 
ing in  either  direction  strikes  a  pair  of  toggle-joint 

Fig  3858. 


Fig.  3^9. 


Pneumatic  Tuhe-Ydtve. 

lereis  whicli  force  apart  the  halves  of  the  valve, 
which  are  afterward  forced  together  again  by  springs 
exterior  to  the  tube. 

Pneu-mat'ic  Valve.  A  valve  of  the  kind  em- 
ployed in  an  air-pump.  A  clack-valve  of  leather  or 
membrane  supported  and  held  tense  by  a  metallic 
ring.  Its  seat  is  sometimes  greased  to  insure  per- 
fect contact  and  prevent  any  air  from  escaping  back- 
ward. 

Pneu'ma-tom'e-ter ;    Pneu'mo-nom'e  -  ter. 
(Surgioil. )   An  instrument  for  measuring  the  amount 
of  air  exhaled  at  a  single  expiration.     A  palmmne- 
ter,  or  spirometer. 
Pock'et.     1.  {Mining.)    A  cavity  or  hollow  in 
a  rock  in  which  grains  or  nug- 
gets of  gold  have  been  inter- 
cepted and  retained. 

2.  A  bag  at  the  comer  or 
niidlength  of  one  of  the  longer 
sides  of  a  billiard-table. 

3.  {Apparel.)  A  bag  inserted 
:;  the  clothing  to  contain  arti- 

•s  earned  npon  the  person. 
Fig.  3S59  illustrates  a  safetj-- 
■•  jiocket.     It  is  surrounded  by  a 
light  metallic  framing,  and  its 
month  is  secured  by  a  device 
opened  or  closed  by  a  screw  to 
prevent    articles    being    with- 
drawn by  picking  or  cutting. 
Pock'et-a-larm'.   A  device 
Safety-Pocket.        worn  like  a  watch  and  having 
a  chain  attached  to  the  hook 
at  its  upper  end.      A   pickpocket,  in   pulling  the 
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chain    to   ab-  Fig.  3860. 

stract  the  sup- 
posed watch 
from  the  pock- 
et, will  turn 
the  spring- 
wheel  whose 
proj  ections 
will  actuate 
the  hammer 
and  sound  the 
alarm  on  the 
bell,  a  is  an 
elevation  and 
J  is  a  vertical 
section  of  the 
device. 

In  c,  the 
alarm  is  at- 
tached to  any 
arricle  and  al- 
so to  the  pock- 
et. When  an 
attempt  is 
made  to  ab- 
stract the  ar- 
ticle, the  trig- 
ger is  tripped 
and  the  ham- 
mer falls  upon  and  explodes  the  cap.  The  shell  of 
the  device  is  of  such  form  and  size  as  to  be  conven- 
iently carried  in  the  pocket.  The  hammer  is  capped 
and  cocked  by  an  imieiiendent  lever,  and  the  work- 
ing parts  do  not  project  beyond  the  outside  shell. 

Pock'et-book.  A  leathern  receptacle,  divided 
into  cumpartnients  for  bank-notes,  etc.,  and  of  shape 
and  size  suitable  for  carriage  in  the  pocket.  It  has 
an  exterior  flap,  usually  secured  by  a  tongue  and  loop. 
See  PoRTE-MOXNAIE. 

Pook'et-knife.     A  knife  having  one  or  more 
pivoted  blades,  which  shut  within  the  handle,  and 
are  held  firm  by  the  back,  which  constitutes  a  spring. 
The  blades  are  forged  on  a  small  anvil  with  a  light 
hand-hammer  by  drawing  down  a  rod  of  steel  and 
cutting  o6f  sufficient  to  form  the  blade  and  joint. 
In  making  the  lat- 
ter a  second  heat  is  Fig-  3861. 
taken,  and  the  finish 
is   completed  at    a 
third  heat  ;  they  are  C^ 
then    hardened    by 
plunging  while  red- 
hot   in   cold  water, 
and  tempered  by  lajnng  them  side  by  side  on  an  iron 
plate  over  the  fire,  where   they  remain  until  their 
surfaces  assume  a  pur- 
ple or  brown  color.  Fig.  3862. 

Fig.  3861  is  a  knife 
in  which  the  shank  of 
the  blade  is  so  slotted 
that  it  can  be  readily 
slipped  on  or  off  the 


Knife  with  Detachable  Blades. 


Knife  u'ilh  Watch-Key. 


cusfomarj'  pivot  in  the  handle.  A  lever  device  is 
used  to  retract  the  spring  when  the  blade  is  to  he 
inserted  or  removed. 

Fig.  3S62  has  a  watch-key  in  place  of  one  of  the 
blades. 

Pod-bit.  A  boring-tool  adapted  to  be  used  in  a 
brace.  It  has  a  semicylindrical  form,  a  hollow  bar- 
rel, and  at  its  end  is  a  cutting  lip  which  projects  in 
advance  of  the  barrel.     See  Bit. 

PoiL  (Fabric.)  Feather  shag.  A  kind  of  velvet 
with  long  pile. 

Point     1.  (Bricklaying.)    To  fill  the  joints  of 
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iiuisoniy,  liiickwork,  tiling,  slating,  etc.,  with  mor- 
tar, [iressed  in  by  the  {ioint  of  the  trowel. 

When  the  mortar  of  a  brick  building,  by  expo.sure 
to  tlie  air,  has  become  rotten  or  luus  fallen  out  at  the 
surface  of  the  joints,  the  s]iace  is  pointed  or  filled 
v.itli  mortar,  pressed  in,  and  made  Hush  with  the 
surface  of  the  bricks. 

When  the  joint  receives  a  line  of  white  paint  to 
make  it  more  conspicuous,  it  is  said  to  be  iKiicUcd. 

Filling  up  the  joint  witli  fresh  mortar,  leaving  it 
flush,  is  flat-joiiil  poinling.  If  plaster  be  inserted 
in  the  joints  with  a  regular  projection,  and  neatly 
pared  to  a  parallel  breadth,  it  is  called  tuck-poiiUing 
or  luck-joint  pointing. 

2.  (.\Iasonrij.)  a.  The  stone-mason's  punch,  used 
in  the  reduction  of  the  face  of  the  stone,  leaving  it 
in  narrow  ridges,  which  are  dressed  down  by  the 
inch-tool.     See  Stone-workers'  Tools. 

h.  A  pointed  chisel  for  nigging  ashlar. 

3.  (Nautical)  a.  One  of  the  32  divisions  into 
which  the  circumference  of  the  horizon  and  the  mar- 
iner's compass  are  divided,  each  comprehending 
11°  15'.     See  Mariner's  Co.mpass. 

b.  A  flat  piece  of  braided  cordage  attached  to  the 
reef-band  of  a  sail  to  tie  up  a  reef.    See  Keef-point. 

c.  To  prepare  the  end  of  a  rope  so  that  it  may 
reeve  through  a  block  and  not  unlay.  A  few  yarns 
are  taken  out  and  a  mat  worked  over  it  by  its  own 
yarn. 

d.  To  brace  a  yard  so  as  to  bring  it  end  on  to 
the  wind. 

Fig.  3863.  Fig  3864. 


Plow- Point. 


Drive-Well  Point. 


4.  (Plow. )  The  extreme  forward  end  of  the  sJuirc 
as  distinguished  from  the  tvimj. 

5.  A  railway  switch. 

6.  The  lower  end  of  a  driven-well  tube. 

7.  (Bookbinding.)  A  register  mark  made  by  the 
printer  in  aligning  his  sheet  on  the  tympan  and 
forming  a  guide  to  the  folder. 

8.  (Engraving.)  The  etching-needle  of  an  en- 
graver. 

9.  A  fragment  of  diamond  containing  a  natural 
angle  adapted  for  glass-cutters'  uses.  Fragments 
which  are  to  be  made  into  powder  for  the  lapidary 
are  called  bort. 

10.  (Knitting-Tnachinc.)  Beardless  needles  ;  also 
known  as  Shifters  (which  see). 

11.  Lace  wrought  by  the  needle. 

12.  (Machinery.)  Position  in  relation  to  power 
or  accessory  portions  ;  as,  — 

The  derni  point  of  a  crank. 

The  fixed  point  on  which  a  body  moves. 

The  point  of  susj)eniiion  of  a  balance,  etc. 

13.  (Perspective.)  That  part  on  the  drawing  sheet 
to  which  lines  converge  :  as,  the  nccidevtal  or  vanish- 
ing point,  the  point  of  distance,  the  point  of  sight. 

14.  (Physics.)  a.  A  line  of  demarcation  or  limit ; 
as, — 


The  boiling  point  of  a  liquid. 

The  melting  point  of  a  solid.     See  FusiNG-toiXT. 

The  evaporating  point,  as  of  water. 

b.  Said  also  of  instruments  ;  as,  — 

The  freezing  point  of  a  thermometer. 

The  cfewi  point  on  a  hygrometer,  etc. 

15.  (Turning.)     A  lathe  center. 

16.  (Printing.)  One  of  the  pins  placed  on  the 
tympan  or  feed-board  of  a  printing-press,  to  perfo- 
rate the  sheet  at  the  time  of  the  first  printing  to 
secure  a  register  when  the  sheet  is  turned. 

The  points  are  generally  covered  by  a  perforated 
spring  plate  at  the  first  feeding,  and  the  sheet  fed 
by  a  guide.  After  the  sheet  is  punctured,  it  is  laid 
on  so  that  the  points  pass  through  the  same  lioles. 

Perfecting-presses  sometimes  use  points  to  perfo- 
rate the  printed  sheets,  and  the  point-holes  serve  as 
guides  for  feeding  to  a  folding-machine. 

Campbell's  single-cylinder  book-press  is  provided 
with  electric  points,  and  the  electric  circuit  nuist  be 
completed  by  bringing  the  perforations  over  the 
needles  before  the  feeding  can  go  on. 

17.  (Harness.)  A  short  strap  stitched  to  a  wide 
one  for  the  purpose  of  attaching  the  latter  to  another 
strap  by  a  buckle.  The  end  of  any  strap  that  is 
provided  with  holes  for  the  buckle-tongue. 

18.  (Fortification.)  The  junction  of  certain  lines 
of  defense,  as  the  point  of  the  bastion,  the  salient 
angle  formed  by  its  meeting  faces  ;  the  point  of  in- 
tersection of  the  curtain  and  the  flank  ;  the  point  at 
the  shoulder  of  the  bastion,  etc. 

19.  (Ordnance.)  To  lay  a  gun,  including  the  di- 
rection and  elevation. 

Point'al.     1.  (Carpentry.)    A  king-post. 

2.  (Masonry.)  A  pavement  of  diamond-shaped 
slabs. 

Point-blank.  (Gunnery.)  a.  A  shot  discharged 
in  a  horizontal  direction. 

b.  A  gun  horizontally  leveled. 

Point-blank  range  is  the  extent  of  apparent  right- 
line  of  a  ball  horizontally  discharged. 

Point'ed  .Arch.  (Architecture.)  One  struck 
from  two  centers  and  meeting  above,  forming  a  lan- 
cet shape.  It  is  a  feature  of  the  Gothic  order  of 
architecture.     See  Arch. 

Point'er.  1.  (Stone -working.)  A  stone-mason's 
chisel  with  a  sharp  point,  used  in  spawling  ofl'  the 
face  of  a  stone  in  the  rough. 

2.  (Bricklaying.)  A  tool  for  clearing  out  to  a 
given  depth  the  old  mortar  between  the  courses  of 
bricks  in  a  wall,  to  be  replaced  by  a  fresh  body  of 
mortar. 

3.  (Eailvxiy.)    The  adjusting  lever  of  a  switch. 

4.  The  index  finger  or  hand  of  a  dial  or  scale. 

5.  A  graduated  circle  with  one  fixed  and  two  ad- 
justable radial  legs.  By  placing  them  at  two  ad- 
joining angles  taken  by  a  sextant  between  three  known 
objects,  the  position  of  the  observer  is  fixed  on  the 
chart. 

Point-hole.  (Printing.)  A  hole  made  in  a  sheet 
of  paper  by  a  register-pin  or  by  points  on  the  tym- 
pan. 

Point'ing.  (Bricklaying.)  The  finishing  or  re- 
newing a  mortar-joint  in  a  wall. 

Flat-joint  pointing  consists  in  filling  the  joint  even 
and  marking  it  with  a  trowel. 

Tuck-joint  pointing.  The  joints  are  finished  with 
fine  mortar  pared  to  a  parallel  edge  and  slightly  pro- 
jecting. 

Point'ing-ma-chine'.  One  for  pointing  rails, 
pickets,  matches,  etc.,  as  the  case  may  be. 

Point'ing-rodB.  Rods  used  in  the  exercise  of 
guns  and  mortars. 

Point'ins-v(rire.    An  iron  wire  with  a  loop  at 
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one  end,   used  for  sighting  mortars  by,  when  the 
proper  line  of  fire  has  once  been  lound. 
Point-pa'per.     Pricked  paper  for  making,  copy- 
iiif,',  or  transferring  designs. 
Fig  3865.     Poin'trel.     A  graving-tool. 

Point-tool.  (Turiiintj.)  One  ground 
off  to  a  sharp  point  at  the  midwidth  of  the 
end  of  the  blade. 

Poi'tral.  (Harness.)  A  breast  leather 
for  saddles  or  for  draft. 

Poke.  A  device  to  be  attached  to  a  breeehy 
animal  to  prevent  its  jumping  over,  crawl- 
ing through,  or  breaking  down  fences.  As 
David  says,  "thattliere  be  no  breaking  in 
nor  going  out."  They  vary  with  the  kind 
of  stock  to  which  they  are  attached,  —  horses, 
cattle,  hogs,  or  geese.  They  are  sometimes 
called  yokes  ;  as,  for  instance,  goose-yoke. 
It  is  more  convenient,  however,  to  class  them 
as  pokes,  the  term  "yoke"  being  applied 
Pal^.  to  the  device  by  which  animals  draw  their 
Tool,   loads,  for  which  see  Yoke. 

In  Ohio,  a  fence  which  is  pig-tight,  horse- 
high,  and  bull-strong  is  said  to  be  a  thoroughly  good 
fence. 
Kg.  3866.  Fig.  3866  is  a  poke 

for  horses.  The  bar 
is  pivoted  to  the  bow, 
and  inclining  forward 
serves  ordinarily  to 
cover  the  points,  but 
when  brought  in  con- 
tact with  a  fence  the 
points  are  unmasked 
to  pierce  the  animal. 

Po'ker.  1.  A  met- 
al used  in  hooping 
masts. 

2.  A  stoking-bar. 
Po-lao'ca.  (Nau- 
tical.) A  vessel  with 
three  masts  used  in 
the  Mediterranean. 
Beppo's  ship 

'  was  a  fine  polacca, 
Manned  with  twelve  hands  and  laden  with  tobacco." 

Po'lar  Cir'cle.  Two  small  circles  on  a  globe, 
23°  28'  from  the  poles  and  parallel  with  the  e(piator, 
— the  arctic  or  north  polar  circle,  the  antarctic  or 
south  polar  circle. 

Po'lar  Clock.  An  optical  instrument  invented 
by  Wheatstone,  for  ascertaining  the  time  of  day  by 
means  of  polarized  light.  A  glass  disk  is  tixeil 
within  a  ring  at  the  extremity  of  a  vertical  pillar, 
and  so  inclined  that  its  plane  is  perpendicular  to 
the  earth's  axis.  The  lower  half  of  the  disk  is 
graduated,  with  the  hours  from  6  to  6.  Within 
the  ring  the  broad  end  of  a  conical  tube  is  fitted 
so  that  it  may  turn  freely,  and  is  closed  by  an- 
other glass  disk  which  carries  centrally  a  star  or 
other  figure  composed  of  thin  films  of  sclenite,  ex- 
hibiting strongly  contrasted  colors  under  exposure 
to  polarized  light ;  and  an  index  is  painted  in  the 
prolongation  of  one  of  the  principal  sections  of  the 
selenite  films.  At  the  smaller  end  of  the  tube  is  a 
Nicol  prism,  having  its  diagonals  at  angles  of  45° 
with  the  principal  sections  of  the  selenite. 

The  axis  of  the  conical  tube  is  adjusted  in  line 
with  the  earth's  axis.  On  looking  through  the 
prism,  the  selenite  star  will  appear  colored,  except 
in  two  positions.  In  one  of  these  a  circular  disk  in 
the  center  of  the  star  wCl  appear  of  a  certain  color, 
as  red,  and  in  the  other  it  will  exhibit  the  comple- 
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mentary  color.  This  is  caused  by  its  axis  being 
placed  at  an  angle  of  224°  with  the  other  films  of 
selenite  composing  the  star.  The  tube  is  turned 
until  the  star  shows  no  color,  the  central  disk  then 
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Wh€at$tone^s  Polar  Clock. 


Polar  nock. 


appearing  red.  The  index  will  then  point  to  the 
h(mr. 

The  principle  of  the  clock  consists  in  the  fact  that 
the  light  scattered  from  the  minuti^  particles  of  the 
atmospliere  is  polarized,  and  this  etl'ect  is  best  marked 
when  the  reflected  light  is  examined  at  right  angles 
to  the  course  of  the  original  light ;  all  the  changes 
of  color  resulting  from  the  operation  of  the  instru- 
ment as  above  described  show  the  position  of  the 
sun,  or,  in  other  words,  give  the  time  of  day. 

Fig.  3868  is  a  portatile  form  of  this  instrument, 
adapted  for  adjustment  to  any  latitude. 

Fig.  3S69  is  a  simpler  though  less  accurate  form, 
in    which    twenty-five 
films  of  selenite  are  ar-  Fig.  3869. 

ranged  equidistantly 
and  radially  in  a  semi- 
circle upon  a  plate  of 
glass  fixed  in  a  frame 
in  a  plane  inclined  to 
the  liorizon  at  an  angle 
equal  to  the  comple- 
ment of  the  polar  ele- 
vation, and  adjusted 
perpendicularly  to   tile 

earth's  axis.  The  light  passing  through  this  plate 
falls  upon  a  reflector  of  black  glass  adju.sted  at  an 
angle  of  56"  45'  with  the  jilate,  and  is  ])olarized. 
The  hours  are  denoted  by  figures  at  the  ends  of  the 
radial  films  of  selenite  ;  these  will  at  all  times  ap- 
jiear  of  various  shades  of  two  complementary  colors  ; 
that  plate  which  exhibits  most  vividly  a  particular 
color,  as  red,  indicates  the  hour. 

Po'lar  Dl'al.  A  dial  having  a  plane  parallel  to 
the  axis  of  the  earth  and  perpendicular  to  the 
meridian  of  the  place.  The  style  or  gnomon  is 
parallel  to  the  plane  of  the  dial,  and  the  hour  lines 
are  parallel  straight  lines,  whose  distances  from  the 
meridional  line  are  respectively  proportioned  to  the 
tangents  of  the  angles  which  the  hour-planes  make 
with  the  plane  of  the  meridian. 

The  common  dial  becomes  a  polar  dial  at  the 
equator. 

Po-lai'i-scope.     An  instrument   for  observing 
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the  phenomena  exhibited  by  polarized  rays  of  liudit 
proceeding  from  a  luminous  object,  as  the  suu.  The 
principle  upon  which  its  action  depends  is  thus  ex- 
jiliiiued  by  Professor  Airy  :  — 

"  Common  light  consist**  of  undulations  in  which  the  vibra- 
tions of  t'och  particle  are  in  the  plane  perpendicular  to  the 
wave's  motion-  The  polariaition  of  lij;ht  is  the  resolution  of 
each  vibration  into  two,  one  passing  through  the  direction  of 
tlie  wave's  moii  tn,  and  the  other  perpendicular  to  that  plane, 
which  become  in  some  instances  the  origin  of  waves  that  travel 
in  dilTL'rent  directions.  When  we  are  able  to  separate  one  of 
the^  from  the  other,  we  say  that  the  lightof  each  is  polarized.' 
When  the  resolved  vibration  parallel  to  the  plane  is  preserved 
unaltered,  and  that  perpendicular  to  the  plane  is  diminished  iu 
a  given  ratio  (or  vice  versa]  and  not  separated  from  it,  wo  say 
that  the  light  is  pirtially  polarized." 

,  Lig.it  may  be  polarized  by  reflection  at  a  proper  angle  from 
the  surfaces  of  transparent  metlii;  by  transmission  thmugb 
crystals  possessing  the  property  of  double  refraction  ;  and  by 
transmission  through  a  sulficient  number  of  uncrystallized 
transparent  plates  placed  at  proper  angles. 

If  two  plates  of  glass  be  placed  at  the  open  ends  of  two  tubes 
turning  one  within  the  other,  the  plates  being  fixed  at  an  angle 
of  33^  with  the  axes  of  the  tubes  and  revolved,  it  will  be  found 
that  when  the  two  plates  are  pirallel  to  each  other  t  le  amount 
of  light  reflected  from  one  to  the  other  and  transmitted  to  the 
eye  will  be  at  a  maxiumm,  and  when  they  are  at  right  angles 
to  this  no  light  at  all  will  be  reflected.  It  thus  appears  that  a 
ray  reflected  from  the  surfice  of  gbuss  at  this  angle  cannot  be 
again  reflected  from  a  siuiil.ir  inclined  suffice;  this  is  ex- 
pressed by  saying  that  the  light  is  polarized  in  the  plane  of 
reHeotion. 

When  a  reflected  ray  is  received  upon  a  tourmaline  plate  the 
whole  of  the  light  will  be  transmitted,  if  its  axis,  that  is,  the 
axis  of  the  erystil  from  which  it  was  cut,  be  parallel  to  the  re- 
flecting surface;  on  revolving  the  plate  the  amount  of  light 
transmitted  "iil  diminish  until  its  surface  is  at  right  angles 
with  that  of  the  reflector,  when  it  will  entirely  disappear.  Light 
is  only  completely  polarized  by  reflection,  when  it  strikes  the 
reflecting  substance  at  a  partii-ular  angle  ;  this  varies  in  differ- 
ent substances,  being  in  the  case  of  glass  3^3^,  the  complement 
of  which,  57'^,  is  called  the  angle  of  polarization.  Sir  David 
Brewster,  from  numerous  experiments,  deduced  the  following 
law  :  "  The  Umgent  of  the  polarizing  angle  for  any  medium  is 
the  index  of  refraction  for  tliat  medium."' 

The  phenomenon  of  double  refraction,  exhibited  by  Iceland 
spar  (crystallized  carbonate  of  lim-'),  is  a  familiar  one 

If  any  small  object  be  placed  iu  contact  with  a  piece  of  this 
spar  and  viewed  through  it,  two  images,  separated  by  a  slight 
Interval,  will  appear,  and  by  turning  the  piece  round,  the  same 
surface  still  resting  on  the  object,  these  images  will  be  c  im-ed  to 
revolve  around  each  other.  By  sawing  the  piece  in  two  in  the 
proper  direction  and  cementing  the  two  surf.ices  with  Canada 
balsam,  one  of  these  images  may  be  entirely  got  rid  of  A  piece 
thus  treated  constitutes  NicoKs  prism,  and  forms  the  means 
by  which  a  very  large  proporaon  of  the  observations  on  polar- 
ized light  are  made.  A  device  of  this  kind  is  furnished  with  all 
the  better  class  of  microscopes.  Toumraline  and  various  other 
minerals  also  possess  this  property  in  a  greater  or  less  degree. 
The  two  pencils  of  light  formed  by  double  refraction  are  fuuud 
to  be  polarized  in  planes  at  right  angles  to  each  other,  exhibit- 
ing the  same  p!ienomena  as  light  polarized  by  reflection.  The 
images  may  be  received  on  a  reflecting  surface  at  the  proper 
polarizing  angle,  viewed  through  a  plate  of  tourmaline,  or 
through  a  second  crystal  having  the  power  of  double  refraction. 
In  the  latter  case  it  is  found  that  when  the  homologous  faces 
of  the  two  crystals  are  parallel,  neither  of  the  pencils  formed 
by  the  first  will  be  separated  by  the 'second  crystal,  but  on 
turning  the  latter  round,  each  pencil  is  separated  into  two, 
forming  four  images  ;  the  two  which  succeed  those  originally 
seen  appear  faint,  but  when  the  axes  of  the  crystals  are  at  an 
angle  of  45°  with  each  other,  will  be  equally  bright  with  the 
first ;  the  first  gradually  dimin)<h  iu  brightness  as  the  angle 
approaches  OO'^,  and  the  four  increase  their  proximity  until  at 
90°  they  coincide,  forming  but  two  images  as  before^  the  rela- 
tive positions  of  which  are,  however,  reversed  from  tho«e  they 
occupied  at  the  beginning;  that  which  was  above  now  nppeiir- 
ing  below,  and  vice  versa.  These  phenomena  were  first  ob- 
served by  Huyghcns.  Circular  polarization  is  produced  when 
light  is  twice  totally  reflected  from  the  second  surface  of  bod- 
ies at  their  angle  of  maximum  polarization  ;  it  may  also  be  pro- 
duced by  the  passage  of  light  through  rock  crvstal,  as  was 
discovered  by  Arago,  or  through  some  fluids,  as  oil  of  turpen- 
tine or  solution  of  sugar,  as  was  a.scert;uned  by  Biot  and  See- 
beck. 

Elliptic  polarization  is  produced  by  reflection  from  the  pol- 
ished surfaces  of  metals  at  angles  between  70°  45'  and  78°  30', 
gold  having  the  least  and  tin  the  greatest  polarizing  angle. 
This  property  was  discovered  by  Sir  Bavid  Brewster. 

"  When  Huyghens  was  occupied  with  the  double  refraction 
of  light  in  crystals  of  Iceland  spar,  i.  e.  with  the  separation  of 
the  pencils  of  light  into  two  parts,  he  also  discovered,  in  lti78, 
that  kind  of  polarization  of  light  which  bears  his  name.  More 
than   a  century   elapsed  before  the  discovery  of  this  isolated 
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;  phenomenon  was  followed  by  the  discoveries  of  Malus,  Anigo, 
Fresnel,  Brewster,  and  Biot.  Malus,  iu  lSiJ8,  discovered  polari- 
zation by  reflection  from  polished  surfaces  ;  and  Arago,  in  1811, 
discovered  colored  polarization.  A  world  of  wonders  of  vari- 
ously modified  waves  of  light  gifted  with  new  properties  was 
now  opened  A  ray  of  light  which  reaches  our  eyes  from  the 
regions  of  space,  from  a  heavenly  body  many  millions  of  nii.es 
distant,  when  received  in  Arago's  polariscope,  tells,  as  it  were 
of  itself,  whether  it  is  reflected  or  refracted,  whether  it  emanares 
from  a  solid,  a  fluid,  or  a  gaseous  body,  and  even  announces  its 
degree  of  intensity.  Pursuing  this  path,  which  takes  us  batk 
through  Huyghens  to  the  seventeenth  century,  we  are  in- 
structed respecting  the  constitution  of  the  solar  orb  and  its  en- 
velopes, the  reflected  or  the  proper  lights  of  the  tails  of  comet.*, 
and  of  the  zodiacal  light,  the  optical  properties  of  our  at- 
mospnere,   and    the    position    of  the   four   neutral   uoints   of 

'  polariziition,  which  Arago,  Babinet,  and  Brewster  discovered. 

I  Thus  man  makes  for  himself  as  it  were  new  organs  whii  h. 
when  skillfully  used,  open  to  him  new  views  of  nature."'  — 
Humboldt. 

Various  devices  for  inducing  and  observing  the  phenoff.cna 
of  polariz;ition  have  been  contrived. 

In  Fig  3870  a  illustrates  Norreniberg's  po- 
lariscope, for  use  with  the  magic-lantern.  Two 
mirrors  are  arranged  at  an  angle  of  35°  from 
the  vertical,  and  the  object  placed  on  the 
stage  between  them  ;  on  revolving  the  up- 
per mirror  the  field  of  vision  appears  clear 
at  0°  and  180°,  and  dark  at  90°  and  270°. 

b  is  the  tourmaline  polariscope :  two  plates 
of  tourmaline  are  inserted  in  the  jaws  of  a 
forceps-like  wi  e.  By  inclosing  an  object  be- 
tween them  and  imparting  a  rotiiry  motion, 
colored  rings  are  exhibited. 

Fig.  3871  represents  Goddard's  oxyhydro- 
gen  polariscope  o  is  a  ball  of  lime  exposed 
to  the  ignited  jet  from  the  compound  blow- 
pipe; 6  6,  its  rays  refracted  by  the  condens- 
ing-lenses  r  c  c,  and  falling  upon  the  mirror 
(/,  composed  of  ten  plates  of  thin  flattened 
crown-glass  and  placed 
within    the  elbow   of  a  j^ 

tube  bent  to  the  polar- 
izing  angle  of  crown- 
glass,  a  a',  the  polar- 
ized rays  after  reflection ; 
f,  a  double  refracting 
crystal  (selenite)  in  the 
focus  of  the  object-glass/,  which  forms  an  image  of  the  crystal 
upon  a  screen  at  g^ ;  an  anal\zing  plate  h  composed  of  si.xteen 
plat«s  of  mica  being  cau.=ed  to  turn  upon  its  axis,  the  in  age  of 
the  selenite  upon  the  disk  is  caused  to  exhibit  alternately  the 
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OoddarWs  Oxyhydrogrn  Polariscope. 

primary  and  secondary  colors  at  the  same  time,  one  being  re- 
flected in  the  direction  t,and  the  other  thrown  U{>od  the  screen 
at  f . 
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Polax-is-tro-bom'e-ter.  The  title  given  to  an 
instrument  devised  by  Professor  Wilde  of  Benie  for 
investigating  the  relations  of  various  lipoids  to  po- 
lari2ed  light. 

Po-lar'i-ty.  The  property  of  attraction  or  repul- 
sion, or  of  tiiicing  certain  directions. 

Po'lar-iz'er.  The  lower  prism.  The  one  beneath 
the  stage  of  the  microscope  in  polarizing  apparatus. 

Pol'da-ry.    (Fabric.)    A  kind  of  coarse  canvas. 

Foldir/ni. 

Pold'way.  (Fabric.)  Coarse  bagging  stuff  for 
coal-sacks,  etc. 

Pole.    1.  The  tongne  of  a  vehicle. 

The  pcU  was  the  oniver-^al  appendage  to  the  ancient  vehicle. 
The  animals,  of  whatever  kind,  were  attached  to  the  vehicle  by 
yokes.     See  YoKz  ;  Chariot. 

Chariots  with  two  or  three  poles  were  used  by  the  Lydians. 
Ht-re  we  perhaps  see  the  first  shafts,  unless  the  bilateral  poles 
of  the  Scythian  nomad,  fastened  to  a  surcingle  and  dragging 
behind  the  animal,  may  be  so  considered. 

2.  (XaiUical.)  a.   A  mooring-pole. 
b.  A  setting-pole. 

3.  (Galvanic  Baiterics.)  a.  The  poles  are  the 
ends  of  the  wires  or  the  terminal  points  of  the  con- 
nections which  proceed  from  the  battery,  and  con- 
vey positive  and  negative  electricity  (so  called)  respec- 
tively. As  the  course  of  the  current  is  from  the 
positive  metal  to  the  liquid,  and  thence  to  the  neg- 
ative metal,  proceeding  from  the  latter  by  the  circuit 
wire  to  the  positive  metal,  whence  it  started,  so  the 
wire  from  the  copper  conveys  positive  electricity  and 
is  the  anode,  wMle  the  zinc  is  the  cathode. 

Tlie  north  end  of  a  magnetic  needle. 

Pole— axe.  Originally,  an  axe  on  a  pole  or  long 
hail  lie.  The  poll  of  an  axe  is  the  head.  The  pole- 
axe  (b)  now  used  by  butchers  in  felling  bullocks  and 
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Foti-.A:r€s,  etc. 


hogs  has  a  handle  of  ordinary  length,  and  is  used  to 
deaden  the  animal  by  a  blow  on  its  poll,  but  the 
name  is  not  thence. 

As  a  long-handled  axe  it  was  used  as  a  weapon  in 
the  Middle  Ages. 

■In  the  navy  it  is  a  heavy  hatchet  (a)  having  a 
handle  13  inches  long  and  a  sharp  point  turning 
downward  on  the  side  opposite  the  blade.  It  is  used 
for  boarding,  resisting  boarders,  cutting  ropes  or 
nettings,  etc. 

c  c  are  pole-axes  of  the  time  of  Charlema^e.  The 
handles  are  shown  as  broken  short  off.  ti  is  a  battle- 
axe  of  medieval  times. 

Pole-oar'riage.  A  carriage  furnished  with  a 
pole  or  tongue,  in  contradistinction  to  one  with  shafts 
or  th  ills. 

Pole-chain,    (fehic'e.)    Tito  chain  on  the  fore 
end  of  a  carriage-pole,  leading  to  the  collar  or  the 
breast-chains  of  the  hame.ss. 
Ill 


Pole-crab.  (Vehicle.)  A  double  loop  (i.  Fig. 
38721  on  the  fore  end  of  a  carriage-pole,  to  receive 
the  breast-straps  of  the  harness. 

Pole-foot  (Vehicle.)  The  hind  end  of  a  jiole 
which  go^s  into  the  cleaves  of  the  futchels. 

Pole-futch'el.  (Vehicle.)  The  jaws  between 
which  the  hinder  end  of  a  carriage-tongue  is  inserted. 

Pole-hook.  1.  The  hook  on  the  end  of  a  car- 
riage-tongue. 

2.  A  boat-hook. 

Pole-lathe.    A  lathe  in  which  the  work  is  sup- 
ported   between     centers     on 
posts    rising    from    the    bed,  Fig.  3873. 

turned  by  a  strap  which  passes 
two  or  three  times  round  the 
work.  The  lower  end  of  the 
strap  is  connected  to  the  tread- 
le, and  the  other  end  to  a 
spring-bar  on  the  ceiling.  One 
of  the  centers  is  an  iron  pin, 
and  the  other  is  on  a  screw  in 
the  other  standard.  The  rest 
is  a  rail  or  bar  extending  from  Folt-Lathe. 

one  puppet  to  the  other.     The 

work  is  intermittent,  the  chisel  cutting  as  the  treadle 
descends  ;  the  pressure  of  the  foot  being  relaxed,  the 
spring-bar  raises  the  treadle,  running  the  work  in 
the  other  direction.  See  Lathe. 
j  Pole-mast.  (Nautical.)  A  mast  made  with  a 
single  pole,  in  contradistinction  to  a  mast  built  up, 
and  secured  by  biinds. 

Pore-mit.    (Fabric)    A  French  camlet. 
I     Po-lem'o-scope.    A  glass  with  a  mirror  at  an 
angle  of  45',  designed  to  enable  a  person  to  view 
objects  not  directly   before  the  eye.     Invented  by 
Helvetius. 

It  is  used  in  opera-glasses  to  view  persons  obliquely 
withotit  apparently  directing  the  glass  at  them. 

It  is  also  used  for  riewing  objects  beyond  an  ob- 
structing wall  or  bank,  as  in  the  interior  of  a  for- 
tress.    See  Altiscope. 

Pole-pad.  A  pad  of  leather  stuffed  with  wool 
and  distended  by  an  interior  frame  of  iron,  slipped 
and  keyed  on  the  end  of  the  pole  of  a  gun-caniage, 
to  prevent  injur)-  to  the  horses. 

Pole-plate.  (Carpentry. )  The  plate  of  a  frame 
which  supports  the  heels  of  the  rafters.  A  wall- 
plate. 

Pole— prop.  A  bar  for  supporting  the  end  of  the 
pole  or  tongue,  especially  used  with  the  various  car- 
riages of  the  artiller)-  ser^-ice. 

Pole-pro-peller.  A  mode  of  propulsion  of  boats 
in  which  the  ends  of  poles  are  pushed  against  the 
bottom  of  the  river  to  propel  the  boat. 

Pole-strap.    A  heavy  strap  by  which  the  pole  of 
the  carriage  is  attached  to  the  collar  of  the  horse. 
I  Also  called  pole-piece. 

I      Pole-tip.    A  tubular  iron  at  the  front  end  of  a 
wagon-pole.     Seej,  Fig.  3S72. 
1      Po-Um'i-ta.     (Fabric.)     A  variegated  stuff. 

Pol'ing.  1.  (Glass-making.)  An  operation  for 
ridding  glass  of  a  lilac  color  due  to  an  excess  of  man- 
ganese. The  molten  glass  is  stirred  with  a  pole, 
which  introduction  of  a  carbonaceous  element  changes 
the  sesquioxide  into  a  protoxide,  and  the  color  dis- 
appears. 

2.  (Copper-manufacture.)  An  operation  to  cause 
an  ebullition  in  molten  copper  to  .accelerate  the  effect 
of  the  supernatant  charcoal.  The  green  pole  yields 
its  juices  in  a  gaseous  form,  which  causes  the  fluid 
metal  to  bubble. 

Pol'ings.  Boards  supporting  the  side-earth  in 
exeav!\ti;ig  tunnels. 

Fol'isbed  Brick.    Bricks  which  are  rubbed  upon 
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a  bench  plated  with  iron,  to  make  their  surfaces  per- 
fectly even.  This  process  is  only  gone  through  with 
the  very  best  bricks,  and  its  cost  is  such  that  it  is 
not  eniiiloyed  to  any  very  great  extent. 

Fol'ish-ing.  The  different  kinds  of  polishing- 
wheels  have  distinguishing  names,  according  to  their 
material. 

PiiUshinri-wheeh  are  usually  leather  covered. 

Liipj>iit(i-v!\u'e\s  have  metallic  rims. 

Glazers  are  of  wood. 

Buffers  are  of  leather. 

Each  h.as  a  powder  or  paste  of  a  fineness  adapted 
to  its  work.  The  buffer  is  a  finisher,  and  usually 
has  roii/jg. 

Pol'ish-ing-blook.  a.  A  block  between  the  jaws 
of  a  vise  on  which  an  object  is  laid  to  polish  it  by 
an  emery  strip  or  otherwise. 

b.  X  lilock  shod  with  polishing  material  and  moved 
over  the  fa''e  of  the  olyect  to  be  polished. 

Pol'ish-ing-cask.  1.  A  rolling  barrel  in  which 
articles  are  placed  to  polish  by  mutual  attrition  or 
by  grinding  against  some  polishing-powder  placed 
in  the  barrel  with  them. 

2.  A  barrel  in  which  grained  gunpowder  is  placed 
with  a  small  quantity  of  graphite,  which  gives  it  a 
polish. 

Pol'ish-ing-file.    A  smooth  file.     A  burnisher. 

Pol'ish-ing  Glass.  Plate-glass  is  polished  after 
griuiliug  liy  uieans  of  rubbers  set  in  a  frame  which 
is  caused  to  traverse  back  and  forth  over  the  plate. 
See  Platf.-oi,.\ss, 

Pol'ish-ing-ham'mer.  A  hammer  for  fine-diess- 
ini;  the  surfaces  nf  plates. 

PoPish-ing  - i'ron.  (Bookbinding.)  An  im- 
plement for  finishing  the 
Fig.  3874.  covers    of    books.       It    is 

heated  and  passed  over  the 
leather,  the  lining  paper, 
Polishing-Tool.  and  such  other  parts  as  re- 

quire smoothing  and  pol- 
ishing.    Thfj  are  made  of  various  shapes  and  sizes. 

Pol'ish-ing-ma-chine'.  1.  A  machine  in  which 
rice,  dcpriveil  of  its  bull,  receives  a  farther  trituration 
to  deprive  it  of  its  red  skin  or  cuticle.  Kwhitcnivg- 
'inachiac, 

2.  (Cotton.)  A  machine  which  brushes  the  sur- 
face of  sized  yarn,  or  bui'nishes  sized  thread. 

Pol'ish-ing-ma-te'ri-als.  These  are  derived 
froui  various  sources,  principally  from  the  mineral 
kingdom,  though  vegetable  substances  and  the  skins 
of  animals  and  fish  are  used  for  particular  purposes, 
as  is  also  the  interior  shell  of  the  cuttle-fish.  Pure 
carbon  in  the  diamond  is  the  hardest  substance 
known  in  nature,  and  is  much  employed  in  the  form 
of  powder  for  cutting  and  polishing  gems.  As  char- 
coal, carbon  is  also  used  for  polishing  copper  and 
other  soft  metals. 

Alumina,  when  pure  and  crystalline,  as  in  the 
ruby,  sapphire,  etc.,  is  next  in  hardness  to  the  dia- 
mond. In  combin.ation  with  a  small  proportion  of 
silex  and  iron,  it  composes  the  principal  ]iart  of  co- 
rundum, emery,  and  rotten-stone,  which  are  largely 
employed  in  grinding  and  polishing  the  harder  met- 
als, minerals,  and  glass. 

Some  clays  and  loams  of  which  alumina  constitutes 
a  large  part  are  also  used  for  like  purposes. 

Silex  in  its  various  forms,  as  quartz,  sand,  etc., 
and  mixeil  with  alumina  and  other  mineral  sub- 
stances constituting  grits  or  grindstones,  hones  and 
slates,  pumice-stone,  and  some  others,  are  used  for 
abrading  and  polishing.  Tripoli  and  rotten-stone  are 
employed  in  polishing  the  surfaces  of  metals  and 
other  substances.  The  oxide  of  iron,  called  crocus 
and  rouge,  and  the  oxides  of  tin  and  lead,  known  as 


putly-jmwdcrs,  are  extensively  used  in  the  arts  for 
producing  very  smooth  surfaces.  These  are  prepared 
artificially.  Lime  and  chalk  are  also  employed  in 
some  polishing  processes. 

Pol'ish-ing-mill.  A  lap  of  tin  or  of  wood  coated 
with  list  or  leather,  used  for  the  finishing  processes 
of  the  lapidary.     See  Lapidary's  Mill. 

Pol'ish-ing  Nee'dles.  The  jiolishing  of  needles 
is  ellected  by  treating  from  40,000  to  50,000  at  a 
time. 

The  needles  are  arranged  in  heaps  upon  a  piece  of 
canvas,  the  needles  in  each  heap  lying  parallel,  with- 
out regard,  however,  to  heads  or  points.  Emery,  oil, 
and  soft  soap  are  sjivinkled  over  the  heaps,  after  v  hich 
they  are  rolled  uji  in  the  canvas  and  bound  by  a  coil 
of  twine,  making  a  bundle  three  or  four  inches  thick 
and  two  or  three  feet  long.  A  number  of  such  rolls 
are  laid  on  a  table  with  raised  edges,  a  weighted 
and  reciprocating  slab  resting  upon  them,  so  as  to 
roll  the  bundles  back  and  forth,  causing  the  needles 
to  roll  and  rub  against  f-ach  other,  removing  the 
scale,  and  eventually  scouring  and  polishing  each 
other. 

The  rubbers  work  at  the  rate  of  20  or  30  move- 
ments in  a  minute,  and  the  |)rocess  is  carried  on 
from  48  hours  to  8  days,  according  to  the  quality. 
The  rubbing  is  suspended  every  8  hours,  to  renew  the 
canvas,  which  becomes  worn  out,  to  wash  the  nee- 
dles, and  to  add  fresh  emery,  putty-powder,  oil,  etc., 
as  the  case  may  require,  the  abrading  material  being 
applied  of  a  gradually  increasing  fineness. 

Pol'ish-ing-pow'der.  Diamond,  sapphire,  ruby, 
corundum,  emery,  rotten-stone,  flint,  tripoli,  pumice- 
stone,  oxide  of  iron,  oxide  of  tin,  and  chalk  are  all 
employed  in  a  pulverized  state  for  polishing.  The 
first  three  are  used  by  the  lapidary;  corundum  and 
emery  princi]ially  by  metal-workers.  They,  as  well 
as  oxide  of  iron  (crocus,  rouge)  and  oxide  of  tin,  are 
also,  however,  employed  for  polishing  glass.  Pumice 
is  more  commonly  used  on  wooil-work,  while  tripoli 
and  chalk,  uniler  the  form  of  whiting,  are  particu- 
larly employed  for  domestic  purposes,  in  cleaning 
brasses,  window-glass,  etc. 

Pulverized  graphite,  either  alone  or  in  combina- 
tion, is  also  largely  used  in  domestic  economy  for 
polishing  stove.s,  etc. 

Pol'ish-ing-slate.    A  hone.     Schist. 

Pol'ish-ing-snake.     A  lithographer's  tool. 

Pol'ish-ing-tin.     A  bookbinder's  tool. 

Pol'ish-ing-'wheel.  A  wooden  wheel  covered 
with  leather  and  charged  with  crocus,  rouge,  jiutty- 
powder,  etc.  It  is  used  in  polishing  metallic  arti- 
cles of  relatively  small  size  which  are  presented  to 
it.  A  coarsei-  grade  of  powder,  such  as  emery  or 
tripoli,  constitutes  a  giinding-ichccl  or  glazcr. 

A  polisliing-wheel  prepared  from  a  leather  dressed 
with  oil,  like  chamois  and  buckskin,  is  called  a  buff- 
^ohcel.  The  soft  and  fluffy  surface  is  charged  with 
polishing-powder. 

The  cutler's  poli.shing-wheel  has  a  wooden  center, 
is  covered  with  leather,  and  charged  with  crocus, used 
dry.  It  has  a  speed  of  70  to  80  feet  ]ier  second. 
Tlie  develojiment  of  heat  by  friction  inqiroves  the 
polish,  and  the  blade  is  moved  to  and  fro,  fiom  end 
to  end,  by  a  quick  motion.  Skill  and  practice,  it  is 
almost  needless  to  observe,  are  necessary  in  this  as 
in  all  other  manipulations.  The  hand  is  protected 
from  the  heat  by  a  piece  of  felt. 

Polishing-wheela  for  small  steel  instruments  are  made  as  fol- 
lows :  — 

Take  a  piece  of  sole-leather  of  a  size  suit-ible  tor  the  desired 
wheel,  make  a  hole  through  the  eenter,  slip  it  on  the  mandrel 
of  the  lathe  ;  turn  it  down  to  the  size  desired  ;  coat  the  fare  of 
it  with  glue,  and  apply  as  much  coarse  emery  as  the  glue  can 
be  made  to  tak«;  put  it  aside  to  dry.    Make  another  in  the 
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same  way,  only  using  flour  of  emery  instead  of  the  coarse. 
Form  a  third  wheel  in  the  same  manner,  but  instead  of  the 
glue  ami  emery,  apply  crocus  with  water-  The  wheels  may  be 
of  any  size,  by  fastening  several  thicknesses  together  with  com- 
mon shoe- pegs. 

A  wheel  for  carrying  the  pumice,  in  polishing  vulcanite,  can 
be  formed  by  f.isteniiig  together  two  of  these  leather  wheels 
with  brass  screws,  between  which  are  three  or  four  thicknesses 
of  woolen  cloth  cut  somewhat  larger  than  the  leathers. 

Poll.  1.  The  blunt  end  of  a  hammer.  The  ficad 
of  a  hammer,  the  smaller  end,  is  the  peen,  whether 
an  edge  or  a  point. 

2.  The  butt  of  an  axe  or  hatchet  as  distinguished 
from  the  bit,  which  is  the  cutting  blade.  See  Fig. 
3S72,  e  poll,  f  bit,  g  eye. 

Not  to  be  confounded  with  poie-axe,  which  has  a 
halberd,  or  a.xe  on  a  pole. 

One  form  of  tool  may  be  a  poll-uxe  which  has  a 
stud  on  the  poll  for  felling  beeves  and  hogs. 

Poll-adze.  An  adze  with  a  striking  lace  on  the 
hea  I  (poll)  opposite  to  the  bit.     See  h.  Fig.  3872. 

Poll-pick.  (Milling.)  A  pick  ou  the  end  of  a 
pole  so  as  to  be  worked  by  blows  endwise,  like  a 
crow-har. 

Pol'roz.     (.Mining/.)     The  pit  underneath  a  wa- 
ter-wheel. 
Pol'ver-ine.    Glas=;-makers'  ashes. 
Pol'y-chord.    {Jliisic.)    An  octave-coupler. 
Pol'y-chrome.    A  picture  executed  in  various 
col'irs.      Ancieutly  applied  to   a  statue  colored  to 
imitate  nature.     Some  of  the  remains   of  Grecian 
sculpture  yet  exhibit  traces  of  the  color  upon  them. 

Pory-gon.  (Fortificition.)  The  exterior  poly- 
gon is  tlie  figure  formed  by  lines  connecting  the  an- 
gles of  the  bastions  round  the  work. 

The  interior  polygon,  a  figure  formed  by  lines  con- 
nec'iu:;  the  centers  of  the  bastions  all  round. 

Pol'y-graplL  1.  An  instrument  for  making  a 
iuim!>er  of  drawings  or  writings  simultaneously.  It 
is  ou  the  principle  of  the  pantograph,  and  was  in- 
vented by  Hawkins  (English). 

A  number  of  pencils  are  placed  in  a  framework  of 
jointed  rods,  so  arranged  that  each  subordinate  one 
partakes  of  tlie  motion  of  the  principal  one,  which 
is  gjiil  -d  by  the  writ^-r  or  draftsman. 

2.   A  mmifold  writer  or  a  copying-machine. 
Pol-ym'e-ter.    An  iustrnment  for  measuring  an- 
gles. 

Pol'y-op'tron.  X  lens,  one  side  of  which  is  plane 
and  the  other  convex,  with  a  number  of  concave 
facets.  The  effect  is  to  give  a  number  of  dimin- 
ished images.      It  is  a  toy. 

Pol'y-pan'to-graph.  An  instrument  on  the 
principle  of  the  pantograph,  by  wliich  a  number  of 
similar  designs  may  be  simultaneously  executed  upma 
a  metallic  plate  or  roller  from  a  single  pattern.  In- 
vented by  JI.  Gavard,  Paris. 

Pol'y-pus-for'ceps.  .^_  ring-handled  forceps, 
from  4  to  7  inches  in  length,  of  various  curves, 
slender  blades,  grooved  and  deeply  serrated  margins. 


Fig-  3875. 


Polypus  Forceps. 


It  is  used  for  extracting  tumors  and  polypi,  taking 
hold  of  them  by  their  "pedicles  and  twisting  then*) 
until  tliey  come  off.  The  cut  represents  one  of  a 
larger  kind  useil  for  uterine  polypi. 

Pol'y-scope.  A  multiplying  lens.  A  plano- 
convex lens  whose  protub.'rant  face  is  cut  into  nu- 
merous facets,  each  of  whii;h  gives  an  image  of  the 
object  viewed. 


JIlK- 


Potnmel  and  CantU. 


Pol'y-zo'nal  Lens.  A  burning-lens  constructed 
of  segmental  lenses  arranged  in  zones. 

In  the  illustration,  the  lens  is  shown    Fig.  3876- 
with  a  central  piece  surrounded  by  four 
segments  which   are  encircled  by  eight 
segments. 

The  object  is  to  obtain  lenses  of  large 
size  for  lighthouses,  five  from  defects, 
and  having  bnt  slight  spherical  aberra- 
tion. Buffon  fii'st  suggested  the  idea. 
Brewster  made  them.  See  Burning- 
glass  ;  BUKNIN'G-MIKROR,  pages  410,  411  ; 
ROR,  page  1455. 

Pom'el.  A  boss  or  knob  on  the  summit  of  a  tur- 
ret roof. 

Pom'mel.  1.  {Saddlery.)  A  knob  on  the  front 
part  of  a  saddle.  The  seat  of  a  saddle  is  between 
the  pommel   a  and 

the  cantlc  b.    In  the  Fig.  3877. 

Murdoch  saddle  the 
seat  is  suspended  be-  h 
tween  the  pommel  \>\ 
and  canWc,  which  are 
united  by  sj  ring- 
bars  called  side- 
plates.  In  the  Span- 
ish saddle  the  pom- 
vu'l  and   eantle  are 

high,  so  that  the  rider  sits  in  a  deep  seat-  In  the 
h^ilf  Spanish  the  parts  named  are  less  elevatetl.  In 
the  English  and  Somerset  trees,  still  less  so.  A 
high  pommel  is  somi  times  called  the  horn. 

2.  (Currying.)  A  block  of  hard  wood  c  used  by 
curriers  in  pressing  and  working  skins  to  render 
them  supple.  It  is  flat  above  anil  rounded  below, 
the  lower  surface  having  transverse,  jiarallel  straight 
grooves.  It  is  also  used  in  graining  and  boarding 
leather,  and  is  otherwise  known  as  a  crippler. 

3.  A  knob  on  the  hilt  of  a  sword. 

4.  The  butt-end  of  the  stock  of  a  fire-arm. 
."i-    The  knob  on  the  ca.scahel  of  a  cannon- 
Pom-merion.  The  knob  on  tliecascabel  of  a  gun. 
Pom'pet.     A  printer's  inking-ball. 
Pond.     (Hydraulic  Engineering.)     A    reach  or 

level  of  a  canal.  Two  ponds  of  varying  levels  are 
connected  by  a  lock. 

Pon-gee'.    (Fabric.)    A  coarse  silk  goods. 

Pon'iard.     A  dagger. 

Pon'til ;  Pou'ty ;  Pon'tee.  The  iron  rod  used 
by  a  glass-blower  to  support  the  glass  while  working. 

The  blowing-rod  is  the  tube  on  which  the  mass  of 
glass  is  withdrawn  from  the  pot  and  blown  into 
sha|ie. 

Pon-ton'.  1.  (Military  Engineering.)  A  bateau 
of  wood  or  metal,  or  a  light  framework  covereii  with 
water-proof  material,  used  as  a  float  for  supporting  a 
temporary  bridge.     Pontoon. 

In  the  United  States  Engineer  Service  they  are 
made  of  wood.  Corrugated  metal  and  rubber  have 
also  been  employed. 

The  British  service  employs  either  Colonel  Blan- 
chard's  or  Colonel  Pa-slcy's  pontons.  The  former  are 
cylindrical  and  are  made  of  tin-plate  ;  they  have 
hemispherical  ends,  and  are  divided  into  compart- 
ments by  longitudinal  and  transverse  partitions, 
which  serve  as  braces. 

Pasley's  consist  of  a  light  timber  frame  covered 
with  cojiper  ;  they  are  transversely  divided  into  two 
halve.s,  which  are  united  by  lashings  for  use  and 
separated  for  transportation.  Each  half  is  al.so  di- 
vided into  compartments.  The  whole  forms  a  decked 
canoe  adapted  for  rowing.     See  PosTON-BRinGE. 

2.  (Xaulical.)  a.  A  barge  or  lightei-  of  large  ca- 
pacity,  used    in    careening  ships,    raising   wei^ht-s, 
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POPrET. 


drawing  ])iies,  ttc,  or  capable,  in  pairs,  of  acting  as 
came's.     tiee  Camel. 

b.  A  barge  or  Hat -bottomed  vessel  furnished  with 
ci'anjs,  eai»stiins,  and  lioisting  tackle,  used  in  wreck- 
inj;,  in  connection  with  a  diving-bell,  or  in  raising 
snbmergeil  vcs,sels. 

3.  {Hydnmlio  Enginccriiuf.)  a.  A  water-tight 
structure  or  frame  covered  with  water-resisting  ma- 
terial placed  beneath  a  submerged  vessel  and  then 
till.'d  with  air  to  assist  in  relloatiug  the  vessel. 

b.  A  water-tight  structure  which  is  sunk  by  fill- 
ing with  water,  and  raised  by  pumping  It  out,  used 
to  close  a  sluiceway  or  entrance  to  a  dock.  It  works 
in  grooves  in  the  dock  walls,  and  acts  as  a  lock-gate. 
Se.'  Plate  XIX.  page  SS4. 

Pon-ton'-bridge.  {Military  Engineer iwj.)  A 
tenipuiary  uiilitaiy  bridge  supported  on  Hat-bottomed 
boats  or  lloats,  termecl  pontcms. 

The  use  of  boats  or  floats  for  supporting  temporary  bridges 
is  of  great  aii'iiiuity 

Darius  Ilytxipes  and  his  army  crossed  the  Bosphorus  on  a 
bril^e  of  tiiis  kind  Id  order  to  iovade  Greyce,  493  d.  c,  and  his 
succe-^sor  Xerxes  constructel  one  across  the  UeUespont,  480 
B.  C,  for  the  sime  purpose,  of  which  we  have  a  description  in 
ILrodotus.  Its  length  was  500  paces,  Sliips  were  used  as  pon- 
ton:* ;  suspension-cords  of  tiax  and  biblot  united  them ;  trans- 
Terse  beams  were  laid  on  the  ropes,  plauks  on  the  beams,  soil 
on  the  planks,  and  the  armies  crossed  thereon. 

Cyrus,  according  to  Xenophoii,  threw  over  the  Meander  a 
bridge  supported  on  seven  boits.  Pompey  crossed  the  Euphra- 
tes by  a  boit-bridge  during  the  Mithridatic  war. 

Portable  bridges  were  designed  by  the  Marquis  of  Worcester, 
1655  ;  Leonardo  da  Vinci,  1452  -  1520  ;  Bourne,  1578  ;  and  by 
others  a  little  later.  It  was  so  much  the  fashion  of  that  day 
to  conceal  the  pirtioular  points  of  invention  under  the  obscu- 
rity of  general  piirtse-;,  that  the  exact  devices  can  hardly  be 
ascertained.  The  Marquis  states  that  a  six-horse  wagon  will 
carry  a  bridge  to  span  a  river  hilf  a  mile  broad. 

Tae  ponton  equipage  of  the  United  States  army  consists  of 
woodL'U  ba'ciux,  31  feet  long,  2  feet  6  inches  deep, 
5  feet  4  inche^?  wi  le  at  top,  and  4  feet  at  bottom, 
tap  Ting  to  a  width  of  4  feet  at  the  bow  and  2  at 
thj  stern. 

To  construct  the  bridge,  the  bateaux  are  placed 
at  diit  mces  of  13  leet  10  inches  apart,  and  moored 
by  anchors  botli  up  and  down  stream  ;  they  are 
then  connected  to  each  other  by  spring-lines  ex- 
ten  ling  from  the  bo.v  of  eich  to  the  steru  of  the 
next,  anl  so  o:i  reciproc  illy  ;  over  the  gunwales  of 
the  boats  are  laid  the  balks  or  be;ims  in  such  a  way 
th  it  e  ich  .■*liall  extend  quite  across  each  adjacent 
pair  of  boats;  over  the  b-ilks  are  laid  the  deck- 
jj'.ank  [ckessfs),  which  again  are  kept  in  place  by  pieces  of  scant- 
ling toruie  I  si  Ic-rails,  the  whole  being  firmly  lashed  to  each  other 
anil  to  the  boats  by  cords.  The  widtn  of  roadway  is  eleven  feet. 
A  bridge  of  this  construction  and  dimensio.is  h;is  been  found 
to  be  amply  strong  to  sustain  any  weight  which  will  be  likely 
to  be  brou'^'it  on  it  in  service. 

T!io  pontons  with  their  appurtenances  are  carried  on  wagons 
wiiich  follow  in  the  train  of  the  army 

Boats  of  corrugated  iron,  being  Hghter  than  those  of  wood, 
h  IV-?  also  been  employed. 

(Jolonel  Blanchard's  pontons,  used  in  the  English  service,  are 
m  ide  of  tin-plate,  22  feet  long,  2\  feet  in  diameter,  with  hemi- 
spherical ends,  and  divided  by  several  longirudinal  and  trans- 
verse partitions  to  act  as  braces  and  prevent  their  sinking  if 
pierced  by  a  shot  or  by  accident. 

Colonel  P.isley's  copper  ponton  is  also  used  in  the  same  ser- 
vice. It  is  in  the  form  of  a  dL'cked  canoe.  22  feet  long,  2  feet  S 
inches  in  width  and  depth.  It  has  a  timber  frame  covered  with 
sheet-copper.  The  ponton  is  formed  of  two  equal  parts,  wliirh 
ore  locked  toget'icr  for  use  and  dislocate!  fur  transportation. 
E.ich  half  has  also  divisional  diiphragms,  which  prevent  its 
sinking  if  one  chamber  be  pierced  below  the  water-line.  Small 
pumps  are  pwvi  le  I  for  discharging  water  to  keep  a  ponton 
alio  It  in  an  emergency. 

The  system  adopted  is  to  make  up  the  bridge  in  a  series  of 
rafts,  each  of  which  con^^ists  of  two  pontons  united  by  the  balks 
or  joists  so  as  to  be  about  twelve  feet  apart,  the  ends  of  the 
balks  resting  on  frames  lying  longitudinally  upon  and  lashed  to 
the  pontons.  Tiie  rafts  are  then  floated  into  position,  moored 
and  united  by  balks,  which  form  them  into  a  continuous  bridge 
frame,  whicli  supports  the  chesses,  or  planking. 

The  complement  of  men  is  1  non-commissioned  officer  and  6 
privites  to  a  pair  of  pontons.  The  time  occupied  under  favor- 
able circumstances  is  15  minutes  to  unload  and  fomi  the  raft, 
an  I  another  15  minutes  to  put  all  the  rafts  together  ready  for 
the  pissa:ie  of  troops, 

A  flifhig-hrifige  is  merely  a  boat  which,  being  made  fast  to  a 
cable  attached  to  an  anchor  up  stream,  is  propelled  across  by 


the  action  of  the  current  against  its  side,  its  bead  being  kept  in 

the  proper  direction  by  an  oar  :  for  this  purpose  the  cuble 
should  be  about  IV  times  the  width  of  the  river  to  be  crossed. 
See  MtUT.vRV  Bridge. 

Po'ny-chaise.  A  lady's  low  chaise,  to  be  drawn 
by  a  jiuny  or  two. 

Po'ny-en'gine.  A  locomotive-engine  kept  at  a 
railroad  station  lur  moving  cars  and  making  up  trains. 

Pool'er.  A  stick  lor  stirring  the  vats  ol  a  tan- 
nery. 

Poop.  1.  {Shiphuihling.)  a.  The  aftermost, 
highest  part  of  the  hull. 

b.  A  deck  over  the  after  part  of  a  spar-deck,  ahaft 
the  mizzen, 

2.   The  roof  truss. 

Poop-cab'in.  {Shipbuilding.)  The  apartment 
in  a  poop. 

Poop-lan'tern.  {Nautical.)  A  lantern  carried 
on  the  tatlVail  at  night  to  indicate  a  Ilag-ship  or  act 
as  a  signal  wlien  a  ship  is  moored  bow  and  stem. 

Pop'lin.  {FabHc.)  A  stuti'  having  a  silken  warp 
and  uoolen  \veft,  in  this  respect  resembling  bond)a- 
zinc.  Dublin  has  attained  preeminence  in  this  par- 
ticular branch  of  manufacture,  the  Irish  poplins 
being  widely  and  favorably  known. 

A  silk  and  worsted  stutf,  watered,  figured,  bro- 
caded, or  tissued.  Originally  an  all-silk  French 
goods.  Irish  poplins  have  a  silk  warp  and  worsted 
weft,  and  in  the  connuon  grades  cotton  or  flax  is 
nii.xed  with  the  silk. 

Pop'per.  A  domestic  implement  for  popping 
corn.  It  is  usually  a  wire  basket,  which  is  held  over 
the  fire  and  shaken  or  revolved  so  as  to  keep  the  corn 
moving. 

In  Fig,  3878,  the  gauze  cylinder  has  a  lengthened  crank-shaft 

Fig.  3878. 
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Popper  and  Roaster. 


by  which  it  is  turned,  and  a  sleeve-linndle  and  screen-plate  for 
acOommodatioQ  of  the  supporting  haULl. 


Fig.  3879. 


Corn-Popping  Basket. 


In  Fig.  3879,  the  corn  i.^  placed  in  a  gauze  case  reciprocated 
in  a  gauze  tray  by  a  crunk  upon  the  staff. 

Pop'pet.  1.  (ShipbiiikllDij.)  a.  Poppets  are 
.square  timbers  (shores)  erected  on  the  bilycwat/s  ami 
forming  a  part  of  the  cratUe  on  which  the  vessel  rests 
in  launching.  The  heads  of  the  poppets  are  confined 
by  a  plank  bolted  to  the  bottom  of  the  ship,  and 
their  heels  rest  on  sole-pieces  on  the  upper  sides  of 
the  bilgeways. 

b.  Small  stakes  on  the  gunwale  of  a  boat  to  form 
rowlocks  and  support  the  wash-strake. 


POPPET-HEAD. 
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PORCELAIX. 


2.  One  of  the  heads  of  a  lathe. 

3.  {Sleam-eiigine.)    A  valve  having  an  axial  stem 
and  reciprocating  vertically  on  its  seat,     "      '^ 

PET-V.\LVE. 


See  Pup- 


euese  in  the  beginning  of  the  sixteenth  century  ;  but  this  was 
Sot  the  first  of  the  trade,  though  perhaps  the  first  important 
venture  in  the  way  of  porcelain  merchandising.  Early  in  the 
fifteenth  centurv,  the  French  king.  Charles  Vll.,  had  pieces  in 
his  collection  ;  in  IWT,  Lorenzo  de  Medici  received  several  valu- 
.       ,     „,  .      c      ,.,„    able  porcelain  vases  from  the  Sultan  of  Kg.vptlheMarrhese 

Pop'pet-head.  {Timimg.)  The  part  ot  a  lathe  ca„,^ri  of  Modena  cites  a  letter,  written  m  lo6.,  refeniiig  to 
which  lloUls  the  back-center  and  can  be  fixed  to  any  Bernardo  Carnigiani  ss  the  rediscoverer  of  the  art  of  mal-irg 
wmcii  iiuius  lut  porcelain.    This  waa  more  than  a  century  before   liotticher, 

part  ot  tlie  lii'il.  .         .,  l       „   „o    I  who  was,  however,  an  originaUnot  first)  discoverer. 

Por'Ce-lclin.  Pottery  —  using  tlie  worcl  as  ge-  ^jj^inrijentwhichdirectedBotticher-sattentiontotliesulject 
iieric  — made  of  a  material  which  becomes  vitntied  .„^  observing  the  contents  of  some  crucibles  in  which  feme 
»T„1  tniishiceilt  bv  burnin".  The  term  bunlbig  is  I  alchemical  preparations  Ijad  been  heated.  This  was  noiKedto 
ami  trailMutenC    uy  uuimil„.       luc    "=  J         \  ^^^^i^  porcelain,  which  then  was  a  curiosity  and  of  great 

here  used  m  preference  to  baking,  as  tnat  term  is  ap-  i  ^^^  ^^^  material  which  gave  the  peculiar  character  to  the 
plicable  to  the  first  heating  which  converts  the  plas-  |  compound  wa.s  ascertained  to  be  a  fine  white  clay,  found  ou  the 
};,.  elav  into  himdt  :  road  ■"»'  *""=•  "•'''^''  "»*  excessively  tenacious  and  clammy, 

tic  CW)   into  Oiscail.  f„,i;cHncniisliP,l  from  I  but  capable  when  dry  of  being  reduced  to  a  very  fine  powder. 

The  tests  of  porcelain,  as  contradistingm»tiea  Iiom    ^^  ^^J.^^  ^_^  ^^^  ^^  |.^^  hair-powder  and  went  by  the  nan:e 
iiotterv  in  its  specific  sense,  are  the  glassy  fracture,  <  of..s<.hnorr'8  white  earth."    it  proved  to  be  kaolin. 
!        .  •       .       .  11  -^ 1.    4.1,.,  '^^.^^rtana^   I      jjjg   French    porcelain  works  were  first  estaUished  at   bt. 


Fig.38Sa 


its  clear  ringing  sound  when  struck,  the  homogene- 
ity of  its  outer  and  inner  coat,  its  resistance  to  lire,  i 
water,  and  all  acids  but  thiorhydric.  j 

Porcelain  is  said  to  have  been  invented  in  China  the  fourth 
century  ».  B.     The  name  is  derived  from  porceUana  (l-ortu-  1 
gucse)  a  fine  white  shell  which  was  held  to  resemble  the  ware. 
The'potter's  wheel  is  shown  among  the  very  earliest  of  the 
Egyptian  mural  paintings.      In 
more  than  one  instance  the  wheel 
is  siiown  as  being  tt.sed  in  the 
[  molding  of  man  from  clay.     _         | 
I      Porcel.'iin,as  well  as  other  kinds  ; 
I  of  earthenware,  is  found  in  the 
!  ^vptian  tombs.    One  green  por-  1 

celain  jar  has  hieroglyphics  which 
'  define  it  as  Egypti.in    Other  vases 
t  from  Thebe«,Slkkarah, and  G'.ii- 
1  seh  are  evidently  Chinesi-,  and  in- 
dicate the  comnierci;il  acquaint- 
ance of  the  two  peoples. 

Two    of    these     bottles    were 
brought  to  England  by  Mr.  Raw- 
linson,  another  was  found  in  a 
,  previously  unopened  tomb,  and 
others  are  in  European  museums. 
They  are  of  a  rather  inferior 
article  of  porcelain,  and  probably 
■  contained    a   drug,  perfume,  or 
Kiim'i.llut  Creative  Sniril  of  dye  when  imported. 
(ArE™fi««,m.,i.,.jMan        Mmy  blue  porcelain  emblems 
on  llu  Poller'!  Wr/l'ei  from    and  imises    arc  in   the   Abbott 
/;„„  Egyptian  Collection,  New  \ork. 

'   ''  Many  of  the  cups  and  vases  dis- 

covered -t  Tliebes  are  elegant  in  form",  proportion,  and  coloring, 
and  are  deeply  vi-rified  in  burning.  ,^  .  ,.  „,.  .„  ,^. 
The  porcc'.ain  of  China  is  believed  to  have  been  known  to  the 
Roauns  under  the  name  of  miinhina  rasa  or  7nurrea  rosn  al- 
t  iou"h  ther  had  no  idea  of  iUs  mode  of  formation.  It  was  first 
introdu'clbv  Pomper,  who  dedicated  cups  of  this  kind  to  Ju- 
piter CapitoU'nos.    They  are  mentioned  by  Pbny,  MarOal,  ana 

Kg.  3881. 
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ot^ers.    Pliny's  gness  at  the  way  in  which  they  are  formed, "  a 
Fubstance  formed  by  a  moisture  thickened   in   the  earth   by 
lie  It,"'  shows  that  tliey  were  not  glass.     The  latter  was  no  nov- 
cltv  in  the  time  of  Pliny.     See  Guss. 
Oriental  porcelain  was  imported  into  Europe  by  the  Portn- 


Cloud.  in  1695,  by  Louis  XIV. ;  at  Vincennes,  1740  ;  ren  oved 
to  Sevres,  1786.  *  ui-  i,  .i 

The  Meissen,  Saxonv,  porcelain  manufactcry  was  establishea 
bv -Augustus  II.,  Elector  of  Saxony,  in  1710.  B  tticher  invented 
the  hard  paste  in  1706:  the  red  ware  like  jasper,  in  1711:  white 
porcelain,  in  1709:  the  perfect,  white  kind,  in  lilo.  Ilcdied 
in  1719.  H  roldt  introduced  gilding  and  painting  in  liiO; 
modeled  groups,  in  1731 ;  porcelain  made  in  England,  at  Bow, 
in  1G98       Wedgwood  ware  was  first  patented,  17t?2. 

Porcelain  may  be  distinguished  from  the  coarser  earthenware 
as  a  potten-  which  is  fine  grained,  ccmpact,  very  hard,  and 
somewhat  translucid.  The  latter  quality  is  derived  from  its 
partial  vitrification.     It  has  various  colors 

Porcelain  is  divided  into  hard  and  tender.  The  former  is 
made  in  Germanv  and  in  .Asia,  and  the  latter  is  held  to  include 
the  ironstone  china  and  similar  ware,  so  heavily  niimnft  cturid 
in  England.  Kaolin  is  the  principal  ingrediint,  mixed  vith  a 
peculiar  mineral,  as  related  elstwhere  in  this  article  in  a  n  I  ort 
of  the  French  emis.sar\-  who  went  to  China  to  discover  the  se- 
cret of  the  n  anufacture.  Its  gltze  is  earthy  and  non-metallic. 
Tender  porcelain,  on  the  conlniry,  ccnfisLs  of  a  vitreous  frit, 
which  is  rendered  opaque  and  less  fusible  by  mixture  with  a 
calcareous  or  marshy  clay.  Its  glaze  is  an  arlifirial  glass  com- 
posed of  lead,  silica,  and  an  alkali.  This  portelain  would  melt 
at  the  heat  which  the  other  requires  to  hum  it. 

It  is  held  to  occupv  a  place  between  tlie  hard  porcelain  and 
fine  stone  ware  It  diflers  from  the  first  in  the  friability  of  its 
paste,  and  iu  n.etallic  gk.ze,  and  from  the  second  in  Us  trans- 
parency and  stronger  glaze. 

The  information  gathered  from  the  French  emissary  who  went 
to  China  to  spy  out  the  process  is  published  by  the  Itoyal 
Academy  of  Paris,  and  is  in  substance  as  follows :  — 

There  are  three  materials  employ  id  in  forn.irg  the  body  of 
the  ware,  but  all  the  three  are  never  used  at  once. 

The  first  is  called  petuntse.  It  tontains  scattered  shining  par- 
ticles, is  fine  grained,  and  is  qunrried  from  certain  rcfks.  It  is 
prep.i'red  for  use  bv  first  breaking  it  with  hammers,  then  grind- 
ing it  in  mortars  with  iron  pestles,  and,  lastly,  it  is  w:;shed  over, 
t.iking  only  the  white  creamy  u  alter  which  floats  on  the  sur- 
face, which,  after  being  dried  and  pressed  into  smtll  takes,  is 
fit  for  use 

The  .second  material  is  called  kaohn,  and  rpi  ears  to  be  por- 
celain clav,  namely,  that  yrhich  results  frcm  the  dcccmi  o.«iticn 
of  feldspa'r.  It  is' described  as  ofcnrring  in  lun^ps  in  the  cKf*s 
of  mountaiu.s,  covered  with  a  reddish  earth.  II  is  ptepared  tor 
use  exactly  in  the  same  miirner  as  the  petttntse. 

The  third  material  iscnlkd  l.oachi  It  is  ifcd  instead  of  kao- 
lin. It  has  a  smooth,  soapy  feci,  and  no  doubt  is  cilhcr  steatite  or 
Boapstone  or  agalmatolite.  It  is  prepared  in  the  same  m;  nrer 
as  the  preeeding.  Porcelain  n.!  de  with  this  latter  is  nuirh 
dearer  than  that  made  with  knolin.  It  has  an  cxtudirgh  fine 
grain  and  is  very  light,  but  at  the  same  time  nioie  fragile,  ard 
it  is  not  ea.«v  to  hit  on  the  precise  dipree  of  heat  thiit  ^nits  it 
For  the  fine'st  porcelain,  four  parts  of  hoi.che  arc  added  lo  ore 
ofpetunt.se  Sometimes  the  botly  of  the  ware  is  made  with  I  a- 
olin ;  and  then  the  article,  when  dry,  is  dipped  in  the  hcaclie, 
brought  to  the  consistency  of  cream :  what  adheres  forms  a  thin 
layer,  on  which,  when  dry,  are  laid  the  co'ie  rs  and  the  riazc  :  aid 
thus  a  porcelain  finer  than  the  cemnion  is  obtaimd.  Hoi.che  is 
also  laid  with  a  pencil,  before  glazing,  on  those  parts  of  the  ctm- 
mon  porcelain  that  are  intended  to  have  an  ivory-white  <olor 

For  the  fine  kaolin  porcelnins,  equal  parts  of  that  subftai.ee 
and  of  petuntse  are  employed  :  for  the  less  flee,  two  parts  of  the 
former  and  three  of  the  latter  The  ingredients  Icing  put  to- 
gether in  due  proportions,  the  mass  is  larefully  tin  pered  ;  i  d 
kneaded  by  hand,  and  then  the  ware  is  wrought  on  the  whiil, 
or  for  articles  of  irregular  figure,  yvhich  cannot  be  thus  forn  ed, 
is  made  bv  pressing  tli<  composition  into  molds  and  then  ui  ii- 
ing  the  several  pieces  bv  moist  clay.  The  piece,  beii  g  foin  <d, 
is  very  carefully  dried,  and  is  then  covered  yvith  the  glaze  The 
'  whi'e  semi-tnmsparent  glaze  is  thus  prepared:  The  whiti  t 
petuntse  yvith  green  spots  is  pulverized  and  washed  over,  i.s 
already  describeil :  ai:d  to  one  hundred  ptirt-s  of  the  cream  tin  s 
obtdned  is  adde.1  one  fiart  of  chf-kan  (burnt  alum  or  perb  ps 
gypsum)  previou..ily  pulverized.     A  caustic  potash  lye  is  aiso 
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prepaix'd,  into  which  che-kan  is  stirred,  and  thecvemii  thus  pro- 
duced 18  colU^fted.  The  two  creams  are  then  mixed  together  in 
the  proportion  of  ten  measures  of  the  former  to  one  of  the  lat- 
ter. This  composition  it  is  which  gi?ea  to  porcelain  glaze  its 
whiteness  and  luster. 

A  brown  glaze  ia  made  of  common  yellow  clay  washed  over 
and  brought  to  the  consistence  of  cream  and  then  mixed  with 
the  former  gLize.  If  the  brown  glaze  is  not  to  cover  thp  whole 
of  t.ie  surf.ice,  wet  p:iper  is  laid  on  the  reserved  parts,  which, 
after  the  glaze  has  been  put  on  and  has  ceased  to  be  tluid,  is 
rcDioved,  and  such  blank  parts  are  then  painted  in  colors  and 
covered  with  the  common  white  glaze. 

When  tlie  t;Iaze  is  thoroughly  dry,  the  ware  is  put  into  the 
furnace  for  tie  first  time,  whence  it  appears  that  the  ware  is 
never  in  the  state  of  biscuit,  —  a  circumstance  in  which  the 
process  matti'inlly  differs  from  that  adopted  by  the  European 
uiaiiuficturers,  who  put  on  the  glaze  after  the  fir^t  firing  of 
t.ie  "iv.ire. 

The  flux  used  with  thosecolors  that  are  laid  on  over  the  glaze 
is  made  of  utiartz, calcined  and  pulveriz*-d,aiid  then  mixed  with 
ceruse  in  t-.»u  proportion  of  one  of  quartz  to  two  of  ceruse. 

Red  is  given  by  peroxide  of  iron,  produced  by  calcining  green 
vitriol ;  and  a  finer  red  is  made  of  copper,  but  the  particular 
process  is  kept  secret. 

The  enamel  co.ors  are  tempered  to  the  proper  consistence  by 
a  solution  of  glue,  except  those  into  the  composition  of  which 
the  ceruse  enters;  these  latter  are  tempered  only  with  water. 

Petuntse  and  ^1o//rt  {Chinese  names)  are  both  derived  from 
feldspar,  which  consists  of  silica,  alumina,  and  potash.  Kaolin 
con.^ists  of  decomposed  feldspar,  and  petunt.se  is  the  powder  of 
K/i  ie"ompo-eJ  feldspir.  The  radical  difference  seems  to  be 
tint  by  decomposition  and  exposure  to  the  air  the  kaolin  has 
aciiuired  plasticity,  has  become  a  clat/.  This  being  the  case,  it 
is  eisy  to  conceive  tiie  propriety  of  keeping  the  prepared  clay 
in  a  condition  to  improve  by  exposure  and  age,  before  working 
it.  Mirco  Polo,  who  was  from  1274  to  1291  in  the  .service  of 
Kublai  Khan,  the  Conqueror  of  China,  states  that  the  heaps 
of  porcelain  clay  were  exposed  in  China  for  thirty  to  forty  years 
before  u-.ing;  so  that  men  gathered  the  materials  for  their 
chil  Iren  and  grandchildren. 

Tiie  other  material  mentioned  is  hoachi^,  and  probably,  as 
the  Pere  d'Eutrecolles  remarks,  is  steatite;  which  is  a  com- 
pound of  >ilicj.  aud  magnesia 

We  cannot  go  into  all  the  particulars  of  the  history  of  the 
art,  nor  describe  the  ingredients  and  compositions  of  the  porce 
iaiiis  of  C.iina,  Dresden,  Sevres,  Berlin,  Vienna,  Bohemia,  but 
nius;  refer  our  reidi'rs  toBircli's  "  History  of  Ancient  Pottery  " 
(IS-j'^);  Marryat's  "  History  of  Pottery  and  Porcelain,  Medieval 
and  .Modern  "  (1857);  and  Brogniarfs  "  Arts  Ceramiijues." 

Por'ce-lain-cem'ent.  Stir  plaster  of  Paris  into 
atliiik  solution  of  <;inn-arabic  ;  apjily  with  a  brush. 

Por'ce-lain-gild'ing.  Porcelain  is  gilded  with 
a  ma^Miia  of  gold,  (piioksilver,  and  flux,  thinned 
with  turpentine  and  oil,  like  paint,  and  laid  on  with 
a  brush.  A  stencil-jdate  and  powdered  charcoal  may 
he  used  to  delineate  the  desiifn  upon  an  adhesive 
surface  spread  upon  the  ware.  The  black  magma 
turns  to  a  dead  gold  color  by  firing  as  the  volatile 
ingredients  are  sublimed 


Fig.  3882. 


and  the  brightness  of  gold 
is  obtained  by  buruish- 
ins. 

Por'ce-lain-mill.  An 
arraugiMiHMit  of  vats  for 
the  mixing  and  decanta- 
tion  of  sli[),  straining  and 
feeding  it  to  the  grinder, 
which  consists  of  a  run- 
ner and  bed-stone  of 
chert  (honistone),  by 
which  the  h'Mspar  and 
flint  are  reduced  to  an 
impalpable   and  creamy 

en. 


B  *  V      I,  inipai[>auie    ana   cream; 

■  I  Mil     f  consistence. 

I  fl|      \i  Por'ce-lain-ov'er 

"  III     ml  The  porcelain-oven  (Fig 

■-  iPI  11:.  3832)    is   built  in   thre 
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stages,  a  h  c  ;  tlic  I'.oiii- 
cal  top  has  an  opening 
which  serves  as  the  chim- 
ney. Tlie  lower  stages 
a  h  are  used  for  "strong 
firing"  the  porcelain, 
while  the  upper  stage  c, 
called  the  howcll,  crown, 


or  cowl,  serves  for  "raw  burning."  Each  of  the 
lower  stages  is  provided  with  fireplaces  c  e  and  asli- 
jiits//,  the  openings  of  which  are  closed  while  buiii- 
ing.  The  fuel  (wood)  is  introduced  through  the 
openings  g  g,  and  openings  h  h  permit  the  cin'ula- 
tion  of  the  hot  gases  through  the  oven  ;  i  is  the 
entrance-door. 

Por'ce-lain-pa'per.  A  kind  of  French  glazed, 
fancy  paper.      Figured,  painted,  or  gilt. 

Por'ce-lain-pic'ture.  A  kind  of  photograjihic 
picture  in  which  a  positive  is  produced  upon  a  milky 
or  semi-translucent  glass.  The  coUodio-chloride 
jirocess  is  fre(|uently  adopted,  which  see. 

Por'ce-lain-print'ing.  The  transfeiring  of  an 
imjiression  of  an  engraving  to  porcelain  in  the  his- 
cuit  or  tlie  glazed  condition.  The  former  is  called 
press-printing :  the  latter,  hat-printing. 

In  press-printing,  the  engraving  is  very  heavy,  is 
taken  on  pottery-tissue  pa]ier,  transferred  to  the  bis- 
cuit by  rubbing  with  soajied  flannel  and  then  a  roll  of 
Hannel ;  the  paper  is  then  damped  ofi',  and  the  oil  of 
the  ink  driven  off  by  heating  the  biscuit  in  a  hard- 
ening-kiln,  previous  to  glazing. 

In  bat-printing,  the  lines  of  the  engraving  aie 
more  delicate.  The  impression  is  taken  in  linseed- 
oil  on  a  slab  of  dani])  glue,  and  transferred  fioni 
thence  to  the  glazed  ware.  Color  is  then  dusted  on 
to  the  oil,  and  the  ware  is  fired  in  an  enamel  kiln. 

Printing  on  porcelain,  or  the  transferring  r)f 
printed  impressions  to  biscuit,  was  introduced  by 
Dr.  Wale  of  Worcester  about  1751.  The  Pru.ssians 
refer  the  discovery  of  the  process  to  the  year  1757. 

Porch.  (Architecture.)  A  covered  enti'ance  to  a 
building.     With  a  row  of  columns  it  is  a  portico. 

Porch-post  Sup-port'.  A  casting  placed  be- 
tween the  foot  of  a  ]iost  anil  the  floor  of  a  porch  to 
prevent  decay  of  the  two  at  that  point. 

Por'cu-pine.  (Fiber.)  A  heckling  apparatus 
for  Hax  ;  or  a  cylindrical  heckle  for  worsted  yarn. 

Por'phy-ri-za'tion.  A  mode  of  grinding  sub- 
stances by  a  nniUer  upon  a  slab.  Porphyry,  from  its 
extreme  hardness,  is  eminently  suitable,  and  has 
given  its  name  to  the  process. 

Triturating  mortars  of  ]iorphyry,  29  inches  in  diam- 
eter, have  been  made  in  France,  Imt  are  very  expen- 
sive, owing  to  the  difficulty  of  working  the  material. 
See  AituASTiiA  ;  Moutak  ;  Oue-.\ull. 

Por'phy-ry.  1.  A  rock  having  a  hard  base,  usu- 
ally felds]iuthic,  through  which  crystals  of  feldspar 
are  disseminated. 

2.  Also,  among  stone-cutters,  a  hard  and  valuable 
descripticni  of  marble.  There  are  varieties  of  red, 
green,  and  gray  colors. 

Port.  1.  {S/iiphui/ding.)  a.  A  framed  opening  in 
a  ship's  side  through  which  a  gun  is  fired,  a  hawser 
passed  out,  or  cargo  jiassed  in  or  out.  They  are 
known  as  pioi-ports,  J«/Zn,«<-ports,  cacj/o-ports,  etc., 
and  are  closed  by  shutters  or  lids. 

Eow-imvtti  are  for  sweeps. 

The  aft  and  forward  ports  are  known  as  stern, 
quarter,  or  bridle  ports  ;  also  as  c^asc-ports,  stem- 
chase  ports,  etc. 

A  half-port  is  one  hinged  to  the  sill  of  the  port 
and  closing  the  latter  up  to  the  line  of  metal  of  the 
gun. 

A  light-jiort  is  an  opening  provided  with  a  glazed 
lid  or  side-light.  A  water-tight  shutter  over  the 
side-light  is  called  a  dead-light,  and  is  used  in  stormy 
weather. 

An  air-port  is  an  opening  through  the  side  below 
decks  for  ventilation. 

2.  (Nautical.)  The  left  side  of  a  vessel  to  a  per- 
son standing  on  deck  and  facing  toward  the  bows. 
It  was  formerly  called  larboard. 
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3.  (Steam-engine  and  Hydraulics. )  A  steam  open- 
ing. An  aperture  for  the  passage  of  a  fluid ;  as,  a 
sfeam-port,  ivalcr-port,  g^os-port. 

The  entering  port  for  live  steam  is  the  inlet  or  i«- 
ductiun  port  ;  the  port  of  departure  is  the  outlet, 
eduction,  or  exhxaist  port. 

i.  (Harness.)  The  curve  in  the  mouth-piece  of 
some  bridle-bits. 

Port-bit.  (Harness.)  A  general  name  for  all  bits 
having  a  port  mouth-piece. 

Port'a-ble  Boat,  One  adapted  for  being  re- 
duced to  a  small  compa.ss  for  land  transportation. 
Various  devices  of  this  kind  have  become  the  sub- 
ject of  patents.     See  Folding-boat. 

One  form  has  diagonal  thwarts  and  ribs  pivoted  at 
their  centers  by  upright  standards  and  having 
hinge -joints  at  their  ends  ;  it  is  longitudinal, 
strengthened  by  two  pieces  one  above  and  one, 
corresponding  to  a  keelson,  below  ;  the  frame  is 
covered  with  water-proof  material,  and  may  be  fold- 
ed up  so  as  to  occupy  a  space  not  exceeding  the 
length  of  the  ribs.  In  another,  the  longitudinal 
pieces  are  hinged,  admitting  of  being  folded  ;  the 
transverse  pieces  are  scarfed  together  and  secured  by 
bauds  and  quoins  so  as  to  be  readily  disunited.  The 
floor  and  sides  may  be  of  plank,  or  the  frame  may  be 
covered  with  canvas  so  laced  as  to  be  quickly  ap- 
plied and  removed. 

The  frame  of  a  third  form  has  an  inner  and  outer 
keel,  to  the  former  of  wliich  a  folding  wing  on  each 
side  is  hinged  ;  two  iron  rods  running  from  end  to 

Fig.  3S8a 
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Roufins  Bolter  and  Funtacu 


end  are  pivoted  so  that  they  can  be  brought  near 
together.  Tlie  midille  rib,  seat,  and  cross-bar  are 
turned  upon  a  pivoted  standard  until  parallel  with 
the  keel,  and  the  wings  folded  in  upon  them.     The 


Fig.  3384. 


frame  has  a  flexible  covering.     See  also  FOLDlNe- 

BOAT  ;    BrOGY-BOAT  ;    PONTON  ;    CaXOE. 

Port'a-ble  Boil'er  and  Fur'nace.  A  furnace 
on  wheels  for  paving  or  rooting  purposes,  to  heat  the 
tar  or  other  material.  In  the  example,  the  furnace, 
boiler,  and  other  incidentals  are  mounted  on  a  spring 
dray  for  convenient  transportation. 

Fig.  3884  is  an  agricultural  furnace  for  cooking 
feed  for  stock. 

Port'a-ble  Der'rick.     One  for  stacking  hay  in 

Fig.  3885. 


Agricuitural  Fumaee. 


Portable  Derrick. 


the  field,  loading  stone  in  a  quarry,  or  in  other  situ- 
ations where  it  may  require  to  be  occasionally  moved. 
In  the  example,  the  hoi.st- 


ing-rope  has  an  adjustable 
block  which  comes  in  con- 
tact with  the  trip-lever 
when  the  load  is  at  the 
proper  elevation.  The 
tripping  of  the  lever  al- 
lows the  swinging  around 
of  the  derrick. 

Port'a-ble  Fence. 
(Husbcindn/.)  One  which 
may  be  shifted  as  conven- 
ience may  require. 

In  Fig.  3886,  the  string- 
pieces  have  eyes  which 
engage  hooks  on  the  posts. 

In  Fig.  388",  one  brace 
is  pivoted  to  the  other, 
and  the  latter  to  the  post. 


Fig.  3886. 


SJti/ting-Pand  Fence. 


In  Fig.  3888,  the  posts  and  braces  are  framed  into 
the  sills,  and  the  parts  secured  by  keys  and  wedges, 
without  nails. 

Fig.  3887. 


Diagonat-Erace  Fence. 
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Fence  with  Sill-Piece, 

Tigs.  3S89  and  3890  are  picket-panels,  interlock- 
;  at  the  ends.     The  latter  has  also  a  brace-piece. 


Fig.  3889. 


Picket-Worm  Fence. 

Port'a-ble  Fur'nace.    Aiken's  portable  blast- 
furnace  is   iu    three   parts,   all   made    out   of   the 

Fig.  3890. 


Fig  3891. 


Picket-Worm  Fence. 


black-lead  melting-pots  used  by  goldsmiths.  The 
lower  ]iiece  c  is  the  bottom  of  one  of  these  pots,  cut 
off  so  low  as  only  to  have  a  cavity  about  an  inch 
deep,  and  giound  smooth  above  and  below.  The 
middle  piece  or  fireplace  «  is  a  larger  portion  of  a 
siniilar  pot,  with  a  cavity  about  6  inches  deep,  meas- 
uring 7^  inches  over  the  top,  and  being  perforated 
witli  6  blast-holes.  An  upper  pot  of  the  same  dimen- 
sions as  the  lower  one  is  added  to  confine  the  heat 
and  protect  the  eyes  from 
the  glare.  A  hole  allows 
the  exit  of  the  flame  and 
smoke.  An  iron  handle 
is  provided  for  unship- 
ping the  top  section 
when  the  crucible  is  to 
be  removed.  The  bel- 
lows are  fixed  to  a  heavy 
stool,  the  nozzle  is  re- 
ceived into  a  hole  in  the 
pot  c,  which  conducts  the 
blast  into  the  cavity. 
The  furnace  is  suitable 
lor  a  laboratory  and  for 
metalhirgicoperationson 
a  small  scale. 


Aiken^s  Portable  Btast-Furnace. 


Fig.  3892  is  an  apparatus  for  boiling  stock  feed, 
tar,  or  what  not.  It  is  made  wholly  of  cast-iron, 
and  the  kettle  is  made  to  fit  into  a  recess  directly 
over  the  fire,  the  whole  being  so  constructed  that  the 

Fig.  3892. 


Portable  Kettle  and  Furnace. 

products  of  combustion  are  made  to  act  more 
cqvially  on  the  bottom  and  sides  of  the  kettle, 
which  is  accomplished  by  a  peculiar  arrangement 
of  horizontal  partition-plates  forming  flues. 

Port'a-ble  Press.  This  may  be  any  one  among 
many  of  the  ditlcrent  mechanical  constructions. 
Placing  a  press  on  wheels  may  be  said  to  constitute 
it  a  portable  press,  but  the  necessities  of  the  case 
sometimes  recjuire  peculiarities  of  construction. 

In  the  example  shown,  the  press  is  on  wheels.  The  hind 
wheels  are  sunk  into  pits,  throwing  up  the  forward  end  ?o  that 
draft  animals  may  work  the  sweep  helow  the  fore  end,  upoa 

Fig.  3893. 


Portable  Baling-Press. 
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Fig.  3894. 


Portable  Pump-^ 

which  is  placed  the  capstan  on  which  winds  the  rope  by  which 
the  toggles  are  worked. 

The  abutment  head  of  the  press-bos  is  adjustable.  When 
operating  as  a  beater,  the  follower  is  operated  by  togjile-arms 
I  r.  The  arms  are  drawn  up  by  a  cord,  which  is  tripped  fi'om 
its  pulley  to  allow  the  said  arms  to  descend.  For  completing 
the  pressure,  additional  toggle-arms  L  V  are  brought  in  op- 
eration. Both  pairs  of  toggle-arms  are  operated  by  a  single  rope 
in  this  latter  operation.    The  lids  of  the  bos  are  balanced  by 


weights  to  assist  in  their  opening.  The  passages  in  the  heads 
for  introduction  of  the  hoops  are  recessed  beneath  to  permit 
the  passage  of  the  arm  of  the  operator,  and  the  box  bottom  is 
grooved  to  guide  the  hoops  from  side  to  side  beneath  the  bale. 

Port'a-ble  Piunp.  Oue  for  use  in  an  emergency, 
or  for  watering  gardens,  or  emptying  cisterns  or 
casks. 

Baddeley's  {Ay  Tig  3-S94)  is  a  combined  suction  and  force 
pump,  designed  for  irrigating  and  manuring  purposes.  It  may 
also  be  used  as  a  fire-engine.  It  is  mounted  on  a  carriage,  and 
is  operated  by  means  of  a  brake  a.  An  air-chamber  b  enables 
a  continuous  stream  to  be  thrown. 

Fully  and  Reece's  pump  (fi)  is  designed  for  transferring  liquids 
from  casks,  etc.  For  this  purpose,  it  is  provided  with  a  conical 
sleeve  a  entering  the  bung-hole  and  secured  by  a  cliimp-screw. 
It  is  operated  by  a  crank  which  causes  two  reciprocations  of  tbe 
piston  at  each  revolution  by  means  of  the  pitman  6,  which 
hasshding-boxes  c  tj  working  in  slots  of  the  arms  of  the  dosh- 
wheel  e, 

Port'a-ble  Rail'viray.  {Civil  Emjinccrinfj.)  One 
so  constructed  as  to  be  taken  apart  for  transportation 
and  relaid  at  tlie  diti'erent  points  where  a  temporary 
track  may  be  required  for  bringing  or  renfoving 
earth  or  other  materials  during  the  progress  of  a 
work. 

Peteler'e  is  composed  of  sections,  each  20  feet  long,  the  rails 
being  of  wood,  faced  on  top  with  iron  and  united  by  ties  mor- 
tised" therein.  The  ends  of  the  sections  may  be  united  by  bolt, 
mortise,  and  tenon  attachment,  or  by  books  and  eyes. 

Light  cars  capable  of  holding  from  one  half  to  one  cubic  yard 
of  earth ,  and  of  form  adapted  to  the  requirements  of  the  ground 
or  material  to  be  moved,  are  used  in  connection  with  the  road. 

Portable  railroads  have  frequently  been  made  for  temporary 
purposes,  such  as  the  conveyance  of  locomotives, cars, etc.,  frnm 
shops  to  the  permanent  way  of  a  railway  ;  also  for  carrying 
and  dumping  earth,  gravel,  or  stone  for  fillings,  embankments, 
backing  of  wharf,  for  ballast  and  for  freight. 

Peteler's  organized  arrangement  of  detached  sections,  turn- 
out,frogs,  supporting  trestles,  bridges,  crossings,  and  turn-tables, 
patented  September  4,  1866,  has  been  utilized  in  some  cases 
where  the  distance  is  not  great,  and  found  more  economical  than 
carts. 

Port'a-ble  Steam-en'gine.  A  steam-engine 
attached  to  a  boiler  and  capable  of  easy  transporta- 
tion. It  is  generally  adapted  for  out-door  work. 
Locomotives  and  traction-engines  are,  strictly  speak- 
ing, portable  engines,  but  are  not  generally  reit-rred 
to  by  that  name.     See  Locomotive  ;   Tkaction- 

ENGIXE. 

Fig.  3S95  shows  a  form  of  portable  engine  much  used  in  the 
West.  The  engine  is  secured  to  a  hollow  cylindrical  bed-plate, 
which  in  turn  rests  in  saddles  on  the  boiler.    The  object  of  this 


Fig.  3895. 


ami  Saw. 


bed-plate  is  to  prevent  damage  to  the  engine  or  boiler  due  to 
unequal  expansion  and  contraction  from  the  effect  of  heat 
The  bed-plat*  is  also  made  to  serve  as  a  feed-water  heater  by 
the  passage  of  exhaust  steam  through  it  on  the  way  to  the 
smoke-stark      The  boiler  is  of  the  locomotive  pattern. 

The  cut  shows  the  engine  at  work  in  the  field  driving  a  port- 
able saw-mill. 

In  Fig  3S9fl,  A  shows  the  English  form  of  portable  steam-en- 
gine for  thrashinijanii  grinding  grain. grinding  bark,  pumping, 
•&.wiDgwood,  cutting  feed,  etc.     In  this,  a  is  the  tubular  boiler 


with  oval  fire-grate  :  J,  fire-box ;  c ,  cylinder  of  engine  ;  /,  connect- 
ing-rod; £-,  governor:  A, fly-wheel;  t, cold-water  tank, to  which 
is  attached  tbe  pump  for  supplying  the  boiler  ;  ic,  traveUng- 
wheels  ;  s.  shafts  for  two  horses  abreast ;  t\  safety-valve. 

B,  in  this  figure,  is  a  self-moving  engine  intended  for  use 
with  a  thrashing-machine,  but  capable  of  making  short  jour- 
neys over  country  roads  by  its  own  power  and  of  being  used  as 
a  traction-engine. 

Ficr  3^9'  shows  two  views  of  a  portable  engine  adapted  for 
out-door  work,  and  provided  with  di&H  attachments  for  horses. 
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Fig.  3896. 


The  boilers  are  of  the 
locomolivy  pattern, 
with  steam-douie  ovor 
the  fire-  box.  The 
steam-cylindcrin  these 
engines  is  iu  the  base 
of  tue  amoke  stack. 

D,  Fig.  3897,  is  pro- 
Tiilej  with  a  locking 
bmke  attachment  for 
tlio  wheels,  to  prevent 
vibration  while  the 
machiue  is  running. 

The  Baxter  portable 
engine  is  mounted  on 
top  of  an  upright  boil- 
er, and  the  cylinder, 
which  is  also  vertical, 
is  within  the  steam- 
dome,  whereby  it  is 
kept  hot,  preventing 
condensation  of  steam 
in  the  cylinder.  In 
Fig.  3898,  the  upper 
view  shows  the  ar- 
rangement of  parts  of 
the  engine,  while  the 
lower  cut  is  a  sectional 
viaw,  showing  the  po- 
sition of  the  cylinder^ 
piston,  steam  -  chest, 
valves,  and  valve-rod. 
It  shows  also  how  the 
interior  of  the  boiler  is 
braced,  so  as  to  give  it 
the  requisite  strength ; 
the  position  of  the 
grate  and  combustion- 
chamber,  and  the  pipe 
by  which  the  heated 
water  from  the  water- 
bottom  is  forced  into 
the  boiler. 

Owing  to  the  com- 
paratively large  diam- 
eter and  the  placing 
of  the  cylinder  below 
the  top  of  the  boiler, 
the  center  of  gravity 
of  the  whole  machine 
is  brought  down  low, 
and  shaking  of  the 
top  frame,  on  which 
the  driving-wheel  is 
hung,  is  to  a  great  ex- 
tent prevented. 

The    best    reported 


Fig.  3S98. 


BdJrltr  ForCnhle  Engine. 


duty  of  the  English  portable  steam-engine  was  a  7  horse-power 
engine  built  by  llorusby,  in  which  36  pounds  of  coal  were  used 
in  getting  up  steam  ;  the  consumption  was  37  pounds  per  hour, 
being  5.28  pounds  per  horse-power  per  hour,  and  370  pounds 
per  day  of  10  hours.  The  Baxter  engine  has  been  known  to 
develop  1  horse-power  for  each  3i  pounds  of  coal  per  hour. 

In  Fig.  3S99,  b  d  are  forms  of  portable  engines  mounted  on 
carriages  wbicji  can  be  moved  from  place  to  place.    The  engine 

Fig.  3899. 


A  B,  English;  C  D,  American  Portable  Engines. 


Portable  Engines/or  variojts  Ptirposex. 

and  boiler  d  swiveled  on  the  carriage  form  a  counterpoise  for 
the  weicht  on  the  crane  b  i.s  a  contmctor's  locomotive,  a  is 
adapted  to  hoisting,  and  c  to  driving  a  pump. 


PORTABLE  STOVE. 
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PORTLAND  CEMENT. 


Port'a-ble  Stove.  A  stove  for  army,  emii;rant, 
or  niechanieal  uses,  which  reijiiire  its  removal  and 
transportation.  Such  are  used  by  phimbers,  and  by 
tliose  who  follow  the  business  of  roofing  with  paper 
and  bituminous  compounds,  tar,  etc.    See  page  1767. 

Tile  stoves  are  of  sheet-iron,  and  adapted  to  heat 
kettles,  caldi-ons,  or  ovens,  as  the  case  may  be. 

Por'taL  {Architecture.)  The  arch  over  a  door 
or  gateway  ;  an  entrance  under  cover. 

Port-cul'lia.  (Fortification.)  A  frame  of  iron 
or  wooden  bars  sliding  in  grooves,  and  capable  of  be- 
ing lowered  to  close  a  gateway. 

Porte-ai-guille'.  (Surgical.)  A  fine  forceps 
forming  a  haniUe  or  holder  for  a  needle,  having  jaws 
closed  by  a  sliding  ring.  It  is  also  used  for  passing 
a  ligature  needle  around  an  artery  in  deep-seated 
jiUu'es,  out  of  the  reach  of  an  ordinary  tenaculum. 

Porte-bou-gie'.  (Surgical.)  A  silver  canula  for 
comlueting  a  bougie  into  the  urethra. 

Porte— caus-tique'.  (Surgical.)  An  instrument 
like  a  porte-orayon  for  applying  a  stick  of  luna- 
caustic  to  a  deep-seated  part. 

Porte— cor'don.  An  instrument  made  in  halves, 
of  whalebone  or  hard  rubber,  with  an  open  loop  in 
front,  wliieli  may  be  closed  by  one  .sliding  on  the 
other  ;  it  is  used  for  holding  or  changing  the  po- 
sition of  the  umbilical  cord,  in  obstetrics. 

Porte-cray'on.  A  pencil-case.  A  handle  with 
sliling  jaws  to  grasp  a  crayon. 

Porte-meche.  (Surgical.)  A  wire  instrument 
having  a  notch  at  one  end  and  a  button  at  the 
other  ;  used  to  carry  a  tent  or  miclie  into  deep  ul- 
cers or  fistulous  openings.     See  Probe. 

Porte-mon-naie'.  A  leathern  pocket-book  for 
hoMiiig  money,  etc. 

Porte-mox'a.  (Surgical.)  An  instrument  with 
a  ring  and  liaudle,  and  used  for  applying  a  mo-xa  to 
the  skin. 

Porte-naeud.  (Surgical.)  An  instrument  for 
carrying  a  ligature  around  the  base  or  pedicle  of  a 
tumor. 

Porte-pi-erre'.  (Surgical.)  A  handle  with  slid- 
ing jinvs  to  liold  a  stick  of  luna-caustic. 

Porte-pol'ish-er.  A  dentist's  instrument  by 
which  a  polishing  stick  or  slip  is  held  and  applied. 
It  i?  like  a  forceps,  and  forms  a  handle  for  the  co- 
runiium-points  or  other  abradant. 

Por'ter.  1.  (Forging.)  a.  A  long  bar  of  iron  at- 
tached in  continuation  of  the  axis  of  a  heavy  forg- 
ing, whereby  it  is  guided  beneath  the  hammer  or 
into  the  furnace,  being  suspended  by  chains  from  a 
crane  above.  A  cross  lever  fi.^;ed  to  the  porter  is 
the  means  of  rotating  the  forging  beneath  the  ham- 
mer. 

b,  A  smaller  bar  from  whose  end  an  article  is 
forged,  as  a  knife-blade,  for  instance. 

2.  (Weai-ing .)  A  weaver's  term  in  Scotland  for 
twenty  splits  in  plain  work.  In  England  it  is 
called  a  beer.  A  split  is  a  dent  of  the  reed,  and 
when  two  threads  go  to  a  split  forty  threads  go  to  a 
porter.  In  England  reeds  are  rated  by  the  number 
of  splits  to  an  inch. 

Porte-sonde.  (Surgical.)  An  instrument  re- 
sembling a  porte-crayoii  or  porfe-causfiquc,  to  intro- 
duce a  sti/lc  or  sonde  into  the  nasal  duct  in  fistula 
lachrymilis. 

Port-fire.  A  paper  tube  filled  with  a  composi- 
tion of  niter,  sulphur,  and  mealed  gunpowder ; 
formerly  used  to  fire  guns.  Now  superseded  by  the 
friction-primer  and  gun-lock. 

The  common  port-fire  is  sixteen  inches  long,  and 
is  packed  with  a  composition  which  burns  at  the 
rate  of  about  one  inch  per  minute. 

The  slow  port-fire  consists  of  paper  impregnated 


with  saltpeter  and  rolled  into  a  solid  cylinder  about 
sixteen  inches  long.  It  will  burn  three  or  four 
hours. 

Port-fires  may  be  made  by  boiling  square  rods  of  poplar  or 
other  light  porous  wood  in  a  solution  composed  of  one  <juurt 
of  water  to  one  pound  of  nitrate  of  lead  for  six  hours.  These 
are  then  dried  and  afterward  boiled  in  spirits  of  turpentine. 
One  yard  will  bum  three  hours. 

Port-fire  Clip'per.  A  nippers  for  cutting  olf 
the  ends  of  port-fires. 

Port-flange.  (Shipbuilding.)  A  batten  above 
the  port  to  keep  drip  from  entering. 

Port-fol'io.  A  case  for  hokling  loose  drawings 
or  papers.  That  shown  has  an  adjustable  back- 
Fig.  3900. 
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Expansible  Portfolio. 

piece,  which  may  be  extended  or  contracted  in  such 
a  way  as  to  increase  or  diminish  the  distance  be- 
tween the  side  covers,  and  adjust  them  in  any 
desired  position,  for  the  purpose  of  accommodating 
any  number  of  sheets  of  paper.     See  also  Papek- 

FlLE. 

Port-fol'io-stand.  A  piece  of  furniture  for 
holding  folios,mu- 

sic-books,   or   en-  fig  3901. 

gravings.  In  that 
shown,  the  side  < 
wings  can  be 
turned  down  and 
adjusted  at  any 
desired  inclina- 
tion, and  the  port- 
folio opened  with- 
out removing  it 
from  the  stand. 

Port-hole.  1. 
(Shipbuilding.) 
An  embrasure  in 
a  ship's  side. 

2.  (Steam.)  The 
steam-passage  in- 
to or  from  the 
cylinder  ;  an  in- 
duction or  eduction  port. 

Port-hole  Clos'er.  (Xautical.)  A  shutter  to 
close  a  submarine  port ;  opened  for  the  projection 
of  a  torpedo  spar  or  the  firing  of  submarine  ord- 
nance. 

Por'ti-co.  (Architecture.)  a.  A  sheltered  walk 
with  columns. 

b.  A  covered  colonnade  at  the  entrance  of  a 
building. 

c.  A  porch  or  gateway. 

Port'laud  Ceni'ent.  A  silicate  of  lime  and 
alumina  obtained  by  calcination  of  the  stone  quar- 
ried at  Portland  on  the  south  coast  of  England. 

A  hydraulic  lime  obtained  by  the  calcination  of 
argillaceous  limestone,  such  as  the  septaria  and 
lias  rocks.  Also  obtained  by  the  calcination  of 
chalk  and  clay  together.    See  Hydraulic  Cemekt. 


PoTtfoho- stand. 
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Port-lan'yard.  (^Nautical.)  The  rope  to  draw 
up  a  port- lid. 

Port-lid.  (Shipbuilding.)  A  shutter  for  closing 
a.  port-hole  in  stormy  weather.  It  is  liuug  by  hinges 
above  ;  is  held  up  by  ring-bolts  and  a  chain  or  rope 
called  a  port-pcndaiU  ;  is  secured  by  bolts,  and  has 
buH's-ei/es  for  lighting  'tween-deeks. 

The  port-lids  of  the  upper  decks  are  sometimes  in 
two  parts.  The  lower  is  liung  with  hinges  below,  and 
falls.  It  is  called  the  bucklar.  The  upper  is  a  half- 
port  to  put  in  by  hand,   or  is  hinged  above. 

Port-man'teau.  A  hand-trunk.  Literally,  a 
c^-Oik-haij. 

Port  Mouth-bit.  {Mcnmje.)  A  bridle-bit  with 
a  tixed  mouth-piece  liaving  a  light  arch. 

Port-pen'dant.  (Nautical.)  A  tackle  to  trice 
the  lid  of  a  lower-deck  port.  It  is  connected  to  a 
ring-bolt  on  the  lid. 

Port-rig'gle.  (Nautical.)  A  piece  of  wood  nailed 
over  a  port  to  carry  off  the  water. 

Port-rope.  (Nautical.)  The  lanyard  of  a  port- 
lid. 

Port-sail.  (Nautical.)  A  waste  sail  extended 
between  the  ballast-port  and  ballast-lighter. 

Port-sash.  (Shipbuilding.)  A  half-port  fitted 
with  sash,  to  light  a  cabin. 

Port-sill.  (Shipbuildinrj.)  A  short  timber  lin- 
ing the  port  in  a  sliip.  Known  as  upper,  side,  and 
lower  port-sills. 

Port-tack'le.  (Nautical.)  The  purchase  for 
hauling  up  the  lower-deck  ports. 
Pos'ing-ap'pa-ra'tus.  A  contrivance  for  steady- 
ing a  person  in  a  pose  or 
position  for  a  portrait,  es- 
pecially before  the  cameia. 
The  example  lias  a  body- 
rest  provided  with  flexor 
joints  and  extension  tor- 
sion joints,  leg-rests,  and 
arm -rest, 

Po-ai'tion-mi-crom'- 
e-ter.  (Optics.)  A  nii- 
crometer  for  measuring 
angles  of  position,  having 
a  single  thread  or  wire 
which  is  carried  around 
the  common  focus  of  the 
object-glass  and  eye-glass, 
and  in  a  plane  perpendicu- 
lar to  the  axis  of  the  tele- 
scope, the  angle  being  indi- 
cated on  the  graduated  cir- 
cle of  the  instrument. 

Pos'i-tive.  1.  a.  (Vol- 
taic Electricily.)  The  met- 
al, zinc  (usually)  in  the  voltaic  battery,  the  pole  being 
called  tlie  anode. 

The  negative  may  be  coke,  carbon,  silver,  plati- 
num, or  copper,  and  this  pole  is  called  the  cathode. 

The  following  is  the  order  of  the  metals,  the  ujiper 
being  the  most  positive  :  — • 


Fig.  3902. 


Posing' Apparatus. 


Ziac. 

Cadmium. 

Tin. 

Iron. 

Lead. 

Copper. 


BismutlL 

Nickel. 

Silver. 

Antimony. 

Gold 

Platinum. 


b.  (Fitreous  Electricity.)  According  to  Dr.  Frank- 
lin's theory  and  nomenclature,  that  which  a  body 
contains  above  its  natural  quantity. 

The  terms  positive  and  negative,  as  applied  in  elec- 
tric science,  were  used  by  Franklin  in  1747;  the 
terms  vitreous  and  resinous  electricity,  by  Dufay,  in 
1734-37. 


2.  (Photography.)  A  photographic  print  in  which 
the  lights  and  shades  have  their  natural  relation,  as 
distinguished  from  a  negative,  in  wliich  they  are 
reversed. 

Pos'i-tive  Eye-piece.  A  combination  of  lenses 
at  the  eye  end  of  a  telescope  or  microscope,  consisting 
of  two  plano-convex  lenses  in  which  tile  convex  si<les 
of  the  glasses  are  turned  toward  each  other.  See 
Negative  Eye-piece. 

Its  principal  use  is  in  the  micromelcr,  and  it  is 
often  called  the  micrometer  eye-piece,  being  used  to 
measure  a  magnified  image. 

The  lenses  are  separated  by  a  distance  a  little  less 
than  the  focal  distance  of  the  one  nearest  to  the  eye, 
the  image  of  the  object  being  viewed  beyond  both 
lenses. 

Pos'i-tive  Mo'tion.  One  derived  from  the 
prime  mover  by  complete  connection  of  the  inter- 
mediate mechanism,  in  contradistinction  to  that 
which  acts  by  the  gravitation,  fiiction,  elasticity,  or 
other  agency  residing  in  the  limb  or  part  to  be 
moved. 

Pos'i-tive-mo'tion  Loom.  A  loom  in  which  a 
definite  motion  both  in  velocity  and  amount  is  iin- 
liarted  to  the  shuttle. 

In  Lyall's,  this  is  effected  by  meanfi  of  a  cylindrical  band  a 
( Fig.  3903),  which  passes  over  and  under  the  pulleys  hb  cc,  mo- 
tion being  imparted  by  the  band-wheel  it  actuated  by  the  re- 
ciprocating rack  e  and  pinion/,  and  is  attached  to  e.xch  end  of 
the  carri  igc  ^.  The  carriage  has  two  sets  of  wheels  /( /i  i  i,  the 
lower  of  which  roll  upon  the  upper  surface  of  the  raceway 
k  ',  the  pivots  of  these  wheels  turn  in  slotted  bearings,  allow- 

Fig.  3903. 


Positive^Motion  Loom. 

ing  a  limited  amount  of  play,  and  their  upper  surfaces  turn 
against  the  lower  surfaces  of  the  wheels  i  i,  the  upper  i>orfion 
of  whose  peripheries  run  in  contact  with  the  warp-threads. 
These  cause  the  wheels  k'  k'  in  the  shuttle  to  turn  at  precisely 
the  same  speed  in  an  opposite  direction,  so  that  no  lateral  mo- 
tion is  imparted  to  the  warp-threads  over  which  they  pass. 
The  wheels  tn  m  roU  on  the  under  surface  of  a  beveled  rail, 
which  keeps  the  shuttle  down  to  its  work. 

Post.  1.  (Carpentry.)  An  upright  timber  in  a 
frame  ;  as,  i'm^-post,  quccn-'post,  c&r/icr-post,  door- 
post,  croiOTi-post,  etc. 

2.   A  pillar  or  column  in  a  structure. 

The  celebrated  Phoenix  post,  used  extensively  for 
posts  and  girders  for  iron  structures,  is  made  of  four 
flanged  pieces  riveteil  together. 

a  b  are  trellis-posts  for  light  superstructures. 
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Trellis- Posts. 


3.  A  vertical  pillar  foniiing  a  part  of  a  fence  (c), 
01'  tor  holding  aloft  telegraph-wires  (d). 

i.  {Furniiicre.)  a.  One  of  the  uprights  of  a  bed- 
stead . 

Fig.  3905. 


Lamp'Posts. 


Pasls/or  Urban  Use  and  Cemetery  Lots. 

b.  One  of  the  standards  of  a  chair-back 
5.(Mmiiig.)     One  of  the  pillars  of  coal  or  ore 

which  support  the  ceiling  of  a  mine. 

6.  (Puper-making.)  a.  A  pile  of  one  hundred 
and  forty-four  sheets  of  hand-made  pajier,  fresh 
from  the  mold,  and  made  up  with  a  web  of  felt  be- 
tween each  sheet,  ready  for  the  first  pressure  in  a 
screw -press.     This  is  a/c^-post. 

*.  A  white  post  is  the  pile  of  paper  sheets  when 
the  felts  are  remowed. 

c.  A  size  of  writing-paper,  so  called  because  its 
original  water-mark  was  a  postman's  horn. 

Twelve  varieties  of  post  ]iaper  are  made  in  Eng- 
land, of  three  sizes  and  various  grades  of  thickness! 
They  are  as  follows  :  — 

Weight 

Size.  per  Ream. 

Extra  large  thick  post 22,S  x  17J  inches.    25  pounds. 

Extra  liii-frc  ehm  post 22Jxl7i     "  18      " 

Extra  lar|»e  bank  post 22ixl74      "  1.3       " 

Larjre  thick  post 21  xl6i     "  22      '* 

Large  middle  post 21  XIGJ     "  19      " 

Large  thin  post.....' 21  xlGJ      "  16      " 

Large  bank  post 21xl»      "  11      " 

Extra  thick  post 19x151      "  25      " 

TWfl' P°-"; 19  X  1st      "  20      " 

Wl.ldlei.ost 19  Xl5i      "  17      " 

Tliiopost 19  X 151      "  14      " 

;  Bank  post 19  xl5J      "  7      " 

Post  paper  is  seldom  fold  in  the  foUo,  that  is,  flat 
hut  IS  cut  in  halves,  folded,  and  firms  quarto  post, 
or  common  letter-paper. 

Cut  again  and  folded,  it  becomes  octavo  post  or 
note-paper.  Again  cut  and  refolded,  it  becomes 
iBmo,  or  small  note. 

Post'al-car.  A  railway-car  specially  arrantred 
for  the  reception,  distiibution,  and  delivery  of  niail 
matter.  Some  recently  introduced  on  the  Michir'an 
Central  Railroad  are  48  feet  in  length,  two  thirds°of 
the  interior  being  occupied  by  cases  for  letters  and 
pajiers,  arranged  in  semicircular  form,  and  by  distrib- 
uting-tables ;  the  remainder  is  used  as  a  ""through- 
mail  room,"  where  the  bags  are  placed  after  distri- 
bution. A  patent  bag-catcher,  which  snatches  the 
mail-bags  from  cranes  at  the  different  stations  as 
the  train  passes,  is  fixed  to  each  door  of  the  car. 
Post'age-stamp.     A  stamp  attached  to  a  letter 

package,  to  jxiy  for  its  carriage  by  mail. 
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Posta^'e-stiUiips  were  in  use  in  Paris  in  the  reign  of  Louis 
XIV.,  l'Jo3.  A  privute  post,  under  royal  authority,  was  estab- 
lished by  M.  Velayer,  August  Ifi,  1653,  a  stamp  being  attached 
to  pay  for  the  transportation  of  the  answer.  The  »t;iuips  were 
on  sale  at  dilfereut  public  places,  and  liad  a  portrait  of  the  Iting. 
They  were  sold  at  one  sous  each.  Boxes  were  placed  at  street- 
corners  for  the  receptiou  of  the  letters,  which  were  collected 
three  times  a  day. 

I'ostJige-stamps  for  prepayment  of  letters  were  adopted  in 
Eni^laud  about  1840,  and  abo'ut  eight  years  afterward  in  France, 
^.uljseijuently  the  idea  spread  to  almost  all  civilized  nations. 

The  perforating-macUioe,  for  partially  dividing  the  postage- 
ptamps  in  the  sheet,  was  invented  by  Mr.  Archer  of  England, 
18.'i2,  and  he  received  X  4,000  from  Parliament  for  his  inven- 
tion. 

Rowland  Hill's  penny-postage  scheme  was  adopted  January 
10  1840.  The  number  of  letters  mailed  in  England  rose  from 
re,000,000  in  1838  to  642,000,000  in  1863.  The  gross  returns 
rose  from  £2,348  (100  to  £3,870,000  ;  the  profits  from  £  1,600,- 
1)00  to  £1,71)0,000. 

Post  and  Stall.    {Mining.)    A  mode  of  work- 
ing coal  in  wliicli  so  much  i.s  left  as  jjillar  and  so 
much  is  worked  away,  forming  rooms  and  thurlingf. 
PUliirs  iinil  rooms. 
Post-au'ger.    An  earth-auger  for  lioring  post- 
holes.     Fig.  3907  has  a  screw 
shaft  provided  with  a  i)uint 
and  auger  at  the  bottom,  anil  a 
wheel  at  the  top  which  rotates 
in  a  nut  and  feeds  the  auger 
into  the  ground.    On  retract- 
ing the  auger  the  shal't  re- 
mains stationary  and  the  nut 
is  rotated.     See  also  AuuEi: ; 

E.VUTH-ArOEK. 

Post-butt.  A  block  in- 
serted in  the  grouinl  and  hav- 
ing a  socket  to  hold  a  post. 

Post-chaise.      A    closed 

vehicle  for  hire,  designed  to 

be  drawn  by  relays  of  horses, 

I  hired  for  each  trip  between 

'  stations. 

Post-chaises  are  said  to  have 
been  introduced  into  England 
in  16t)4. 

Post-driv'er.    An  imple- 
ment lor  driving  sharpened 
posts  into  the  ground  instead 
of  setting  them  in  holes.     Fig.  3908  is  an  example 
of  one  attached  to  a  wagon.     The  secondary  tongue 
enables  the  ram  to  be  elevated  by  the  team. 
The  elevated  ram  is  sustained  by  a  spring  latch, 
and  may  be  dropped  at  any  time  by  pulling 
the  tripping-line. 

Fig.  3908. 


Fig.  3909. 


Post-Driver. 


wheel  is  meshed  when  the  earth  is  to  be  raised.    The 
wheel  is  rotated  by  a  hand-ci'ank. 

Fig.  3910. 


Post-Auser, 
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Fig.  3909  is  attached  to  a  sled.  A  weight  is  op- 
erated within  the  frame  by  means  of  an  adjustable 
hook  anil  rope. 

Post'er.  A  printed  sheet  to  be  attached  to  a  wall 
or  bnuiilitig,  as  an  advertisement. 

Pos'tern.  1.  (Fortification.)  a.  A  vaulted  pas- 
sage underneath  a  rampart,  leading  from  the  interior 
to  the  ditcli  and  closed  by  a  gate. 

b.   A  pas.sage-way  at  a  retired  part  of  a  bastion. 

2.  .\  small  doorway  or  gateway  at  the  back  of  a 
building. 

Post-hole  Bor'er.  An  implement  for  boring 
holes  lor  fence-posts.  In  the  e.\ample,  the  square 
shaft  of  the  auger  is  turned  by  a  bevel-wheel  through 
which  it  slides,  and  has  a  rack  into  which  the  spur- 


Post-Hole  Borer. 

Post-hole  Dig'ger.    Fig.  39]  1  is  a  hand 
implement    for     this    pur- 
pose.   Tlie  segmental  spades --_F'S-  3911r 
have    handles    with    radial^     ^ 
hand-holds   by  which  they 
may  be  turned 
or  oscillated  to 
cut   a  cylinder 
of  earth,  which 
is      withdrawn 
^  with  the  spade. 
They  are  so  piv- 
oted asto  admit 
of  flaring   to   form   an   undercut 
hole.      See  Eauth-AUGER. 

Post-hook.  {Harness.)  A 
check-rein  hook,  having  an  orna- 
mental post  extending  up  above 
till'  opening  for  the  rein. 

Post-horn.   {.Uusic.)   A  small 
horn  for  stagi-s  and  canal-boats,  to 
sound  an  alarm  for  relay  of  horses, 
notice  to  keepers  of  canal-locks,    Spadefor  Digging 
etc.      See  Horn.  Post-Holes. 

Post-jack.    An  implement  for 
lifting  posts  out  of  the  ground.     It  is  a  crow-bar  jiiv- 
oteil  in  a  base  piece  and  having  a  claw  which  catches 
against  the  post. 
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Fig.  3912.  Post-mill.      An 

old  form  of  wind- 
mill wliich  was 
mounted  on  a  post. 
The  post  was  con- 
tinued through 
several  stories,  and 
formed  the  axis  on 
which  the  mill 
veered  as  the  wind 
changed. 

Post-  mor'tem 
Case.  A  small 
pocket-case  of  in- 
struments in  which 
the  bo.x,  like  a  knife- 
handle,  is  made  the 
receptacle  for  the 
necessary  tools,  a 
small  saw,  scalpels, 
bone  -  chisels,  nee- 
dles, and  a  tool- 
handle. 

Other  cases  are 
made  larger,  but  the  above  is  designed  to  avoid  no- 
tice on  tlie  part  of  the  relatives  in  cases  of  autopsy. 
Post-office  Box.  1.  A  case  or  a  locked  box  into 
which  the  letters  of  a  person  or  firm  are  distributed, 
so  that  they  can  be  handed  thence  by  an  official  or 
taken  thence  by  the  owner  by  opening  a  door  at  the 
other  end  from  the  distributor. 

2.  A  series  of  pigeon-holes  into  which  letters  for 
a  given  destination  or  mail-bag  are  distributed  at  the 
receiving  station  or  in  a  postal  car. 

Fig.  3913  is  a  table  for  the  distribution  of  mail 
matter,  having  a  series  of  boxes  at  its  edges,  with 
hooks  upon  them  for  the  attachment  of  bags.  The 
sides  presented  to  the  operator  have  racks  to  hold 
cards  of  designation. 

3.  A  box  at  a  post-office  or  convenient  place  in 

Fig.  3913. 


Post-Putter. 


2.  (Tinning.)  a.  A  vessel  filled  with  melted  tal- 
low in  which  the  charcoal-iron  plates  are  dipped  be- 
fore tinning.     G-rcasc-pol. 

b.  A  bath  used  in  the  same  work,  known  as  a 
V)ash-pnl. 

3.  {Founding.)  A  brass-founder's  name  for  a  cru- 
cible.    Graphite  pots  are  most  generally  in  use. 

Po'tance.  ( JFatchmaking.)  The  stud  which 
forms  a  step  for  the  lower  pivot  of  a  verge. 

Po'tanoe-file.  A  small  band-file  with  parallel 
and  Hat  sides. 

Po-tas'si-um.  Equivalent,  39.2  ;  symbol,  K 
(kalium) ;  .specific  gravity,  0.865  ;  fu.sing-point,  136° 
Fall.  This  metallic  base  of  the  alkali  potassa  was 
discovered  by  Sir  Humphry  Davy  in  1807.  It  is  a 
brilliant,  silver-white  metal,  tarnishes  immediately 
on  exposure  to  the  atmosphere  ;  is  soft  at  ordinary 
temperatures,  brittle  at  32°  Fah.  Its  affinity  for 
oxygen  is  so  energetic  that  water  is  decomposed  by 
contact,  the  liberated  hydrogen  being  inflamed. 

The  salts  of  potash  are  very  useful  in  the  arts,  as 
ingredients  in  glazes  for  pottery,  fluxes  in  glass,  in 
soap-making,  wasliing,  gunpowder,  etc.,  etc. 

Po-ta'to-as-sort'er.   A  rolling  screen  with  open 


Fig.  3915. 


Post-Office  Distributing- Table. 

a  street,  on  a  lamp-post  or  otherwise,  to  receive  let- 
ters to  be  gathered  by  the  carrier. 

Post-puU'er.     An 


Potato-Asstrrter. 

meshes  to  allow  small  potatoes  to  be  sorted  from  the 
larger  mercliantable  ones. 

Po-ta'to-bug  Clean'er.  An  imple- 
ment to  travel  down  the  rows  of  plants 
and  beat  off  the  hugs  into  a  tray,  in  which 
they  are  collected  and  killed. 

Po-ta'to-dig'ger.  (Hiisbandnj.)  An 
implement  for  digging  potatoes  from  the 
row  or  hills,  and  depositing  them  on  the 
surface  of  the  ground  or  in  a  box  on  the 
machine. 

Fig.  3916  is  supported  on  a  wheel,  and  ha^  a 
grating  or  bars  which  lift  the  tubers,  sift  the  earth 
from  among  them,  and  drop  them  on  the  surface 
of  the  ground. 

Fig.  3916. 


Fig.  3914. 
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Hop-Pole  Puller. 


implement  to  pull 
posts  out  of  theground. 
Fig.  3914  is  one  form 
in  which  a  lever  piv- 
oted to  a  post  has  a 
shackle  on  its  end 
which  giips  and  lifts 
the  hop-pole. 

Post-tab'u-la. 
(Architecture.)  The 
wall  or  screen  at  the 
back  of  an  altar.     He- 


tro-tnbula  ;  reredos. 

Pot.    1.  (Sugar.)  A  perforated  hogshead  in  which 
crude  sugar  is  placed  for  drainage  of  the  molasses. 


Potato-Digger. 


Fig.  3917  is  a  more  complicated  implement,  which  has  a  pair 
of  side  plows  g  g,  &  middle  plow  G  with  a  large  wide  share 
which  slips  under  the  hi!l  of  tubers  and  lifts  ttiem  :  they  are 
then  pushed  back  on  the  grating,  which  allows  the  dirt  to  fall 
through,  and  the  tubers  drop  off  the  end  of  the  grating. 

In  Fig.  3918,  tlie  potatoes,  after  lifting,  are  carried  over  the 
longitudinal.y  barred  screen,  and  then  divesteil  of  the  earth 
upon  the  rotating-screen.    The  cams  near  the  fore  end  regulate 


POTATO-HOOK. 


1776 


POT-GUN. 


Potato-Digger. 


the  inclination  of  the  scraper  at  tlie  fore  end  of  tlie  fixed 
screen. 


Fig.  3918. 


Potato-Digger. 


Po-ta'to-hook.  (ffitsbandnj.)  An  implement 
with  IxMit  tines,  usetl  in  iligging  potatoe.s. 

Po-ta'to-mash'er.  {Domestic.)  A  kitchen  im- 
pleniLMit  lor  masliing  cooked  potatoes.  It  is  often  a 
mere  wooden  pounder,  but  may  also  be  made  of  wire. 
In  the  example  (Fig.  3920),  the  lower  face  of  the 
masher  consists  of  a  coil,  and  it  is  attached  to  the 
handle  by  ribs. 

Po-ta'to-plant'er.  (.Husbandry.')  An  imple- 
ment for  dropping  potatoes  into  a  fuiTow  and  cover- 


Fig.  3919. 


toes. 


sets,    and    open    to 
drop  their  sets  into 
the  planting  share, 
which  precedes  the 
covering  shares  and 
the  roller,  which  acts 
,  as  a  driving-wheel. 
Po-ta'to-scoop. 
{H  ashandry.)     A 
grated  shovel  which 
allows   the   soil    to 
sift    through   while 
detaining  the  jjot.i- 
The  iron  rods  or  wires  are  placed 


Fig  3921 


Fig.  3920. 


Potato-Scoop. 


Potato-Masker. 


at  eqnal  distances  on  an  iron  frame,  which  is  attached 
to  a  wooden  handle  and  acts  as  a  screen  in  shoveling 
potatoes  or  other  roots. 

Po-ta'to-sep'a-ra'tor.  An  implement  used 
for  the  purpose  of  sorting  the  tubers  in  sizes  ;  for 
feed,  market,  seed,  etc. 

One  form  consists  of  three  screens  with  meshes  of 
difierent  sizes,  spouts  conducting  to  separate  recep- 
tacles the  tubers  detained  by  each  screen. 

Another  form  is  a  revolving  drum,  which  has  dif- 
ferent sized  meshes  at  different  parts  of  its  length. 

Po-ta'to-wash'er.  For  washing  potatoes  in 
large  quantity  for  feed  or  starch-making,  they  are 
[ilaced  in  a  slatted  cylinder  which  is  rotated  by  a 
hand-crank,  the  a.\is 


Fig.  3922. 


Potato-Planter. 


ing  them.  There  are  many  kinds.  The  example 
has  an  endless  traversing  belt  with  a  series  of  pock- 
ets which  pass  under  a  striker  to  remove  superfluous 


being  supported  on 
the  ends  of  a  trough 
of  water.  The  fric- 
tion of  the  potatoes 
on  each  other  and 
against  the  slats  of 
the  cylinder  cleans 
the  dirt  from  them. 

The  example  is  one 
on  a  small  scale  for 


Potato-Wasker. 

kitchen  use.  The  tubers  are  stirred 
round  and  round  by  the  arms  on  the 
revolving  shaft. 

Potch'er-en'gine.  (.Paper-mak- 
ing.) A  machine  in  which  washed 
rags  are  intimately  mixed  with  a 
bleaching  solution  of  chloride  of 
lime,  after  which  they  are  allowed 
]  to  steep  in  liins,  from  which  the 
liqnor  is  drawn  olf  when  the  bleach- 
ing jiroeess  is  completed. 

Pot-eye.    (Sptntiinrj.)    A  guide- 
eye  for  a  yai-n  iu  a  spinning-frame. 
Through  it  the  yarn  passes  from  tlie 
rollers  to  the  flyer.     Made  of  metal, 
glass,  or  porcelain. 

Pot-gun.     A   mortar  for  firing  salutes.      The 
name  is  derived  from  its  shape. 
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Pot-hook.  An  S-shaped  hook  for  suspemliiiga 
culinary  Vf.s^el  from  a  chimney-crane. 

Po  ti-cho-ma'ni-a.  Glass-ware  coated  with  pa- 
per or  linen  tlowei's  and  varnished,  in  imitation  of 
old  China. 

'Pot-lid  Valve.  1.  A  cap-formed  valve  which 
shuts  down  like  a  cover  upon  a  port  or  the  end  of  a 
pipe. 

2.  The  cover  of  the  air-pump  of  a  steam-engine. 

Pot-met'al.  1.  A  cheap  alloy  for  faneet.s,  etc.  : 
copper,  10  ;  lead,  6  to  8. 

2.  A  grade  of  cast-iron  suitaUe  for  casting  hollow 
ware. 

3.  A  species  of  stained  gla-ss,  the  colors  of  which 
are  incorporated  with  the  glass  while  the  latter  is  in 
a  state  of  fusion  in  the  pot. 

Pott.  An  English  size  of  writing-paper,  the  small- 
est measuring  15ixl2i  inches,  and  weighing  10 
pounds  to  the  ream. 

Pot'ter's  Lathe.  (Potknj.)  The  revolving  disk 
on  which  the  potter  whirls  the  clay  while  he  shapes 
it  with  his  hand  and  with  tools.  A  lehirliiuj-labk  ; 
jigger;  thrower;  t/trowhig-niochinc. 

A  sharp  tool  is  employed,  which  at  once  turns  off 
and  polishes  the  surface  of  the  work.  The  band- 
wheel  is  turned  by  means  of  a  winch. 

In  large  potteries,  where  steam-power  is  emiiloyed, 
cone-pulleys  are  ajiplied  to  the  lathe,  which  impart 
motion  to  the  shaft  (6,  Fig.  3923)  through  the  nie- 
iliuni  of  bevel-gearing,  the  speed  being  varied  to 
correspond  with  the  demands  of  the  work. 

The  potter's  lathe  is  also  known  as  a  throwing- 
m'uhinr.  or  a  jigger.     See  Potter's  Wheel. 

Pot'ter's  'Wheel.  A  horizontally  revolving  disk 
(A,  Fig.  3923)  driven  by  a  treadle  or  by  an  assist- 
ant. The  lump  of  clay,  being  placed  upon  it,  is  mold- 
ed into  form  by  pressure  on  the  inside  and  outside, 
p-.'operly  applied,  the  circular  form  being  maintained 
by  the  passage  of  the  clay  between  the  hands,  as- 
sisted by  a  piece  of  horn  or  shell,  which  is  called  a 
"  rib,"  and  acts  as  a  former,  straight-edge,  or  scraper, 
as  the  case  maybe.  (See  Potteiiy.)  Also  known 
as  !i  jigger,  thrower,  throicer's engine,  thrower's  wheel. 

Ko  wheel  was  used  in  the  construction  of  the  pottery  found 


112 


in  the  ancient  British  tumuli.  The  same  is  stated  by  Mr.  Bate- 
nian  of  the  ceramic  remains  in  the  lloman  tuniuti.  The  latter 
seldom  have  handles,  are  destitute  of  spouts,  and  the  ornaments 
are  straigut  lines,  dots,  or  marks  made  by  cords 

The  potter's  wheel  was  also  unknown  in  the  ancient  pottery 
of  the  North  American  tumuli.  Some  of  the  jars  of  tlie 
*'  Stone  age  "'  show  that  a  kind  of  templet  has  been  used  in- 
side, held  by  one  hand,  probably  against  the  pressure  of  the 
other  haud  on  tne  out^ide. 

.\fter  it  has  tieen  roughly  fa;<hioned  on  the  wheel  and  allowed 
to  become  partially  dry,  the  work  is  finished  on  the  lathe  B, 
which  is  merely  the  ivhtel  .somewhat  modified  and  refined,  a 
is  the  head,  carrying  a  disk  upon  which  the  mass  of  clay  a'  is 
placed,  and  turned  by  the  shatt  6,  which  carries  a  set  of  grooved 
pulleys  c,  of  different  diameters,  diiven  by  a  belt  from  the 
band-wheel  (/;  e  is  a  guide-pulley  which  converts  the  vertical 
motion  of  the  band  so  as  to  cause  the  horizontal  revolution  of 
the  pulley  c;  /Is  a  seat  on  which  the  workman  sits  astride, 
placing  his  feet  on  the  treadle  ^.  The  lower  figure  shows  ad- 
justable rods  serving  aj5  a  gage  for  the  guidance  of  the  work- 
man ;  /  a  ledge-board  for  receiving  the  clay  shavings. 

Pot'ter-y.     Earthenware  glazed  and  baked. 

Clay  possesses  the  ]iro|icrty  of  plasticity  ;  that  is, 
when  moistened,  it  yields  to  pressure  in  any  direc- 
tion without  breaking,  and  when  the  pressure  is 
removed  retains  the  form  imparted.  If  dried  at.  a 
moderate  heat  and  then  crumbled  by  pressure,  it 
may  be  again  kneaded,  and  resume  its  plasticity  ; 
but  if  baked  at  a  red  heat,  it  accpiires  a  hardness 
beyond  that  acquired  by  mere  drying,  and  if  crum- 
j  bled  after  baking,  can  never  again  become  plastic  by 
incorporation  with  water. 

Clay  unmixed  contracts  in  drying,  exfoliates,  and 
falls  to  pieces.  Sand  corrects  this,  and  when  intro- 
duced within  given  proportions  does  not  impair  the 
elasticity.  Natural  clays  have  almost  always  more 
or  less  lime,  magnesia,  iron,  and  salt,  which  compli- 
cate the  conditions,  as  they  act  as  fluxes  and  confer 
color  ujion  the  ware.  Iron  alone  gives  a  red  color  ; 
iron  and  lime,  cream-brown.  The  presence  of  mag- 
nesia in  aildition  to  the  others  gives  a  brownish  yel- 
low. The  presence  of  carbonates  is  sometimes  in- 
dicated by  holes  in  the  ware,  produced  by  car- 
Vionic  acid,  which  escapes  in  the  form  of  gas. 
.Another  effect  of  the  lime  is  to  combine  with 
the  alumina  and  prevent  its  contraction.  At  a  more 
intense  heat  the  ingredients  assume  a  nearly  vitreous 
condition,  and  the  oxide  of  iron  assumes  a  bluish  or 
greenish  color.  The  salt  is  also  decomposed,  and 
its  base  assists  the  lime.  The  magnesia  may  com- 
bine with  sulphuric  acid  derived  from  pyrites  in  the 
clay  or  sulphur  in  the  coal,  and  is  seen  in  efflores- 
cence on  the  inside  of  the  kiln. 

The  Egyptian  modes  of  working  the  clay,  and  turning,  bak- 
ing, and  polishing  the  jars,  are  shown  in  the  tombs  of  Beni 
Hassan  and  Thebes.  The  elwy  \\  as  kneaded  by  the  feet ;  formed 
into  clots  of  a  proper  size  by  hand,  and  placed  on  the  wheel, 
which  was  of  very  simple  construction  and  turned  by  hand. 
The  handles,  as  with  us,  were  separately  made  and  subsequent- 
Iv  attached.  The  required  ornament  was  traced  on  them 
w  bile  soft  ;  they  were  then  dried  or  baked  by  the  escaping  heat 
from  the  ovens. 

The  accompanying  cut  is  from  a  tomb  at  Beni  Hassan,  time 
of  OsirtJiSen  or  thereabout,  1706  bo.  The  aim  of  the  artist  was 
to  depict  the  successive  manipulations.  Four  of  the  figures  are 
represented  working  at  separate  whe<.ls.  One  forms  the  inside 
and  lip  of  the  cup  as  it  revolves  with  the  table,  holding  his 
thumb  dexterously  inside  against  the  modified  resisting  press- 
ure of  the  left  hand.  The  next  man  is  forming  the  outside  and 
cutting  the  cup  off  at  its  base,  which  is  not  at  the  bottom  of  the 
lump.  This  is  now  done  by  a  wire-  The  third  represents  an- 
other stage  of  the  process,  the  cupbeing  removed  and  held  aloft 
10  the  hand.  The  fourth. man  dabs  on  a  new  lump  oi  cUay,  and 
this  completes  the  series.  Cups  in  various  places  indicate  the 
character  of  the  manufacture  in  progress.  In  the  next  place, 
we  see  a  man  forming  a  circular  slab  of  clay.  The  next  is  rak- 
ing the  fire.  Then  follows  a  man  handing  a  cup  to  another,  who 
places  it  on  the  grate  above  the  opening  in  the  furnace-top, 
where  it  is  baked.  The  next  man  cariies  off  the  baked  cups  in 
''  iskt-t>  supported  on  the  yoke,  which  was  universally  used  for 
rirrying. 

The  date  of  these  paintings  entirely  upsets  the  statements  of 
Pliny,  who  attributes  the  invention  of  the  potter's  wheel  to 
Chora?bus  the  Athenian,  or  Anacharisis  the  Scythian.  These 
paintings  were  made  and  the  tombs  closed  on  the  mortal  dust 
of  their  occupants  200  years  before  Cecrops. 
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Oq  the  walls  of  the  tombs  of  ancient  Egypt  arc  painted  Ptah 
the  Crt-atur  and  Neph  the  Divine  Spirit  sitting  at  the  potter's 
wheel  turning  clay  to  form  uieu.     See  Porcel-ILn. 

*'  As  wheu,  before  his  wlieel 
Seated,  the  potter  twirlti  it  with  both  hands,''  etc 

Homer,  Iliad,  XIII.  5. 

The  pottery  of  S^mos  was  famous  in  the  time  of  Homer. 

Vases  of  many  beautiful  sliapes,  with  single  and  double  han- 
dles and  very  gorgeously  colored,  arc  shown  in  the  maguificeut 
Freuch  work,  "  Description  de  TEgypte,  par  les  Ordres  de  sa 

Fig.  3924. 


Egyptian  Pottery  {^from  Beni  Hassan). 

Majesty  TEmpereur  \apoleon  le  Grand  "  The  work  is  in  the 
Congressional  Library  in  Washington,  and  the  illustrations  are 
on  Plate  92,  Vol.  II.,  in  the  portion  of  the  volume  treating  of 
the  Antiquities  of  Thebes. 

The  Egyptian  pottery  in  the  Metropolitan  Museum.  New  York, 
includes  a  specimen  asserted  to  be  the  oldest  piece  of  glazed 
pottery  with  fixable  date  extant;  it  is  an  elongated  bead,  cov- 
ered with  ghiss  glaze,  and  assigned  to  the  period  of  Amon'm'he 
III.,  fifth  king  of  the  Xllth  Dynasty,  at  a  date  of  about  2020 
B.  c.  Tins  vitreous  enamel,  almost  choking  the  finer  lines  of 
the  model,  is  seen  in  blue  and  other  colors  on  many  of  the  little 
sacred  images  derived  from  tombs,  and  on  many  of  the  bead 
necklaces  and  ornaments  accompanying  mummies  in  the  same 
collection. 

"  On  the  clay  tablets  which  we  have  found  at  Nineveh,  and 
which  are  now  to  be  counted  by  thousands,  there  are  explana- 
tory treatises  on  almost  every  subject  under  the  sun:  the  art 
of  writing,  grammars,  and  dictionaries,  notation,  weights,  and 
measures,  divisions  of  time,  chronology,  astronomy,  geogra- 
phy, history,  mythology,  geology,  botany,  etc.  In  fact,  we 
have  now  at  our  disposal  a  perfect  cyclopaedia  of  Assyrian  sci- 
ence."—  Sir  Henrv  R.vwlinson,  1853- 

*'  Offspring  of  clay  and  furnace  bright, 
The  choicest  pottery  clear  and  light, 
Boasts,  as  its  birthphice,  of  the  towers 
Which  Neptune's  and  Minerva's  powers 

From  ills  and  dangers  shield  ; 
Which  beat  back  war's  barbaric  wave 
When  Mede  and  Persian  f^und  a  grave 
On  Marathon's  undying  field."' 

Criti.vs;  quoted  by  ATHEN.EDS,  A.  D.  220. 

The  chronicler  of  the  "  Deipno-tophists''  goes  on  to  say:  — 

"  And  indeed  the  pottery  of  Attica  is  deservedly  praised.  But 
Eubulus  says:  '  Cuidian  po^-!,  Sicilian  platters,  and  Megari-in 
jars.' " 

Perhaps  no  other  art  has  done  so  much  as  the  ceramic  to  pre- 
serve to  us  the  appear.inee  and  habits  of  the  peoples  of  the  past. 
What  with  domestic,  decorative,  and  funereal  urns  and  lachrv- 
matories,  there  are  but  few  nations, it  would  .seem,  but  have  left 
trai'es  to  help  us  to  some conceptionof  their  tastes  and  their  ca- 
pacities. The  Metropolitan  Museum  of  New  York  has  a  great 
collection,  made  by  General  Di  Cesnola,  United  States  Consul  at 
Cyprus  See  the  following  works  :  Marryat's  "  History  of  Pot- 
tery and  Porcelain,"  London,  1857;  BuVtv's  "  Clicfs-'dOEuvre 
of  the  Industrial  Arts,"  Appletou  &Co.,  1869;  "  Life  of  Josiah 
Wed'^wood,"  London,  1865. 

The  earthenware  of  the  Greeks  and  Romans  was  unglazed, 
but  they  covered  their  pottery  with  wax,  tallow,  bitumen,  and 
perhaps  other  articles,  to  render  them  impervious  to  water, 
wine,  etc.  The  Romans  used  molds  for  ornamenting  clay  ves- 
sels and  for  making  figures  of  idols,  or  of  limbs,  plants,  etc.,  for 
votive  offerings.  The  Peruvians  use  tallow,  which  is  spread  on 
while  the  ware  is  hot,  and  becomes  partially  carbonized  The 
Etruscan  ware  has  a  similar  appearance.  In  Italy  and  Spain, 
ancient  and  modern,  wine-jars  are  rubbed  with  wax  to  render 
them  impervious  to  liquiis. 

The  art  of  making  glazed  pottery  originated  with  the  Chinese, 
and  pissed  from  thence  to  India,  and  from  thence  successively 
to  Arabia,  Spain,  Italy,  Holland. 

In  the  .\.lhambra  of  Granada  some  of  the  rooms  are  orna- 
mented with  glazed  tiles.      The  tomb  of  Sultan  Mahommed 


Khoda-Bendeh,  at  Sultanieh  in  Persia,  was  built  in  the  thir- 
teenth century,  and  has  green  enameled  tiles  on  the  out&ide 
and  blue  within.  The  painted  mosque  of  Gour,  in  India,  built 
in  l47o,  derives  its  name  from  the  number  of  glazed  tiit-.i  with 
which  it  is  ornamented  The  Caravanserai  of  Ma^ar,  near  Is- 
pahan, built  by  the  mother  of  Shah  Abbiis,  about  1550,  has  a 
J  covuriug  of  greeu  glazed  tiles  ou  the  frout  of  the  principal  ga^e- 
I  way.     See  Tile. 

\  The  material  of  which  the  Peruvian  pottery  was  made  was  a 
I  colored  earth  and  blackish  clay,  well  tempered  evidently,  but 
I  apparently  without  glaze.  Singular  designs  were  embodied  in 
their  religious  ami  sepulcliral  vases,  which  were  des- 
tiued  to  receive  the  chicha  on  sacrifice  days.  The 
long  throat  formed  the  handle,  and  a  second  opening 
admitted  or  deuiitted  the  air  when  emptying  or  fill- 
ing. They  were  made  double,  treble,  or  quadruple ; 
were  engraved,  painted,  and  ornamented  in  relief. 

Of  all  the  Polynesians,  the  Feejees  alone  had  the 
art  of  making  pottery.  They  did  not  have  the  wheel, 
but  the  women  artificers  made  graceful  and  beautiful 
forms.  Their  tools  were  a  small  flat  stone  to  form  the 
inside,  and  a  spatula  for  the  outer  surface.  With 
these  tools  they  made  articles  almost  as  perfect  as 
lathe-formed  ware. 

Dr.  Livingstone  admired  the  skill  in  making  pot- 
tery evinced  by  the  tribes  encountered  m  his  "  Expe- 
dition to  the  Zambesi." 

The  town  of  Delft,  in  Holland,  became  celebrated 
for  the  manufacture  of  earthenware,  which  is  held 
to  have  been  equal  in  quahty  to  its  Italian  progeni- 
tor, but  inferior  in  its  ornamentation,  apparently 
vying  with  China  in  its  peculiar  and  almost  grotesque 
modes  of  representing  natural  objects.     See  Porce- 

L.MS. 

The  potteries  of  Lambeth,  London,  were  started  by  men  from 
Holland,  about  1640. 

The  potteries  of  Sfciffordshire  soon  took  the  preeminence. 

John  Wedgwood  was  born  at  Burslem,  England,  iu  1730,  and 
after  a  variety  of  experiences  such  as  would  sadden  and  kill  an 
average  man,  started  a  pottery  on  his  own  account,  where  he  im- 
proved the  productions  of  his  art.  In  his  second  manufactory 
he  established  the  white  stoue-ware.and  iu  the  third  the  cream- 
colored  ware  which  pive  him  so  much  celebrity.  He  also  origi- 
nated a  terra-coita  which  could  be  made  to  resemble  porphyry, 
granite,  Egyptian  pebble,  and  other  stones  of  the  siliceous  or 
crystaiiiue  kind;  a  black  porcelainous  biscuit  called  basaltes; 
a  white  and  cane-colored  porcelain  biscuit,  smooth  and  wax- 
like;  and  another  white  porcelainous  biscuit,  which  receives 
color  from  metallic  oxides  like  glass  on  enamel,  in  fusion. 

This  property  renders  it  applicable  to  the  production  of  cam- 
eos, and  all  subjects  required  to  lie  shown  iu  b;is-relief,  as  the 
ground  can  be  made  of  aii\  color,  while  the  raised  figures  are 
those  of  the  purest  white  He  likewise  invented  a  porcelain 
biscuit  nearly  as  hard  as  agate,  which  will  resist  the  action  of 
almost  ail  corrosive  subf-tjuii  es,  and  is  consequently  \(ell 
adaptL'd  for  mortiirs  in  the  chiu.is-t's  laboratory. 

While  honoring  the  names  of  those  who  have  distinguished 
themselves  in  making  pottery  an  art,  we  must  remember  Charles 
Avisseau  (born,  1T'J6)  the  potter  of  Tours,  the  city  celebrated 
for  the  great  victory  gained  by  Charles  Mavtel  over  the  Sara- 
cens,October  10,732,  — a  victory  which,  under  God, determined 
the  language,  religion,  and  the  form  of  civilization  of  Europe. 
Palissy  had  died  three  centuries  befon*,  the  secret  of  his  process 
dying  with  him,  and  Avi.sseau  set  about  rediscovering  the  lost 
art.  He  succeeded  in  firing  the  wares  without  their  undergoing 
any  change  and  without  the  use  of  white  glaze.  He  also  com- 
posed a  series  of  colors,  all  fusible  at  the  same  temperature,  and 
also  a  gold  enamel.  He  refused  offers  to  devote  his  talents  to 
the  national  establl-^hment  of  Sevres,  preferring  to  maintain  his 
independence  and  devote  himself  to  a  life  of  experiments  and 
labor  at  his  humble  home  in  Tours 

The  materials  chiefly  used  iu  the  North  Staffordshire  potteries 
are  a  light  brown  clay  from  Poole  iu  Doi"setshire,  and  white 
clay  from  Cornwall,  to  which  pulverized  flint  or  granite  is 
frequently  added.  The  clays  are  derived  from  decomposed 
granite,  and  are  prepared  hy  mixing  them  in  a  phniger  contain- 
ing a  large  wheel,  by  which  they  are,  with  the  addition  of  water, 
converted  into  a  mass  of  the  consistency  of  cream.  This  is  run 
olT  into  small  reservoirs,  termed  arks,  whence  it  is  pumped  up 
and  pas.sed  through  a  series  of  sieves,  by  which  it  is  reduced  to 
slip.  This  is  forced,  under  a  pressure  of  80  pounds  to  the  square 
inch,  into  chatnbfrs,  shallow  pans  over  which  are  placed  linen 
covers,  in  which  the  slip  is  received,  permitting  the  escape  of 
the  expelled  moisture  and  leaving  it  of  a  doughy  consistency. 
It  is  then  passed  through  a  pug,  a  chamber  having  a  spiral  re- 
volving blade,  where  it  is  hardened  and  compressed,  and  after 
being  formed  into  large  square  cakes  is  placed  in  a  dark  cellar, 
where  it  undergoes  the  process  of  fermentation. 

From  these  blocks  are  formed  siilts  and  s/'urs,  u.sed  for  sup- 
porting pieces  of  pottery  and  porcelain  in  the  drying-stoves. 
The  blncks  are  placed  in  a  rectangular  chamber  having  a  piston 
by  which  the  clay  is  forced  out  through  apertures  of  square, 
round,  triangular,  or  other  form  adapted  to  the  machine  em- 
ployed in  the  succeeding  process.  The  Hat  pieces  are  calletl 
backs:  the  others,  s/inpes.  These  are  cut  by  a  guillotine-like 
instrument  into  proper  lengths,  and  then  stamped  by  means  of 
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leaden  dies  in  a  press,  by  which  a  large  number  are  formed  at  ] 
each  impression. 

The  stilts  or  spurs  are  generally  of  triangular  form,  and  have  ! 
sharp  projecting  points.     They  are  now  pliiced  in  oval  fias:?nrs, 
made  of  marl,  which  are  inserted  in  a  furnace  and  exposed  to 
an  intense  heat  for  forty  hours. 

Cfinimou  door-knobs,  furniture  casters,  telegraph  insulators,  I 
and  similar  articles  are  turned  in  the  usual  manner,  while  lock 
furniture  of  colored  porcelain  is  stamped  in  dies  from  the  dry 
clay-dust;  these  are  then  baked  and  dipped  in  glaze,  which  is 
afterward  melted  in  OTens. 


Pot'ter-y  and  Clay. 

lowing  heads  ;  — 

Arch-brick. 
Bags. 

Bat-printing. 
Batter. 

Battiijg-block. 
Biscuit. 
Kisijue. 
Blowing-pot. 
Blunging. 
Bossing. 
Bdttger-ware. 
Brick. 

Brick -clamp. 
Brick-dryer. 
Brick-kiln. 
Brick-machine. 
Brick-mold. 
Brick-press. 
Brown-ware. 
Bung. 

Casting  clay-ware. 
Chimney-pot. 
China. 
Churn. 
Clauip. 
•Clapper. 
Clay-mill. 
Clay-pipe. 
Clay -pulverizer. 
Clay-screeuing  machine. 
Clinker. 
Cockle. 
Ciickspur. 
Compass-brick. 
Concave-brick. 
Concrete  pipe. 
Ci-azing. 
Crockery -ware. 
Crucible. 
Crucible-mold. 
Crucible-oven. 
Cutter. 
Delft. 
Dod. 

Draining-pipe. 
Dressing-bench. 
Earthen -pipe. 
Karthenware. 
Kmnil-ombrant. 
Enamel-kiln. 
Encaustic  tile- 
Faience. 
Fat-lute. 


See  also  under  the   fol- 


Fire-brick. 

Flint-mill. 

Float-stone. 

Fusible  p(^celain. 

Gaged  brick. 

Gilding  porcelain. 

Glaze. 

Glaze-kiln. 

Gtost-oTcn. 

Green- house. 

Grindiug-vat. 

Ground-laying. 

Hack. 

H:ick-barrow. 

Hake. 

Hardening-kiln. 

Hard  porcelain. 

Hip-tile. 

Hot-house. 

Hovel. 

Ironstone-china. 

Jigger. 

Kaolin. 

I*ater. 

Lath-brick. 

Lawn. 

Luster- ware. 

Lute. 

Majolica- ware. 

Malm -brick. 

Mavle-stock. 

Mining. 

Molding. 

Molding- tile. 

Mosaic  tile. 

Oven. 

Page. 

Pallet. 

Parian. 

Pavior. 

Pipe-molding. 

Plunger. 

Polished  brick. 

Porcelain. 

Porcelain-gilding. 

Porcelain-mill. 

Porcelain-printing. 

Potter's  lathe. 

Pottery. 

Pottery -gage. 

Pottery-kiln. 

Pottery-molding. 

Pottery -pain  ting. 


Pottery-printing. 

Pottery -tissue. 

Pressed  brick. 

Press-printing. 

Pug-mi  11 - 

Refractory. 

Re-pressing  machine. 

Saggar. 

Setter. 

Sevres  porcelain. 

Slapping. 

Slicing-machine. 

Slip. 

Slip-kiln. 

Slop-molding. 

Smearing 

Spattle. 

S  player. 

Stamper. 

Stilt. 

Stock-board. 

Stone- ware. 

Strickle. 

Pot'ter-y-gage. 

inside  of  a  vessel  on 

Fig.  3925. 


Strike. 

Tempering-wheel. 

Tender-^torcelaiu. 

Terra-cot  ta. 

Tessellated  tile. 

Tessene. 

Thrower. 

Throwing-*ngine. 

Th  wacki  ng-frame . 

Tile. 

Tile.     Encaustic 

Tile-kiln. 

Tile-laying  plow. 

Tile-machine. 

Tournasin. 

Triangle. 

Turning. 

Ventilating  bricks. 

Watch. 

Wedging. 

A\'etig  wood- ware . 

Whirling-table. 

Wormiug-pot. 

A  sliaper  or  templet  for  the 
the  wheel.     It  is  designed  to 
finish  the  inside  of  stone- 
ware smoothly  and  of  a 
uniform  size. 
Pot'ter-y-kiln.  The 

Fig.  3926- 


pottery-l\iln,  .shown  in  section  (Fii;.  3926),  con.sists 
of  a  cyliiKlei-  of  brick-work  surrounded  by  ii'on  bands 
and  having  a  hemispherical  top  with  ajiertui'es  a  a  . 
for  the  escape  of  smoke.  It  is  sun-ounded  by  a  cover 
ft,  which  protects  it  from  the  cooUng  f  tfects  of  air 
and  rain,  and  has  a  chimney.  Six  or  eight  fireplaces 
are  arranged  equidistant!}'  around  the  eyhnder.  c 
is  the  grate  of  one  of  these  fireplaces  ;  rf,  the  ash- 
pit;  c,  the  door;//,  draft-openings;  between  the 
furnace  wall  and  the  chimneys  (f  g  is  an  annular 
space  about  15  inches  wide,  elevated  about  3^  feet 


Fig.  3927. 


Kiln  for  burning  Pottery, 

above  tlio  floor,  below  which  are  flues  i  i  for  tlie  I  In  Fig.  3927,  the  gases  and  products  of  combus- 
circulation  of  flame,  all  meeting  at  the  center  k.  II  tion  pass  otf  through  the  doorwaj's  or  double  walls 
are  sight-holes,  enabling  the  workmen  to  see  the  and  openings  connected  with  tlie  lower  Hue,  a  top 
interior  of  the  kiln,  that  they  may  watch  the  action  flue  connecting  the  space  between  them  by  means  of 
of  the  fire  and  regulate  the  draft  accordingly.  |  tubes  for  carrying  oBT  the  vapor  of  the  gieen  material, 
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tluTB  being  a  double  arcli  for  heating  tlie  air  on  its 
way  to  tile  tirejilaee  ami  retiuTiiiig  it.  A  bottom  Hue 
also  coinnuuiicates  with  the  kihis  ami  smoke-. staeks, 
to  prevent  the  loss  of  heat  and  drawing  up  of  moi.st- 
ure  in  the  kiln.  The  views  are  a  partial  longitu- 
dinal seetiou  and  elevation,  and  a  transverse  seetion. 
Pot'ter-y-mold'ing.  A  maehine  for  shaping 
articles  of  pi;istie  clay.     The  llask  is  attached  to  a 

Fig.  3928. 


PotUry-Moldins:  Machine. 

vertically  .sliding  frame,  and  its  charge  is  biought 
into  contact  with  a  revolving  core.  The  fla.sk  is 
composed  of  a  series  of  sections,  which  cau  be  opened 
to  remove  the  pot  after  molding. 
The  bottom  of  the  tlask  is  also  mov- 
able, aiul  is  pressed  up  to  facilitate 
thi'  removal  of  the  moldeil  pot. 

Pot'ter-y-paint'ing.  In  this 
art  enamel  colors  are  used,  such  as 
will  withstand  tlie  lire  unchanged 
or  will  develop  their  colors  under 
heat.  Various  metallic  oxides  are 
used  for  this  purpose.    See  Enamel. 

Painted  porcelain  is  fired  in  a  niuffle-fur- 
nacte. 

Pot'ter-y-print'ing.  {Pottery.)  The 
devici*  for  tlie  ])late  or  other  article  is  en- 
graved on  copper  or  otherwise,  and  an  im- 
pi-ession  taken  on  a  piece  of  unsized  pai")er. 
Tins  is  wetted  and  jilaeed  over  the  plate, 
which  is  in  the  biscuit  eomlition.  The  ink 
adheres  to  the  plate  when  the  paper  is  re- 
moved. 

Another  plan  is  to  take  an  impression  in 
oil  only,  and  then  dust  the  color  on  to  the 
plate,  to  winch  it  only  adheres  in  the  parts 
covered  with  oil. 

The  surface  of  the  printed  wai-e  is  covered  with 


glaze,  the  ware  jilaced  in  a  saggar  and  burnt  in  a 
kUii. 

Pot'ter-y-tis'sue.  A  kind  of  tissue-paper  used 
to  receive  impressions  of  engravings  for  transference 
to  hiscuit.      See  PllEs.s-PUINTINO. 

Tlie  paper  is  niaile  on  the  Fourdrinier  machine  in 
lengths  siinietimes  eijual  to  1,200  yards. 

Pot'tiug.  The  cleansing  of  sugar  by  placing  it 
wliiU'  soft  in  inverted  conical  molds  with  a  mass  of 
satmat^'il  clay  on  top. 

I'lariiig  new  sugar  in  barrels  to  drain. 

Pot'tiiig-cask.  {Huyar.)  A  hogshead  with  holes 
in  the  bottom  into  wliicli  imperfectly  crystallized 
sugar  is  dipped  in  order  that  the  molasses  may  drain 
from  it.  In  each  hole  is  placed  a  crushed  stalk  of 
cane  or  plantain,  which  reaches  to  the  top  of  the 
sugar.  The  molasses  passes  oil'  through  the  spongy 
stalk,  leaving  the  sugar  comparatively  dry  and  more 
perfectly  crystallized. 

Pot-vrheel.    A  form  of  water-raising  wheel.    See 

NllI!I.\. 

Pouch.  I.  A  bag,  usually  leathern,  for  mail 
matter,  money,  or  ammunition. 

2.    A  cartridge-box. 

Pou-de-soy;  Pad'e-soy;  Pod'de-soy.  (Fab- 
rk.)     A  rich  ]ilain  silk. 

Pou-lon'.  (Fabric.)  A  close  woolen  Thibetan 
stuir. 

Poul'tice-boot.  (Menage.)  A  large  boot  u.sed  for 
applying  poiiltiies  to  horses'  legs.  It  is  made  of  soft 
leather  for  the  siiles  and  a  heavy  sole-leather  bottom.  ' 

Poul'try-feed'er.  A  de\'ice  to  feed  grain  to  Ibwls 
in  (luantity  as  used.  It  is  upon  the  principle  of  the 
fountain-inkstand  or  the  water-bottle  for  liird-cages, 
grain  falling  down  into  the  trough  as  the  latter  is 
emptied. 

Pounce.  Pounded  gum-sandarach  and  cuttle- 
fish bones.  Used  on  freshly  written  manuscript  in- 
stead of  blottiiig-jiaper. 

Pounce-pa'per.  A  tracing-paper  prepared  at 
Carlsrulie  without  oil. 

Poiuic'ing-ma-chine'.  (Hat-making.)  A  ma- 
chine for  raising  a  nap  upon  hat-bodies  by  a  grind- 
ing action.  In  Fig.  3929,  the  sand-paper  or  other 
rubbing  surface  has  a  rising  or  falling  motion  in  an 
inclineci  direction,  so  as  to  act  in  a  conical  form  ;  the 
funiier  revolves  on  its  axis  and  also  traverses  to  and 
fro  horizontally  ;  it  may  also  be  raised  and  lowered. 
The  india-rubber  cushion  allows  the  rubbing  surface 


Kg.  3929. 


rM""v€kr<^ 


Hat-Pouncing  Machine. 
I  to  yield  and  thus  avoid  the  wearing  of  lioles  in  tlic 
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hat-boily  where  inequalities  exist.  By  turning  a 
disk  on  its  a.xis  it  ri.ses  and  falls  upon  the  screw- 
thread  thereon,  and  so  loosens  or  tightens  the  hat- 
body  secured  to  the  hooks  in  another  disk  ;  the  latter 
resting  npon  and  rising  and  falling  with  the  first- 
named  disk,  but  not  turning  with  it. 

Pound.  1.  The  avoiriUqiois  pound  of  the  United 
States  eipiiils  27.7015  cubic  inches  distilled  water  at 
t)2°  Fall.,  barometer  at  30  inches,  and  the  water 
weighed  with  brass  weights  in  the  air.  This  equals 
7,000  grains,  and  is  divided  into  16  ounces,  each 
ounce  into  16  drams. 

The  troy  pound  has  5,760  grains,  divided  into  12 
ounces,  each  ounce  into  20  pennyweights,  each  jien- 
nyweight  containing  24  grains. 

The  pound  apothecary's  weight  is  the  same  as  the 
pound  troy,  but  the  ounces  are  divided  into  8  drams, 
each  dram  into  3  scruples  of  20  grains  each. 

One  hundred  and  forty-four  pounds  avoirdupois 
equals  175  pounds  troy  or  apothecary's  weight. 

The  old  Saxon  pound  sterling  was  a  pound  of  sil- 
ver troy  weight. 

2.  CSiidraidic  Engineering.)  The  level  sjiace  of 
a  canil  Ijetween  loi'ks. 

Pound'er.     1.  The  hmtcr  in  a  fulling-mill. 

2.  A  stft/iip  in  an  ore-mill. 

3.  The  expression  of  a  weight  in  shot,  as  IS-jiound- 
er,  24-pounder  ;  usudly  written,  IS-pdr.,  24-pdr. 

Pound'ing-ma-chine'.  (Mdnl.)  A  stamping- 
mill.     The  trnn  is  usually  applied  to  a  powder-mill. 

PoTw'der.  .A.  finely  comminuted  substance.  See 
GrSPDWIiKIl  ;    P0L1SIIIN"G-P0\VDER,   etc. 

Pow'der-blovr'er.  An  instrument  for  blowing 
powder  on  to  plants  or  into  crevices  infested  by  in- 
sects.    See  also  Fu.\iig.a.tor. 

Pow'der-chest.  (Xaalical.)  A  form  of  grenade 
consisting  of  a  box  charged  with  powder,  old  nails, 
etc.,  to  be  liurleil  at  boarders. 

Poty'der-flask.  A  [louch  or  metallic  case  for 
holding  gunpiiwder,  and   having  a  charging  nozzle 


at  the  end 
Po w  der-horn. 

and  used  as  a  Hask. 
Pow'der-hose. 

linen,  abo.it  an  inch 


A  horn  fitted  to  hold  powder 


(B/asting.)  A  tube  of  strong 
n  dianeter,  filled  with  powder, 
and  used  in  firing  military  mines. 

Pow^'der-ing-miU.  See  Grisdimo  -  mill  ; 
Snuff-mill;  Dkk,  etc.     See  list  under  Mill. 

PoTV'der-mill.  Works  in  which  the  materials 
for  gunpowder  are  prepared  and  compounded  and 
the  powder  grained  and  faced.     See  Guxpowder. 

Pow'der-mix'er.  A  pharmaceutical  device  for 
intimately  mixing  various  powders.  This  is  usually 
diiue  on  a  small  scale  in  a  Wedgwood  mortar,  but  in 
some  cases  a  cylinder  with  spiral  revolving  beaters 
is  employed. 

Pow'der-prov'er.  See  Ballistic  Pendulum  ; 
Epriiuvette. 

Pow'der-room.  (yautieal.)  The  apartment  in 
a  ship  where  powtler  is  kept. 

Pow'er.  Force  is  the  constant  pressure.  Work 
is  the  pressure  multiplied  by  the  distance  through 
which  the  force  is  kept  up.  Power  has  reference  to 
the  work  performeil  in  a  given  time.  Dulg  is  the 
amount  of  work  performed  with  a  given  consumption 
of  material,  say  of  coal,  for  instarice.     See  Duty. 

Po'W'er-ham'iner.  A  hammer  in  whicli  the 
weight  is  raised  by  the  power  of  machinery.  There 
are  several  varieties,  which  ditl'er  in  constructiou  or 
mode  of  application. 


See  list  under  Hammer. 

Fig.  3930  may  stand  as  an  example  of  a  form  of 
j«)wer-}iaminrr,  made  of  various  sizes  from  that  of 
heavy  forging  to  the  small  hammer  for  jewelers. 

The  power  is  comnmnicated  by  a  friction  jiulley. 
The  belted  pulley  is  loose  on  the  shaft,  and  the  fric- 
tion pulley  slides  on  a  spline  on  the  shaft.  The 
operator  bears  down  with  his  foot  upon  the  treadle, 
which  passes  around  the  hammer  ;  this  brings  the 


3930. 


Paimcr  Powtr-SpnnS'Hafnmer. 

friction  in  contact  with  the  belted  pulley,  which  is 
running  all  the  time,  and  rotates  the  shaft,  on  which 
is  a  crank  ;  this,  by  means  of  a  connecting  rod  and 
spring,  works  the  hammer,  gi^•ing  a  blow  depend- 
ing for  its  .strength  upon  the  force  with  which  the 
friction  pulley  is  pressed  against  the  belted  pul- 
ley. 

Po^»''er-looni.  A  loom  driven  and  actuated  by 
machinery  ;  in  contradistinction  to  a  handAnnm. 

It  was  invented  by  Dr.  Ednnmd  Caitwright.  He 
patented  it  April  4,  1785.  Steam  was  applied  to 
his  loom  in  1807.  He  received  a  Parliamentary 
grant  of  £10,000  in  1808.  He  died  iu  1823,  aged 
80.     See  LoiiM  ;  We.U'ING. 

Poy.     (Nautical.)     A  steering-pole. 

Poy'al.  (Fabric.)  A  striped  stuff  for  covering 
benches  and  seats. 

Poynt'eU.  Panng  formed  of  small  lozenges  or 
squares  laid  diagonally. 

Poz'zu-o-Ia'na.  A  volcanic  earth  composed 
mainly  of  silica  and  alumina,  and  shipped  from  Poz- 
zuoli.  A  portion  analyzed  by  JI.  Berthier  was  con- 
stituted as  follows  ;  — 


Silica. 44.5 

Alumina 15 

Lime 8.8 

Mairnesia    4.7 

Oxide  of  iron 12 


Soda 4 

Potash 14 

Water 9.2 


Steam-hammer. 
Atmospheric  hammer. 
Monkey. 
Pile-driver. 


Dead-stroke  hammer. 
Tilt-hammer. 
BevolviDg-hajnmer,  etc. 


Strabo  says  of  this  earth  :  — 

"  PuteoH  hai*  become  a  place  of  extensire  commerce,  having 
artificially  constructed  harbors,  which  were  much  facilitated 
by  tile  facile  iLTture  of  the  sand  [degraded  tufa],  which  conlaiua 
much  gypsum,  and  will  cement  and  consolid.ite  thoroughly. 
For  mixing  this  s,ind  ivith  liuiestones  they  construct  moles  in 
the  sea,  thus  forming  bays  along  the  open  coast  iu  which  the 
largest  transport-ships  may  safely  ride.'" 

It  was  obtained  by  the  Romans  near  Baiae,  and  is 
still  exjiorted  largely  from  that  part  of  Italy.  Mixed 
with  lime  and  water,  it  hardens  anywhere,  —  in  the 
air  or  under  water.  It  is  invaluable,  and  the  per- 
manency of  the  great  sea-walls  and  other  maritime 
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stnictures  of  the  Romans  is  largejy  due  to  its  use. 
It  is  conimouly  known  as  Roman  cement. 

Many  attempts  have  been  made  to  form  an  ar- 
tilioial  pozznolana  by  combinations  of  sand,  clay, 
lime,  anil  iron.  OcliVeous  clays  are  especially  suit- 
aUle. 

Oeueral  Treussart's  system  for  niakinp:  artificial  pozRuolana 
is  to  voduce  soft  reJ  briclis  to  powder,  anil  mix  them  (2  parts) 
with  lime  that  has  been  some  time  slaked  (1  part);  water  to 
inc-oriiorate.     SeeOeMENT. 

Till'  invpuration  of  the  natural  material  is  by  pounding  or 
grinilinj;  and  sifting,  whereby  it  is  reduced  to  powder,  in  which 
state  it  is  beaten  to  a  proper  consistency  with  a  due  proportion 
of  lime.  Artiliclal  pozzuolana  is  produced  by  pulverizing  the 
clay,  the  psaniniite,  or  the  arene,  which  is  wetted,  and  then 
strewing  a.  layer  of  it,  about  four  tenths  of  an  inch,  on  a  plate 
of  iron  heated  to  a  point  between  a  cherry- red  and  forging-heat. 
It  is  left  till  it  be  raised  to  the  same  degree,  for  a  space  ot  time 
wliich  varies  for  cich  Ivind  of  material,  from  five  to  twenty  min- 
utes. It  must  be  continually  stirred  with  a  small  rod,  in  order 
that  the  whole  of  the  particles  may  be  uni- 
formly calcined. 

Hydraulic  limes  which  harden  under  water 
are  dependent  for  their  quality  upon  the  pres- 
ence of  a  certain  amount  of  clay.  In  France 
the  manufacture  of  artiBeial  hydraulic  lime  is 
largely  carried  on.    See  Lime-kilk. 

Pra'am.     {Fessel.)    a.     A   flat-bot- 
tomed lighter    or  bai-ge,   used  in  Hol- 
land and  the  Baltic. 
b.   A  floating  battery. 

Prac'tice-butt.  (Ordnance.)  A  target  for  prac- 
ticiiii,'  with  guii.s. 

Pra'htL  Tlie  war-Tessel  of  the  Malays.  It  is 
from  55  to  15(5  feet  in  length ;  carries  76  to  96  row- 
ers, and  from  40  to  60  fighting  men.  The  guns  are 
of  brass,  from  2  to  6  inches'  bore,  mounted  on  stock 
pie.'es,  and  from  4  to  10  in  number.  —  Adm.  Smyi-h. 
Prai'rie-plov(r.  A  large  plow  supported  in  front 
on  wlieels,  and  adapted  to  pare  and  overturn  a  very 
bi'oad  but  shallow  fun-ow-slice. 

Its  shaip  .share  cuts  at  about  half  the  depth  of  the 
sod's  thickness,  and  such  is  found  to  be  more  eft'ec- 
tual  in  killing  tlie  growth  than  in  turning  over  the 
whole  sod  liy  cutting  at  a  depth  below  the  growing 
portions  of  the  .sod. 

Pray'a.  An  embanked  road  or  public  walk. 
Pray'ing-ma-chiue'.  We  liave  never  heard  that 
any  of  our  driving  business  men  have  made  praying- 
machines  for  the  Oriental  market,  although  cast- 
iron  gods,  bronzed  and  varni.slied,  have  been  made 
by  tlie  ton  in  Birmingham,  England,  and  exported 
thence  to  heathen  lands. 

Praying-machines  are  in  vogue  in  all  the  lands 
which  acknowledge  Thibet  as  their  religious  center. 
This  includes  India,  Ceylon,  Burniah,  Siam,  China, 
and  Japan.  Divided  as  it  is  from  the  mainland  of 
the  continent,  and  superior  to  China  as  Japan  ap- 
pears to  be,  there  is  much  aflinity  between  their 
forms  of  civilization  and  government,  and  in  many 
details  of  their  manners  and  religion. 

In  Thibet  the  art  of  praying  has  been  brought  to  a  high  state 
of  advancement.  It  is  no  longer  difficult  to  utter  long  pr.aycrs. 
for  the  pmyer  written  on  a  piece  of  paper  or  a  leaf  and  fastened 
to  a  wheel  "is  understood  to  be  uttered  once  for  every  revolution 
of  the  wheel.  The  motion  of  the  written  is  the  mechanical 
equivalent  of  the  vocal  exerci^^e 


driven  in  a  direction  contrary  to  that  of  the 
apparent  motion  of  the  sun.  This  is  probably 
important. 

The  barrfl  corresponds  to  the  htatls  and  ro- 
.taries  of  regions  fartlier  west.  The  rosary,  in 
fact,  is  borrowed  from  the  East. 

These  mechanical  developments  of  mental 
emotions  are  the  natural  outgrowths  of  a  cer- 
tain grade  of  civilization. 

In  another  machine,  two  small  rings  are 

Fig.  3931. 


^\'hen  before  an  idol,  it  is 
undLM-stood  to  te  presented  toward"  the  god  once  during  each 
revolution  ;  and  the  women,  who  do  most  of  the  praying  there, 
saunter  into  the  temple,  chat  over  the  news  and  compare  ba- 
bies, meanwhile  turning  the  wheel  diligently.  They  go  down 
fhjm  thence  feeling  justitied  and  comfortable. 

Anon  comes  one  who  is  struggling  in  spirit  with  a  great  un- 
fnlfllled  wish,  and,  flinging  herself  on  the  floor,  turns  the  wheel 
with  energy  as  she  utters  her  prayer  for  a"  bull  child,"  or  some 
other  fervent  desire  of  her  heart. 

A  praying-cvlinder  seen  by  Dr.  Hooker  at  Simonboug  in 
Sikkim  consisted  of  a  leathern  cylinder  placed  upright  in  a 
frame ;  a  projecting  piece  of  iron  struck  a  little  bell  at  each 
revolution,  tlie  movement  being  caused  by  an  elbowed  axle  and  ,  one  of  the  warnin  • 
string.  Within  such  cylinders  are  deposited  written  prayers,  Use  not  yi.ui  repcti 
and  whoever  pulls  the  string  properly  is  considered  to  have  re-  tions,  as  the  heathui 
peated  his  prayers  as  often  as  the  liell  rings.    The  machine  is  ,  do. 


Praying-Machines. 

placed  on  each  spoke  of  the  wheel,  the  jingling  thereby  pro- 
duced  being  to  attract  the  attention  of  the  god.  The  greater 
the  noise  the  greater  the  certjiinty  of  being  attended  to.  The 
credit  for  prayers  is  in  proportion  to  the  energy  of  the  action 
and  the  nuuiiier  of  revolutions. 

Some  of  these  legeuds  are  to  invoke  the  attention  of  Buddha 
to  the  condition  of  the  souls  of  (he  departed,  the  metempsi  clio- 
sis  being  a  form  of  purgatory  :  others  are  aphorisms  which  are 
understood  to  be  devout  expressions  of  patience. 

"  I  woulil  not  harshly  scorn,  lest  even  there 
I  spurned  smiic  elcnients  of  Christian  prayer, — 
An  aim,  tleuigli  erring,  at  a  '  world  ayont,'  — 
Acknowledgment  of  good,  —  of  man's  futility, 
A  sense  of  need  and  weakness  ;  and,  indeed. 
That  very  thing  so  many  Christians  want,— 
Humility.'" 
These  mechanical  aids  to  prayer  and  substitutes  for  pilgrimage 
are  to  be  found  on  roads  in  Thibet.     You  see  pasteboard  bar- 
rels, fixed  on  an  axle  and  inscribed  with  choice  prayers.    The 
devout  give  the  barrel  a  turn,  and  it  revolves  for  a  long  time, 
according  to  the  perfection  of  its  workmanship,  the  force  of  the 
impulse   and  the  lubrication  of  the  axle.     The  barrel  prays  for 
the  persons,  as  one  traveler  remarks,  "  as  long  as  gravitation 
and  friction  will  permit.   They  sometimes  fight  for  the-  privilege 
of  turning  the  barrel  "    The  poor  fellows  at  the  pool  ol  Bethesda 
may  have  done  the   same  in  settling  the  question  of  prece- 

The  words  '*  Om  Mani  Padmi  om  '"  (Hail  to  him  of  the  Lotus 
and  the  Jeivel)  are  fre- 
quently    painted    on  lig.  dyda. 

the  cylinders  of  these  

mach'ines and  prayers     ^^  f "  r  ^ 

placed  within      One    --  i  '    [x^. 

noticed    by   Hooker,  "!■ 

the  naturalist,  on   a 

etreani  in  Bhotan,waa 

made  to  rotate  on  its 

axis    by    a     spindle    ^_--_  \   ' 

which  passed  throuj;h   '"-  / 

the  floor  of  the  build-  ' 

ing  into    the  water, 

where   it   was  ternn- 

nated    by    a    wheel  '  i 

Such    praying-cylin-  ^  ' 

ders  are  called  mant  ^ 

by  the  Lamas 

The  Japanese  pra> 
inp-niachine  is  some 
what  similar.  The 
proper  subjects  for 
prayer  arc  displayed 
on  the  pillar,  and  thr 
wheel  in  its  recess  i~ 
understood,  during 
each  revolution, ton 
peat  the  legend  on  tin 
shaft.    This  reminil- 
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Sonntlte!^  u^id   .i 


^Ij  n  mill,  ITiG) 


TRAYING-MILL. 


PRESERVATORY. 


Fig.  3332  J9  a  representation  from  the  "  Description  des  In- 
strumcns  Ilarmouiques,  en  tons  tlenre,  par  le  I'tjre  Bonanni." 
PublisUed  at  Rome,  1776.  It  is  described  a^  "  ^onuettes  used 
in  cburclies,"  having  a  wheel  with  small  bells  on  its  periphery, 
andrungby  acord  attichedto  the  centerof  the  wheel.  Though 
somewhat  indistinct  in  the  original,  it  appears  that  the  cord  is 
attached  to  a  wrist  so  as  to  revolve  the  wheel.  It  seems  to  have 
been  adopted  into  Christian  worship  in  Bretagne  by  a  woman 
who  renounced  the  worship  of"  The  Stttr,''  but  brought  along 
the  paraphernalia  of  the  temple,  intending  to  sanctify  an  es- 
teemed and  musical  observance  to  the  worship  of  a  new  object. 
So  tlie  jingling  has  proceeded  for  many  centuries,  from  almond- 
e.\ed  Cathay  and  old  Zipango  to  the  Bretons  and  Basques  by 
the  ocean  of  Atlantis. 

Pray'iug-mill.  A  little  water-wheel  to  keep 
a  written  prayin-  moving.  Abbe  Hue  ("  Travels  in 
Tartary,"  184-4-46)  refers  to  wliat  lie  calls  "a  kind 
o( pra!/iiig-7nill,"  known  to  the  Tartars  as  a  chii-kor 
or  turiiiiig-jyrayer.     He  says  :  — 

"  It  is  common  enough  to  see  them  fixed  in  the  bed  of  a  run- 
ning stream,  as  they  are  then  set  in  uiotion  by  the  water,  and 
go  on  praying  night  and  day,  to  the  speciil  i>enefit  of  the  per- 
son who  has  placed  them  there.  The  Tartars  also  suspend  them 
over  their  domestic  hearths,  that  they  may  be  set  in  motion  by 
the  current  of  cool  air  from  the  opening  in  the  tent,  and  so 
twirl  for  the  peace  and  prosperity  of  the  family.  Another  ma- 
chine which  the  Buddhists  make  use  of  to  simplify  their  devo- 
tional activity  is  that  of  a  large  barrel  turning  on  an  axis.  It 
i-S  made  of  thick  pasteboard,  fabricated  of  innumiT.thle  sheets 
of  papier  pasted  on  one  another,  and  upon  which  are  wri*t€n  in 

Thibetan  characters  the  prayers  most  in  f.ishion The  de- 

Tout  can  then  eat,  drink,  and  sleep  at  tiioir  ea-se,  wliile  the  com- 
plaisant machine  does  all  their  praying  for  them.'' 

He  also  relates  a  fight  between  two  Limjis  over  a  praying-mill 
which  had  been  set  in  motion  by  one,  and  then  .'itopped  and 
again  set  in  motion  by  the  other.     See  Pr  wing-machine. 

Preen.     1.  A  clothiers  forked  tool. 

2.   A  bodkin. 

Pre-pon'der-ance.  {Ordnance.)  The  excess  of 
\vei;^lu  of  the  part  in  rear  of  the  trunnions  over  that 
in  front.  It  is  me;rsLired  by  tlie  weight  which  re- 
quires to  be  luing  to  the  muzzle  to  bring  the  gun  to 
a  horizontal  line  when  suspended  freely  on  its  trun- 
nions. 

The  preponderance  of  a  gun  is  usually  ^  of  its 
wei<(ht. 

Pres'er-va'tion  of  Food.  Various  methods 
niL^y  he  einiiluyed  for  preventing  the  fermentation 
and  putrefaction  of  animal  and  vegetable  substances 
and  maintainiug  their  usefulness  as  foods. 

Cold.  Putrefaction  is  entirely  prevented  or  arrested  at  tem- 
peratures below  the  freezing-point,  and  animal  substances  may 
be  thus  preserved  for  indefinite  periods  witliout  change.  The 
mammoths  found  in  masses  of  ice  in  Siberia  were  unchanged 
after  the  lapse  of  untold  ages. 

This  method  is  largely  employed  during  winter  in  cold  cli- 
mates and  on  a  smaller  scale  in  the  keeping  or  transportation 
of  flesh,  game,  etc.,  during  the  warm  season. 

Desiccation.  This  method  i.^  applied  to  both  animal  and 
vegetiible  substances.  It  is  effected  by  expo-iug  them,  after 
having  been  sliced  or  cut  into  small  pieces,  to  the  sun  in  warm 
dry  weather  or  to  a  current  of  warm  dry  air  at  a  temperature 
not  exceeding  l-W  Fah.  If  this  be  exceeded,  Hesh  becomes  hard 
and  insipid.  Vegetables  prepared  in  this  way  are  afterward 
compressed  into  a  small  bulk. 

Bticcaniii^  consists  in  drying  and  smoking  meat  cut  into  thin 
Blices.  From  this  practice  the  West  ludia  Buccaneers  of  the 
seventeenth  century  are  said  to  have  derived  their  name. 

Jerked  beef  is  prepared  by  dipping  thinly  sliced  meat  into 
water  and  afterward  drying  it  in  the  sun.  This  is  sometimes 
pounded  into  a  mass  and  packed  in  jars. 

Pemniican  is  prepared  from  bulT.ilo  meat,  sliced  and  dried  in 
the  sun  or  before  the  fire,  pounded  and  mixed  with  melted  fat, 
to  which  tJavoriug  herbs  or  berries  are  sometimes  added. 

Flesh  not  for  food  may  also  be  preserved  by  imrrifrsion  in  an- 
tiseptic lifiuids,  as  alcohol,  to  which  camphor,  sal  ammoniac,  or 
common  salt  may  be  added.  .4.  weak  solntinn  of  creosote,  sul- 
phurous acid,  or  of  alum,  with  or  \vithout  the  addition  of 
corrosive  sublimate  or  arsenious  acid,  may  also  be  employed 
to  prevent  putrefaction. 

Pickling  in  vinegir  containing  ^  ^^  of  creosote  will  preserve 
meat  unchanged  for  a  consiJerable  time  even  during  warm 
weather.  The  most  efficacious  mode  of  applying  antiseptics  is 
to  inject  them  into  the  blood-vessels  of  an  animal  when  re- 
cently killed.  Such  is  Gannal's  process,  in  which  a  Folution 
of  .sulphate  of  alumina  or  preferably  chloride  of  aluminium  is 
injected  into  the  carotiil  artery  of  a  slaughtered  animal  as  soon 
as  the  How  of  blood  has  ceased,  the  extremities  of  the  jugular 


veins  having  been  previously  tied.  If  the  meat  is  to  be  kept 
for  more  than  a  few  weeks,  it  should  be  washed  with  a  mixed 
solution  of  cliloride  of  aluminium  and  common  salt  and  packed 
in  air-tight  barrels,  or  it  may  be  kept  in  ordinary  barrels  sim- 
ply packed  with  dry  salt. 

Robin  employed  some  of  the  volatile  hydrocarbons,  as  ether, 
in  a  capsule  or  sponge  placed  nithin  a  cuif*;  contiiining  the  sub- 
stance to  be  treated,  the  vapor  preventing  corruption.  Fish 
may  be  preserved  for  some  time  in  sugar,  either  alone  or  with 
saltpeter  or  common  salt;  treated  in  this  way,  they  retain  their 
natural  flavor  to  a  greater  degree  than  in  the  ordinary  salting 
process ;  if  afterward  dried,  they  may  be  kept  for  an  indefinite 
period. 

Smoking.  This  is  usually  employed  in  conjunction  with 
salt.  The  meat,  having  been  previously  immersed  in  or  thor- 
oughly rubbed  with  salt,  to  which  a  proportion  of  sugar  and 
saltpeter  is  usually  added,  is  suspended  over  a  smoldering 
wood-fire  which  burns  slowly  but  emits  a  large  quantity  of 
smoke.  Green  hickory  is  preferable  for  smoking,  wood  of  the 
pine  family  imparting  a  disagreeable  flavor  to  the  meat.  In 
some  ca^es  the  twigs  or  branches  of  aromatic  plants  are 
added  to  the  fuel;  juniper  is  used  for  smoking  the  celebrated 
"Westphalia  hams.     Corn-cobs  are  frequently  used. 

E^fclitsion  of  air.  In  1808,  M.  Appert  invented  a  process  for 
preserving  provisions  by  parboiling,  and  inclosing  them  in 
earthenware-vessels  from  wliich  the  air  was  excluded.  This  as 
subsequently  improved  by  Donkin  and  Gamble  forms  the  basis 
upon  which  the  more  recent  processes  of  preserving  foods  by 
canning  are  founded. 

In  that  patented  by  Donkin  the  meat  is  first  parboiled  or 
somewhat  more,  freed  from  the  bones,  and  then  placed, 
either  alone  or  with  vegetables,  in  tin  canisters  which  are 
filli'd  with  prepared  gravy  or  juices;  a  tin  cover  with  a  small 
aperture  is  soldered  over  the  open  end  of  the  can.  which  is  then 
placed  in  boiling  wat«r  or  in  a  salt  solution  Iieated  slightly 
above  the  boiling-point  of  water,  thus  expelling  the  air  from 
the  interior.  When  this  is  effected  the  aperture  is  closed  with 
solder  while  the  contents  are  yet  hot.  On  cooling,  the  ends  of 
the  can  a.ssuuie  an  inwardly  concave  form,  on  account  of  the 
contraction  of  the  contents-  The  success  of  tlie  process  is 
tested  by  exposing  the  cans  for  some  time  to  a  heat  above  100" 
Fah.,  when,  if  incipient  putrefaction  had  set  in  previous  to  the 
commencement  of  the  process  or  it  has  been  improperly  con- 
ducted, the  generated  gases  will  cause  the  ends  of  the  can  to 
bulge  outwardly. 

Bevan's  process,  patented  1842,  consists  in  exhausting  the  air 
from  the  cans  previous  to  heating  them,  and  in  providing  a 
supply  of  gelatine  which  is  caused  to  flow  in  and  fill  the 
vacuum  as  the  air  is  withdrawn,  thus  enabling  the  food  to  be 
cooked  ill  a  vacuum  at  a  much  lower  temperature. 

Pntiiii^.  By  this  method  air  is  excluded  from  animal  sub- 
stances previously  cooked,  by  placing  them  in  jai-s  ajid  covering 
them  with  a  layer  of  lard,  butter,  or  oil. 

Pickling  This  term  is  applied  indifferently  to  the  preserva- 
tion of  meats  or  vegetables  in  brine  or  vinegar.  Brine  is  gen- 
erally used  for  keeping  meat,  and  vinegar  for  vegetables.  This 
process  forms  an  important  part  of  household  economy,  and  oa 
a  large  scale  constitutes  a  prominent  source  of  national  wealth. 
Cabbage,  sliced  and  packed  in  salt,  undergoes  a  slight  fer- 
mentation forndng  sauerkraut,  an  article  of  diet  largely  used 
in  Northern  Europe.  Potatoes,  turnips,  and  other  roots,  as 
well  as  apples  and  cabbages,  are  prevented  from  decaying  by 

I  storage  in  moderately  cool,  dry  situations. 

I  Fruits  are  preserved  by  desiccatinn  or  by  being  treated  with 
sugar,  and  either  dried  or  retained  in  the  sirup.     The  former 

,  are  known  as  Jry  and  the  latter  as  liquid  conjeciions ;  they  are 

j  usually  boiled  in  the  sirup. 

Marmalades,  Jams,  and  posies  are  prepared  by  beating  up  the 

!  pulp  of  fruits  with   liquefied  sugar  or  honey.     Conserves  are 

I  beaten  up  with  dry  sugar. 

Some  fruits,  as  grapes,  may  be  kept  a  long  time  by  merely 

'  being  loosely  packed  in  sawdust ;  others  are  treated  with  alco- 

j  holic  spirits  and  sugar. 

I  Milk  may  be  preserved  by  reducing  it  by  boiling  to  half  its 
natural  bulk,  and  beating  it  up  witli  the  yolk  of  eggs  in  the 

I  proportion  of  Sh  to  lOA  quarts  of  mi  Ik  ;  the  whole  is  then  heated 

'  for  half  an  honr  antf  frequently  skinmied,  strained,  and  again 
heated  for  two  hours  in  a  water-bath.    See  Milk,  Condensed, 

,  page  U38. 

A  preferable  method,  generally  pursued  in  the  preparation  of 
condensed  milk,  is  to  evaporate  it  at  a  gentle  heat  and  add  su- 

;  gar.    Milk  thus  prepared  contains  about  25  per  cent  of  water, 

,  29  per  cent  of  cane,  and  16  percent  of  milk-sugar.    Evaporation 

1  may  be  continued  until  the  milk  is  entirely  solidified. 

I  Cream  may  be  preserved  by  boiling  down  five  measures  to 
four,  cooling  and  skimming,  aud  then  placing  in  closely  stopped 
bottles,  which  are  kept  in  a  water-bath  at  a  boiling  heat  for 

I  half  an  hour. 

I  Pre-serv'a-to-ry.  An  apparatus  for  preserving 
I  substances  to  be  used  as  foods,  etc.  In  the  example 
I  (Fig.  3933),  tlie  articles  are  placed  within  the  chani- 
I  bers  A  A",  etc.,  connected  with  a  conibustion-cliam- 
;  ber  Jj\  by  which  the  air  is  de.siccnted  and  its  oxvgen 
j  partially  removed  j  it  is  afterward  passed  through 


PRESERVE-JAR. 
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PRESSEK-BAR. 


Fig.  3933. 


Presfrvatort/. 

the  deoxygt*nating-chaniher  G*  G\  containing  a  coni- 
pounil  which  has  an  alKnity  for  that  ^is,  and  wliioli 
corni>in('.s  with  that  reniainini;  after  desiccation.  The 
air,  both  hct'ore  and  after  deoxyf^enation,  is  cansed 
to  civcidate  through  the  various  parts  of  the  apjiara- 
tus  bv  means  of  the  bel- 
Txg.  3954.  lows  G'". 

Pre-serve'-jar.  A  jar  the 
mouth  of  which  may  l>e  her- 
nietically  closed,  Wh   to  in- 
I  bure  tlic  better  ])resei-vation 
'  of  the   fruit  and   to  prevent 
evapoiTition.    Various  devices 
have  been  contrived   for    ef- 
fecting this   object.      In    the 
example,   a  flanged  packing- 
Prexrve-Jar.  ring    C    accurately    tits    tlie 

mouth  of  tiie  bottle  ;  over 
this  and  within  the  flange  is  placed  the  cap  B,  which 
is  forced  tightly  down  upon  an  india-ruhher  gasket  by 
the  pressuiv  of  a  sci^ew  so  as  to  exclude  the  air. 


Gluinpr-press. 

Gulletinjc-press. 
Gunpowiler-press. 
Iluiul-iitaiiip. 
Hut- press, 
Ua_v-pres8. 
Hop-press. 
Ilot-pre.'^s. 
HvUmulic  press. 
lI^drostatK-  press. 


Lard-press. 

Level-press. 

Lever-press 

Lithographic  press. 

Oil-press. 

Paciting-pre-vs. 

Pad-crimp  press. 

Paper  hot-press. 

Pawl-prt'ss. 

Peat-uiuchine. 

Peat-press 

Perfec  ting-press. 

Photo-reliif  pref-s. 

Portable- press. 

Printing-press. 

Proving- press. 

Railway-press. 

Re-presi*ing  press. 

Revolving- press. 

Rolling-ptTss. 

Rolling-cam  press. 

Screw- jirv'ss. 

Seal-press. 

Sewing- press. 

Sheet-metal  press. 

Stabbing- press 

Stamping-press. 

Standing-press. 

Stanhope- press. 

Stearin  e-press. 

Sterh.tdraulir  apparatus. 

Striking-up  press. 

Sugar-press. 

Swing  press. 

Tincture-press. 

Tobacco-press. 

Toggle- press. 

Tnin  sfer  ri  n  g-  m  achine. 

Upsetting-press. 

Veneer- press. 

Voluntary-press.' 

Water-press. 

Web-piess. 

Wedge- press. 

Wet-press. 

Wheel -press. 

Wine-piess. 

Wire- press. 

Wool-press. 


See  FuiTir-.j.\i;. 
Pre-serv'ing  Wood. 

TIOX  OF. 

Press.     See  under  the  fo 


See  Wood,  Preserva- 
llowiiiiij  heads  :  — 


Anti-friction  press. 

Anniiig-press 

Autt^^ipbic  pressv 

Baling-pre.-*s. 

Beater-press. 

Bibble- press. 

Blockinir-presa 

Bonnet-press 

Brtni  ih-press. 

Brick -press 

Bundling  press. 

Button -press. 

Canceling-press. 

Cnne-press. 

C:ird  board-press. 

Casting- press. 

Centripetal-press. 

(^heese-press. 

Cider-press. 

''igir-pres.'i. 

Cloth-press. 

Coining-press. 

Color-printinir  press. 

Co3cret«- press. 


Copperplate-press. 

Copying-press. 

Cork -press 

Corundum-press. 

Cotton-press 

Crimp-press 

Cutting-press. 

Cylinder-press. 

Cylindrical  printing-press. 

Domestic  press. 

Double-cylinder  press. 

Drop-press 

Drum-press. 

Dry-press. 

Embossing-press. 

Filtering-press. 

Finishing- press. 

Flat-press. 

Flour- packer 

Fly-press. 

Foot -press. 

Fruit-press. 

Gau  iTeri  ng- press. 

Glass-blower's  press. 


Press-cake.  (Gunjxiicdcr.)  Incorporated  or 
mill  cake  ready  to  undergo  graindation. 

Presse-ar-tere'.  {SiayiofL)  An  instrument 
with  a  handle  and  a  plate  witli  two  perforations  ; 
the  latter  to  hold  a  ligature,  wldeh  is  passed  round 
an  artery,  and  draws  it  up  a<;ainst  the  ]>late,  the 
cords  of  the  ligature  being  secured  to  tiie  .stem. 

Pressed  Brick.  Bricks  placed  one  at  a  time, 
when  nearly  dry,  into  a  metallic  mold,  in  which 
they  are  forcilily  compressed  by  tlie  action  of  a  lever 
or  screw,  which  forces  up  the  piston  iorming  the  bot- 
tom of  the  mold.  This  gives  a  smooth  face  to  the 
brii'k,  and  leaves  the  arrises  very  siiarp. 

Pressed  Glass.  Glass  brought  to  shape  in  a 
mold  hy  a  plunger. 

A  moditication  consists  in  blowing  it  within  a 
mold  so  lis  to  make  it  assume  the  form  of  the  latter. 

Pressed  Loop.  {Hnmcss.)  A  Icatlicr  loop,  the 
top  of  which  is  pressed  up  with  an  ornamental 
stiimp. 

Press'er.  1.  The  bar  in  a  knitting-machine  which 
drives  the  liarb  of  the  needk'  into  the  groove  of  the 
shank  in  order  to  let  off  the  loop. 

2.  A  form  of  ironing-machine. 

3.  The  foot-piece  in  a  .sewing-machine  which  rests 
upon  the  cloth  to  hold  it  .steady  wliile  the  needle 
fienetrates  and  withdraws,  and  tlien  rises  to  allow 
tlie  cloth  to  be  fed.     A  prcsscr-foot. 

4.  (Spinni/ig.)  a.  The  pressuie-roUer  of  a  draw- 
ing-frame. 

f>.   The  siiring-trnger  of  a  bobbin-frame. 

Press'er-bar.  {KniUing-machim.)  A  bar  which 
pre.sse.s  u]H>n  the  barb  of  the  hook,  so  as  to  close  it 
against  the  shank  of  tlie  needle.  Hy  this  means  the 
loop   in    the  hook  is  held  therein   while   the  loop 
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previously  made  is  brought  over  the  closed  needle 
and  the  loop  within  it.  [ 

Press'er-fly'er.  (Sjnuniiu/.)  a.  That  form  of , 
machine  in  which  the  arm  of  the  flyer  is  jiressed  i 
agiiinst  the  bobbin  by  a  spring. 

b.     One  which  has  a  spring  arm  piessing  upon  the 
bobbin  upon  which  it  delivci's  the 
fig.  3935.  yarn.     See  Flyer. 

Press'er-foot  {Scicihy-ma- 
chine.)  A  toot-plate  which  presses 
upon  the  goods  and  holds  them 
against  the  rough  face  of  the  feed. 


Fresser^Flyer. 


Press'er-frame.     (Spinning.)     One    furnished 

willi  jirt'sscr-Jif/ers. 

Presse-u-rethre'.  (Surgical.)  A  clamp  for 
the  penis  to  draw  the  parietes  of  the  urethra  to- 
gether and  prevent  the  discharge  of  uriue.  Jugiim- 
pcuis. 

Press'ing-bag.  The  horsehair  cloth  bag  in 
wliirh  tlax.■^eed  or  stearic  acid  is  pressed. 

Press'ing-board.  1.  An  ironing-board  upon 
which  seams  are  pressed. 

2.  {Bookbindhiif.)  A  board  placed  between  a  layer 
of  books  when  piled  in  the  slandiiui-prcss. 

Press^ing-plate.  A  follower-board  in  an  oil- 
pri'SS  ;  board  and  bags  of  the  material  alternate. 

Press'ing-roll'ef.  (Paper.)  a.  A  wire-gauze 
roller  which  takes  up  the  moisture  from  the  felted 
pulp  in  paper-making. 

b.  The  roller  which  presses  the  sheet  of  damp  paper 
to  remove  moisture. 

Press-keys.  Brass  keys  to  hold  tiglitly  the 
strings  in  a  sewing-press. 

Press-pin.     The  iron  lever  of  a  screw-press. 

Press-print'ing.  (Porcelain.)  One  of  the  modes 
of  printing  porcelain.  The  other  is  B.it-pkintixg 
(which  see). 

In  press-printing  the  engraving  is  coarse,  the  lines 
being  very  heavy,  so  as  to  hold  a  sufficiency  of  ink. 
The  impression  is  taken  on  porcclain-lissue  paper  ; 
the  marginal  paper  of  the  pattern  is  then  cut  away 
and  the  impression  dabbed  against  the  biscuit.  It 
is  then  nibbed  with  soapy  flannel  and  finally  with 
a  roll  of  flannel.  By  damping  and  rubbing,  the  pa- 
per is  then  removed,  leaving  the  oily  ink  adhering 
to  the  biscuit.  The  oil  being  driven  off  in  a  hard- 
eniiig-ki/n,  the  ware  is  ready  for  glazing.  Prcs-s- 
printing  is  applied  to  biscuit  ;  bat-priniiny,  to  the 
glazed  ware. 

Press-stone.    (Printing.)    The  bed  of  the  press. 

Press'vure-blo'w'er.  One  in  which  the  air  is 
driven  liy  a  positive  pressure  by  pistons  rotary  or 
otherwise,  in  contradistinction  to  one  in  which  the 
air  is  projected  by  fans  working  to  produce  a  centrif- 


ugal action  of  the  air  by  the  speed  of  movi-nient  of 
radial  vanes.      See  Bluweu.      See  also  Fig.  2589. 

Press'ure-en'gine.  A  water-pressure  engine. 
See  Hyduai'lic  Excise. 

Press'ure-fil'ter.  A  filtering-chamber  placed  in 
a  pipe  under  a  head  of  water. 

In  Fig.  3938,  a  has  two  casings  with  jicrforated 
plates  on  the  inside  and  a  body  of  sand  confined  be- 
tween the  plates,  together  with   a  system  of  pipes 

Fig  3937.  FiR.  3938. 


Sturtevant  Pressure-Blower. 


Pre&sttre-Filter, 


and  three-way  cocks,  whereby  the  water  may  be 
conducted  first  in  one  direction  and  then  in  another 
through  the  sand. 

In  Fig.  3938,  b,  the  chambers  are  separated  from 
each  other  by  two  partitions,  consisting  of  wire-cloth 
and  filtering  material,  supported  by  cross-bars;  the 
u[ipcr  partition  supports  a  cup  which  is  intended  to 
break  the  foice  of  the  current  of  water. 

Press'ure-forg'ing.  A  method  of  forging  and 
swaging  metals  by  hydraulic  jire.ssure.  At  the  State 
Railway  Works,  Vienna,  two  jiresses  capable  of  giv- 
ing respectively  1,500  and  600  tons  pressure  are  em- 
ployed. Heated  ingots  of  Bessemer  steel,  weighing 
2,030  pounds,  are  placed  under  a  hammer-like  head 
attached  to  the  piston  and  gradually  sijueezed  into  the 
form  of  bars,  being  shifted  and  turned  as  required 
when  the  piston  is  raised.  The  bar  is  then  cut  into 
lengths  by  a  chisel  attached  to  a  press.  The  masses 
thus  cut  ottare  swaged  to  the  desired  form  in  molds  by 
suitable  dies  attached  to  the  ]iiston.  There  is  no  jar 
or  vibration  in  this  machine,  as  in  the  steam  ham- 
mer, and  it  is  verj'  expeditious  in  its  operation,  ren- 
dering it  well  adapted  for  complicated  forglngs,  such 
as  locomotive  cross-heads,  boiler-heads,  steam-domes, 
etc.,  anil  also  for  spokes.     See  also  FoKniNG-rr.ESS. 

Press'ure-frame.  (Photurjrajihy.)  Oltcn  called 
printing -frame  and  sometimes  press.  A  strung  shal- 
low open  frame  of  wood  surrounding  a  scjuare  of 
thick  plate-glass  which  rests  upon  a  labbet.  When 
a  positive  "print"  on  seii.sitive  paper  is  to  be  made 
from  a  photographic  negative,  the  latter  is  laid  w^ith 
the  collodion  side  upward  u]ioii  the  )ilate-glass  front 
above  described.  A  sheet  of  sensitized  chloride  of 
silver  paper  is  then  jiressed  into  close  contact  with 
the  negative,  by  a  number'  of  strong  springs  at- 
tached to  hinged  pieces  which  lock  across  the  back 
of  the  frame,  acting  upon  a  movable  wooden  back 
separated  from  the  sheet  by  suitable  soft  packing. 
When  such  a  frame  is  turned  up  with  its  jilate-glass 
side  toward  the  sun,  the  light  passing  through  the 
negative  darkens  the  paper  behind,  so  as  to  pro- 
duce the  positive  picture  or  "print."  The  wood- 
en back  upon  which  the  springs  act  is  divided 
into  two  parts,  which  are  hinged  together.  By 
means  of  this  expedient,  it  is  pos.sible  to  examine 
from  time  to  time  the  progiess  made   in  printing, 
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Olio  lialf  the  lack  lieinj;  raised  while  the  other 
liolds  the  jiapei'  firmly  in  ]ilace  upon  the  negative, 
anil  to  stop  that  operation  when  the  shadows  are 
sulHeiently  dark. 

Press'ure-gage.  1.  (Steam-engine.)  An  ap- 
paratus or  littaehiiient  for  indicating  the  pressure  of 
steam  in  a  boiler. 

It  assumes  various  forms. 

a.  A  snfctij-vahK  is  in  one  sense  a  steam-gage,  as  it 
indicates  the  attainment  of  a  certain  pressure.  See 
Safkiy-valve. 

b.  A  plug  of  fusible  metal,  compounded  so  as  to 
melt  at  a  certain  temperature  and  inserted  in  .the 
side  of  the  boiler,  is  a  prcssare-ijfiyc,  as  it  melts  and 
allows  the  steam  to  escape  under  the  circumstances 
designated.  See  Alloy  ;  Fusible  Metal  ;  High- 
piiiissuuK  Alarm. 

c.  The  mercurial   steam-pressure  gage  (A)  is  a 


Fig.  3939. 


Pressure-  Gages. 

bent  tube  leading  into  the  steam -generator  at  the 
end  rf  and  open  to  tlie  air  at  the  other  end.  A  body 
of  quicksilver  occujiies  the  bend  b,  and  is  elevated  in 
the  outer  leg  jii  of  the  tube  by  the  pi'essure  of 
steam  on  the  mercury  in  tlie  inner  leg.  A  graduated 
plate  shows  the  range  within  the  pressures  for  which 
the  generator  is  calculated.  When  the  column  in 
the  outer  leg  stands  thirty  inches  higher  than  that 
in  the  inner  leg,  it  shows  a  pressure  of  two  atmos- 
pheres, and  so  on.  For  great  pressures  it  requires  a 
long  leg  or  that  the  colunm  be  loaded. 

If  the  siphon-tube  be  of  glass,  the  indicated 
pressure  may  be  easily  read  ;  but  to  avoiil  fracture 
the  tube  is  frequently  made  of  iron,  and  the  level  of 
the  mercury  is  indicated  by  a  float. 

As  the  mercury  in  the  long  leg  m  rises,  it  will 
raise  the  float,  the  counterpoise  of  which  s  will  de- 
scend and  indicate  upon  the  scale  the  excess  of  press- 
ure of  steam  over  the  pressure  of  the  atmos|iliere. 
Each  two  inches  of  the  vertical  column  of  mercury 


Tig.  3940. 


is  equal  to  about  one  pound  effective  pressure  in  the 
liiiiler. 

In  high-pressure  boilers,  the  gr(^at  hight  of  the 
column  of  mercury  would  prove  inconvenient,  and 
therefore  another  form  (I!)  is  aili)]ited. 

a  is  a  cistern  of  mercury,  and  /;  a  glass  tube  whose 
lower  end  is  open  and  plunged  in  the  mercury.  The 
tube  contains  air  at  ordinary  pressure.  When  the 
stopcock  c  is  opened,  the  steam  from  the  boiler  en- 
ters by  the  duct  d  and  presses  upon  the  surface  of 
the  mercury  in  the  cistern,  raising  it  in  the  tube  and 
compressing  tlie  air.  When  the  air  is  condensed  to 
half  its  volunu',  its  pressure  is  doubled  ;  when  it 
occupies  only  one  third  the  space,  its  pressure  is 
threefold,  and  so  on. 

d.  In  the  Magdeburg  pressure-gage  (C)  the  fluid 
is  admitted  by  a  tube  to  the 
I'ear  of  an  elastit:  ilia]diragm, 
whose  motions  actuate  a 
toothed  sector  engaging  a 
pinion  on  tlie  spindle  of  the 
jiointer,  which  indicates  tlie 
pressure  on  a  graduated  arc. 
The  action  is  analogous  to 
that  of  the  aneroid  barometer. 
The  diaphragm  is  generally 
corrugated  in  steam-pressure 
gages.     See  Steam-Gage. 

In  Fig.  3940,  the  corrugated  [ 
disk  is  made  more  sensitive  [ 
or  capable  of  greater  action 
on  one  side  of  its  axial  line 
than  on  tlie  opposite  side,  by 
giving  a  varied  or  unequal 
construction  to  the  corruga- 
tions. The  capacity  for  ex- 
pansion being  greater  on  one 
side  than  the  other,  the  iii- 
dex-fiuger,  which  is  axial  in  the  normal  state,  is 
tipped  by  the  rising  of  the  diaphragm,  and  its  incli- 
nation is  registered  on  the  graduated  bar. 

c.  Bourdon's  aneroid-gage  (D)  is  a  bent  tube  which 
is  closed  at  its  ends  and  held  by  its  midlength,  at 
which  the  fluid  is  admitted.  The  ju'essure  of  steam 
or  other  fluid  has  a  tendency  to  straighten  the  tube, 
whose  ends  are  connected  to  a  sector-rack,  which 
ojierates  an  indicator  in  the  manner  just  described. 

/.  In  the pislon-giige  the  steam  acts  upon  the  sur- 
face of  a  disk  within  a  cylinder.  The  piston-rod  is 
connected  with  a  weighted  lever  (B)  or  a  spring  (F), 
which  acts  against  the  steam-pressure,  the  amount 

Fig.  3941. 


Com^nteil  Difiplira§m 
Pressure-  Gage. 


Lowers  Pressure- Gage. 


PRESSURE-GAGE. 


1787 


PRICKIXG-WHEEL. 


of  which  is  indicated  in  the  usual  way.  TliLs  is  the 
principle  of  Watt's  indicator. 

Lowe's  steam-gage  consists  of  a  tube  a  having  a 
small  h'jle  through  which  steam  is  admitted  to  tlie 
interior  of  the  receiver  b,  raising  it  into  contact  with 
the  annular  weight  c,  which  is  thus  caused  to  rise, 
hecoming  successively  loaded  with  the  upper  weights 
d  e  f,  etc.,  as  the  steam-pressure  increases.  A  rod 
passing  centrally  through  the  weights  carries  a  rack 
which  gears  with  a  pinion  on  the  axis  of  the  indica- 
tor of  the  dial. 

A  series  of  cylinders,  one  within  the  other,  may 
replace  the  annular  weights,  rendering  the  whole 
more  comjiact. 

One  form  of  A.shcroft's  well-known  gage  has  two 

Tig.  3942. 


a,  As/icrofi'x  Suom-Ga^e. 

6,    Grarbtr^s  Stfaifi  and  Water  Alarm- Gage. 

graduated  circles,  one  representing  the  pressure  and 

the  other  the  temperature. 

Shaw''s  pressure-gage  (Fig.  3943)  consists  of  a  bra.ss 
cup  a  containing  an  iron 
disk  ft  recessed  on  its 
lower  side  to  form  a  mer- 
cury chandler.  c  is  a 
double  -  headed  piston 
having  its  upper  and 
larger  head  covered  by  a 
gum  diaphragm  d,  and 
receiving  the  pressure  of 
the  mercury,  which  pass- 
es into  the  chamber  c 
when  pressure  is  applied 
to  the  small  head  of  the 
piston  c.  f  is  a  screw- 
cap,  making  a  tight  joint 
and  preventing  escape  of 
mercury  into  the  lower 
part  of  the  cup  o.  <i  is 
a  nut  having  an  orifice 
for  the  .steam  connection, 
and  h  a  perforated  gas- 
ket, making  an  air  and 
steam  tight  joint.  The 
lower  and  smaller  head 
of  the  piston  c  receives 
the  steam  pressure,  and 
forces  the  mercury  into 
the  chamber  a  ^through 
a  small  perforation  in 
the  di.sk  ft,  whence  it 
rises  into  the  glass  tuhe 
i  to  a  hight  iniUcated  by 


the  graduated  register  k.  A  gum  ring  or  cushion  I 
receives  the  conical  end  of  the  tube  /,  whii  h  is  firndy 
pressed  upon  it  by  screwing  down  the  cap  m.  See 
also  Ste.\m-g.a.ge. 

2.  (Xautical.)  A  deep-sea  pressure-gage  is  one 
which  is  constructed  for  measuring  depths  by  the 
amount  of  compression  to  which  the  contained  fluid 
is  subject  when  submeigeil  to  great  sea  depths. 

Press-wheel  RoU'er.  One  constructed  of  a 
series  of  wheels  which  combine  to  form  a  rolling 
ridge  and  hollow  face,  and  avoid  clogging,  or  the 
necessity  for  a  scraper  to  clean  the  roller.     They  are 

Fig.  3944. 


Differential  Piston  Pressitre- 
Gage. 


Cylindrical  Press-Wheel  Roller. 

arranged  upon  self-lnbricating  axles,  with  hard- 
metal  removable  bushes  attached  to  the  iron  out- 
side brackets.  The  weight  of  a  roller,  seven  feet  by 
two  feet,  is  one  ton. 

Press-work.  1.  (Joincnj.)  Cabinet  work  of  a 
numlier  of  successive  veneers  crossing  grain,  and 
united  by  glue,  heat,  and  pressure. 

2.   (Print inrf.)     The  printing  of  a  form. 

Pre-vent'er.  (Xuulical.)  An  additional  rope, 
spar,  chain,  or  bolt,  as  a  support,  stay,  or  substi- 
tute. A  supplementary  or  auxiliary  rope  to  support 
a  spar,  stay,  etc.,  in  a  gale  or  in  action. 

A  jircvcntcr-bnU  is  driven  at  the  lower  end  of  the 
^jrcrcuter-plates  to  assist  the  strain  of  the  chain- 
bolts. 

Pixrcntcr-jylatcs  are  placed  below  the  links  of  the 
chains. 

Preyne ;  Prin.  A  technical  term  in  some  trades 
for  a  pin  or  needle. 

Prick.  (Xautical.)  To  trace  a  ship's  course  on 
a  eh.ut. 

Prick'er.  1.  (Btaslinf/.)  A  priming-needle.  A 
pointed  copper  wire  with  a  ring 
head.  It  is  forced  into  the  charge 
6,  and  the  tamping  a  is  pounded 
around  it.  The  pricker  is  then 
withdrawn,  leaving  an  opening  into 
which  a  little  tine  jiowiler  is  poured 
to  make  a  connection  from  the  fuse 
to  the  charge. 

2.  (Gunnenj.)  A  sharp  wire  in- 
troduced at  the  vent  to  puncture 
the  bag  which  holds  the  cliarge,  in 
order  that  the  priming  may  touch 
the  powder. 

3.  (yauttm?.)  A  small  instrument  having  an 
enlarged  head  and  a  curved  tapering  point.  It  is 
similar  to  the  fid  and  marline  spike,  but  is  used  for 
smaller  work. 

4.  A  long  slender  iron  rod  used  for  probing  or 
sounding  the  depth  of  a  bog  or  i|nirksand. 

5.  (Suddhry.)  a.  A  toothed  roller  for  marking 
or  stabbing  holes  for  sewing  leather,  etc. 

ft.  A  tool  (c)  used  to  mark  stitch-holes  so  as  to 
render  them  uniform  in  distance. 

Prick'ing-up.  (Pla-ilerinf).)  The  first  coat  of 
plaster  on  lath  ;  the  surface  is  scratched  to  form  a 
kev  for  the  next  coat.      See  Pl..\STEKINfj. 

Prick'ing-vsrheel.   (Saddlerij.)   A  traveling  tool 


Fig.  3945. 
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which  marks  the  number  nC  stitches  to  tlie  inch. 
A  slilch-wheii. 

Prick-post.  {Bailding.)  A  post  framed  inter- 
im-4iati'ly  lirtueeii  two  iiriucipal  ones. 

Prick-punch.  (Fonjiiuj.)  A  pointed  instrument 
used  liy  siiiitlis  to  mark  their  centers. 

Prick-wheel.  (Unddkry. )  A  tool  useil  to  prick 
ofT  tlie  work  for  the  luiraess-sti teller,  the  points  be- 
in^  made  to  produce  a  certain  number  of  niark.s. 

Priesfs  Cap.  {Furtificntioii.)  An  outwork  with 
three  salient  and  two  iMitering  angles. 

Prill.  (Miiiiny.)  The  better  portions  of  ore  from 
which  inferior  pieces  (dradijc)  have  been  spalled  by 
the  cobbiiig-hammer. 

Prill'ion.  {.Uiniiu).)  Tin  extracted  from  the 
sla-. 

Pri'ma.     {Priiitiiiri.)     Tlie  first  form  of  a  sheet. 

Prime.  1.  ((Jcarimj.)  A  nunilier  which  is  only 
divisil.ile  by  itself  or  unity.  Numbers  joiu'rtic  to  each 
other  have  no  couiiiion  factor  except  1. 

in  wheel  work,  it  is  usual  in  any  wheel  and 
pinion  that  act  on  each  other  to  use  numbers  of  teeth 
which  are  prime  to  each  other,  so  that  each  tooth  of 
the  pinion  may  encounter  every  tooth  of  the  wheel 
in  turn. 

2.  {Steam.)     To  carry  over  water  with  the  steam, 

3.  To  put  powder  in  the  pan  of  a  tire-arm,  or  lay 
a  train  of  powder  to  a  cliarge. 

4.  (Priatiiuj. )  A  mark  over  a  reference  letter  («', 
h",  etc.)  to  distinguish  it  from  letters  (a,  b,  etc.)  not 
so  marked. 

Prime-con-duct'or.  (Eledriciti/.)  The  metal- 
lic conductor  opposinl  to  the  glass  plate  or  cylinder 
of  an  electrical  machine.  It  is  supported  by  a  glass 
stem,  and  may  be  connected  by  chain  with  the  ob- 
ject to  be  excited  or  with  a  Leyden  jar  or  battery 
when  the  iuHuence  is  accumulated. 

Pri'mer.  1.  (Ordnance.)  a.  A  small,  supple- 
m;'ntary  tube  used  with  some  descriptions  of  heavy, 
breech-loading  ordnance.  It  is  placed  in  the  hori- 
zontal part  of  the  vent  before  the  vent-piece  is 
))laced  in  the  gun,  and  communicates  the  Hanie  from 
the  ordinary  tube  to  the  cartridge. 

b.  A  wafer,  cap,  or  tube  containing  a  compound 
which  may  lie  exploded  by  percussion  or  by  friction  ; 
used  for  igniting  thi^  charge  of  powder  in  a  cannon. 
Those  generally  used  in  the  navy  are  niaile  from 
quills  which  are  nearly  filled  wdth  fine-grained  gun- 
]io\vder,  the  U|iper  part  of  the  quill  being  split  and 
turned  over  for  containing  a  capsule  of  fulminate 
ndiich  is  exploded  by  a  sudden  blow  of  the  lock- 
hammer.  Friction-primers  (which  see)  are  exclu- 
sively employed  in  the  land  service. 

2.  (Blaslinij.)  Tape  primers  are  used  for  firing 
charges  at  a  distance.  They  are  formed  of  long 
flexible  strips  of  |iaper  or  fabric  containing  fulmi- 
nate or  other  quick-burning  compound,  and  are 
covereil  witli  a  water-proof  composition. 

A  detonating  primer  used  in  blasting  with  gun- 
cotton  consists  of  a  frusto- conical  tube  having  its 
lower  end  filled  with  a  detonating  composition,  above 
which  is  a  layer  of  gun-cotton  ;  the  upper  part  of 
the  tube  is  empty,  and  is  covered  with  a  paper  cap  ; 
an  ordinary  fuse  is  inserted  into  this  cavity  and 
fired  in  the  us\ial  manner. 

Prim'er.    (Printinri.)    Two  sizes  of  type   are  so 
called  :    Great    Primer,   the   largest   used  in  book- 
jirinting,  measuring  51  ems  to  the  foot;   and  Lo7ig 
Primer,  a  size  intermediate  between  Small  Pica,  and 
Bounjeois,  measuring  89  eras  to  the  foot. 
Bourgeois,  102  ems  to  a  foot. 
Lonw  Primer,  89  ems  to  a  foot. 
Small  Pica,  83  ems  to  a  foot. 


Pica,  71  ems  to  a  foot. 
English,  64  ems  to  a  foot. 

Great   Primer,   51    ems 
to  a  foot. 

Prim'ing.  1.  (Paintimj.)  The  first  layer  of 
paint,  size,  or  other  material  laid  upon  a  surface 
which  is  to  be  painted  or  glaztnl  ;  as  on  a  canvas, 
picture-frame,  stuff,  wall,  vehicle,  building,  or  other 
object. 

The  priming  of  the  gilder  on  wood  is  composed  of 
white-staff,  size,  and  whiting.     See  GiLlil-\'c;. 

2.  {Fire-arms  and  Ordnance.)  The  combustible 
which  communicates  fire  to  the  charge. 

3.  {Blastinej.)  A  train  leading  to  a  bursting- 
charge. 

4.  {Steam.)  The  carrying  over  of  water  witli  the 
steam  into  the  cylinder. 

Prim'ing-horn.  {Blnsling.)  The  puwder-horn 
of  the  miner  or  quanynian. 

Prim'ing-pow^'der.     1.    Detonating  powder. 

2.  The  train  of  powder  connecting  a  fuse  with  a 
charge. 

Prim'ing-tube.  {OrdiM-nce.)  A  tube  to  contain 
an  inllammable  compo.sition,  whiidi  occupies  the  vent 
of  a  gun  wdiose  charge  is  fired  when  the  composition 
is  ignited. 

T'liere  are  several  kinds  of  priming-tubes,  fired  by 
port-fire,  lock,  or  friction. 

The  tnlie  is  niaile  o{  quill,  paper,  or  metal,  and  is 
charged  with  mealed  powder  damped  with  methy- 
lated spirit,  or  by  a  detonating  composition,  such  as 
chlorate  of  potash  and  antimony. 

The  tube  is  slightly  smalli'r  tlian  the  gun-vent,  in 
the  relative  pro|iortions  of  I'-jj  and  |  of  an  inch,  and 
a  hollow  is  made  down  the  middle  of  the  composi- 
tion, so  that  the  fire  may  involve  the  whole  length 
instantaneously. 

Till!  simjdest  form  is  that  in  whii-h  the  tube  is 
merely  a  holder  for  the  priming,  wliich  is  touched 
otf  by  a  port-fire.  This  is  the  quill,  Dutch,  or 
common  metal  tithe. 

Another  variety  has  a  cross-head  or  snipe  to  con- 
tain a  detonating  composition  which  is  exploded  by 
a  hammer.  This  is  the  cross-headed  or  detonating 
tube. 

A  third  variety  is  operated  by  friction,  a  rough- 
ened bar  occupying  the  hollow  in  the  composition, 
and  explorling  by  fiiction  the  detonating  com[iosi- 
tion  in  the  head  of  the  tube.  The  rough  bar  is 
jerked  out  by  a  lanyard.     See  Fuiction-I'ki.mer. 

Prim'iug-valve.  A  spring  valve  fitted  to  the 
end  of  a  cylinder,  to  permit  the  escape  of  water  with- 
out danger  to  the  machinery  from  the  shock  of  the 
piston  against  the  incompressible  Huid.  This  water 
collects  partly  from  the  condensation  of  steam  within 
the  cylinder,  but  is  chiefiy  carried  over  from  the 
boiler,  either  as  priming  or  in  a  state  of  mechanical 
suspension  with  the  steam. 

Prim'ing-'wire.  (Ordnance.)  A  pointed  wire  to 
prick  a  cartridge  when  it  is  honw  and  clear  the  way 
for  the  priming  or  loose  powder.  A  Hat-headed  wire 
to  clear  the  vent  of  any  ignited  particles.    Fig.  3945. 

Prince  Ru'pert'a  Met'al.  An  alloy  for  clieap 
jewelry,  etc. 

A  brass  composed  of  copper,  75  ;  zinc,  25.  Pinch- 
beck. 

Prince's  Met'al.  A  jeweler's  alloy  of  copper, 
72  :  zinc,  28. 

Prln-cet'tcis.  A  worsted  fabric,  sometimes  with 
a  cotton  warp. 
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Prin'oi-paL  1.  (Carpenlry.)  An  important  tim- 
ber ill  a  fi-aine,  as  a  principal  beam. 

A  priiicij/al  rtifUr,  one  of  tlie  heavy  rafters  which 
support  the  purlins  and  common  rafters. 

A  pfincijril  brace,  one  immediately  under  the  prin- 
cipal rafter. 

A  principal  post,  the  corner  post  of  a  frame. 

2.  (Music.)  A  stop  of  an  organ  an  octave  liigher 
than  open  diapason  aud  in  unison  with  fliik.  It  is 
the  first  or  medium  stop  whicli  is  tuned,  all  the  other 
stops  being  tuned  frnin  it.     See  Stop. 

Prin'ci-pal  Raft'er.  (Carpentry.)  A  rafter  in 
the  main  truss  upon  wliich  the  purlins  rest. 

Print  1.  (Fabric.)  A  cotton  cloth  printed. 
Calico. 

2.  A  mold  sunk  in  metal  from  which  an  impres- 
sion is  taken  by  swaging.     A  boss.     A  swage. 

3.  (Foundry.)  A  projection  on  a  pattern  which 
leaves  a  spate  in  the  sand  for  the  purpose  of  support- 
ing a  core  in  its  right  position  aud  place.  The  space 
is  entirely  filled  by  the  core,  and  its  length  is  always 
that  of  the  hole  in  the  casting,  and  th^  print,  or 
prints  when  two  ai-e  used,  which  is  commonly  the 
case. 

Print'ed  Car'pet.  A  carpet  dyed  or  printed  in 
colors.  I>y  one  process,  the  carpet,  after  weaving 
in  undyeil  colors,  is  printed  in  the  same  manner  as 
calico. 

Another  mode  is  to  dye  the  yarns  in  bands  or  sec- 
tions, which  are  adjusted  and  proportioned  to  their 
future  position  in  the  fabric. 

Wbytock'p  Bru3eel^  carpet  (English)  was  deoigned  to  save 
woolen  material  by  .^substituting  a  party-colored  woolen  yam  for 
tbe  five  y;tru5  of  various  colors  whicli  usually  accompany  the 
linen  warp  in  Brussels  carpet  (which  see).  The  yarn  is  dyei 
of  the  ref|uisite  color  at  di.Terent  places.  T.ie  succession  of 
colors  is  determined  by  a  desii^n-piper  containing  the  pattern, 
ruled  with  squares,  the  lines  being  numbered  along  the  top 
and  down  the  length,  and  coatiiniag  the  entire  figure  of  the 
pattern.  The  breadth  of  tie  band  of  color  o.i  taj  yarns  aud 
their  due  succession  are  determined  thereby  Tje  weaving  is 
conducted  in  the  manner  adopted  with  velvet,  without  the 
complicated  a>Jjuncts  iacident  to  figure  weaving. 

Print'ed  'Ware.  (PMery.)  Poiv^-lain,  ([ueens- 
ware,  etc.,  ornamented  with  printed  figures  or  pat- 
terns ;  this  is  usually  done  previous  to  glazing  the 
ware.  An  impression  is  taken  on  yellow  unsized 
paper,  previously  dipped  in  soapy  water,  from  au 
engraved  coppn-  plate  to  which  the  coloring  mat- 
ter has  been  applied  ;  the  pattern  is  then  cut  out 
from  the  sheet,  laid  printed  side  down  on  the  plate 
or  other  article,  and  rubbed  with  a  piece  of  fiaunel 
until  the  color  is  transferreil ;  the  article  is  then 
placed  in  water  and  the  adliering  piper  removed, 
after  which  it  is  heated  to  e.'cpel  the  w.iter  and  after- 
war<l  glazed.  In  some  eases  the  impression  from 
the  plate  is  taken  in  oil  only,  on  a  flexible  sheet  of 
glue  called  a  paper  or  bat,  and  transferred  to  the  ar- 
ticle, which  is  then  dusted  over  with  the  pulverized 
color  ill  a  dry  state.  The  glue  is  cleaned  by  sponging 
and  is  rea  Iv  for  use  again. 

Print'er's  Flow'er.  (Priiifing.)  A  tail-piece. 
An  ornament  at  tlie  end  of  a  printed  book. 

Print'er's  G-age.  a.  A  four-sided  stick  for 
mersuriug  the  work  of  a  compositor.  Each  side  of 
the  stick  is  a  gage  for  a  particular  type. 

b.  A  rule  cut  to  the  length  of  a  page,  by  which 
to  break  matter  in  making  up  pages. 

c.  A  trial  piece  of  furniture  of  proper  size  to  reg- 
ulate the  distance  between  pages  in  imposing  a  form. 
The  furniture  is  then  cast  or  made  up  to  such  a 
size  as,  in  conjunction  with  the  chase-bars,  to  equal 
the  g'rge. 

Other  gages  are  used  in  cutting  and  mitering 
rules,  selling  composing-sticks,  etc. 


Print'er's  Roll'er.  A  soft  elastic  cylinder  which 
imparts  ink  to  a  form. 

'i'he  invention  of  the  roller,  simjile  as  it  seems, 
was  so  great  a  step  in  advance  as  almost  to  revolu- 
tionize the  art  of  printing.  Without  tlie  elastic 
inking-roller  modern  fast  printing-presses  would  be 
impossible. 

Previous  to  the  invention  of  the  roller,  forms 
were  inked  by  hand  by  dabbing  with  balls  of  soft 
leather  on  which  ink  was  spread  by  rubbing  together, 
one  being  held  in  each  hand  by  the  workman.  The 
balls  were  stuffed  with  tow  or  cotton  aud  attached 
to  handles. 

The  first  composition  for  rollers  was  glue  and 
molasses.  This  is  still  in  use.  Otiier  compounds 
are  glue  and  glycerine,  glue  and  honey,  etc. 

The  glue  is  melted  by  steam  heat  to  avoid  burn- 
ing, the  molasses  or  other  ingredients  added  ;  and 
the  whole  mass  cooked  until  it  arrives  at  a  proper 
consistency,  which  is  determined  by  cooling  a  small 
quantitv.  Donkin  and  Bacon's  English  Patent, 
1S13. 

The  roller  is  cast  in  a  hollow  cylindrical  mold, 
a  wooden  core  with  metallic  bearings  being  first 
placed  centrally   in   the  mold.      See   iNKINO-r.OLL. 

Print'er's  "Var'nish.  Linseed  or  nut  oil  boiled 
and  kindled  till  it  acquires  a  certain  con.sistence  :  to 
this  black  resin  is  added,  j  to  1  pound  to  the  quart 
of  oil,  stirred  :  1  j  pound  of  dry  brown  soap  added, 
stirred,  boiled.  May  be  diluted  with  oil  of  turpen- 
tine for  use.  See  Lithogkai'iiic  Vakxisii,  page 
1333. 

Print-hold'er.  (Photography.)  A  small  frame 
for  suspension  from  a  nail  or  supported  at  the  back 
in  the  manner  of  an  easel,  adapted  to  hold  and  ex- 
hibit a  photograph.     See  also  PnEs.sui!E-FK.\MF.. 

Print'ing.  1.  a.  The  art  of  taking  an  impres- 
sion from  an  inked  fonn,  plate,  block,  or  stone. 

Speaking  generally,  the  art  is  at  least  forty  cen- 
turies old.  Ancient  Assyrian  and  Egyptian  seals 
exist,  whose  surfaces  were  blacked  and  then  pressed 
upon  bark,  a  leaf,  or  skin,  delivering  an  impression 
either  with  white  marks  on  a  black  ground  or  black 
on  a  white  ground,  according  to  the  character  of 
the  engraving,  whether  the  lines  of  the  design  were 
cut  in  or  left  .salient. 

The  rude  king  who  smeared  his  hand  with  red 
ocher  or  the  soot  from  a  burning  lamp  and  then 
made  the  impression  of  the  palm  and  digits  beneath 
a  grant  of  land,  was  a  printer  in  his  way  in  thus 
putting  his  hand  to  the  document. 

As  a  substitute  lor  the  sign-manuni,  kings  of  old 
stamped  their  names  or  pronomens  ujion  tlieir  grants 
and  orders.     See  Se.\l. 

In  the  capitals  of  the  great  kingdom  of  Mesopo- 
tamia, which,  in  its  day,  was  the  most  densely  popu- 
lated part  of  the  eartli,  the  impressions  of  the  stamps 
and  seals  of  the  recorders  and  scribes  are  discov- 
ered in  thousands.  Tablets  of  clay  were  impressed 
by  engraved  cylinders  and  then  baked,  and  have 
remained  to  this  day.      See  Se.\L. 

"  It  is  turned  as  clay  to  the  seal."  —  Job. 

This  is  not  printing  as  we  nnderstand  the  word, 
but  is  closely  allied  ;  the  ceramic  works  of  the  Assyri- 
ans, Egyptians,  Phcenicians,  Cyprians,  and  Etruscans 
have  been,  by  their  composition,  proof  against  de- 
cay, and  show  the  kindred  arts  of  plastic  molding, 
engraving,  painting,  and  transferring,  the  latter 
being  a  mode  of  delivering  upon  an  object  an  im- 
pression from  a  surface  previously  marked  or  inked 
with  the  design  required  to  be  repeated. 

Some  of  the  ancient  stamps  in  the  British  Museum 
are  of  bronze,  and  have  raised  reversed  letters,  evi- 
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dently  intenik'il  to  i)iiiit  on  bark,  leaves,  papynis, 
linen,  or  iiaroliiiuMit.  Tlifse  stamps  have  handles. 
They  were  in  use  aniong  the  Romans  before  the 
Christian  era. 

The  iirst  notice  that  we  find  of  printing  pages 
is  in  the  Cliinese  annals.  Du  Halde  cites  the 
following,  from  the  pen  of  the  celebrated  Em- 
lieror  Van  Vong,  who  nourished  1120  years  before 
Christ :  — 

"  As  the  stone  Me  [a  word  signifying  ink  in  the  Chinese  lan- 
guage], which  is  used  to  blaclien  tlie  engraved  fhararters,  can 
never  become  wliite  ;  so  a  heart  blackened  by  vices  will  always 
retain  its  blackness." 

From  this  it  appears  that  printing  from  blocks  was 
a  very  ancient  art.  Other  Catholic  missionaries  be- 
sides Du  Halde  concur  in  supposing  it  to  have  been 
invented  from  930  to  950  B.  c. 

The  Chinese  process  is  described  by  Sir  J.  F.  Da- 
vis, and  it  is  probable  that  it  has  remained  substan- 
tially the  same  for  a  score  of  centuries. 

The  block  commonly  used  by  the  Chinese  is  pear-tree  wood. 
It  is  finely  planed  and  squared  to  the  dimensions  of  two  pages. 
The  surf  ice  is  then  rubbed  over  with  a.  paste  or  size,  occasion- 
ally made  IViim  boiled  rice,  which  i-endersit  quite  smooth.  The 
future  piLle.^,  which  have  been  transcribed  on  thin  transparent 
paper,  are  delivered  to  the  block-cutter,  who  sticks  them  face 
down  to  the  blork  by  the  sizing  just  mentioned.  The  thinness 
of  the  paper  permits  the  writing  to  sliow  through  perfectly. 
The  paper  beiug  rubbed  off,  a  cleir  impression  of  the  ink  re- 
mains on  the  wood.  The  workman  then  cuts  away  all  that 
part  of  the  block  not  covered  by  ink,  leaving  the  characters  in 
relief.     The  pages  are  then  ready  to  print. 

The  first  four  books  of  Kung-fu-tze  were  printed,  according 
to  Klaproth,  upon  page  blocks  in  the  province  of  Szut-scbuen, 
between  890  and  925  a.  d.,  and  the  description  of  the  technical 
manipulation  of  the  Chinese  press  might  have  been  read  in 
Western  countries  as  early  as  1310  in  Hasehid.eddin's  Persian 
History  of  Cathay. 

No  press  is  u^ed  in  printing,  but  the  workman  holds  in  his 
right  hand  a  stick  with  a  brush  at  each  end.  With  one  brush 
he  applies  ink  to  the  p  ige,  then  lays  on  a  sheet  of  thin  paper, 
like  tissue-paper,  and  runs  the  dry  brush  over  it,  so  as  to  make 
the  impression.  The  piper  is  printed  on  one  side  only,  and  the 
blank  side  is  turned  inward.  leavi;ig  the  fold  on  the  outside  of 
the  pages.  A  Chinese  book  thus  has  the  appearance  of  an  un- 
cut volume. 

This  plan  was  used  in  Europe  in  the  thirteenth  century  for 
printing  playing-cards  and  the  works  known  .as  biock-bouks,  each 
page  beiug  an,  engraved  block,  like  those  of  the  Chinese. 

In  the  year  1041,  a  Chinese  blacksmith  named  Pi-Ching  in- 
vented a  method  of  printing  from  plates  formed  from  movable 
types  of  burnt  clay,  called  lio-pan,  that  name  being  still  used  to 
designate  the  plates  in  use  at  the  Imperial  printing-ollice.  The 
types  of  Pi-Ching  were  of  the  thickness  of  a  Chiueise  coin,  and 
each  had  a  word  on  its  face.  A  plate  of  iron  was  covered  with 
fusible  mastic,  and  tlie  letters  were  laid  upon  it  in  lines  running 
from  the  top  downward.  The  plate  was  then  heated  and  the 
types  were  forced  into  the  mastic,  being  planed  down  to  a 
level  surface  by  pressure.  When  the  edition  was  printed,  the 
mastic  was  again  he.ited  and  the  types  removed. 

The  vast  number  of  chrracters  used  in  the  Chinese  language, 
which  is  not  phonetic  and  has  a  symbol  for  e.ich  word,  renders 
it  doubtful  whether  there  is  any  advantage  in  using  movable 
types  over  engraved  blocks.  The  priuting-ollice  established  by 
American  missionaries  in  China  has  6,000  different  characters 
in  its  font  of  type.  The  types  now  in  use  in  China  are  of  simi- 
lar form  to  our  own. 

The  works  of  Cotama,  under  the  title  of  '*  Verbal  Instruc- 
tions,'' are  published  by  the  Chinese  government  in  four  lan- 
guages,—  Thibetan,  Mongol,  Mintchou,  and  Chinese,  —  from 
the  Imperial  press  at  Pekin,  in  300  large  volumes.  The  name 
of  this  founder  of  Buddhism  was  Arddha  Chiddi.  He  w;ls  born 
about  1700  D.  c  ,  at  Capila,  near  Nepaul.  This  religion  now 
embraces  Ceylou,  Tartary,  Thibet,  China,  .Japan,  and  llurmah. 
He  changed  his  name  to  Giitama,  *'one  who  kills  the  senses." 
In  allusion  to  the  sublimation  of  the  soul  by  physical  mortiti- 
catious. 

It  appears  that  the  Venetians  introduced  block- 
printing  into  Europe,  and  wood-engraving  and  print- 
ing had  long  been  in  use  in  the  time  of  Charles  V. , 
when  playing-cards  were  thus  made.  The  printing 
from  blocks  is  said  to  have  been  practiced  at  Ra- 
venna in  1289,  and  among  the  Germans  in  1300.  In 
1441  it  had  attained  the  dignity  uf  special  legisla- 
tion ;  the  Venetian  c^ard-niakers,  taking  their  impres- 


sions by  means  of  a  burnisher,  obtained  protection 
against  the  introduction  of  "stamped  card.s." 

The  most  important  of  the  block-huoks  was  the 
"  Biblia  Pau]ierum,"  or  poor  man's  Hiblc,  which 
was  a  book  of  from  40  to  50  pages,  with  sc-cnes  and 
incidents  from  the  Bible.  It  was  a  great  favorite 
for  four  or  live  centuries,  existing  at  tirst  in  the 
manuscript  form  ;  it  ^vas  printed  from  blocks  in  1440, 
and  remained  as  a  block-bouk  long  after  the  iin'ention 
of  separate-type  luinting  by  Gnttenlierg.  The  book 
ha<l  several  authors,  but  its  first  coinijila'ion  is 
ascribed  to  Bonaventura,  the  chief  of  the  Francis- 
can.s,  in  1260. 

John  CUittenberg  (called  Geinsfleisch,  from  the 
name  of  his  house)  was  born  in  1400  at  Mentz.  In 
company  with  Faust  and  others  he  printed  several 
works  with  wooden  tijpes  and  wooden  blocks.  These 
were  the  "Alexandri  tialli  Doctrinale  "  and  "Petri 
Hispani  Tractatus,"  in  1442  ;  and  subsecpieiitly  the 
"Tabula  Alphabetica,"  "Catholieon,"  "Donati 
Grammatica,"  and  the  ''Confessionalia,"  between  the 
years  1444  and  1450.  In  the  years  1450-55,  the 
Bible  of  387  leaves  was  printed  by  Gnttenberg  and 
Faustwith  eid  metal  types.  Guttenberg  died  in  1468, 
in  high  honor  for  his  genius  and  perseverance. 
Faust,  after  dissolving  partnership  (1455)  with  Gut- 
tenberg, became  allied  with  Schoeffer  ;  and  they 
published  in  1457  the  "Codex  Psalmorum  "  with 
metallic  types,  —  the  most  ancient  book  with  a  date 
and  inscription. 

Guttenberg  took  other  partners,  and  yaililished 
the  "Catholieon  Jo.  de  Janua"  in  1460.  Gutten- 
berg used  none  but  wooden  or  cut  mctallie  types  till 
the  year  1462. 

Faust  gave  his  daughter  in  marriage  to  Schoeffer, 
the  former  servant  of  Guttenberg  and  himself,  and 
the  inventor  of  cast  victallic  type. 

The  most  ample  testimony  in  favor  of  Schoeffer  is 
given  by  Jo.  Frid.  Faustus,  of  Aschaffenburg,  from 
papers  preserved  in  his  family  :  — 

"  Peter  Schoeffer  of  Gernsheim,  perceiving  his  ma^-ter  Faust's 
design,  and  being  himself  ardently  desirous  to  improve  the  art, 
found  out  (by  the  good  providence  of  God)  the  method  of  cut- 
ting (niriV^H^/)  the  characters  in  a  matrix,  that  the  letters  might 
ea.sily  be  singly  cast,  instead  of  being  cut.  He  privately  cut 
matrirtf.  for  the  whole  alphabet ;  and  when  he  showed  his  mas- 
ter the  letters  cast  from  those  matrices,  Faust  was  so  pleased 
with  the  contrivance  that  he  promised  Peter  to  give  him  his 
only  daughter  Christina  in  marriage,  a  promi.^c  which  he  soon 
after  performed  But  there  were  as  many  difticuUics  at  tirst 
with  these  letters  as  there  had  been  befnrc  with  nnvdni  ones, 
the  metal  being  too  soft  to  support  the  force  of  the  impres- 
sion ;  but  this  defect  was  snnn  nMucihcd  by  mixing  the  metal 
with  a  substance  which  sutiieiently  hardened  it." 

Service  with  Guttenberg  was  the  means  of  direct- 
ing Schoell'er's  attention  in  this  line,  but  it  must  be 
admitted  that  the  invention  of  the  latter  was  by 
very  far  tlie  greatest  of  the  series,  leaving  nothing 
for  future  generations  but  to  improve  the  details  of 
the  process. 

The  first  book  printed  with  cast  types  was  "  Du- 
randi  Rationale,'.'  in  1459  ;  they  seem,  however,  to 
have  had  only  one  she  of  ca.'it  letters,  all  the  larger 
characters  which  occur  being  cut  types,  as  it  plainly 
a]ipears  by  an  inspection  of  the  book.  Faust  and 
Schoetter  continued  to  print  a  considerable  number 
of  works  till  1466.  They  took  more  impressions  on 
TcUuni  than  on  poper  in  their  earliest  works,  which 
was  the  case  with  their  Bibles  and  Tully's  Otfices. 
This  was  soon  inverted  ;, for  when  paper  was  intro- 
duced, they  took  but  few  impressions  on  veUiiin, 
which  were  more  for  curiosities  than  for  general  use. 
How  long  Faust  lived  is  uncei-tain  ;  but,  in  1471, 
we  find  that  Schoeffer  was  in  partnership  with 
Conrad  Henlif  and  a  kinsman  of  his  master  Faust. 
Faust  and  Schoett'er  printed  the 
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"  CoJex  Psalniorum  "  (with  cut  types);  in  1457,  now  in  Im- 
periiil  Library,  Vienna. 

"  Durauiii  Rationale,"  1459,  Earl  of  Pembroke's  Library, 
Englami. 

"  Catholicoa  Jaiiuensis,"  1460,  Royal  Library,  France. 

Livv  printed  "  Du  Fresnoy,"  1460. 

First  Bible  compleU-a,  1460. 

Latin  Bible,  1462  ;  Royal  Library,  France. 

Greek  characters  first  useJ,  1465. 

"  Cicero  de  Officiis,"  1465- 

Tully's  Offices,  1465-66,  Bodleian  and  other  hbraries. 

Roman  characters  at  Rome,  1467. 

Cixton  sets  up  a  press  at  London,  1471- 

*'  De  C'ivitate  Dei."'  1473. 

..Esop's  Fables,  by  Caxton,  first  book  with  numbered  pages, 
1474. 

Aldus  cast  the  Greek  alphabet  and  printed  a  Greek  book, 
1476. 

Aldus  introduced  italics,  1476. 

"  The  Pentateuch  '  ■  in  Hebrew,  1482. 

Homer  in  folio,  by  Demetrius  of  Florence,  1488. 

The  " Complutensian  Polyglot*'  of  Cardinal  Xhnenes,  in 
1517 

Tlie  exact  conformity  of  dilTerent  copies  of  the 
book  taken  by  Faustu-s  for  sale  in  Paris  gave  rise  to 
the  report  of  his  being  in  league  with  Satan,  and 
was  the  origin  of  tlie  popular  story  of  his  attendant 
demon. 

Tlie  Mentz  printers,  in  order  that  the  art  might 
not  be  divulged,  administered  an  oath  of  secrecy  to 
all  whom  tliey  eni[jloyed  ;  this  appears  to  have  been 
strictly  adiiered  to  until  the  year  14i52,  at  which 
period  the  city  was  sacked  an.l  plumiered  by  Arch- 
bishop Adolphus  of  Nassau  ;  its  former  rights  and 
francliises  were  also  abolished.  Amid  the  conster- 
nation occasioned  by  this  extraordinary  event,  the 
workman  of  the  Mentz  press,  considering  their 
oath  of  fidt^lity  no  longer  binding,  spread  them- 
selves in  different  directions.  By  tliis  circumstance 
the  hitherto  great  mystery  was  rapidly  carried 
tlirough  a  considerable  portion  of  Europe  ;  and  the 
places  which  received  it  early,  after  some  time 
commenced  a  contention  for  the  merit  of  the  dis- 
covery. 

Laurentius  Zanssen,  surnamed  Koster,  was  born 
in  Haarlem  about  1370,  and  died  1440.  His  claim 
to  be  the  inventor  of  separate  wooden  types  rests  upon 
the  testimony  of  Adriiiu  Young,  rector  of  the  Latin 
School  of  Haarlem  about  1570.  It  is  said  that  he 
tied  with  string  his  form  of  separate  wooden  types. 
It  is  more  probable,  from  some  e.visting  specimens, 
thit  he  sometimes  cut  blocks  of  a  few  words  or  lines 
to  print  portions  of  a  l)age  or  add  inscriptions  to 
cuts. 

A  claim  has  also  been  put  in  for  John  Jlentilius 
of  Strasburg. 

Janson  of  France,  an  engraver  of  coins  and 
medals,  about  145S,  seems  to  have  observed  the 
proce.ss  and  subsequently  practiced  it  in  Venice, 
where  he  published  the  "  D.x:or  Puellaruni  "  and 
*' Gloria  Mulierum,"  in  1471.  He  determined  the 
foi'm  and  proportions  of  the  present  Koman  char- 
acter. 

It  may  be  mentionel  that,  as  at  first  practiced  in 
Euroi>e,  sheets  were  printed  on  but  one  side  and  the 
backs  of  the  pages  pisted  together.  At  first,  also, 
spaces  were  left  for  the  illuminated  capital  letters, 
which  were  put  in  by  hind. 

The  art  was  carried  to  France  in  1469  ;  to  Italy, 
in  1465  ;  to  Spain,  in  1477  ;  to  England  by  Caxto'n, 
in  1474. 

Italy  soon  took  the  lead,  and  long  kept  it,  Venice 
being  the  headquarters.  In  the  editions  published  in 
the  sixteenth  century,  one  lialf  were  Italian,  and  one 
half  of  thes^.  were  Venetian  ;  one  seventeenth  were 
Engli.sh. 

In  Venice,  during  the  Turkish  war  of  1563,  news- 
papers first  made  their  appearance.     The  "Gazette 


lie  France"  was  commenced  in  1631.  Newspapers 
were  fau'ly  established  in  England  after  the  decapi- 
tation of  Charles  I. 

The  forms  of  the  old  printers  were  generally  either  large  or 
pmall  folios,  or  at  least  quartos  ;  the  lesser  sizes  were  not  in  use. 
The  leaves  were  without  running-title,  direutiou-word,  number 
of  pages,  .or  divisions  into  paragraphs.  Tbe  character  itself  was 
a  rude  old  Gothic  mixed  with  Secretary,  de-signed  on  purpose 
to  imitate  the  handwriting  of  those  times.  The  words  were 
printed  so  close  to  one  another  that  it  was  difficult  and  tedious 
to  be  read  even  by  those  who  were  used  to  manuscripts  and  to 
this  method, and  often  lead  the  inattentive  reader  into  mistakes. 
Th^-ir  orthography  was  various  and  often  nrbitrary,  disregard- 
I  ing  method.  They  had  very  fri-quent  abbreviations,  which  in 
time  grew  so  numerous  and  difficult  to  be  understood,  that 
there  wa^  a  necessity  for  writing  a  book  to  teach  the  manner  of 
reading  them.  Their  periods  were  distinguished  by  no  other 
points  than  the  double  or  single  one,  that  is,  the  colon  and  fuU- 
poiut;  but  they  a  little  after  introduced  an  oblique  stroke,  thus 
,, ,  which  answered  the  purpose  of  our  comma.  They  used  no 
capit;il  letters  to  begin  a  sentence,  or  for  proper  names  of  men 
or  places.  They  left  blanks  for  the  places  of  titles,  initial  let- 
ters, and  other  ornaments,  in  order  to  have  them  supplied  by 
the  illuminators,  whose  ingenious  art,  though  in  vogue  before 
and  at  that  time,  did  not  long  survive  the  masterly  improve- 
ments made  by  the  printers  in  this  bninch  of  their'  art  The 
name  of  the  printer,  place  of  his  residence,etc.,  etc.,  were  either 
whiilly  neglected  or  put  at  the  end  of  tliu  book,  not  without  some 
pious  ejaculation  or  doxology.  The  date  wa.s  likewise  omitted 
or  involved  in  some  cniniped  circumstantial  period,  or  else 
printed  either  at  full  length  or  I'v  numerical  letters,  and  some- 
times partly  one  and  partly  the  other ;  thus,  one  Thousand  CCCC 
and  Ixxxiii,  etc. ;  but  all  of  them  at  the  end  of  the  book.  There 
was  no  variety  of  characters,  no  intermixture  of  Roman  and 
itjilic  ;  these  are  of  later  invention  ;  but  their  pages  were  con- 
tinued in  a  Gothic  letter  of  the  .<iame  size  throughout.  They 
printed  but  few  copies  at  once,  for  200  or  300  were  then  esteemed 
a  large  edition. 

Catchwords  at  the  foot  of  pages  were  first  used  at  Venice  by 
Vindeline  de  Spori.  They  have  but  lately  been  aboli-^hed. 
Signatures  to  sheets  were  used  by  Zorat  in  Milan  in  1470. 
The  first  press  in  America  was  in  Mexico.  The  "Manual  for 
Adults'"  was  printed  on  it  in  1550  by  Juan  Cromberger,  who 
was  probably  the  first  printer  in  America.  The  second  press 
was  at  Lima,  in  1586.  The  press  at  Cambridge,  Massachusetts, 
was  established  in  January,  1630,  by  Stephen  Daye.  It  still 
exists  as  the"  University  Press,-'  and  at  that  establishment 
this  Dictionary  has  the  honor  to  be  set  up.  The  Faculty  of 
Harvard  College  was  censor  till  1662,  when  "  licensers  of  the 
press  "  were  appointed.  In  1755  the  press  was  free.  A  Psalter 
in  the  English  and  Indian  languages  was  printed  at  tlie  "  Uni- 
versity Press  "  in  1709. 

A  printing-press  was  established  in  New  London,  Conn.,  in 
1709  ;  the  first  printing-press  in  Turkey  was  brought  from  Paris 
by  Mohanmied  Effendi,  in  1721 ;  the  first  press  in  Annapolis, 
Md.,  was  in  1726;  Williamsburg,  Va  ,  1729 ;  Charleston,  S.  C, 
1730;  Newport,  R.  I.,  1732;  Halifax,  N.  S..  1751;  Newbem, 
\  C,  1755;  Portsmouth,  N.  H.,  1756;  Saranuah,  Ga.,  1763; 
Quebec,  Canada,  1764.  The  first  pi-ess  west  of  tbe  Alleghany 
range  was  in  Cincinnati,  1793.  The  first  press  west  of  the  Mis- 
sissippi, in  St.  Louis,  1808. 

Stereotyping  was  invented  by  William  Ged  of  Edinburgh,  in 
1725;  inking-rollers,by  Nicholson;  composition  inkiui^-roUtivs, 
by  Donkin  and  Bacon  of  London,  in  1813. 

The  Roman  alphabet  is  used  for  the  body  of  printed  matter  in 
English  books  and  newspapers,  though  hundreds  of  types  dif- 
fering from  the  Roman  are  ust-d  for  special  purposes,  as  the  titles 
of  books  and  in  displayed  advertisements.  See  Letter  ;  Fo>T. 
The  compositor  at  work  on  ordinary  printed  matter  has  a 
pair  of  cases  for  his  Roman  letter  and  another  pair,  or  a  double 
case,  for  italic.  {See  C.vse.)  In  picking  up  the  letters  he  works 
without  reference  to  the  face  of  the  type,  I^ut  is  guided  entirely 
by  the  nicks,  assuming  always  that  his  rase  is  not/o«/,  that  is, 
does  not  have  lett<;rs  in  the  wrong  boxes. 

In  putting  the  type  in  his  slick,  be  places  it  so  that  the  nicked 
end  shall  be  down  and  away  from  him.  Each  letter  is  held  by 
the  thumb  of  the  left  band  until  another  letter  or  space  is  placed 
beside  it.  In  reading  from  type  the  letters  are  of  course  in- 
verted. 

At  the  end  of  the  line,  if  the  words  do  not  fill  the  stick  they  are 
made  to  do  so  by  wider  spacing,  or  tbe  ordinary  spaces  are  re- 
placed by  thinner  ones,  so  that  another  word  or  syllable  can 
go  in.     This  is  called  justifying. 
,      When  the  stick  is  filled,  the  matter  is  lifted  out  on  to  a  galley 
for  proving.     When  the  proof  has  been  read,  the  type  is  made 
I  up  into  pages  or  columns, /orAfrf  up  in  a  elias*,  and  is  then  ready 
^  for  the  press,  or  for  stereotyping  or  electroti/ptng. 
j      When  the  edition  has  been  printed  the  type  is  said  to  he  dead^ 
■  and  is  ready  for  distribution.    A  compositor  will  distr-bute  mat- 
I  ter  from  three  to  four  times  as  fast  as  he  can  Sft  it. 

Electrotype  or  stereotype  plates  are  used  instead  of  type  when 
the  edition  is  so  large  that  wear  of  type  would  amount  to  more 
than  the  cost  of  plates,  wken  it  i.-^  desired  to  preserve  the  plates 
for  a  future  edition,  and  sometimes  for  other  reasons.     Among. 
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Cost 

[The 

of  0 

le  R< 

iu  eo 

ind  of  100  Sheets  of  Paper,  Weight  per  Ream  and  Cost  per  Pound  being 
to  150  pounds  per  Ream,  and  at  from  16  to  35  Cents  per  Pound. 

given,  froi 

n  12 
jives 

upper  figure 

ch  square  gives  the  cos 
the  price  per 

per  ream  (480  sheets),  and  the  lower  figure  per  100  sheets.    The  last  column  i 
balf-cent,  to  assist  iu  calculating  the  fractions.) 

Lb>. 

per 

,  Kcani. 

12 

16c.  '  ITc. 

.W 1      .43 

18c. 

19c. 

20c. 

21c. 

22c. 

23c. 

24c. 

2Sc. 

26c. 

27c. 

28c, 

29c. 

30c,  j  31c, 

3,00,    3.72 
.76  1      .78 

4.201    4.,34 
,88 1      ,90 

32c. 

33c. 

31a 

35c. 

Jc. 

2.10 
.45 

2.28 
.48 

240 

..50 

2.52 
.63 

2.64 
.6.5 

2.76 
.58 

2.88 
.00 

3.00 
.03 

3.12 
.66 

3.24 
.68 

3.36 
.70 

3.48 
.76 

3.84 
.8) 

3.96 
.83 

44» 
.80 

4.20 

.88 

.00 
.01 

U 

2.J4 
.47 

2.;i8 

..■iO 

2..52 
.»3 

2.66 
.55 

2M 
.68 

2.94 
.01 

3.30 
.70 

3.08 
.05 

3.22 
.07 

3.30 
.70 

3.84 
.80 

4.32 
.90 

3.50  i    3.04 
.73  1      .76 

4.00,    4.16 
.81 1      .►? 

4.51  1    4.68 
.!H  1      .98 

6l«l,    5.20 
1.01  1    1.08 

3.78 
.79 

3.92 
.82 

4.06 
.86 

4.48 
.18 

4.62 
.96 

4.76 
.99 

4.!0 
1.02 

.07 
.01 

16 

200 
..W 

2.7" 
..W 

2.88 
.00 

3.04 
,01 

320 
.07 

3.52 
.73 

3.08 
.77 

4.32 
.'M 
4.60 
1.01 
6.40 
1.13 

4.48 

.m 

4.64 
.97 

4.80  ,    4.116 
1.00  1    1.0,1 

6.12 
1.00 

.5.ffi 
1.10 

5.44      5.60 
1.131    I.I7 

.08 
.02 

18 
20 
22 

•2.HH 

3.00 
.IH 

3.24 
.IB 

3.42 

3.00 
.75 

3.78 
.78 

S.90 
.81 

4.14 

.80 

6.04  1    5.22  1    6.40 

1.05  1    1.09!    1.13 

6.68 
1.10 

6.70 
1.20 
6.40 
1.31 
'7,01 
1.47 

6.!M 
1.24 

0.12  1    0.30 
1.28]    1,11 

.09 
.02 

3.31 
.(!(■ 

3.40 
.71 

3 110 

.75 

380 
.79 

4.18 
,87 

400 
,83 

4.40 
.93 

420 

.88 
4.'2 
.97 

4,40 
.92 

484 
1.02 

5  28 
I  10 

4.00  ;    4,80 
.90  ,    1  00 

5.00 
1.17 

5.80  1    CIO 
1.21  1    1.25 

6.20 
l.,10 

6.10 
l.,18 

O80      7,00 
1,421    1.40 

.10 
.02 
.11 
.02 

.■i,.a|    3.74 
.73 1      .78 

3.% 
.88 

6.06 
1.00 

.5.28 
1.10 

6  50 
1.15 

5.72 
1.211 
0.24 
1..10 

5.91      0.10 
1.24      1.28 

6.,18 
1,83 

0,00 
1,38 

0.82 
1.42 

7.20      7.48  1    7.70 
1.51      1.66      1.60 
7.ir2      8.16 ,    8.40 
1.05      1-70      1.75 
8..58      8.84      9.10 
1.78  1    1.81'    I.IW 
9.24  ;    9.,52      9.80 
1.93      1,98      2.(M 
9.90    1O.-.J0    10..50 
2.00      2.13      2.19 

10,.50    10.88    11.20 
2.,i0      2.27      2..31 

11,22    11,66    ll,i«l 
2,34     2,41     2.48 

24 

26 

3  «4  ,    4  CW 

.«0 !     .!« 

4  10  1    4.43 

.K7  1     .92 

4..32 

.:io 

4.50 
.95 

480 
1,00 

5.01 
105 

5.52 
1,16 

5  76 
1  20 

600 
125 

0.48 
1.36 
7.0  i 
1.46 

6.72 
1.40 

096 
1.46 

7,20 
1,50 

7.44 
1..50 

7.08 
1.00 

.12 

.03 

4.08 
.97 

4,94 
1.03 

6  20 
1.08 

6.40 
114 

6.72 
1,19 

5!18 
1.45 

0  24 
1,30 

1.35 

0.70 
1.41 

7.28  1    7.64 
1.62      1.68 

7,80 

i,ia 

8.00 
1.0A 

a..i2 

1.73 

.13 

.03 

28 
30 

4  4«     4.7(i 

;■!        .99 

4  Sill    .^10 

l.inij    1.07 

5.(M 
1,05 

5.12 
1  11 

6I» 
1.17 

5.8K 
1.23 

0.16 
128 

6  44 
1.14 

0  72 
140 
7  20 
1.51 
7.08 
1.00 

700 

140 

7.28 
1.52 

7..Vi     7.84 1    8.12 
1.58      1.01 1    l.Oil 
8.10      8.40  1    8.70 
1.09  ,    1.76      1.81 

8,40 
1,75 

8.08 
1.81 

s.uo 

1.87 

.14 

.03 

5  40 
1.13 

5  70 
1.19 

0.00 
125 

KM 
1.31 

610 
137 

6  90 
1.44 

7,50 
1.60 

7.80 
1,03 
8..12 
1,73 

9.00 
1.83 

9,30 
1.94 

9.00 
2.00 

.15 

.03 

1   32 

.l.l-.'l    6  44 
1.117  1    1.13 

5.70 
1.20 

608 
1.27 

6,40 
1,33 

6.72 
1.40 

7.04 
147 

7.,16 
153 

8.10 
1.67 

8.64  ,    H.'X, 
1.80  1    1.87 

9.28 
1.91 

9.00 
2.00 

9.92  I  10.24 

2.07  1    2.13 
10.64  1  lO.W 

2.2O  1    2.27 
10.85!  11.20 

2.26  1    2.,13 

.16 
.03 

34 

5  44  1    5.7H 
1.14  1    1.20 

0.12 

128 

6  40 
1.35 

680 
I  42 

714 

149 

7,48 
1.56 

7ISi 
1,13 

8.10 
1.70 

8..50 
1.77 

8,S4 
1,84 

9.10 
1.90 

9.18  ,    9-52 
1.91  1    1.98 

9.86 

2.05 
1015 

2.12 
10.44 

Z.ln 

10.20 
2.13 

.17 
.04 

35 
36 

.5  IJI  1    5.95 
1.17  1    1.24 
5  71!  1    e  12 
1  20  1    1.28 

0:iO 
131 
0.48 
1..I.5 

0  05 
I..19 

7.00 
1,46 
7  20 
1.50 

7:t5 
1  63 

7  70 
1.00 
7  92 
1.66 
8.30 
174 

8  05 
108 

8.40 
1,75 
8.64 
1.80 

9  12 
1.90 

8  76 
1,82 

9,46 
1.97 

9.811 
2.01 

10.08 
2.10 

10..5I1 
2.19 

11. .5,5 
2.41 

11.10    12,2.5 
2-48,    2.,5.5 

.18 
,04 
,18 
,01 

0  84 
1,43 

7.66 
1..5S 

It-M 
1  73 

9  00 
188 

0„16 
1.96 

9.72 
2.03 

10.80  ,  11.10  ,  11.52 
2.25  1    2.Si     2.40 

11.85 
2.48 

12.24 
2„56 

12.09 
2.6,1 

3S 

UlWi    0,46 
1.27  1    1.3.5 

0.84 
1,43 

IM 

7.60 
1,58 

7,98 
100 

874 
1,81 

9.60 
198 

9.88 
2.00 

10.2li 
2.14 

lO.IH 
2.22 

11.02 

2.29 

11.40 
2.38 

12.00 
2.50 

11.78    1-.'.16 
2.45  1    2.53 

12.40    12.80 
2.,51  ,    2.07 

12.54 
2.01 

12.92 
2.09 

13.30 
2.77 

.19 
.01 

40 
42 

0  411      O.SI) 
I..11'    142 

7.20 
1.50 

7.00 
1,68 

800 
1  W 

840 
1.75 

8  811 
181 

9  20 
1,92 

0  66 
2  01 

9.1»1  1  10  00 
2.00      2  08 

10.40 
2.17 

10.80  1  11.20 
2.25      2.31 

11.111 
2.42 

12.18 
2..54 

13.10 
2.75 

13.60 
2.81 

14.28 
2.97 

14.00 

14.70 
3.fl6 

15.40 
3.21 

.20 
.04 

0.72 
1411 

7  14 
149 
748 
150 

7.50 
1.58 

7,98 
100 

8.40 
175 

8,Si 
1,84 

9  21 
191 

9,ia 

2.02 

10  08    1050  i  10.92  1  ll.,14    11.76 
2-10  i    2,19  1    2.28  !    2.,10      2.45 

12.00    13,02    13.44 
2.in  1    2.71  ,    2.80 

13.80 
2.89 

.21 

.m 

44 

7114 
1.47 

7.92 
ll« 

8,.'i6 
1.74 
8.55 
1.78 

8,80 
1.81 
9,00 
188 

9  24 
1112 

10  12 
211 

10.56  i  11,00 
2.2O1    2.2!1 

10  80    112,5 
2.25      2.,3I 

II.IM,  1150 
2.30  1    2.40 

11  52  '  12.IX) 
2.40  :    2,.iO 

12  *«    12..50 
2  50>    2.IJ) 

12  48    13  IX) 
2110,    2  71 

11.44  111.88    12.32 
2.,18  1    2.48      2.57 

12.76 
2.116 

13.20 
2.75 

1,1.64  1  14.08  1  14.62 
2.811    2.9,1,    ,1.03 

13.9.5    14.40    14.85 
2.111  1    3.10  ,    .1.09 

14.20  ,  14,72  i  15.18 
2.97  1    3,07  1    3,16 
4,** ,  I5..I1:  1  1.5.84 
3.10  1    3,20  1    ,1.30 

14.96 

3.12 
1.5..K1 

,1.19 
1.5.1-4 

3.20 
10..12 

3.40 
17.00 

3.54 

.22 
.05 
.11 
.05 

45 
46 

720 

1  .yi 

7  0.5 
1.50 

.^,10 
109 

9  45 
197 

9.90 
200 
10.12 
211 

10  .35 
2.10 

10  iS 
2.211 

11  114 
2, '10 

11  50 
240 

1170 
2.44 

11.90 
2.49 

12.48 
2.00 

12.15    12.00 
2..51 1    2.03 

12.42  ,  I2.8r 
2.59  1    2.08 

l!.90l  13.44 
2.70  1    2.80 

1.1.05 
2.72 

13.50 
2.81 

15.75 
3.28 

7..S0 

i:« 

7.82 
103 

8.28 
1,73 

8  74 
1.82 

9.20 
1.92 

900 
2  01 

13..'H 

2.79 

1.1.80 
■/.88 

10.10 
3.35 

.23 
.1)5 
.24 
.05 
.26 
.05 
.26 

m 

.27 
.06 

48 
50 

7  IK 
I.l»l 
800 
1.07 

8.16 
1.70 

8  04 
1.80 

9.12 
190 

9  00 
2  00 
1000 
201 

1008 
2  10 

10.,50 
2  20 

1,1,92  ;  14,40 
2,io!    ,1,00 

10.80 
3.50 

17.50 
3.05 

18.20 
,1,79 

,8.50 
1  77 

9110 
l,w< 
9  :J0 
1.115 

1  98 

10  ,50 
219 

10  '.12 
22H 

11  31 
2  30 

11  00 
2,29 

11  44 
2,18 

1.1.10    1.1.60  ,  14.IX)  1  14.60    15.(0 
2.71  1    2.81  1    2.92      3.02      3.11 

15.50 
3.23 

16.12 
3,30 

10.74 
.1.49 

16.00 
.1.3,1 

K.M 
.1.47 

10.50 
,1.44 

17,16 
3..57 

52 

H.-S2 
1.73 

881 
1,84 

98S 
2.116 

1040 
2  17 

11, »i 
249 

1,1.52    14,04    14„50    15.118 
2.82  1    2.»i  !    S.01      3.14 

15-1» 
.1.26 

li.OI 
,3,1M 

54 

8.r>4 
IrtO 

9.18 
191 

9.72 
2113 

10  20  1  10.80 
2  14|    2  2.5 

10  45  1  11  00 
2  18|    2  29 

lo.a ,  11 20 

2,22  1    2  .31 

11  02;  1100 
2..10  1    2,42 

11  40    12,011 
2  38'    2,50 

12  36    1300 
258  1    2  71 

11.88 
2.48 

12.10 
252 

12  42 
2  59 

12.90 
2,70 

1350 
2  81 

13  75 
2-87 

14  00 

2  92 
14..50 

3  112 

15  00 
,1,13 

1025 
3311 

14.04 
2.93 

14.58  1  15,12 
3.04      3.15 

1,5.06 
3.20 

16.20 
3..17 

17.28 
3.60 

17.82 
3-71 

18,.16 

3,83 
18,70 

3.90 
19.01 

.1.97 
19.72 

4.11 
20.40 

4.25 
22.10 

4,60 
21.80 

4.96 

I'.IO 
3.94 

55 

«,H0 
1.S3 

9.35 
195 

9.90 
2lli; 

II  65 
2  41 

12li5 
2.03 

1.1.20 
2  75 

14.,'91 
2.98 

14..50 
.1.11.1 

14.85  1  15.40 
3.09  1    3.21 

15.12  1  1.5.08 
3,15  I    ,1.27 

15.95 
3.12 

10.24 
3.38 

3.50 

16.,50 
3,44 

17.05 
3.56 

17..16 
3.02 

17.00 
3.67 

18.15 
3.78 

19.25 
4.01 

.28 
.00 

56 

58 

,s.'.h; 

IS7 

9  52 
199 

10  08 
2.111 

1044 

2,18 

1170 
2  45 

12  32 
2,57 

12.*i    1,1.44 
2  08  1    2.80 

16.80 
3,45 

17.92 
3.73 

18.48 
3..1,5 

19.14 
3.S.9 

19.110 
4.(« 

.28 
.06 

9  2.>1 
1  93 

9  Si 
2  05 

12  18 
2.54 

12  70 
2  00 

13  ,14 

2  78 

13  80 
288 

14  95 
312 

1392 
2!10 

16.118 
.1.14 

15.00 
.1.25 

10.90 
.1.52 

Ts.1) 

3.80 

16.60 
3.20 

1024 
3.,18 

17,40 
3.01 

17.98 
3.76 

18.50 
,1.87 

19.20 
4.00 

20.S1 
4.31 

20..10 

4.25 
21.1X1 

4.,16 
22.76 

4.74 
24.60 

5.10 

.29 
.06 
,30 
,06 
-31 
,07 
,35 
,07 
,.18 
.08 
.40 
.08 
.43 
.09 
.45 
.09 

.48 
.10 

..50 
.10 
.65 
.12 
.00 
.13 
.6.5 
.14 
.70 
.16 
.75 
.16 

Jc. 

60 

'.I  l»l 

2.(«1 

10  20 
2.13 

11.11.5 
2.30 

10  80 
2.25 

1200  1  13.20 
2  03|    2.75 
1.365  1  14,30 

2  81  1    2  98 

14,40 
3  00 

16.20 
,1.38 

16,80 
3,50 

17.40 
.1.0-1 

18.00 
3.76 

18.011 
3.88 

19.80 
4-13 

21-4.5 
4.47 

21.10 
4.82 

65 

10,40 
217 

11  70 
2.44 

15-00 
326 

17.55 
3.66 

18.20 
3.79 

1,1.85 
3.M 

19.60 
4.06 

20.15 
4.20 

21.70 
4.52 

70 

11  20 
2.'« 

11,90 
2,48 

12.iai 

2.IH 

13..10    14  110 
2  77  1    292 

14  70  115  40 
300  1    .1.21 

10.10 
3,15 

10  SO 
3.60 

17  50 
366 

1«.90 
3.»4 

19.10 
4.08 

20..10  1  21,(»1 
4.23  1    4..18 

22.40 
4.07 

75 

12  110 
2.V) 
12,80 

12.7,i 

2  IK 

13511 
2,81 

14  40 
3  00 

14  25    1.5.00 
2!I0[   ai3 

15  20  •  16.00 
317  1    .1.31 

15  75,  10  50 
3  2<|    3.44 

17  25 

359 
1840 

3.81 
19  ,5.5 

4117 
2070 

4  31 
2185 

4,5.5 

18  00 
3  75 

18.76 
3  91 

19..5n 
4.00 

20.25 
4.22 

21.00 
4.45 

21.10 
4.,18 

21.76  ,  22.50 
4.,53  1    4.ai 

21.25 
4.84 

21.00 
5.10 

24.75 
6.10 

25.50 
5.31 

ai.2.5 

5.47 
28,00 

6,83 
29,75 

6,19 
31,60 

0,50 
31.25 

6.93 

80 

13  00 
2  83 

16.80 
3,45 

17.00 
3.67 

18  70 
390 

19,20 
400 

20.00 
417 

20.80 
4.,31 

2'',40  ,  2(,20  1  21,00 

4,07  1    4.81 !    5,00 
23.80    24.65  ,  26.-50 

4.90  ,    5.14  '    5.31 
2.5.20  1  26.10  1  27.00 

5.25      5.44  !    6.61 
20.00    27..5.5    28..50 

5..54      5.74  !    6.94 
21.IS1    29.00    30.00 

.5.81 1    6.04  1    0.25 
30,80  i.ll.iO'  .11,00 

0.42  1    6.05  '    0.88 
31,00    .14.«)    30.00 

7.IX)      7.  '5      7..50 
.10.40  1  37.70    .19.00 

7.,58  1    7,86     8,12 
39,20  1  40,60    42.10 

8.17      ".40      ^.75 

24.80 
6,17 

20..15 
6.60 

27.10 
6.81 

25.1i0 
6.SI 

27.20 
5.07 

ai.ao 

0.00 
30.40 
C.,11 

20.40 
6.46 

27.20 
5.07 

85 

13l»l    14  45 
2  8'1|    .1.01 

14  40    15.30 
3,00      3 19 

15  ;«i 
3  19 

10  15 
3.37 

17.10 
3.50 

17,00 
3.50 

17,85 
3.72 

20  40 
4.2.5 

21,00 
4  511 

21,25    22.10    22.95 
443I    4.60 1    4.78 

22  50  1  21.40  1  24..10 
4  69  1    4.88  1    .5.110 

23.75    21.70    25,05 
4  95  1    .5.15  1    5.S4 

28.05 
5.81 

28.10 
0.01 

MM 
0.38 

32..10 
6.73 

90 

10  20 
3  38 

18  00 
3.70 

18  90 
3W 

19  80 
4.13 

20.!IO 
4,.'B 

29.70 
0,19 

95 
100 

15.20    16.15 
3  17      3,37 

17.111 
S..V, 

181)5 

370 
19IKI 

3!«1 
20,!10 

4.15 
22.10 

475 

19  00 
3  90 

19  95 
4,16 

IS 

29.45 
6.14 

31.15 
0.53 

33.00 
6.88 

10  INI 
3..-Ci 

17.IHJ 
.3.,?4 

181111 
3  75 

20  00 
4,17 

21.00    22  00 
4.38,    4  58 

23  10  ,  24.211 
4,11  1    5  04 

•i^i  IKl    24  1X1  [  25  00    26.1X1 1  27.00 

4  79      6  110  1    5  21  ■    5,42  1    6.01 
25,111  1  26.40  ;  27,611  '  28.011 1  2il.70 

6.27      5  .50  !    5  73  \    5.00  '    6.19 
27  lai  1  28  80  ,  30  00    31.20    32.40 

5  75      000  i    0  25  1    0..50     6.75 

31.00  1  32.00 

6.46!    6.67 
34.10  13.5.20 

7.10  1    7.31 
.17.20    ,1.1.40 

7.76,    8-CO 
40..1fl    41.60 

8.40      8.67 
43.40    44.H1 

9.04      9.13 
4H..50    48.10 

9.69    10.00 

34.00 
7.08 

.1,5.00 
7.29 

110 
120 

1711) 
.1.07 

19211 
4  110 

IS  70 
390 

20  411 
4  25 

19KI1 
4  13 

21,00 
4.511 

22,1X1 
4  51 

2400 
.5  00 

36,30 
7„56 

37.40  1  38.,50 
7,79  :    8.02 

40.80  ,  42.110 
8-50  1    8.75 

25,20 
6  25 

20  40 
6.50 

28  60 
5UG 

■10  80 
642 

39,60 
8.25 

130 
140 
150 

211811 

4  33 
22,40 

4I» 
2t.00 

5  IH) 

16. 

22  10 
4  00 

23  .50 
4  911 

21  40 
483 

1^ 
27.1X1 
SIS 

18c. 

24  70 
5,15 

20r.ll 
554 

28,50 
694 

19c. 

20  1X1 
5  42 

28.IK1 
5  81 

:!ll  00 
0.2.5 

20c. 

27,30 
6«1 

29,40 
0.13 

2:1 90    31  20 
0  2-!      650 

32  20    .31.40 
0  7]       7  011 

,12  ,W|  31.80    .35,10 

6  77 1  7,04 ;  r.,11 

.15,1X1    .10.411    .17.80 

7  29      7..5a      7.88 

42.ni 

8,91 
4i;.yil 

9.61 
49.,50 
10,31 

44,31 
11,21 

47-111 
9.92 

45-50 
9,41 
49.1N1 
10.21 

2.5  .50 
5  31 

31,511    3.1.00 
056|    688 

34,.50 
7,19 

.1000 

7.60 

,17,50 
7  81 

39.00    40..'iO 
8.13  1    8.44 

42.00 
8.75 

43„50  ,  45.00 
9.00      9.,18 

51.00 
10.01 

31c 

62..50 
10.94 

36c. 

17c. 

21c. 

22c 

23c. 

21c. 

2Sc. 

26c. 

27c, 

28c. 

29c, 

30c. 

31c. 

32c. 

33c, 
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PRINTING. 


book-printers  it  i.s  often  said  that  an  edition  of  5,000  copies  will 
warrant  the  expense  of  stereotyping,  and  less  than  that  number 
will  not  pay  for  publication. 

b.  {Plate-printing.)  Taking  impressions  from  en- 
graved plates.     See  Coppeui'LATE-I'IUNTING. 

c.  {Slonc.)  See  Lithocuaphy  ;  Lithogkaphic 
Press  ;  Photolitho(;uapiiy. 

d.  (Fabric.)     8ee  Calico-printixg. 

e.  {Embossed.)    See  Printing  fur  the  Blind. 

/.  {Color.)    See  Chro.matic  Printing  ;  Chkomo- 

LITIIOGRAPHY. 

An  American  invention  hits  been  made  public  for  producing 
pictorial  effects  by  the  use  of  uioviible  metallic  types,  cast  like 
ordinary  printiuj;  types,  and  bearing  upon  their  fiice:*  different 
devices,  which,  by  their  combination,  produee  the  desired  ef- 
fect. The  types  are  each  '  3,  of  an  inc.i  square,  their  surfaces 
either  plain,  black,  or  lined  \a  various  directions  and  degrees  of 
fineness.  It  is  probably  rather  more  in^^euious  than  useful,  and 
approximates  the  appearance  of  a  canvas  pattern  for  needle- 
work. 

Fasol's  stigmattjpi/  consists  in  using  only  the  full-point  of 
different  sizes  cast  upon  the  same  body.  The  variations  in  shade 
and  the  wliole  effect  is  produced,  as  in  ordinary  stipple  engrav- 
ing, according  to  the  proximity  of  the  points. 

g.   Printing  in  gold  is  done  in  one  of  two  ways  :  — 

1.  The  impression  is  taken  in  a  mixture  of  varnish,  burnt 
umber,  and  j;old  size.     Upon  this  gold-.eaf  is  Inid  and  lightly 

f tressed.    When  sufficiently  dry,  the  superfluous  gold  u  rubbed, 
e.iviug  the  gilded  letters. 
Bronze-powder  is  used  for  inferior  printing 

2.  \Ynit.t  iker's  method.  Tne  stereo  type- plate  is  placed  on  a 
hot  metal  block  on  the  bed  of  the  press  The  gold-loaf  is  laid 
on  the  face  of  the  metallic  pige-  The  pipi-r  or  vellum  is  pla*-od 
on  the'tympin,  having  been  previously  sifted  over  with  dried 
glair  of  egg  and  resin  Tne  tympan  is  turned  down  and  the 
pressure  maintained  a  little  longer  than  usual. 

2.  {Photograph!/.)  The  obtaining  u^ positive  prints 
from  the  exposure  of  sensitized  paj>er  beneatli  a  pho- 
tographic ?te^6fiu"e  to  the  sun's  ray.s.  First  performed 
by  l^x  Talbot.     See  Photography. 

Quantity  of  Paper  required  for  1^000  Copies  of  a  Bool:  ^ 
and  t/ie  Number  of  Pages  to  Forms  of  various  Sizes. 


Paprr- 

4to 
Pages. 

8vo 
Pages. 

12mo 
Pages. 

18mo 
Pages. 

R'ms. 

Q'res. 

1 

2 

8 

16 

24 

36 

2 

4 

16 

32 

4^ 

72 

3 

6 

24 

48 

72 

108 

4 

8 

32 

64 

93 

144 

5 

10 

40 

80 

120 

180 

6 

12 

48 

93 

144 

216 

7 

14 

56 

112 

168 

252 

8 

16 

64 

128 

192 

288 

9 

18 

72 

144 

216 

324 

11 

80 

ISO 

240 

360 

12 

2 

88 

176 

264 

396 

13 

4 

96 

132 

288 

432 

14 

6 

104 

208 

312 

468 

13 

8 

112 

224 

33) 

604 

16 

10 

120 

240 

360 

540 

17 

12 

128 

25  J 

3S4 

576 

18 

14 

136 

272 

408 

612 

19 

16 

144 

283 

4-32 

648 

20 

18 

152 

304 

456 

684 

22 

160 

320 

480 

720 

23 

2 

138 

333 

604 

756 

24 

4 

176 

352 

628 

792 

25 

6 

184 

3i8 

5-.2 

828 

26 

8 

192 

384 

576 

864 

27 

10 

200 

400 

600 

900 

2S 

12 

20s 

416 

624 

936 

29 

14 

216 

432 

R48 

972 

30 

16 

224 

448 

672 

1008 

31 

18 

232 

464 

696 

1044 

33 

240 

480 

720 

31 

2 

248 

496 

744 

3-j 

4 

256 

512 

7.38 

3! 

6 

264 

628 

792 

3,- 

8 

272 

644 

816 

3-i 

10 

2''0 

560 

840 

39 

12 

a'58 

576 

804 

4U 

14 

296 

692 

888 

64 
128 
192 
256 
320 
384 
448 
512 
576 
640 
701 
768 
832 


1024 


Paper. 

Forms. 

4to 
Pages. 

8to 
Pages. 

12mo 
Pages. 

Reams. 

Quires. 

38 

41 

16 

304 

G08 

912 

39 

42 

18 

312 

6i4 

936 

40 

44 

320 

640 

960 

41 

45 

2 

3i8 

656 

984 

42 

46 

4 

336 

672 

1008 

43 

47 

6 

344 

688 

44 

48 

8 

352 

704 

46 

49 

10 

360 

720 

46 

60 

12 

368 

736 

47 

51 

14 

376 

752 

48 

52 

16 

384 

768 

49 

53 

18 

a''i2 

784 

50 

65 

400 

800 

Official  Classification  of  the  Class  of  Printing. 
Kinds  of  PRDrriKG. 


Albertype. 

Anastatic. 

Aquatint. 

Autography. 

Autotypograpby. 

lias-relief. 

Block. 

Bronze 

Calico  (fabric). 

Ceramic. 

Chemitypy. 

Chromatic. 

Chroniolithographic. 

Klectro-magnetic. 

Embos.«ed  typography  (blind). 

Embossing  (color). 

Flock. 

Fugitive. 

Galvanoglypty. 

Galvanography. 

Glass. 

Globular  surface. 

Heiiochromy. 

Ileliotypy. 

Hieroglyphic. 

Intaglio. 


Letterpress. 

Lithographic. 

Marbling- 

Mezzotinto 

Music. 

Nature. 

Offset. 

Paneiconography. 

Paper-hanging. 

Phonotypography. 

Photogalvanographic. 

Photographic. 

Photo-relief. 

Phototypography. 

Pho  tozinc  ograp  hy. 

Plate. 

Spool. 

Stigmatypic. 

Teletype. 

Thermography. 

Transfer. 

Warp. 

Xylographic. 

Yarn. 

Zincography. 


Surfaces. 


A  nagly  p  tograph . 

Chromatic  type. 

Convex  type  surfaces. 

Dies. 

Ectypography. 

Electrotypes. 

Engraved  cylinders. 

Engraved  plates 

Etched. 

Galvanopla^tic. 

Glyphography. 

Graphotype. 

Logotypes. 

Movable  types. 


Metallic  ( by  chemicals  and  elec- 
tricity). 
Perforated  plates. 
Photoglyptic. 
Phraseo  types. 
Rubber  stereotypes. 
Rubber  type. 
Sectional  plates. 
Stereotypes. 
Stone. 

Stone  cylinder. 
Tapered  type. 
AVood  carvings. 
Zinc  cylinders. 


Oscillating. 

Oscillating  bed  and  platen. 

Oscillating      bed,      stationary 
platen. 

Oscillating  platen,   stationary 
bed. 

Reciprocating. 

Addressing-machines, 

Block. 

Branding-stamps. 

Card- presses. 

Copying-presses. 

Em  bossing-presses. 

Fluidic  impression. 

Lever-press. 

Perfecting. 

Perforating-stamps. 

Reciprocating  bed  and  platen. 

Reciprocating  platen,  station- 
ary bed. 

Stationary  platen  and  recipro- 
cating bed. 

Type- writing. 

Rotary. 
Copying-press, 

Many  -  impression     cylinders, 
horizontal  form. 


Many-type  cylinders,  common 
axis. 

Numbering-machines. 

Paging-niachine. 

Perforating. 

Prismatic  form,  rotating  im- 
pression-cy  Under. 

Reciprocating  cylinder  and  re- 
ciprocating bed. 

Reciprocating  cylinder,station* 
ary  bed. 

Revolving  type-cylinder. 

Rotating  cylinder,  reciprocat- 
ing bed. 

Rotatingcylinder,  rota  ting  bed. 

Segmental  cylintler  and  bed. 

SegTiiental  cylinder  {type  on 
flat  side). 

Single  type -cylinder,  double 
feed. 

Single  type-cylinders,  many- 
impression  cylinders. 

Stop-cylinder. 

Vertical  type-c>linder.  radially 
arra  nged  im  pression  -  cy  lin- 
ders. 

Vibrating  cylinder,  reciprocat- 
ing bed. 
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Adjdncts. 


Blankets. 

Goilkins. 

Chiises. 

Com  posi  ng-sticks. 

Copy -holders. 

Damping. 

Delivering. 

Dro|>- rollers. 

Keeiling. 

Fly-frame.i. 

Folding- machines. 

Friikets. 

Galley-rests. 

Galleys. 

G  rippers. 

Iniposing-stone. 

(  Ball. 
Inking  {  Pelts. 

(  KoUer. 
Lapping. 
Leads. 
Maltct. 
Mi  tering-machines . 

See  luuler  the  following  lieails  :  — 
Accented  letters. 
Addressing- machine. 


Offset  ting-blankets. 
Palette-knife. 
Quads,  quadrats. 
Quoins. 
Ilegisteriug. 
Regie  ts. 
Rule-cutters. 
Rules. 
Scrapers. 
Shooting-stick. 
Slugs. 
Spaces. 

Stereotype-plate  holders. 
Sticks  (side,  head,  and  foot). 
Tympaus. 
Type-cases. 
Type-casting. 

Type  composing  and  distribut- 
ing. 
Type-cutting. 
Type-gage. 
Type-rubbing. 


Ag 

Alley 

Amistatic  printing. 

Autiqne. 

Apostrophe. 

Asce  n  ding- letter. 

Backing. 

Bank 

Bank-note. 

Bat-printing. 

Beard. 

Bea. 

Bevel. 

Bite. 

B  lac  kl  eading-mac  hine- 

Blanket. 

Block. 

BkKik-prin  ting. 

Board- rack. 

Bodkin. 

Body. 

Book. 

Bour^gcois. 

Box. 

Brace. 

Bracket. 

Brass  rule. 

Brayer. 

Breve. 

Brevier. 

Cahier. 

Calico-printing. 

Canon. 

Card-press. 

Caret. 

Carriage. 

Ca.se. 

Ceramic  printing. 

CliM.'^e. 

Ciiromatic  printing. 

Clay-process. 

Color-printing. 

Column-rule. 

Com  posing- frame. 

Composipg-machine. 

Composing-stand. 

Coinj»o>iing  stick. 

Condensed  letter. 

Copper-ficed  type. 

Copperplate  press. 

Copy-holder. 

Crochet- type. 

Crotchet. 

Cutting-line. 

Cylinder  printing-press. 

DiUiber. 

Damping-machine. 

Dead  matter. 

Descending  letter. 

Diamond. 

Dipping-pan. 

Dip-roller. 

Distributing-machine. 

Distributing-roller. 

Douljle-eylinder  press. 

Double  letter. 

Brum. 


Due  tor. 

Duodecimo  (12mo). 

Eighteenmo  (IBmo). 

Elastic  type. 

Electrotype. 

Em. 

Embossed  typography. 

Emerald. 

English. 

Extended  letter. 

Face. 

Feeding-apparatus. 

Floating-plate. 

Fly. 

Fly-board- 

Fo"ho. 

Font. 

Foot-stick. 

Form. 

Forties. 

Forty-eights  {48's). 

Frame. 

Frisket. 

Furniture. 

Gage  paper-cutter. 

Gage.     Printer's 

Galley. 

Gal  ley -roller. 

Gallows. 

GoUl-printing. 

Gold-size. 

Great  primer. 

Grippers. 

Guide. 

Guillotine-cutter- 

Gutta-percha  plate. 

Gutter. 

Gutter-snipe. 

H  lir-line. 

Hat-tip  press. 

Head-stick. 

Horu-book. 

Horse. 

Impo.<ing. 

Imposing-stone. 

Inferior  letter. 

Ink-cylinder. 

Ink-fountain. 

In  king-trough. 

Ink-roller. 

Ink-slice. 

Inner  form. 

Inset. 

Italic. 

Kern. 

Lead. 

Lead-cutter. 

Leader. 

Lean  face- 

Lettf?r. 

Letter-board. 

Letter-case. 

Letterpress-printing. 

Ligature. 

Lithographic  press. 

Live  matter. 

Logotype. 

Long  primer. 

Lower  case- 


Mailing-machine. 
Manifold  writiug-book. 
Matrix. 
Matter. 
Medium. 
Metal  furniture. 
Minion. 
Minionette. 
Miter-box. 
Mitering-machine. 
Musie-in'inting. 
Music-type. 
Nature-printing. 
Newspaper  folding -machine. 
Nipiiers. 
Noiijiareil. 

Numberiiig-machino. 
Octavo  (i^vo). 
I  Offeut. 
Oii-cloth  printing. 
Outer  form. 
Overlay. 
Page-gage. 
Paging-machine. 
Paragon. 
Paste-points. 
Peari. 
Peel. 

Perfecting-press. 
Photo-mechanical  printing. 
Pica. 
Pie. 

Pigment-printing. 
Planer. 
Platen 

Plate-printing  machine. 
Pom  pet. 
Porcelain. 
Porcelain -printing. 
Postage-stamp. 
Poster. 

Pottery-printing. 
Press-printing. 
Primer. 

Printing  for  the  blind. 
Printing-frame. 
Printing  in  colors. 
Printing  in  gold. 
Printing-ink. 
Printing-machine. 
Printing.     Pictorial 
Printing-press. 
Printing-roller. 


Printing-telegraph. 

Printnig-wbeel. 

Printing-yarn 

Proof. 

Quadrat  (quad). 

Quarto  (-Jto). 

Quoin. 

Raising. 

Register. 

Register-point. 

Reglet. 

Revise. 

Ribbon  for  hand-stampS' 

Roller-mold. 

Roller-printing. 

Rounce. 

Ruby. 

Rule. 

Scraper. 

Script. 

Setting-rule. 

Shooting  stick. 

Signature. 

Shp 

Small  pica. 

Sorts. 

Space. 

Space-line. 

Space-rule. 

Stereotyping. 

Stereo  typing-machine. 

Stick. 

Superior. 

Supply-roller. 

Surface-printing. 

Tape. 

Thirty-twos  (32's). 

Ticket-pi-inting. 

Topical  coloring. 

Transfer-printing. 

Turtle. 

Twelvemo  (12mo). 

Twenty-fours  (24's). 

Tympan. 

Type. 

Type-distributing  machine. 

Type-setting  machine. 

Type-writing  machine. 

Underlay. 

Vibrating  roller. 

Wetting-machine. 

^Vhitc-iine. 

Yarn-printing  machine. 


Print 'in  g-bod'y.  (Podcri/.)  A  piece  of  ware 
prepaicil  Utv  lit-iug  printt'd. 

Print'ing  for  the  Blind.  This  is  a  French  in- 
vcntiuii.  For  it  we  are  indebted  to  Valentine  Haiiy, 
■who,  in  178-4,  piuduced  works  in  relief  letters  at 
Paris.  He  took  the  idea  from  a  map  in  relief,  the 
invention  of  a  German.  He  adopted  a  forn)  substan- 
tially similar  to  the  lionian  letters.  The  Academy 
of  Sciences  reported  in  its  favor,  a  .school  was 
established,  exhibitions  took  ]dace  before  Louis  XVI. 
For  want  of  energy  the  institution  languished  until 
Dr.  Guillie  took  charge  in  1814. 

The  first  book  in  relief  in  the  English  language 
was  printed  by  Dr.  Gall  of  Fdinburgh,  in  1827. 

The  Bible  was  printed  in  Glasgow  by  Alston,  1848, 
in  raised  Roman  characters,  upper  case.  It  was 
comprised  in  nineteen  vohmuts. 

Gall's  alphabet,  Edinburgh,  182n,  wa.«  a  modified  Roman, but 
in  the  process  of  simplification  attained  a  certain  resemblance 
to  some  old  character;*,  among  which  may  be  cited  the  Punic, 
Oscan,and  Greek.  He  published  a  book  in  this  character  in 
1826,  and  the  Gospel  of  St.  John  in  1829-34.  Gall  is  regarded 
as  the  principal  promoter  of  the  art  in  Bntnin,  He  afterward 
modified  the  character  of  his  type,  and  published  a  number  of 
other  books  of  the  New  Testament. 

The  systems  of  arbitrary  characters,  or,  in  other  words,  the 
alphabets  adapted  for  the  use  of  tliose  having  the  faculty  of 
sight, are  not  necessarily  the  best  adapted  for  those  who  depend 
upon  the  sensation  of  touch.  Much  fruitless  labor  has  been 
expended  upon  the  matter,  and  this  has  been  partly  owing  to 
the  lack  of  due  consulUition  with  the  persons  who  were  to  ben- 
efit by  the  result.  The  Illyrian  or  Sclavonic  alphabet  was  early 
adopted,  owing  to  its  square  form,  which  seemed  to  render 
the  character  easy  to  distinguish  by  the  touch.  The  modifica- 
tion of  the  Roman  character  adopted  by  Haiiy  was  modified  by 
Guillie,  and  since  his  time  various  alphabets  have  been  intro- 
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duced,  which  have  isolated  the  pupils  of  various  institutions 
from  each  other,  as  no  pupil  coulj  rwij  any  of  thu  publications 
of  another  institution  without  mastering  the  other  alphabet 

The  system  of  puncturej  letters,  invented  bv  a  bhnd  man, 
Loui-i  Braille,  consists  of  dots  whose  differing  numbers  and  ar- 
rangeuu;ut  indicate  the  respective  letters.  The  number  of  dots 
varies  from  1  to  G,  and  the  variations  readilv  admit  of  the  letters, 
accentodvowels,  diphthongs,  punctuation  "marks,  uumerals,  etc. 
Other  arbitrary  systems  are  those  of  Lucas,  Frere,  Moon ,  and 
Carton.  Lucas's,  claimed  to  be  the  least  difficult  to  learn  of  the 
English  systems,  and  peculiarly  adapted  for  those  who  are  de- 
ficient in  delicacy  of  touch,  uses  mauv  abbreviations  of  words 
and  syllables,  and  is  bulky,  thirty-sis'  volumes  being  required 
to  contain  the  Scriptures,  which,  in  the  Boston  alnaabet  fill 
but  eight. 

Frece's  is  a  phonetic  system  ;  in  this  the  Scriptures  are  em- 
braced in  fifteen  volumes. 

Moon's  system,  the  invention  of  a  blind  man,  is  based  on 
those  of  Lucas  and  Frere,  resembling  tue  latter  in  the  lines  be- 
ing alternately  read  from  left  to  right  and  from  right  to  left, 
from  a  supposed  motive  of  convenience.  The  letters  are  each 
formed  of  one  or  two  lines  only,  bv  using  nine  forms  turned  in 
different  directions.     Few  abbreviations  are  employed. 

Carton's  system  resemblei  Braille's,  the  dots  being  arranged 
to  more  nearly  re.si-mble  Roman  letters. 

Alston's  system  consists  of  a  slight  modification  of  •the  Roman 
characters. 

In  America,  the  system  of  Mr.  J.  B.  Friedlander  has  been  to 
some  extent  employed.  The  alphabet  is  Roman  capitals  of  the 
form  kiio.vn  as  block-letter.  The  only  e.xisting  dictionary  of 
the  EngUsh  language  in  raised  letters  is  printed  in  this  char- 
acter. 

Dr.  Howe  of  Boston,  superintendent  for  many  years  of  the 
Pcrkms  Institution  for  the  Blind,  is  the  author  of  the  modified 
lower  case  Roman  alphabet  used  iu  the  United  .States.  It  has 
perhaps,  no  eiual  among  all  the  European  systems,  and  the 
Jury  Report  of  the  English  E.tpo--ition  of  1851  "give  it  a  decided 
preference  over  all  other  systems  known  to  the  jury. 

An  alpliabetic  system  having  lower  case  with  capitals  is  also 
employed  iu  France 

.  *]°.'"^?';"''*  pnnttng-frame  for  the  Blind  (French)  was  exhib- 
ited in  I'jIJ  and  1.431  at  the  European  E.ipositious,  and  is  sub- 
stanti illy  as  follows :  — 

The  letters  of  the  alphabet  executed  in  relief  are  fixed  on  the 
upper  en  Is  of  metallic  rods  m  ide  to  slide  longitudinally  in  tubes. 
They  are  pi  iced  on  the  same  plane,  in  t.ie  fjrm  of  a  fan, and  at 
the  bottom  of  each  is  a  small  letter  agreeing  with  that  on  the 
upper  end.  The  lower  ends  of  all  t.ie  rods  co  iverge  toward  the 
same  spot,  and  deliver  their  impressions  as  called  in  actional 
the  place  where  the  piper  is  presented.  Tub  paper  is  fed  alon" 
between  each  impression,  suca  as  to  enable  the  next  impression 
to  be  delivered  in  the  proper  succe,s,siou  for  the  sense  of  the 
writing.  At  the  end  of  a  line  the  papL^r  is  shifted  upward 
and  bick  to  tae  commencemeat  of  another  liue.  Foucault, 
though  blind,  was  successful  iu  business  and  mechanical  enter- 
prises, and  was  a  zealous  friend  of  his  afflicted  fellow-men 

Johnston's  printing  apparaliis  fnr  Ike  blind  (United  States 
patent.  February  19,  imi)  differs  from  the  precedin.'  in  the 
mode  of  operating.  The  letu-rs  .iie  arranged  on  the  ends  of 
cylindrical  plungers  moving  vertically  iu  tubes  arranged  near 
the  margin  of  a  disk,  which  is  capable  of  rotation  on  a  vertical 
axis.  Eich  plunger  has  a  letter  in  relief  for  the  fingers  of  the 
blind,  and  acts  m  correspondence  with  a  similar  letter  which 
is  to  be  impressed  on  the  paper.  The  blind  person  feels  round 
the  disk  until  he  finds  the  right  letter.  He  then  presses  the 
letter  and  revolves  the  disk  till  he  hears  a  click,  when  a  pressure 
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is  brought  upon  the  letter  at  the  spot  where  the  paper  is  pre- 
sented. Each  letter  is  brought  to  the  same  opeuiug  to  give  its 
impression,  and  the  paper  rei-eives  two  movemeut.s,  as  iu  Fou- 
cault's;  one  between  each  letter  for  the  spacing ,  .and  another 
at  right  angles  to  the  former  for  the  distance  between  lines 

See  \\  KlTL\G-FR.OI£. 

Prinfing-frame.  (Photoijniphi/.)  Also  known 
as  a  2>i'essi(ri;-_fnimc.  A  quadi-augulav  shallow  lio.x 
in  which  sensitized  paper  is  placed  beneath  a  nega- 
tive and  exposed  to  the  direct  rays  of  the  sky  or^uf 
tlie  sun.     Large  printing-lrameshave  always  a  pane 

'  ot  plate-glass  in  iroiit  to  support  the  negative  ;  the 
latter  being  laid  thereou,  and  the  sensitized  paper 
on  the  negative.      Tlie  back  is  closed,   the  contact 

;  lieing  maintained  by  buttons  and  springs.  The  frame 
is  then  inverted,  exposing  the  glass  to  the  light. 
The  back  is  made  in  two  sections,  hinged  to<'ether, 
so  as  to  allow  examination  of  the  print  during''expos' 
ure  without  shifting  it. 

Print'ing-ink.  A  compound  of  linseed-oil  and 
lamp  or  ivory  black.  The  oil  is  boiled,  the  lamp- 
lilack  and  sometimes  rosiu  and  other  ingredients 
added,  and  the  compound  ground.  The  recipes  are 
various. 
PriBt'ing-ma-chiiie'.      See    Printing-pkess  ; 

CAI.ICu-ri;l.\llM;  ;   CuWEIlPLATE-I'lUNTING,  etc. 

Print'ing-pa'per.  Printing-j.aperiiicludesnews, 
book,  and  cuppn  plate  paper.  It  is  usually  bibulous, 
the  oily  and  viscid  ink  not  being  subject  to  run  upon 
the  wet  paper,  t'oiiperplate-paiier  is  of  the  quality 
of  (/TO!/'!H</-paper,  luinus  the  sizing.     See  Papeu. 

Print'ing-press.  A  machine  to  take  an  impres- 
sion on  paper  or  parchment  from  type,  electrotype, 
or  stereotype  forms,  steel  or  cojiper  plates,  litho- 
graphic stones,  etc. 

Presses  for  book  or  newspaper  printing  are  broadly 
dirided  into  j'l'itoi  and  cijlindcr  machines,  and  the 
latter  again  into  such  as  have  a  Hat  type-bed  recip- 
rocating at  the  same  speed  as  the  surlace  speed  of 
cylinder,  and  those  wliich  carry  the  type  or  printing 
jilates  on  a  revolving  cylinder.  See  list  on  page 
1793.  .  "  ^   ° 

The  first  printing-press  was  a  common  scre\y -press 
with  a  bed,  standards,  a  beam,  a  screw,  and  a  mov- 
able platen.  A  contrivance  for  running  the  form  in 
and  out  was  afterward  added. 

Blaew  of  Amsterdam  made  a  number  of  improve- 
ments iu  1620,  which  entitle  him  to  the  rank  of  the 
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first  great  improver  of  the  iiriiiting-press.  His  press 
had  a  traveling  lied,  a  [ikiteii  depressed  by  a  screw 
whieh  was  niow'd  by  a  lever,  and  by  a  spring  to  raise 
the  screw  and  platen  after  the  delivery  of  the  inipres- 
aou.  The  condition  of  the  press  in  the  time  of  the 
aiost  illustrious  printer  on  record  is  shown  by  the 
anne.Yed  cut,  uliich  is  taken  from  the  original  press 
used  by  Franklin  in  London,  and  now  iji  the  muse- 
um of  the  United  .States  Patent-(JHice.  It  is  still 
the  "Blaevv"  press,  with  niinoj-  niodiKcations.  It 
operates  on  the  screiv  principle,  the  horizontal  sweep 
jf  the  handle  rotating  the  screw  which  traverses 
through  a  nnt  in  the  cross-beam  above,  raising  or 
lowering  the  platen,  the  center  of  whose  upper  sur- 
face has  a  cup  which  rests  against  the  lower  end  of 
the  screw-heail ;  the  four  corners  of  the  platen  Lieiug 
tastened  by  thongs  to  the  screw-head,  so  as  to  give 
it  a  certain  inde[iendenee  of  adjustment,  to  enable 
it  to  lit  against  the  face  of  the  form,  that  is,  to  as- 
sume parallelism  therewith.  The  form  rests  on  the 
bed  and  is  seeuied  in  position  by  tenipitr  screws. 
Till'  bed  runs  in  and  out  on  a  tractk  ;  a  rack  on  the 
under  side  of  the  bed  being  engaged  liy  a  pinion  on 
the  shaft  beneath,  which  is  rotated  by  a  hand-crank. 
The  platen  is  only  large  enough  to  cover  one  half 
the  beil,  and  in  printing  a  newspaper  it  was  neces- 
sary to  screw  down  the  platen  on  each  page,  running 
the  bed  forwaid  or  liack  between  ^lit/fe 

This  may  be  taken  as  a  sample  of  the  press  in  use 
until  the  advent,  late  in  the  eighteenth  century,  of 
Lord  Staidiope's  improved  press,  which  so  long 
maintained  its  position  and  has  so  familiar  an  ap- 
pearance.    The  oscillating  hand  operates  a  toggle  to 


Fig.  3948. 


force  down  the  platen  upon  the  paper  on  the  form, 
and  the  platen  is  raised  again  by  a  spring  when  the 
force  is  withdrawn.  The  bed  travels  on  ways,  and 
the  frisket  is  hinged  and  is  so  jointed  as  to  lie  back 
in  an  elevated  position  when  raised  for  the  purpose 
of  withdrawing  the  sheet,  inking  the  type,  ami  pla- 
cing a  sheet  thereon. 

The  Columbian  hand-press  was  invented  by  George 
Olyniei'of  Philadelphia,  who  completed  his  invention 
about  1817.  The  Columbian  press  was  ennsidered 
s\iperior  to  Stanhope's.  The  imwer  is  applied  to  the 
platen  by  a  compound  lever,  consisting  of  three  sim- 
ple levers  of  the  second  order.  This  press  is  inter- 
esting as  being  the  first  important  American  addi- 
tion to  the  art  of  printing. 

Peter  Smith's  hand-press  soon  succeeded  the  Cn- 
lumbi.an  as  an  .\nieriean  invention,  and,  in  lS-2;), 
the  Washington  press  was  ]iatented  by  Samuel  Rust. 
This  press  has  been  modified  in  various  ways,  and  is 
now  the  only  haml-press  nmch  used  in  the  United 
States  for  printing  large  sheets.  The  pressure  is 
applied  by  a  compound  lever  acting  on  a  toggle- 
joint,  and  the  platen  is  lifted  by  springs  on  each 
side. 

In  Fig.  3950,  a  is  the  frame  of  the  press,  cast  in 


Colnmhian  Press.      ^ 


sections  ;  b  is  the  bed,  which  slides  on  track  c,  and 
is  run  in  and  out  by  turning  crank  d,  which  has 
a  belt  attached  to  its  pulley  or  rouncc ;  c  is  the 
platen, /the  handle  or  bar  (sometimes  called  devil's 
tail),  and  ;/  the  toggle.  Tympan  h  and  frisket  i  are 
held  up  by  the  nature  of  their  hinges,  which  allow 
only  a  certain  amount  of  swing. 

An  automatic  inking  action,  shown  in  the  cut, 
was  some  time  since  introduced  into  hand-presses, 
whereby  the  inking-voller  is  operated  by  a  weight 
raised  by  the  2^uU  of  the  pressman  in  delivering  an 


fig.  3950, 


Washinston  Hand-Press. 


impression.  The  descent  of  the  weight  draws  the 
roller  over  the  type  and  returns  it  to  the  inking- 
table  while  the  iiressnian  is  placing  another  sheet 
upon  the  tiimpin  and  Iblding  down  t\K  frisket. 

The  parts  of  a  hand-press  are :  — 

Bnr :  the  lever  by  whieh  pressure  is  applied. 

Basi- :  the  cross-bar  belew  the  trap]<. 

Beit :  a  heavy  casting  with  smooth  face,  which  supports  the 
form 

B>'lt;  a  leathern  strap  attached  to  the  drum,  moving  the  bed 
back  and  forth  under  the  platen 

Cnp:  a  heavy  cross-har  connecting  the  cheeks  or  standards. 

Carriage  :  the  bottom  of  the  bed  resting  on  the  track. 

Cheeks:  the  uprights  at  each  side  of  the  platen. 

Drum  ;  the  pulley  on  the  rounce. 

Frame;  the  cheeks,  head,  and  base. 

Fri.iket:  a  light  frame  pivoted  to  the  tympan. 

Gallows ;  an  upright  to  support  the  tympan. 

Oirdle :  the  belt. 

Head ;  the  cap. 

Hook ;  a  substitute  for  the  gallows. 
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Lever ;  the  bar  or  devil's  tail.  Applegath  and  Cowper's  four-cylinder  machine, 

^^Piaien,- a  casting  with  smooth  under  feceparaUcl  with  the    ^827,    superseded    Kbnig's  in   the   "Times"    office, 

'^ Press-cloth;  a  blanket  inside  the  tympan  to  regulate  impres-    "IkI  printed  at  the  rate  of  5,000  per  hour,  on  one 
Bion.  side.     It  had  four  printing-cylinders,  one  form  of 

«o«n«  .■  the  winch  which  moves  the  bed.  type  on  a  Hat  bed,   and  the"  paper-cylinders  were 

Spindles:  bo  ts  parallel  with  the  cheeks  to  hold  the  platen      -i^         ^i  .,  .,  1^4.1^4.4.         .,„ 

in  parallelism  vrith  the  bed.  alternately  raise,    and  depressed  so  that  two  were 

Springs :  to  lift  the  platen.  printed  during  the  passage  one  way  and  the  other 

Standards:  the  cheeks.  two  ou  the  return  passage.     A  pair  of  inking- rollers 

pliri"'''  """  """""""^  '""  "'™"='' ""'"'  '"'=''""'  '^  "^    between  the  paper-cylinders  obtained  their  ink  from 

Track:  the  bars  on  which  the  bed  slides.  the  table. 

Tympan:  a  frame  covered  with  linen  pivoted  to  the  bed,  so        Applegath's  machine,  1S43,  was  lon^  used  upou 
as  to  turn  down  over  the  form.  the  "Times."     It  introduced  one  novelty:  placing 

3VmpaH-(//-aH'fr;  a  frame  just  fittinf;  the  tympan.   The  press-     .,  ,     ,  .  c       ^^     ^  i        r\     Ji 

clotii  comes  between  the  tympan  and  drawer.  I  the  whole  series  of  cylinders  on  end.      On  the  ver- 

vr«rf?« ;  a  double  inclined  plane  above  the  platen  to  regulate  I  tical  type-cylinder    the   type  was   arranged  in  up- 
impression.  right  columns,  forming  Hat  polygonal  sides  to  the 

Fower-presscs.     Nicholson  obtained  a  patent  in  '  drum.     Arranged  around  it  were  eight  sets  of  ink- 
England,  1790,  for  a  cylinder  printing-machine  which  ,  iug  apparatus,    alternating  with  eight  impression- 


ia  believed  to  be  the  first  on  record.  It  was  not 
brought  into  ert'ective  use,  but  some  of  the  ideas 
were  quite  original,  and  were  adopted  by  subsequent 
inventors.     The  main  features  are  as  follows  :  — 

"  The  type?,  being  rubbed  or  scraped  narrower  toward  the 
foot,  were  to  be  fixed  radially  upon  a  cylinder.  This  cylinder, 
with  its  type,  w.as  to  revolve  in  gear  with  another  cylinder  cov- 
ered with  soft  leather  (the  impression-cylinder),  and  the  type 
received  its  ink  from  another  cylinder,  to  which  the  inking 
apparatus  was  applied.  The  paper  was  impressed  by  passing 
between  the  type  and  impression  cylinders  *'  —  H.\ns.\rd. 

Kiiuig,  a  German,  constructed  a  printing-machine 
for  ilr.  \\'alter of  the  Lomlon  "Times,"  in  1814  ;  the 
issue  of  the  28th  of  November  of  that  year,  being 
printed  on  Konig's  press,  was  the  first  newsjiaper 
printed  by  machinery  driven  by  steam-power.  The 
rate  was  1,100  impressions  per  hour  ;  this  was  after- 
ward increased  to  1,800.  In  this  machine  ordinary 
type  was  used  ;  the  form  was  flat,  and  passed  beneath 
a  large  cylinder  which  delivered  the  impression. 

The  paper  was  held  to  its  cylinder  by  tapes ;  the 
form  was  reciprocated  beneath  the  inking  apparatus 
and  the  paper-cylinder  alternately.  To  doulde  the 
rate,  a  paper-cylinder  was  to  be  placed  on  each  side 
of  the  inking  apparatus.  The  ink  was  placed  in  a 
trough  and  ejected  upon  the  upper  of  a  .series  of 
rollers,  jiassed  downward  in  the  series  ;  and  here  first 
occurred  the  distributing-roller  with  end  motion. 

Konig  designed  to  comliine  two  single  machines 
to  form  a  perfecting-press,  but  did  not  succeed. 

Donkiu  and  Bacon's  macliine,  1813,  was  built 
for  the  University  of  Cambriilge.  England.  Several 
forms  were  attached  on  the  sides  of  a  prism,  and  were 
presented  consecutively  to  the  inking-cylinder  and 
paper-cylinder.  In  this  machine  were  first  used 
the  composition  inking- 
rollers  of  glue  and  mo- 
las.ses. 

In  1815,  Cowper  ob- 
tniued  a  patent  for  curved 
electrotype-plates  to  be 
alfi-ted  to  a  cylinder.  The 
greater  portion  of  the 
cylinder  formed  a  distrib- 
uting surface  for  the  ink  ; 
the  remainder  was  occu- 
pied by  the  stereotype- 
plate. 

Applegath  and  Cowper's 
single  machine  went  back 
again  to  the  fiat  recipro- 
cating bed.  This  ma- 
chine was  the  first  to 
have  diagonal  distribut- 
ing-rollers to  spread  the 
ink  smoothly  by  sliding 
on  the  reciprocating  ink- 
ing-table. 


cylinders,  and  the  paper,  fed  from  eight  banks,  was 
delivered  upon  as  many  tables.  The  paper  fed 
from  each  feed -board  was  carried  by  tapes  and  roll- 
er, and,  pas.sed  on  edge  to  the  type  and  impression 
cylinders,  was  carried  off,  thrown  over  flatwise,  and 
laid  by  boys  upon  the  pile  on  the  table.  The  number 
of  sheets  per  hour  worked  upon  this  machine  rose 
from  8,000,  in  1S4S,  to  12,00u,  printed  on  one  side. 
I  The  Hoe  tyjje-revolving  jirinting-machine  is  made 
with  two  to  ten  printing- cylinders  arranged  in 
planetary  form  around  the  periphery  of  the  larger 
type-carrying  cylinder.  The  type  is  secured  in  liir- 
tlcs,  or  the  stereotype  is  bent  to  the  curve  of  the 
cylinder.  The  circumference  of  the  central  cylin- 
der has  a  series  of  biliary  .systems,  the  elements  of 
wliicli  are  an  inking  apparatus  and  an  impression 
apparatus,  the  paper  being  fed  to  the  latter  and 
carried  away  therefrom  by  tapes  to  a  flyer,  which 
delivers  it  on  to  a  table.  It  has  as  many  banks  as 
feed  or  impression  cylinders.  See  Cylixdek-prf.ss. 
There  are  numerous  modifications  of  the  flat-bed 
and  type-revolving  machines  for  more  or  less  rapid 
work  ;  perfecting,  or  for  one  side  only  ;  for  fine  wood- 
cut work,  for  book  work,  or  job  work  ;  with  contin- 
uously revolving  cylinders,  or  stop  cylinders,  which 
pause  while  the  bed  returns  ;  with  inking-roUers 
varying  in  numbers  with  the  kind  of  work  required; 
and  with  many  other  variations  in  size  for  posters, 
hand-bills,  and  cards. 

Fig.  3951. 
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The  "  Victory  "  [irinting  and  folding  machine  is 
illustrated  in  the  ])late  oiiiiosite.  The  roll  of  paper 
is  placed  on  brackets  at  the  end  of  the  machine  ; 
the  pa])in'  is  led  over  two  wetting-hoxes,  then,  being 
dainpeil,  is  led  over  two  hot  copper  cylinders  and 
entered  between  the  tirst  printing  and  impression 
cylinder  ;  when  it  is  printed  on  one  side,  it  enters 
between  the  second  pair  of  cylinders,  which  print  the 
paper  on  the  second  side  ;  it  then  travels  on  tapes 
to  the  cutting  :cnd  folding  cylinders.  The  first  fold 
is  given  by  a  blunt  knife  lixed  transversely  across 
the  peri]>lieries  of  tile  wheels,  and  forces  the  paper 
into  the  grippcr  of  a  second  cylinder,  which  carries 
the  doubled  paper  half  a  revolution  ;  a  serrated 
steel  knife  is  then  forced  through  the  intervening 
web  of  paper  into  a  groove,  thereby  cutting  the  tirst 
perfect  printed  sheet  li'om  the  web  ;  a  second  blunt 
knife  forces  the  doubled  paiier  into  the  grijipers  of 
the  third  folding-cylinder  ;  the  newspaper  thus  twice 
folded  is  carried  round  by  the  grippers  to  a  vibrating 
frame,  entering  each  alternate  sheet  to  a  pair  of  cross 
folding-rollers,  when  it  is  forced  by  means  of  a  steel 
knife,  raising  the  middle  of  the  paper  between  the 
tapes  which  traverse  up  each  side  of  the  delivery 
end  of  a  frame,  carrying  each  alternate  sheet  to 
the  second  pair  of  rollers,  when  the  second  cross 
folding-knife  comes  sharply  down  and  forces  the 
middle  of  the  paper  in  between  the  two  rollers  under 
which  the  delivering  apparatus  works.  This  deliv- 
ery consists  of  a  frame  which  swings  baekwanl  and 
forward  like  a  pendulum,  the  papers  traveling  down 
between  the  tapes  while  it  is  going  one  way,  and 
being  thrown  out  as  it  comes  back,  falling  like  Hakes 
on  to  the  top  of  the  accumulating  heap  on  the 
table,  where  they  are  piled  regularly  one  over  the 
other.     This  machine  is  especially  adapted  to  damp. 


print,  cut,  fold,  and  deliver  an  eight  or  a  four  page 
newspaper.  It  prints  and  folds  y,UOO  perfect  copies 
of  an  eight-page  paj)er  of  tifty  inches  sijuare,  or 
18,000  copies  of  a  four-page  paper  ]ier  /loiir.  It 
also  prints,  folds,  and  ]iastes  at  the  back  a  twenty- 
four-page  pajier,  like  the  "Christian  Union,"  of 
New  York,  this  at  the  speed  of  7,000  per  hour. 
The  space  required  for  the  working  of  this  machine 
is  eighteen  feet  long,  ten  feet  wide,  eight  feet  high 
to  the  top  of  the  delivery  frame.  With  the  lower 
delivery,  as  shown  in  Fig.  3951,  a  pit  underneath 
the  machine  is  required.  The  plate  .shows  the  upjjer 
delivery.  In  working,  it  only  requires  one  pressman, 
and  one  boy  for  taking  away  the  papers  ;  and  as  it 
folds  the  pa])ers  at  the  same  time  that  they  are 
printed,  it  saves  the  cost  and  expense  of  working  sep- 
arate folding-machines,  which  have  always  been 
used  until  the  "Victory"  combined  machine  for 
printing  and  folding  W'as  invented.  See  also  Peu- 
FECTING-I'IIESS  ;   WeB-I'UK.SS. 

I'ig.  3951  shows  the  "Victory"  withlowerdelivery. 

Fig.  3952  is  a  longitudinal  vertical  section  of  an 
Adams  flat-bed  press,  a  is  the  bed  of  the  press, 
which  is  raised  by  straightening  the  toggles  b  b  ; 
c  is  the  platen  ;  d  is  the  ink-i'ountain  and  ink- 
distributing  apparatus.  The  inking-roUers  e  e  pass 
twice  over  the  form,  and  are  attached  to  the  frame 
of  tym])an  /.  The  segment  g  serves  to  straighten 
the  toggles  and  cause  the  impression.  /(  is  the  feed- 
board  ;  i,  the  drive-pulley  ;  and  k,  a  gear-wheel  with 
pitman-rod  to  g.     I  is  the  Hy. 

The  first  power-printing  machine  in  the  United 
States  was  the  invention  of  Daniel  Treadwell,  of 
Boston,  in  the  year  1822.  Two  of  these  machines 
were  set  up  in  New  York  City,  one  in  the  printing- 
house  of  the  "  American  Bible  Society,"  and  another 
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in  that  of  the  "American  Tract  Society."  The  former 
w.as  driven  by  a  steam-engine  and  the  latter  hy  two 
mules  working  in  the  upper  story,  the  animals  having 
been  hoisted  liy  means  of  tackle.  This  machine  was 
a  tiat-bed  press,  and  was  long  a  favorite;  it  was  used 
by  Gales  and  Seaton  in  Washington  in  their  printing 
for  the  United  States  government.  The  platen  was 
moved  to  the  form,  and  not  the  form  to  the  ]ilaten, 
as  with  the  Adams,  which  is  shown  in  Fig.  3952. 

The  .\ilams  power-press  was  introduced  in  1830, 
but  has  since  been  much  improved,  ami  still  stands 
very   high   with   book-printers.      Its   movement   is 


based  on  that  of  the  iLond-jiress,  and  gives  a  per 
fectly  flat  impression  hy  lifting  the  bed  of  the  press 
and  its  form  against  a  stationary  platen.  Sheets  are 
fed  to  the  press  by  hand,  and  taken  away  by  tapes 
and  a  fly.  One  thousand  impressions  per  hour  is  a 
fail'  speed  for  a  large  Aihims  press  on  book  forms. 

Single-cylinder  presses  have  a  flat  bed  which  is 
geared  to  reciprocate  at  an  even  speed  with  a  re- 
volving cylinder.  Sheets  of  paper  are  fed  to  the 
cylinder,  which  carries  a  prepared  tymjian.  The 
inked  form  runs  along  with  the  sheet  until  it  is 
printed,  when  the  form  is  retracted  and  inked  agi.in. 
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A  segment  of  the  cylinder  is  removed  to  allow  of  a 
backward  movement  of  the  bed,  aiid  in  some  ma- 
chines the  C3'linder  stops  after  a  partial  revolution. 
See  Cylindku-press. 

Fig.  3953  is  a  single-cylinder  pres.s  of  the  Camp- 
bi-U  pattern.  It  is  controlled  in  its  operation  en- 
tirely l)y  the  sheet,  so  that  it  is  impossi ble  to  print 
the  sheet  out  of  register.  When  a  sheet  is  fed  badly 
it  is  tlirown  out  unsoiled,  and  it  will  continue  to  be 
thrown  out  so  until  it  is  properly  fed.  If  pointing 
is  necessary  in  fine  register,  tlie  points  are  operated 
by  electricity,  in  which  case  it  is  impossible  to  print 
out  of  register  on  it.  Tliis  result  is  obtained  through 
an  e.vhaust-apparatus  tliat  operates  a  bolt  attached 
to  a  diaphragm,  which  locks  up  the  impression.  The 
registering  is  operated  by  a  small  valve,  through  the 
agency  of  points  making  a  circuit  through  the  point- 
holes  in  the  sheet,  it  being  necessary  that  both 
should  be  through  before  the  impression  is  thrown 
on  to  point  the  sheet.  When  the  press  fails  to  point, 
the  former  is  hooked  up  and  tlie  fountains  are  thrown 
out  of  gear.  Color  is  taken  for  each  successive  sheet 
only.  Another  peculiarity  is  a  double  fountain,  hav- 
ing two  sets  of  inking  apparatus  which  distribute 
the  ink  on  the  form  in  two  strata  ;  these,  like  two 
weilges,  overlap  to  form  a  single  stratum  of  uniform 
thickness  throughout.  There  is  one  inking  appara- 
tus on  each  side  of  the  cylinder.     As  many  as  four- 


Fig.  3954. 
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teen  distributing  and  inking  rollers  may  be  used 
with  this  press. 

A  large  number  of  small  job-presses  have  been 
built  by  American  ra;'chanics,  and  are  capable  of 
doing  e.xcellent  work  at  very  high  s]ieed.  Among 
these  may  lie  mentioned  the  Gordon,  Glohc,  Libcrtij, 
Universal,  Uliici-nnUi,  and  others,  adapted  to  print 
sheets  to  the  size  of  foolsea])  or  larger.  Tliree  sizes 
are  in  common  use,  known  by  the  size  of  the  sheet 
they  will  print,  as  J,  J,  and  i  medium  presses. 

Fig.  395  i  sliows  a  press  of  this  character.  C  is 
the  platen,  which  pivots  in  the  shaft  B,  and  is 
thi'owu  into  piirallelism  with  beil  Q,  by  the  curved 
projection  ii.  The  rolls  are  carried  by  anus  R,  and 
receive  ink  from  the  distributing  cylinders  0,  P, 
above  and  below  the  type  form. 

In  the  Gordon  press  (Fig.  3955,  upperone),  the  foi'ni 
is  secured  in  a  chase  which  is  clamped  to  the  bed  b 
of  the  press.     This  bed  rocks  on  a  pivot  at  c,  and 
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comes  into  parallelism  with  the  platen  p  when  the 
impression  is  about  to  he  given.     The  platen  rocks 
iju  the  main  shaft  d,  which  is  propelled  by  pitman 
and  intermediate  gearing  from  the  treadle  ?'.      The 
arm  7n  s  is  the   roller-carrier,   which   swings  on  a 
pivot  r,  and  carries  the  rollers  n  n  alternately  over 
the  form  and  the  revolving  disk  t,  which  distributes 
the  ink  ;  g  is  a.  counterweight  to  balance  the  swing- 
ing bed  anil  at- 
tachments,   and 
operates     the 
...  movable   fingers 

by  a  spring  bar 
a.  A  feed-board 
V  rests  on  top 
of  the  frame  of 
...^..^  the   press.     The 

platen  is  moved 
by  set-screw.s, 
ai;d  is  covered 
by  the  usual 
blanket. 

Gordon's  press 
(Fig.  3955,  lower 
one),  patented 
March  3,  1874, 
has  a  rocking 
jdaten  and  bed, 
bound  together 
b\'  a  compound 
toggle  -  lever, 
which     holds 

them    in  locked 

position  during 
the  imju'cssion, 
as  seen  in  the  figure.  By  straightening  the  toggle- 
lever,  the  bed  and  platen  are  rocked  back  out  of 
parallelism,  the  form  on  bed  a  is  rolled,  and  a  fi-esh 
sheet  fed  to  platen  h. 

Bryson's  inking  apparatus  for  jirinting-prcsses, 
patented  June  30,  1874,  relates  to  a  means  for  ink- 
ing the  types  from  one  fountain  in  op]iosite  direc- 
tions, so  that  there  is  an  equalization,  one  set  of 
form-rollers  commencing  when  charged  at  the  front 
erlge  of  the  form  and  inking  towai'd  the  back,  and 
the  other  commencing  at  the  back  and  inking  to- 
ward the  front  of  the  form,  so  as  to  secure  equality 
in  the  distribution  of  the  ink,  with  but  few  rollers. 
Leboyer's  press  uses  a  sheet  of  porous  paper  intro- 
duced between  the  ty]ie  and  the  card,  as  a  substitute 
for  (luid  ink  and  the  roller. 

Hydraidic  presses  have  been  adapted  to  the  print- 
ing of  bank-notes  and  steel  and  copperplate  angrav- 
iiigs,  but  their  operation  is  necessarily  slow.     See 
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Fig.  3055 


Copperplate-press;  Lithographic  Press;  Tick- 
et-printing Press,  etc.  See  also  Perfectixg- 
pREss  ;  Web-press  ;  Cylinder-press. 

A  valuable  conipendiuTii  of  patents  on  printing- 
presses  may  be  found  in  Ringwalt's  "  Encyclopiedia 
of  Printing,"  pp.  236-248. 

2.  {Platc-printbuj.)  See  Copperplate  Printing- 
press. 

Print'ing-tel'e-graph.  An  electro-magnetic  tel- 
egraph which  automatically  records  transmitted  mes- 
sages. The  term  is,  however,  generally  ajiiilied  only 
to  those  which  record  in  tlie  common  alphabet,  so 
that  the  message  may  be  understood  by  an  ordinary 
reader. 

The  first  of  this  kind  with  which  we  are  acquainted 
was  invented  in  1837  by  the  late  Alfred  Vail,  well 
known  for  his  connection  with  the  early  progress  of 
the  Morse  instrunn-ut  in  tliis  country. 

The  operation  of  this  depended  on  the  synchronous  vibration 
of  two  pendulums,  one  at  each  station,  by  which  the  corre- 
sponding letters  on  the  two  type-wheels  at  the  transmitting 
and  receiving  stations  were  simultaneously  broujrht  into  verti- 
cal position,  that  at  the  receivins  station  being  thrust  upward 
so  a3  to  print  on  a  slip  of  paper  when  the  appropriate  letter  at 
the  transmitting  station  came  upward  and  completed  the  cir- 
cuit. As  only  one  letter  was  advanced  at  each  beat  of  the 
pendulum,  and  it  would  of  course  frequently  happen  that 
nearly  a  complete  revolution  of  each  type-wheel  would  be  re- 


quired in  order  to  bring  into  proper  position  the  next  letter  to 
be  transmitted,  the  rate  of  transmission  was  exceedingly  slow. 
Accordingly,  the  apparatus,  though  ingenious,  never  came  into 
practical  use. 

In  1840,  Mr.  Alexander  Bain,  the  ingenious  in- 
ventor of  the  electro-chemical  telegraph  known  by 
his  name,  invented  a  printing-telegrapli  in  wiiicli 
type-wheels  at  each  station  were  caused  to  rotate  at 
exactly  equal  speeds  by  means  of  clock-work  mech- 
anism driven  by  springs. 

The  circuit  was  completed  by  means  of  a  pin,  which  could  be 
inserted  in  any  one  of  a  number  of  holes  arranged  around  a 
dial-plate  and  corresponding  to  the  series  of  Arabic  numerals. 
While  the  circuit  wu.s  complete,  the  operative  mechanism  was 
prevented  from  working  by  means  of  pallets  on  an  upright 
cranked  shaft  engaging  with  a  pivoted  bar  controlled  by  a  gov- 
ernor. The  circuit  was  broken  by  removing  the  pin  from  tho 
hole  in  which  it  previously  was  and  inserting  it  in  that  corre- 
sponding to  the  figure  next  to  be  transmitted;  this,  by  releas- 
ing a  pivoted  electro-magnet  having  a  detent  arm,  allowed  the 
spring  actuating  the  mechanism  to  act,  causing  a  governor  to 
openite,  releasing  the  detent  bar  from  the  pallets  and  permit- 
ting the  crank-shaft  to  rotate  until  the  appropriate  figure  on 
the  type-wheel  could  be  acted  on  by  a  lever  connected  there- 
with, which  took  place  when  the  pin  inserted  in  the  dial  came 
in  contact  with  a  fixed  hand  thereon,  when  the  circuit  was 
again  completed  and  the  mechanism  stopped:  at  this  moment 
the  figure  was  pushed  into  contact  with  a  roll  of  paper,  to  which 
a  movement  at  once  rotary  and  upward  was  imparted  by  the 
clock-work.  The  message  was  thus  imprinted  upon  the  roll  in 
a  spiral  line. 

House's  printing- telegraph,  patented  in  1848,  to 
date  from  April  18,  184U,  has  been  extensively  used 
in  the  United  States. 

It  consists  of  a  composing-machine  and  a  printing-machine 
at  each  stiition,  the  former  of  which  is  included  in,  and  the  lat- 
ter distinct  from,  the  circuit. 

The  circuit  commences  iu  the  battery  of  one  station,  passes 
along  the  line  wire  through  the  coil  of  an  axial  magnet  to  an 
insulated  iron  frame  of  the  composing-machine  of  the  next  sta- 
tion, thence  to  a  circuit-wheel  revolving  iu  this  frame,  enters  a 
spring  pressing  on  the  edge  of  the  circuit-wheel,  and  has  a  con- 
nection with  tlie  return  wire,  along  which  the  electricity  passes 
through  another  battery  back  to  the  station  whence  it  came. 

The  composing-machine  is  arranged  within  a  ease  on  top  of 
which  tiie  printing-apparatu.-*  is  placed.     Both  are  driven  by  a 
hand-crank  carrying  a  fly-wheel  and  a  pulley  over  which  passes 
a  band  that  turns  the  operative  mechanism  pertjiining  to  each. 
An  insulated  iron  frame  immediately  below  the  keys  has  within 
it  a  revolving  shaft  rotated  by  a  band  and  pulley  on  one  of  its 
ostremities  ;  the  shaft  is  partially  inclosed  within  an  iron  cylin- 
der, with  which  it  is  connected  by  a  friction  device,  so  that  they 
may  revolve  together,  or  the  shaft  may  have  independent  rotation. 
Ou  the  opposite  end  of  the  cylinder  is  a  brass  wheel,  called  the 
I  circuit  or  break  wheel,  4  or  5  inches  in  diameter,  and  having 
!  14  teeth  and  the  same  number  of  interspaces  on  its  periphery. 
I      The  shaft  and  cylinder  form  a  part  of  the  circuit,  one  jioint 
;  of  connection  being  where  the  shaft  rests  on  the  frame  and  the 
j  other  with  a  spring  which,  when  the  apparatus  is  rotated,  alter- 
nately strikes  a  tooth  and  drops  into  a  space,  thus  closing  and 
I  breaking  the  circuit. 

The  cylinder  has  two  lines  of  teeth,  14  in  each,  spirally  ar- 
ranged along  its  opposite  sides,  which  correspond  with  stops  on 
I  the  under  surfaces  of  the  keys,  so  that  when  one  of  the  latter 
is  pressed  down  the  motion  of  the  cylinder  is  arrested.  Its  con- 
tinuous rotation  causes  the  circuit  to  be  rapidly  broken  or 
closed  ;  but  when  one  of  the  keys  is  depressed  the  cylinder  is 
held  in  position,  maintaining  the  circuit  either  open  or  closed, 
as  it  happened  to  be  at  the  moment,  and  so  continues  until 
relea-^ed  from  contact  with  the  key  or  until  another  key  is  ma- 
nipulated. 

The  electrical  pulsations  are  transmitted  to  the  printing-ma- 
chine at  the  otiier  station  through  a  peculiarly  constructed 
axial  magnet,  having  a  valve  at  its  upper  end,  to  which  con- 
densed air  is  admitted  from  a  chamber  into  which  it  is  com- 
pressed by  an  air-pump  operated  by  the  fly-wheel.  The  stem, 
of  the  valve  has  a  series  of  bell-shaped  flanges,  which  make  and 
unmake  connection  with  a  series  of  corresponding  tlanges  within 
;  the  magnet  during  the  pulsation  of  the  current,  causing  the  air 
!  admitted  to  the  valve  to  operate  a  piston  arranged  at  right  an- 
gles thereto,  and  which  is  connected  with  theleverof  an  escape- 
I  ment  whose  pallets  engage  pins  on  the  upper  surface  of  the 
printing-wheel.  Each  vibration  of  the  valve  thus  advances  the 
printing-wheel  one  letter.  When  a  stop  is  made  while  the  ma- 
chine is  in  operation,  when  the  circuit  remains  open  or  closed 
for  more  than  one  tenth  of  a  second,  an  eccentric  draws  a  shaft 
on  which  the  paper  strip  is  carried  forward  upagainst  the  type- 
wheel, which,  by  means  of  an  interposed  endless  coloring  band, 
impresses  the  letter  then  presented  upon  the  paper.  t*ee  Shaff- 
ner's  "  Telegraph  Manual.^' 

I      Hughes's  telegraph,   1856,   requires  but  a  single 
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current  for  each  letter  ;  the  reception  and  trans- 
missiou  of  me-ssages  simultaneously  orer  the  same 
wire  and  printing  from  the  type-wheel  while  in  mo- 
tion are  proWded  for  by  appropriate  devices. 

The  moet  important  of  these  are :  1.  A  chariot  which  revolres 
with  a  verfical  shaft  having  the  same  velocity  as  the  tvj:*-whe*I, 
over  the  surfire  of  a  dUk  pierttiij  with  a  number  of  perforations 
equal  to  the  leiteK  on  the  tvpe-wheel,  into  which  project  the 
enis  of  a  number  of  pins  thai  are  raided  bv  the  movement  of 
keys  arranjei  like  those  of  a  piano-forte.  "\Vheo  the  chariot 
passes  over  a  pin  thus  rai*cJ,  a  connection  is  established  with 
the  lii>e-wire  and  a  current  is  transmitted  to  the  next  sta- 
tion. While  pv^sing  over  an  interspace  the  current  is  diverted 
tbroush  the  disk  to  the  earth. 

2.  On  its  way  to  the  line-wipe  the  current  traverses  the  coils 
of  an  electro-mainet,  beneath  which  is  a  permaDent  steel  horse- 
shoe magnet  having  its  poles  in  contact  with  the  sofl  iron  con^s 
of  the  electro-magnet.  The  magnetism  induced  in  the  coils 
when  no  current  is  pissing  causes  them  to  attract  and  hold 
down  an  armature  a^nst  the  force  of  a  spring.  Wljen  con- 
nection is  made,  as  above  stated,  with  the  loc^  banery.  the 
current,  which  is  opposed  to  that  of  the  steel  magnet,  weakens 
the  effect  induced  by  the  latter  in  the  coil  suflticieutly  to  permit 
the  spring  to  withdraw  the  armature,  through  which  an  impulse 
is  transmitted  and  the  cireuit  again  instan^eously  broken. 

The  above  arrangement  renders  the  apparatus  extremelv  sen- 
ative. 

When  the  annature  rises,  the  shaft  of  the  printing- wheel, 
which  i-  in  two  parts,  locking  with  each  other,  turns  :he  wheel 
at  the  same  moment  that  a  cam  movtrment  is  caused  to  press  a 
strip  upward  against  the  type-wheel,  urhich  impriuts  the  letters. 

The  chariot  and  type-shaft  are  readily  adjusted  to  correspond- 
ence, if  required,  previous  to  the  transuussion  of  a  message, 
and  any  slight  ine<^ualities  in  their  motion  arc  automatically 
adj^^ted  by  the  machine  itdel£. 

Printing-telegraphs  may  be  divided  into  two 
classes  :  those  on  the  step-by-step  principle,  and 
those  in  which  the  type-wheel  is  continuously  ro- 
tated by  an  indejiendent  motor,  the  circuit  of  the 
printing-hammer  being  closed  when  the  letter  is 
opposite  to  the  printing-pad.  The  House,  Hughes, 
and  Phelps  machines  belong  to  the  latter  class,  and 
those  of  Vail,  Bain,  and  others  to  be  cited,  to  the 
former.  The  most  recent  types  of  step-by-st«p 
printing-telegraphs  are  :  — 

a.  Those  having  clock-work  mechanism  controlled 
by  an  electro- magnetic  eseajtement. 

h.  The  clock-work  is  dispensed  with  and  a  ratchet- 
wheel  on  the  ty|>e-wheel  shaft  is  actuated  by  a  pawl 
attached  to  an  annature. 

Fig.  3956. 


I  c.  The  type-wbeel  is  mounted  directly  upon  the 
&haft  of  an  electric  motor,  the  annalure-wheel  of 
which  revolves  between  the  poles  of  two  electro- 
magnets. 

a.  Phelps's  printing- telegraph,  November  4,  1873 
(Fig.  3956). 

The  type-wheel  /,  driven  by  clock-work  mechanism  firom  the 
=pring-barrel,  is  placed  on  a  shaft  concentric  with  the  ratchet 
A-.  which  L*  controlled  by  paUets  of  the  escapement  /  /  attached 
to  the  permanently  magnetised  armature  m  vibrated  bv  alter- 
nating currents  through  the  electro-magnets  op.  The  electro- 
magnet r,  controlling  the  printing  escapement,  is  in  the  same 
cireuit,  its  core  having  an  extension  ir.  and^  being  surrounded 
by  a  non-ma^etic  material,  it  is  not  operated  bv  the  rapidly 
changing  currents  passing  through  op,  which  work  the  tvpe- 
wheel  escapement :  but  when  the  key  connected  with  auv  "par- 
tk-iilar  letter  is  struck,  the  circuit*  is  cla*ed,  sufficient' mag- 
netL«m  accumulates  in  the  core  ir'  to  attract  the  armature  r, 
releasing  the  arm  y  carrying  the  paper-roUer  s.  and  allowing  a 
crank-pin  on  the  shaft  of  the  wbevl  I.  turned  by  a  train  of 
mechanism  from  the  spring-barrel  a,  to  depress  that  arm  of 
the  lever  and  throw  the  feed-roller  up  against  the  tvpe. 

Anders's  printing-tel^j^raph  (Fig.  3957). 
The  type-wheel  and  printing  mechanism  are  driven  by  % 
spring  acting  on  the  shaft  of  the  wheel  o.    As  coireots  alt^^- 

Fig.  3te7. 


Pietps's  Printing- Teltgraph. 


Anders's  Printin^-TfUgraph. 

nating  in  direction  ape  passed  through  the  electro-magnet  h 
and  polariied  magnet  c.  the  armature  d  of  the  former  is  at- 
tracted and  held  to  its  poles,  while  the  armature  e  of  the  polar- 
ized magnet  c  is  caused  to  vibrate  laterally  between  the  poles 
of  this  magnet,  releasing  one  by  one  the  teeth  of  the  scape- 
wheel  /  on  the  type-wheel  shaft  from  contact  with  a  pallet  on 
the  arm  s  of  the  rock-shaft  k,  which  is  operated  by  the  vibra- 
tions of  the  armature.  An  intermittent  motion  is  thus  im- 
parted to  the  type-wheel,  advancing  it  one  letter  at  each  elec- 
tric pulsation:  and  when,  by  touching  the  proper  key,  these 
are  su.^pended,  the  spring  k  dn>ws  back  the  am  atnre  d,  the 
press  mechanism  is  released,  and  an  in.pression  is  taken,  the 
type-wheel  being  now  at  rest. 

h.   Edison's  printing- telegraph  (Fig.  3958). 

The  printing  and  type  wheels  are  actuated  directly  by  the 
armature  of  the  electro-magnet.  The  annature  a  is  secured 
to  a  lever  which  swings  on  screw^enters  and  L>  connected  to 
a  bar  rf.  carrying  a  pawl  which  engages  a  ratchet-wheel  e  fixed 
on  the  type-wheel  shaft.  The  vibration?  of  the  armature  alter- 
nately rai.«e  and  depress  the  lever,  causing  the  pawl  on  the  bar 
to  advance  the  trpe-wheel  one  letter  at  each  vibration.  Ihiring 
the  pulsations  the  motion  of  the  armature  is  limited  by  a  stop 
on  a  vibrating  polarized  bar.  so  that  no  impression  is  made; 
but  when  the  current  is  reversed .  the  bar  is  attracted .  releasing 
the  stop,  permitting  a  spring  to  act  on  the  armature,  which  is 
carried  up  to  the  full  limit  of  its  motion,  bringing  a  pad.  con- 
nect*^ with  the  lower  part  of  the  bar,  against  the  paper  strip 
which  is  pressed  against  the  type-wheel.  The  fiill  downward 
movement  of  the  connected  lever  and  bar  actuates  a  dog  at  g, 
which  advances  the  paper  the  required  distance  for  each  im- 
pression. 
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Fig.  3958. 


Edisofi^s"  Baby"  Telegraph. 

c.  Vail  Hffiveiibergh's  {nintiiig-telcgraph. 

The  type-wheel  a  is  upon  the  same  shaft  with  awheel  b,  hav- 
ing radial  armatures  and  revolved  between  the  poles  of  two 
electro-magnets  c  d.  c  is  one  of  two  printing-nm^nets.  A  ro- 
tating circuit-changer  opens  and  closes  the  circuit  through 
each  of  these  magnets  alternately,  the  rapidity  of  the  changes 
being  proportioned  to  the  speed  with  which  the  circuit-changer 
is  i-evolved.  The  armatures  of  the  wheel  b  arc  so  adjusted  that 
when  the  wheel  is  stopped  by  the  cessation  of  a  current,  the 
armature  next  to  be  attracted  shall  be  near  its  attracting  core, 
so  :is  to  be  operative  in  renewing  the  revolution. 

To  effect  the  printing,  the  current  of  an  auxiliary  battery  is, 
by  depressing  a  key,  caused  to  pass  through  one  of  the  magnets 
e"  which,  attracting  the  armature/,  lifts  the  printing-pad  on 
the  lever  g  into  contact  with  the  type-wheel. 


Fig.  3959. 


Fig.  3960. 


Van  Hat-enbergh's  Printing- Telegraph. 

Fig,  3960  is  George  L.  Anders's  printing- telegraph  stand.  It 
has  a.  key-board  and  a  visible  dial,  being  actuated  by  the  ordi- 
nary step-by-step  movement.  When  transmitting,  the  current 
is  derived  from  a  magneto-electric  machine  driven  by  a  treadle.  | 

Hrett's  printing-tek'griiph,   invented  about  1845,  ' 
is  thus  described  in  an  English  work  :  —  j 

"  A  small  key-board  has  a  row  of  ivory  keys,  marked  with  the 
letters  of  the  alphabet  and  otlier  characters.  Connection  is  ■ 
made  by  the  wire  toa  machine  at  the  other  extremity  of  the  line.  I 
This  machine  has  a  type-wheel  having  on  its  circumference 
lett^?rs  and  characters  corresponding  to  those  on  the  key-board. 
A  given  key  on  the  key-hoard  at  the  transmitting  end  being 
depressed,  a  clock-work  is  released,  causing  a  barrel  beneath  the 
key-board  to  revolve  until  one  pin  in  the  spiral  row  on  its  sur- 
face catches  against  the  lower  end  of  the  kev  depressed. 

*'  A  counterpart  movement  titkcs  place  in  the  printing- 
machine  at  the  receiving  end,  the  depression  completing  the 
electric  circuit  and  releasing  an  escapement  in  the  printing- 


Anders's  Printing- Telegraph  Stand. 

machine  at  the  receiving  end,  causing  a  type-wheel  to  re- 
volve. This  is  inked  by  a  little  flannel  roller,  which  is  kept 
in  gentle  contact  with  it.  Above  the  type-wheel  a  slip  of 
paper  is  moved  along  by  rollers  when  the  machine  is  in  action, 
and  at  the  proper  moment  a  hammer  presses  down  the  paper 
on  the  type  that  is  uppermost,  and  an  impression  is  delivered 
thereon." 

Such  is  a  mere  sketch  of  the  devices  employed  in  the  Brett 
printing- telegraph,  which  was  used  in  connection  with  the  tirst 
subuiaiine  cable  lji;tween  England  and  France. 

Print'ing-type.    See  Type. 

Print 'iiig-wheel.  One  used  in  paging  or  num- 
bering niaehine.s  or  in  ticket-printing 
niacliines.  It  lias  letters  or  figures  Fig.  3961. 
on  its  periphery.  In  the  one  illus- 
trated, the  sections  containing  sa- 
lient letters  are  hinged  together  and 
the  chain  hqtped  around  a  core. 

Print'ing  Yarn.     A  niacliine  for  ' 
printing  yarn  for  party-colored  work. 
In  the  exanijile,  the  yarn  to  be  print- 
ed is  run  between  two  fluted  rollers,     Printing-Wheel 
one  of  which  is  adjustable  by  means 
of  set-screws.     These  rollers  are  supplied  with  color 
by  means  of  other   rollers   supplied   from    troughs 
prniicrly  arranged. 

Pris-cil'las.  {Glass-hlmoing.)  A  jaw-tool  resem- 
bling a  pinchers,  used  for  pinching  in  the  neck  of  a 
bottle,  or  of  giving  it  some  peculiar  shape  while  it 
is  revolved  on  the  end  of  the  pontil  which  rolls  upon 
the  arms  of  the  glass-blower's  chair.     PuccIIas. 

Prise-bolts.  {Ordnance)  The  projecting  bolts 
at  tbe  rear  of  a  mortar-bed  or  garrison  gun-carriage 
under  which  the  hiindspikes  are  in.serted  for  train- 
ing and  maneuvering  the  ]tieoe.  They  are  formed 
by  the  ])rolongation  of  the  a.ssenibling  bolts. 

Prism.  The  pri.sm,  geometrically  speaking,  is  a 
solid  having  similar  ami  parallel  bases,  its  sides  form- 
ing similar  parallelogi-anis.    The  bases  may  be  of  any 
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Fig.  3962. 


1  Amici's  ('*)  is  placed  near  the  object-end  of  the  instrument, 
and  serves  to  reflect  and  condense  the  light  on  an  oliject  upon 
the  stage  when  it  cannot  be  illuminated  by  the  mirror  :  it  is 
movable,  so  that  the  light  may  be  thrown  on  the  object  at  dif- 
ferent augles,  that  it  may  be  more  perfectly  examined. 

Wenham's  (c)  is  designed  to  divide  the  cone  of  rays  proceeding 
fironi  the  objective,  so  that  the  magnified  image  may  be  viewed 
by  both  eyes.  The  prism  is  so  placed  in  the  tube  that  the 
pencil  striking  its  lower  surface  undergoes  little  or  no  refrac- 
tion. On  reaching  ',  one  half  i-;  transmitted  directly  to  one 
eye,  while  the  other  half,  after  undergoing  two  reflections  at  " 
and  '",  is  transmitted  to  the  other  eye ;  by  this  arrangement 

Fig.  3963. 


Yarn- Printing  Machine. 

polygonal  form,  and  from  tliem  the  prism  derives  its 
specific  name,  as  triangular,  square,  hexagonal,  etc. 
The  triangular  form  is  employed  in  optics,  and  it  is 
visual  to  call  any  transparent  medium  so  arranged 
that  the  surfaces  which  receive  and  transmit  light 
form  an  angle  with  eacli  othei-,  a  prism. 

Tlie  fact  that  a  variety  of  colors  are  produced  by 
the  passage  of  sunbeams  through  a  piece  of  gl;ws 
thus  shaped  had  undoubtedly  been  noticed  before 
the  time  of  Sir  Isaac  Newton,  but  he  was  first  to 
discover  tlie  unei[ual  refraction  which  the  ditfen^nt 
colored  rays  composing  the  solar  spectrum  undergo 
in  passing  througii  the  prism  ;  to  show  that  it  might 
be  separated  into  seven  apparently  distinct  colors  in 
the  onler  of  their  refi-angil^ility,  commencing,  when 
the  prism  is  placetl  with  an  edge  downward,  with 
red,  to  which  succeed  orange,  yellow,  green,  blue, 
indigo,  and  violet,  the  latter  being  uppermost  ;  to 
measure  the  breadth  in  tlie  spectrum  of  each  of  these 
colors,  and  to  demonstrate  their  connection  with  the 
phenomenon  of  the  rainbow. 

His  original  experiments  may  be  repeated  by  any  one  by 
meaos  of  a  triangular  prism;  an  ordinary  chandeher-drop  will 
answer,  placed  near  a  slit  in  the  window-shutter  of  a  darkened 
room,  so  that  the  rays  passing  through  the  slit  may  fall  upon  one 
of  its  sides  at  an  angle.  The  decomposed  beam  may  be  received 
on  a  screen  or  an  opposite  wall;  the  ailjustment  necessary  to 
obtain  the  best-defined  spectruoi  is  soon  determined. 

Subsequent  researches  have  proved  that  there  are  really  but 
three  primary  colors,  red,  yellow,  and  blue,  which  combine  to 
projuce  the  impression  of  whitenes.^,  and  that  the  others  em- 
bnced  in  the  Newtonian  spectrum  are  reaJly  caused  by  the 
intermingling  of  rays  which  sepira'ely  would  produce  the  effect 
of  red.  yello-v,  and  blue.  It  ha*  also  been  found  that  there 
are  invisible  rays,  less  refrangible  than  the  red.  which  have  .a 
greater  heating  power  than  anv  of  the  visible  rays,  and  that 
there  are  others  beyond  the  violet  which  produce  a  greater 
chemical  effect  than  do  the  visible  rays. 

The  length  of  the  spectrum  formed  by  similar  prisms  of 
varinus  substances  is  found  to  vary  considerably,  or,  in  other 
words,  some  have  a  greater  dispersive  power  than  others. 
Upon  this  fict  the  con-^truction  of  the  achromatic  lens  is 
b,i-*d-     See  AciROMVTic  Lens. 

This  dispersion  varies  in  different  kinds  of  glass,  and  is 
greater  in  some  liquid-*,  notably  bisulphide  of  carbon,  than  in 
any  species  of  glass  ;  for  this  reason  it  has  sometimes  been  em- 
ployed, inclosed  in  glass,  for  prisms  and  lenses. 

Prisms  are  emi»loyed  as  eye-pieces  for  some  kinds 
of  instruments,  as  the  camem-lucida  and  the  azi- 
muth-compass, and  are  also  used  in  connection  with 
the  microscope,  serving  to  erect  an  inverted  imagi* 
(Nachet's,  «,  Fi.i:j.  3963),  or  as  an  illuminator  and 
condenser  (Amici's).  The  former  is  interposed  be- 
tween the  two  lenses  forming  the  eye-piece  ;  tlie 
inverted  object  formed  by  the  field-glass  pas.sing 
througii  the  lower  eye-lens  is  transmitted  to  the  ui>- 
per  surfa'.'e  of  the  prism,  and  after  undergoing  a 
series  of  reflections  within  the  prism,  emerges  erect 
from  its  upper  surface  and  is  viewed  through  the 
upper  lens. 


o,  Nachet's  erec ting-prism. 
6,  Amici's  illuminating-prism, 
c,  Wenham's  binocular  prism. 


(/,  Arrangement  of  prisms  in 
spectroscope  eye-piece. 


the  rays  passing  through  the  left  half  of  the  objective  are  trans- 
mitted to  the  right  eye,  and  those  from  the  right  half  to  the 
left  eye. 

By  placing  two  prisms  in  reverse  positions,  the  light  decom- 
posed by  one  is  reconiposed  by  the  other,  so  as  to  exhibit  a 
white  beam.  When  two  or  more  are  so  arranged  that  the  sec- 
ond receives  the  beam  transmitted  from  the  first  and  deflects 
it  in  the  same  direction,  though  the  colors  undergo  no  farther 
decomposition,  the  length  of  the  spectrum,  i.  e.  the  dispersion, 
is  increased,  the  space  occupied  by  each  color  being  propor- 
tionately lengthened.  An  arrangement  d  of  this  kind  is  called 
a  train  of  prisms,  and  is  used  in  the  spectroscope. 

In  Sorby  and  Browning's  spectroscopic  eye-piece,  which  may 
beapplied  to  any  microscope, a  train  of  five  prisms  ((/),  the  inner, 
middle,  and  outer  ones  of  which  are  of  crown,  and  the  two  inter- 
posed ones  of  flint  glass,  are  placed  in  a  tube  above  the  achro- 
r^atic  eye-glass  ;  the  rays  entering  the  train,  which  have  been 
Separated  by  the  greater  dispersive  power  of  the  flint  glass, 
en  crge  from  the  upper  prism  in  a  direction  parallel  to  their 
original  incidence.     See  Spectroscope. 

It  is  customarj-,  for  convenience'  sake,  in  modem  practice  to 
place  the  prism  or  prisms,  when  more  than  one  is  employed,  in 
a  vertical  po.*ition,  and  to  provide  devices  for  intercipting  the 
liglit  so  that  a  square  spectrum  may  be  formed 

L'osides  being  used  for  resolving  white  light  into  its  elemen- 
tary colors,  the  prism  is,  as  well  as  the  mirror,  employed  for 
po  arizing  light. 

Through  its  instrumentality,  by  means  of  the  spectra^cope 
!  ana  the  polariscope,  we  are  enabled  alike  to  determine  the  con- 
stitution of  the  fixed  stars  and  to  ascertain  the  chemic  al  compo- 
nents of  theminutest  particles  of  orgjinic  matter,  opening  a  field 
of  scientific  inquiry  the  boundaries  of  which  cannot  as  yet  be 
even  imagined. 

Nicol's  prism  is  used  as  an  adjunct  to  the  microscope  in  ex- 
amining the  properties  of  polarized  light.  Its  action  de|  ends 
on  the  doubly -refracting  property  of  the  material  (Iceland 
6]'ar)  of  which  it  is  composed. 

On  viewing  a  small  object,  such  as  a  black  dot  on  a  sheet  of 
paper  throngh  a  piece  of  Iceland  spar  or  of  selenit*",  two  in  ages 
wid  be  .=een  ;  on  turning  the  spar  around,  one  of  these  imHges 
■will  appear  to  revolve  about  the  other-  The  fixed  image  is 
j  called  the  ordinary,  and  the  other  the  extraordinary  image;  the 
line  joining  them  is  always  in  the  direction  of  the  ^ho^ter  diago- 
nal of  the  crystal  when  its  edges  are  of  equal  length  and  file 
angle  between  the  ordinarj'  and  extraordinary  ray  is  b°  12'. 

The  action  of  this  ^par  is  to  refract  the  light  into  two  diver- 
gent pencil,  forming  the  orrf/nari/ and  extraoTdinary  rajs,  the 
differences  in  the  angle  being  6"^  12'  The  crystal  being  bi- 
sected by  a  plane  passing  through  its  obtuse  angles,  and  form- 
ing an  angle  vdi\\  the  principal  axes  of  the  crystal  of  22°,  the 
two  surfaces  being  finely  polished  and  brought  together,  one 
of  the  rays  suffers  total  refraction  and  passes  out  at  tl;e  side, 
while  the  other,  being  within  the  angle  of  refraction,  passes  on 
i  through  the  other  section  of  the  crystal.  By  this  means  one 
of  the  rays  is  eliminated,  leaving  the  ordinary  remainder  ray  a 
beam  polarized  in  a  single  plane  ;  the  other,  the  eliminated  ray, 
being  polarized  in  the  other  plane,  but  removed.  The  object  is 
to  obtain  a  single  polarized  ray. 

It  results  that  a  ray  polarized  in  this  direction  is  alone 
capable  of  passing  through  the  prism  This  enables  the  Nicol 
prism  to  be  used  as  an  analyzer 

It  is  u^ual  to  cement  the  two  sections  with  Canada  bals.im, 
the  angle  of  refraction  of  which  being  less  than  that  of  tlie 
Iceland  spar,  does  not  interfere  with  elrniinatioc  of  the  extraor- 
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dinary  ray.  It  would  not  be  safe  to  say  that  the  action  is 
due  to  tlie  Canada  balsan\,  for  the  action  would  take  place  if 
the  prisui  sections  were  merely  laid  together,  but  it  would  not 
do  to  cement  with  a  material  having  the  same  iudex  of  refrac- 
tion as  tile  spar,  as  in  this  latter  case  the  effect  would  be  to 
re-make  a  solid  crystal. 

Pris-mat'ic     Com'pass.      An    iiistrumcnt   for 
meas.uiing  horizontal  angles  by  means  of  the  magnetic 
meridian.     It  is  prinoi- 


Prisrnatic  Compass. 


Fig.  3964.  (^  pally  employed  in  re 

connoissance  or  in 
sketching  the  general 
features  of  a  country. 
It  resembles  a  Cikcum- 
FEKENTOR  (which  See), 
but  has  a  Heating  card 
attached  to  the  needle 
graduated  to  15'  of  a 
degree.  The  gradua- 
tions commence  at  the 
N.  point,  and  are  num- 
bered around  the  circle 
up  to  360°.  A  sight- 
vane  is  fixed  perpendic- 
ularly, with  a  line  wire  stretched  across  it,  opposite 
to  which  is  a  prism.  On  applying  the  eye  to  the 
prism,  and  bisecting  any  object  with  the  wire  in 
the  sight-vane,  the  division  on  the  card  coinciding 
■with  the  thread  and  rellected  to  the  eye  of  the  ob- 
server will  show  the  angle  formed  by  the  object  with 
the  meridian. 

Prism-mi-croin'e-ter.  An  instrument  invented 
by  the  Alibe  liochon,  in  which  the  princiiile  of 
double  refraction  is  applied  to  uiicrometricnl  nieas- 
urenient.  See  DouBi.K-UEFR.\CTio.\  MicnuMETiOR. 
Prisin-sphe-roni'e-ter.  An  instrument  invent- 
ed by  Dr.  Meyersteiu  of  Gottingen,  for  ascertaining 
the  curvature  of  a  sphere  or  the  deviation  of  the  sur- 
face of  any  object  from  a  plane.  See  Poggendorf 
Ann.,  Vol.  126,  p.  .589. 

Pritch.  An  eel-spear  with  several  prongs. 
Pritch'el.  {Forging.)  Tlie  punch  employed  Viy 
hoise-shoers  for  punching  out  or  enlarging  the  nail- 
holes  in  a  horseshoe.  Also  being  temporarily  in- 
serted into  a  nail-hole  in  the  shoe,  it  forms  a  means 
of  liaiidling  the  latter. 

Pri'va-teer'.  (t'cs.id.)  A  vessel  belonging  to 
private  parlies  sailing  with  a  license  (letter  of  niarque) 
from  one  belligerent  party  to  prey  upon  the  enemy's 
ships.  The  practice  originated  at  the  end  of  the  six- 
teenth century  in  the  war  between  Spain  and  the 
revolted  Netherlands.  Privateering  is  a  sort  of 
authorized  piracy.  Of  late  it  has  been  difficult  to 
ascertain  the  ilistinction  between  the  two. 

Priv'y.  In  almost  all  cities  of  the  world,  until 
a  comparatively  recent  date,  all  kinds  of  filth  were 
thrown  into  tlie  public  streets.  This  was  forbidden 
in  Paris  by  an  ordinance  in  1395.  It  was  piac- 
ticed  till  1750  in  Edinburgh.  Three  centuries  since 
the  royal  residences  of  Spain  were  destitute  of  priv- 
ies, while  the  circumnavigators  found  them  among 
the  Maories  of  ^few  Zealand,  the  antipodes. 

Laws  ordering  that  every  house  in  Paris  should 
be  furnished  with  a  privy  were  passed  in  1513,  1533, 
1697,  and  1700.  A  non-compliance  was  rendered 
penal.  In  other  cities  of  France  the  same  regula- 
tions were  made. 

Prize-bolt.  (Ordnance.)  A  bolt  projecting  from 
a  mortar-bed,  under  which  a  handspike  is  inserted  in 
maneuvering.  A  ranning-up  bolt  or  travcrsing-bolt. 
Proa.  (Vessel.)  a.  A  narrow  canoe,  thirty  feet 
long  and  three  feet  wide,  used  by  the  natives  of  the 
Ladrone  Islands.  The  stem  and  stern  are  similar, 
the  boat  sailing  either  way.  The  lee  side  is  Hat,  so 
that  the  canoe  resembles  half  of  a  vessel  divided 


vertically  in  the  line  of  the  keel.  Extending  to  lee- 
ward is  an  outrigger,  consisting  of  a  frame  at  the 
end  of  which  is  a  floating  canoe-shaped  timber, 
whicli  prevents  the  crank  and  narrow  canoe  from 
upset  t  ing. 

h.   A  Malayan  boat  propelled  by  sails  and  oars. 

Pro'bang"  1.  (Vctcrinartj.)  An  instrument  for 
removing  a  root,  apple,  or  other  object  which  has 
lodged  in  the  esophagus.  When  the  piece  so  presses 
upon  the  trachea  as  to  obstruct  breathing,  the  case 
is  critical,  and  the  probang  is  used  to  force  it  down 
into  the  stomach  or  impale  it,  and  thus  aHbrd  means 
for  extracting  it. 

A  tube  of  leather,  even  a  black-snake  cart-whip, 
may  answer.  Probangs  are  made  hollow  \\\t\i  sti- 
h^ttos,  and  have  an  enlarged  head,  so  as  not  to  pass 
the  object.  They  are  also  used  on  hoven  cattle  to 
facilitate  the  escape  of  gas  resulting  from  the  fer- 
mentation of  the  food,  or  to  relieve  the  stomach 
of  a  part  of  the  food.  In  such  a  case  it  is  a  kind 
of  trocar. 

An  enema  apparatus  (/),  Fig.  3965),  for  injecting 
a  diluent  and  withdrawing  the  fluid  contents  of  the 
liaunch,  is  the  prefeiable  instrument  in  distension 
by  gas. 

2.  (Surgical.)  A  slender  whalebone  rod  with  a 
piece  of  sponge  on  one  end,  for  pushing  dowti  into 
the  stomach  bodies  which  may  have  lodged  in  the 
esophagus.  Sometimes  the  other  end  is  provided 
with  a  silver  basket  on  a  hinge,  by  which  bodies  so 
lodged  may  be  drawn  out. 

The  sponge,  acting  as  a  porte-micJic,  may  be  sat- 
urated with  caustic  or  medicaments,  which  may  thus 
be  apjjlied  to  the  part  afl'ected. 


Fig.  3965. 


Probes  and  Proban: 

j  k,  probanf;s  with  ivory  or  sponge  ends. 
I  m  71,  jointed  probangs  for  the  pocket. 
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0  is  Buck's  spoDge-hoIder,  with  jaws. 

q  is  &  porte-j7iich€  to  carry  lint,  a  sponge,  or  other  tent  into  a 

VOUDd. 

Probe.  A  surgical  instrument,  usually  made  of 
silver  wire,  haviiij,'  a  rounded  end,  and  introduced 
into  wounds  in  exploring  lor  balls,  etc. 

There  are  also  proljes  to  explore  the  uterine  cav- 
ity, the  ducia  lachnjmalis,  etc.  According  to  their 
use  their  nomenclature  varies,  as  hullct,  uterine,  or 
eye  probe.  Some  are  provided  with  a  groove  run- 
ning to  their  points,  lor  the  purpose  of  directing 
knives  in  making  incisions,  and  are  then  called 
direeto7--2)robcs. 

ft  is  Tieman's  probe,  with  eye  for  introducing  lint  into  a 
^vound. 

f  is  a  bullet-scoop. 

_/'is  Moses"s  bullet-extractor,  with  three  prehensile  claws. 

g  is  Tieman's  Hexible  seeking-probe. 

A  is  a  bur- head  bullet-probe,  which  will  receive  a  mark  from 
lead  in  its  path. 

1  is  a  bullet-forceps. 

The  porcelain  probe  for  the  discovery  and  removal  of  leaden 
balls  lodged  in  the  body  was  devised  by  Nelaton  It  has  at 
its  extremity  a  small  ntgoiis  or  wriukled  porcelain  ball,  which 
becomes  blackened  in  contact  ^vith  a  leailen  bullet. 

I'robes  of  iron  were  found  in  Pompeii,  in  the  Via  Consularis, 
in  a  dwelling,  the  supposed  former  residence  of  a  surgeon.  Spat- 
ulas, cauting-irons,  forceps,  needles,  catheters,  and  lancets  in 
iron  and  copper  or  bronze,  were  also  found  there  by  Dr.  Sa- 
venko  of  St.  Petersburg,  1819. 

The  electrical  probe  of  M.  Trouve  consists  of  two  pointed 

Fig.  3966. 


Troitve's  Electric  Probe. 


steel  wires  projecting  about  four  inches  from  an  ivory  handle. 
They  are  surrounded  near  their  points  by  a  tube  of  vulcanite 
inclosed  in  a  slotted  tube  of  German  silver,  and  may  be  moved 
slightly  forward  so  as  to  project  beyond  this  by  means  of  a 
button  to  which  they  are  connected,  sliding  in  the  slot.    The 


other  ends  of  the  wire  are  connected  with  the  terminals  of  a 
galvanic  battery,  forming  an  open  circuit.  The  battery  is 
formed  of  a  ziuc  and  carbon  element,  inclosed  iu  a  case  of 
hardened  india-rubber  hermetically  sealed,  the  exciting  liquid 
being  bisulphide  of  mercury.  For  use,  the  probe  is  pushed  into 
the  wound  until  a  resistance  is  encountered  which  in  the  judg- 
ment of  the  operator  may  be  the  bullet.  The  points  are  then 
protruded  and  the  instrument  turned  about,  if  necessary,  until 
l)Oth  points  touch  the  object,  when,  if  it  be  the  bullet  sought, 
the  circuit  is  completed  by  met^illic  contact,  actuating  the 
armature  of  an  electro-magnet  and  causing  it  to  ringa  bell. 

A  pair  of  forceps  for  extracting  the  ball  are  similarly  con- 
nected to  the  terminals  of  the  battery.  The  figure  shows  the 
probe,  terminals,  electro-magnet,  bell,  positive  and  negative 
plates  of  the  battery,  forceps  The  lower  figure  illustrates  the 
action  of  the  points ;  when  both  points  touch  the  ball  the  cir- 
cuit is  closed. 

Probe-syr'inge.  c.  Fig.  3965,  represents  a  syr- 
inge, the  nozzle  of  which  is  no  larger  than  an  eye- 
jirobe.  Used  to  throw  injections  into  the  nasal 
duct. 

Pro-cel'las.     {Glass-making.)    A  glass-maker's 

tool.       See  PlTCELLAS. 

Pro'che-am'e-ter.  An  instrument  for  register- 
ing the  revolutions  of  a  carriage-wheel.  An  Odom- 
eter (which  see). 

Pro'file.  1.  (Joinery.)  The  outline  of  a  series 
of  moldings,  or 

of    any   other  ^^m  ^S-  3967- 

parts,  asshown 
hy  a  section 
through  them. 

2.  (Engi- 
neering.) A 
vertical  sec- 
tion through 
a  work  or  sec- 
tion of  coun- 
try to  show  the  elevations   and  depressions. 

In  fortification,  it  is  perpendicular  to  the  face 
of  the  work.     See  illustration  of  Intrcnchmcnt. 

A  2>rofile  is  a  light  wooden  frame  set  up  to  guide 
workmen  in  throwing  up  a  parapet. 

In  railroading,  a  prohle  is  a  vertical  section  of  the 
country  travei.sed,  showing  the  hills  atul  hollows, 
and  enabling  the  cuttings  and  embankments  to  be  so 
adjusted  that  the  earth  of  one  will  furnish  material 
for  the  other. 

The  scale  of  vertical  proportion  of  working  draw- 
ings is  generally  ten  times  that  of  the  horizontal. 


Profiles  of  Moldings. 
a.  Lintel.  b.  Wall  coping. 


Fig.  3968. 


Projile  of  Pacific  Railway  (Relation  of  Vertical  to  Horizontal  Scale,  i  j,^). 


Pro'file-cut'ter.  (JFood-vjorJcing.)  The  cut- 
ting-knife, usually  made  up  of  sections  which  cor- 
respond to  parts  of  a  given  pattern  of  molding,  and 
by  which  molding  is  cut  in  a  machine.  See  Mold- 
ing ;   J!nLriINT,-M.\CHlNE. 

Pro'file-pa'per.     Paper  ruled  with  horizontal 


and  vertical  lines  for  drawing  profiles  of  railway 
surveys,  fortifications,  or  other  engineering  works. 

Prb'fil-ing-ma-chine'.  One  by  which  an  ob- 
ject of  a  given  contour  or  outline  may  be  duplicated  ; 
or  one  by  whicli  a  given  profile  may  be  given  to  a 
piece  by  adequate  manipulation  of  tiie  parts,  in  the 
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absence  of  the  pattern  wliich   forms  an  automatic 
guide  for  tlie  tool.     In  tlie  former  case,  the  machine 

Fig.  3969. 


pToJilitig-  Machine. 


is  used  for  duplicating 
templets,  gages,  and 
patterns,  now  so  much 
used  in  making  vari- 
ous machines,  a  great 
numVter  to  an  e.xact 
"\size  and  iirojiortion,  to 
Jibe  afterward  assem- 
bled. Loconiotivi'S, 
sewing-machines,  lire- 
arms,  watches,  anil  many  otlier  articles  are  thus 
made.  (See  Assembling.)  The  machine  shown  in 
Fig.  3969  partakes  of  some  of  the  characteristics  of 
the  Cauving-machixe  (which  see),  and  also  of  the 
Lathf,  fou  turning  Irrkgulau  ForiMs  (which  see). 
In  each  case  the  principle  of  action  is  that  of  two 
corresponding;  mandrels  moving  in  concert,  one  hav- 
ing a  pin  which  traverses  the  outline  of  the  obji'ct 
to  be  copied,  and  the  other  having  a  cutter  which 
moves  around  the  object  to  be  cut  in  a  path  corre- 
sponding to  that  of  the  pin  which  is  guided  in  con- 
tact with  the  edge  of  the  pattern. 

In   the  instance  illustrated,  the  pin  a  is  on  the 
mandrel  c,  and  the  cutter  b  on  the  mandrel  d  ;  these 


are  geared  together  and  rotated,  the  pin  a  being 
kept  in  contact  with  the  pattern  c,  while  the  cutter 
is  rotated  in  contact  with  the  work /in  and  out  and 
around  as  the  contour  of  the  patteni  may  govern  tlie 
pin. 

Pro-jec'tile.  A  missile,  or  package  containing  a 
number  of  niisbiles,  projected  from  a  gun  by  the  ex- 
pansive force  of  air,  gas,  or  steam  ;  commonly  the 
gases  generated  by  the  ignition  of  guniiowder.  See 
the  Ibllowing  under  their  ajtpropriate  heads:  — 

Amntunition. 

Aiigt'l-shot. 

Arrow. 


BaU-cart  ridge. 

Barrel-shot. 

Biir-shot. 

Bolt. 

Bomb. 

Bouib  for  killing  whales. 

Bomb-Iiiuce. 

Biukshot. 

Bullet. 

Canister-shot. 

CannoD-bail. 

Carcass. 

Cartridge. 

Case-shot. 

Chain-shot. 

Charge. 

Crossbar-shot. 

Double-headed  shot. 

Expanding-ball. 

Explosivf-ball. 

Fire  ball. 

Grape-shot. 

Grenade. 


Gun-harpoon. 

Hand-grenade 

Harpoon. 

Incondiary-i-hell. 

Langrel. 

Light-ball. 

Minie-ball. 

Nail-ball. 

ParneUute  light-ball. 

Percussion-shell. 

Rorket. 

Rocket-harpoon. 

Round-shot. 

Sabot. 

Saud-shot. 

Segment-shell. 

Shell. 

Shot. 

Shrapnel. 

Slug 

Smoke-ball. 

Spherical  case-shot, 

Suli-caliber  projectile. 

Tier-shot. 

Torpedo. 

Trundle-shot. 


See  also  Primer,  S.4B0t,  Fcze.  Wadding,  P.\cki>g.  Pircds- 
siON-CAP,  Charger,  and  the  other  accessories. 

The  number  of  projectiles  used  in  the  Ciin  e.Tn  war.  ns  coui- 
pilcd  from  oftiiial  diita,  is  as  follow.*:  Frci,ch,^l),46(  ,363  ■  Eng- 
li.-h,  li.,000,Ot-iU;  Picdn  ontese,  5(),0U(' ;  Turks,  5li  U'O  :  Nnviil 
forces  (Allied),  35.000  ;  Russian,  4.'i,b00,0l.0.    Total,  8y,5J'5,3h'3. 

Killed  and  woimded  by  these  projet  ti  es :  Frtmh,  G0.83ti ; 
E?-glish,  21,038;  Piedmontese,  183;  Turks, 1,000;  Naval  forces 
(Allied),  2,000  ;  Russian,  100,000      Total ,  175,057- 

One  projectile  in  512  did  execution,  upon  the  supjosition 
that  no  two  projectiles  struck  one  person. 

Fig.  3970  is  a  diagnmi  showing  tlie  perforating  and  pene- 
trating power,  at  Tarious  distances,  of  Pallif^cr  projectiles,  fired 
from  the  service  rifled  muzzle-loading  guns,  with  battering 
charges  of  pebble  powder.  Each  target,  representing  in  resist- 
ing power  a  certain  class  of  vessel,  is  supposed  to  be  at  the 
normal  distance  of  200  yards  from  the  gun,  except  where  the 
range  at  which  the  projectile  would  perforate  such  a  target  is 
expressly  stated  Thus  the  diagram  shows  that  a  target  con- 
sisting of  n  14-inch  plate,  backed  by  18  inches  of  timber,  and 
a  li-inch  iron  skin,  would  be  perforated  at  500  yards  by  the 
12-inch  35-ton  gun ;  whereas  the  Palliser  projectiles  fired  from 
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the  11-inch  25-ton  gun  would  only  penetrate  to  a  depth  of  16 
inches  intq  the  .«ame  target  at  200  yards. 

The  weight.-*  of  ^uns  aud  force  of  impact  are  expressed  in 
English  tons  of  2,240  pounds.  The  figures  under  each  gun  are 
respectiyely :  — 


Weight  of  powder. 
Weight  of  ball. 


piameter  of  bore. 
Weight  of  gun. 


The  figures  opposite  the  holes  through  the  targets  are  the 
distances  in  yards  up  to  which  the  shot  made  a  clean  breach. 

The  power  of  resistance  of  each  target  is  given  immediately 
over  it ;  thus  A  217  means  that  it  would  require  an  energ.v  of 
217  foot  tons  per  inch  of  the  shot's  circumference  to  perforate 
class  A.  All  projectiles  are  assumed  to  strilie  perpendicularly 
to  the  face  of  the  target. 

The  figures  beneath  the  armor  are  the  thicknesses  of  the 
plating,  backing,  and  skin. 

Pro-jeo'tion.  {Drau-iny.)  The  representation 
on  a  pluiie  surface  of  the  parts  of  an  object. 

The  rjiionmnic  projcctiou.  The  eye  is  placed  in 
the  center  of  the  spliere. 

The  orllwijrapkic  projection.  The  ej'e  is  supposed 
to  he  at  an  infinite  distance. 

Tlie  stenographic  projection.  The  eye  is  placed  on 
the  surface  of  the  sphere. 

The  isometric  projection.  The  projections  of  tliree 
equal  lines  parallel  respectively  to  three  rectangular 
axes  are  equal  to  one  another. 

The  perspective  projection.  Represented  on  the 
perspective  plan. 

Pro-lap'sus-iu'stru-ments.  a.  Instruments 
used  to  correct  or  prevent  the  falling  of  the  womb. 
See  Pessai'.y  ;  Abdo.minwl  Baxd.4.ge,  etc. 

b.  To  prevent  the  falling  of  the  anus  ;  a  trap-like 
appliance,  consisting  of  a  pelvic  band  to  which  is 
fastened  a  spring  running  down  the  spine  and  end- 
ing in  an  ivory  pad  resting  on  and  supporting  the 
anus.     See  also  Suppository  ;  Pile-.suppokteu. 

Pro-longe'.  (Ordnance.)  A  rope  used  to  drag  a 
gun-carriage  without  the  limber  in  maneuvering 
when  it  is  required  to  move  in  a  nairow  track,  or  in 
retiring  liring  along  a  street  or  through  a  defile.  It 
has  a  hook  at  one  end  and  a  ring  at  the  other. 

Pro-me'the-an.  A  device  for  striking  light, 
consisting  of  matches  tipped  successively  with  melt- 
ed sulphur  and  then  with  chlorate  of  potash  to  in- 
flame them.  They  are  dipped  in  a  bottle  of  sulphuric 
acid.   'See  Lighting-devices. 

Prong.  In  a  mechanical  sense  this  is  equivalent 
to  a  tine,  a  daw,  a  tooth,  as  the  relation  may  require 
or  suggest. 

Prong-chuck.  A  burnishing  chuck  with  a  steel 
prong. 

Proof.  1.  (Printing.)  A  trial  impression  from 
a  form  for  examination  by  the  reader  and  comparison 
with  the  copy.     (First  proof. ) 

After  correction  a  second  proof  is  taken  for  the 
author.     (Clean  proof. ) 

The  corrections  and  alterations  having  been  at- 
tended to,  a  third  proof  (the  rccix)  is  had,  to  see 
that  the  alterations  have  been  correctly  made. 

A  press-proof  is  a  final  one  to  settle  the  margins, 
signatures,  etc. 

2.  (Engrarimj.)  a.  An  impression  taken  from  a 
steel  or  copper  plate  in  the  course  of  its  execution 
to  determine  its  forwardness. 

b.  A  counter-proof  is  an  impression  taken  from  a 
newly  printed  proof,  to  obtain  a  copy  from  an  en- 
graved plate  similar  to  the  latter  and  not  in  reverse. 

c.  An  early  impression  of  a  completed  plate  before 
the  printing  of  the  regular  edition. 

3.  (Spirits.)  A  mixture  of  equal  weights  of  abso- 
lute alcohol  and  water.  Its  specific  gravity  is  0.917. 
The  ordinary  proof-spirit  of  commerce  is  0.920  at 
60°  Fab. 

The  name  is  derived  from  the  gunpowder-proof. 
Spirit  was  poured  over  gunpowder  and  the   vapor 


inflamed.  If  it  fired  the  gunpowder,  it  was  over 
proof.  If  it  damped  the  powder,  so  that  the  spirit 
burnt  without  igniting  the  powder,  it  was  under 
proof.  The  weakest  spirit  capable  of  firing  gunpow- 
der was  the  proof-sjiirit  of  pharmacy,  specific  gravity 
0.920. 

4.  (Ordnance.)  The  tests  are  by  hydraulic  press- 
ure and  by  firing  charges. 

The  proof  charge  is  much  lieavier  than  the  service 
charge,  and  is  repeated,  close  examination  being 
made  for  flaws  and  crevices. 

The  proof  by  water  is  under  a  heavy  pressure ;  the 
bore  being  wiped  dry,  the  surface  is  examined  by  a 
iniiTor  to  detect  the  exudation  of  moisture  from 
crevices  or  honeycomb. 

5.  (Small-arms.)  The  barrels  are  loaded  with  a 
heavy  charge,  laid  on  a  massive  table  in  the  proving- 
room,  and  fired  by  means  of  a  train  of  powder,  the 
balls  being  received  in  a  sand-bank.  This  is  re- 
peated. 

The  proving  of  gun-barrels  at  Ilion  is  thus  performed :  forty 
barrels  are  loaded  at  a  time,  with  280  grains  of  powder  and  500 
grains  of  lead  in  each,  and  arranged  in  a  small  room,  to  be  all 
discharged  at  once:  they  are  placed  in  po.-^ition,  wedged,  and 
held  down  by  a  heavy  beam  ;  a  train  of  powder  is  then  laid  to 
a  II  the  touch-holes ,  the  workmen  leave  the  room ,  and  all  is  ready ; 
the  double  doors  having  been  closed,  the  tester  strikes  with  a 
hammer  a  small  rod  of  iron  protruding  through  the  wooden 
partition  ;  the  rod  is  driven  into  a  percussion-cap  at  the  end  of 
the  train  of  powder,  and  the  explosion  of  the  charges  in  all  the 

I  rifles  immediatel)  occurs.     The  value  of  this  test  is  very  great, 
the  ordinary  charge  being  70  grains  of  lead.     The  barrels  are 

I  afterward  tested  with  150  grains  of  powder,  to  see  if  they  hare 
been  strained  by  the  first  test 

Swords  are  proved  by  bending  them  and  seeing  if  they  re- 
sume their  original  shape,  and  by  striking  them  flatwise  over  a 
curved  block  of  hard  wood. 

6.  (Gunpovder.)  a.  Ordinary  proof  of  povder  ; 
one  ounce  with  a  24-pouiui  ball.  The  mean  range 
of  new,  proved  at  anj'  one  time,  must  not  be  less 
than  250  yards  ;  but  none  ranging  below  225  yards 
is  received. 

Powder  in  magazines  that  does  not  range  over  180 
yards  is  held  to  be  unserviceable. 

Good  powder  averages  from  280  to  300  j-ards  ; 
small  grain,  from  300  to  320  yards. 

b.  A  proof  of  blasting-powder  is,  that  two  ounces 
being  fired  in  an  8-inch  mortar,  elevated  at  an  angle 
of  ib\  shall  throw  a  ball  of  tiS  pounds  to  a  distance 
of  240  feet. 

Another  test  is,  that  two  ounces  of  powder  in  the 
e|irouvette  gun  (weight,  86i  jiounds;  bore,  27.6 
inches  long  and  Ij  inches  diameter)  shall  give  a 
i-ecoil  of  20°. 

7.  (Sucfar-manufiieturc.)  The  test  by  which  a 
sug;ir-boiler  judges  of  the  condition  of  the  condensed 
sirup. 

Tlie  prntve  au  flft,  or  string  test,  consists  in  taking  a  drop 
of  sirup  between  the  finger  and  thumb  and  then  separating. 
The  condition  required  is  that  the  sirup  will  allow  itself  to  be 
drawn  into  an  attenuated  thread. 

The  preuve  au  croclift,  or  Itooli  test,  is  when  the  thread  breaks 
and  curls  up  into  a  little  hook.  This  is  divided  into  the  croetiet 
leger,  or  U'enk,  and  the  croeliet  fnrt,  or  strong,  according  to  the 
energy  of  the  action  in  forming  the  hook 

The'  prriire  an  snuffle,  or  bublile  test,  is  obtained  by  taking  a 
portion  of  sirup  in  a  perforated  skimmer  and  blowing  from 
below  upward  so  as  to  make  a  bubble  of  sirup.  The  abun- 
dance and  size  of  the  bubble  determine  whether  it  be  souffle 
leger  or  soufflifort.  It  indicates  a  condition  fit  for  making 
candy. 

The  preuve  nu  caisse,  or  eeue  proof,  is  by  dipping  the  wetted 
finger  in  sirup  and  then  in  cold  water,  taking  up  a  ease,  or 
sheath,  of  sirup,  whose  behavior  when  rolled  into  a  ball  and 
thrown  upon  the  floor  determines  the  classification,  as  follows; 
te  petit  caisse  is  when  the  ball  of  sugar  rolled  from  the  finger  is 
cracked  open  by  throwing  it  on  the  ground  ;  /*•  grnne!  eaisse  is 
when  the  ball  flies  to  pieces  under  the  same  circumstjinces ; 
le  cni.sse  sue  le  eioigt  is  when  the  envelope  of  sugar  on  the 
finger  refuses  to  roll,  but  breaks  up  as  it  is  removed. 

M,  Payen  has  given  precision  to  these  tests  by  describinc 
their  respective  temperatures  and  density: 
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Filet 

Crochet  legcr 

Crochet  fort 

Souffle  teger 

Souffle  fort 

Caisse  petit 

Caisse  grand 

Caisse  sur  le  doigt. 


Tempera- 
ture, Fah. 


228.2 
280.9 
283.6 
240  8 
249.8 
2616 
263.3 
270.5 


100  parts  con- 
taiu  — 


Sugar.    Wat'r. 


85 


90 
92 
92.7 
95  7 
9B.5 


15 

13 

12 

10 
8 

7.3 
4.3 
3.5 


8.  {Proof  of  Strength.)  See  Dynamometer; 
Testino-machinf,. 

9.  Iron  a.\les  are  proved  by  allowing  them  to  fall 
from  a  certain  higlit  upon  two  blocks  of  cast-iron, 
or  by  letting  a  weight  fall  upon  them  from  a  certain 
higlit. 

Proof-house.  A  house  fitted  up  for  proving 
barrels  of  llie-arins.  They  are  e.xtra  heavily  charged, 
laid  on  a  bench,  primed,  and  fired  by  a  train  of  pow- 
der  into  a  bank  of  sand.  The  average  loss  in  Eng- 
land is  four  per  cent  on  600,000  barrels  annually. 
A  second  proving  takes  place  when  the  piece  is  ready 
for  assenililing. 

Proof-plug.  A  plug  screwed  temporarily  into 
the  bii'i'cli  lit  a  gun-barrel  to  be  proved. 

Proof-sheet.  {Printing.)  An  impression  taken 
fur  till-  use  of  tlie  corrector  or  author  al'ter  all  errors 
note{l  have  been  corrected. 

Proof-staff.  A  nu^tallic  straight-edge  by  which 
a  wooden  stalf  is  tested  and  corrected,  e.  g.  the  red 
staff  used  by  millers  to  detect  irregularities  in  the  face 
of  a  millstone.  The  straight-edge,  being  reddened  with 
ocher,  is  passed  over  the  fiice  of  the  millstone,  and 
the  elevated  poitits  become  colored  in  consequence. 

Proof-stick.  {Sugar-making.)  A  stick  with 
wliich  a  small  quantity  of  sirup  is  lifted  from  the 
open  pan  or  the  vacuum- 
Fig.  3971.  i;^,,,,^:"^  jian  to  judge,  by  the  ra- 
pidity and  character  of 
its  crystallization,  the 
condition  of  the  contents 
of  the  pan.  See  Pkoof,  7. 
Prop.  {Vehicle.)  A 
stem  fastened  to  the  car- 
riage bow  for  the  attach- 
ment of  the  stretcher- 
piece,  known  as  the 
2>rop-joint,  and  upon 
which  the  bows  rest 
when  down. 

In   the   example,   the 
inner  plate  has  a  square, 
tubular,  projecting  sock- 
et, which  receives  the  screw-shank  of  the  prop.     An 
outer  collar  lits  on  the  square  socket,  and  on  a  square 
portion  of  the  prop,  .so  that  the  latter  cannot  rotate. 
Prop'a-gat'ing-box.    A  bo.^c  in  which  a  cutting 
is  placed  to  germinate 


Fig.  397: 


Propai;atin^-Box. 

glass.    A  hand-glass  to  cover  small  plants. 


In  the  example,  it  is 
one  of  a  series  of  boxes 
having  slots  down 
their  sides  in  order 
that  a  grape-vine,  for 
instance,  may  be  laid 
along  the  row  of  boxes 
and  layers,  obtaining 
plants  by  the  striking 
of  roots  at  the  joints 
of  the  vine. 

Prop'a-gat'ing- 


Pro-pel'ler.  A  means  for  the  propulsion  of  ves- 
sels.    Tlic  varieties  may  be  classed  as  follows  :  — 

1.  Paddle-wheels. 

A.  On  hoiizontal  shaft  or  shafts. 

a.  Eixed  paddles. 

b.  Feathering  paddles. 

a'.  Turning  on  horizontal  axes. 
b'.   Turning  on  radial  axes. 

c.  Sliding   paddles  ;    moving   toward    and 

from  the  paddie-wlieel  sliaft. 

d.  Paddles  attached  to  traversing  chains, 
c.   Paddles  attached  to  cranks. 

/.   Collapsing  paddles. 

g.    Paddles  in  reciprocating  frames. 

h.   Sculling  paddles. 

i.  Cycloidal  paddles. 

B.  On  vertical  shaft. 

2.  Hydraulic  propeller. 

3.  Screw-propeller.   7.   Rack  and  pinion  propeller. 
i.   Rope-traction.       8.   Wave-power  propulsion. 

5.  Spike-wheel.         9.   Oars. 

6.  Pole-propeller.    10.   Sails. 

The  boats  by  which  the  Roman  army  under  Claudius  Codex 
were  transported  into  Sicily  were  propelled  by  wheels  moved 
by  oxen.  The  substitution  of  paddles  for  oars  is  mentioned  in 
many  old  niilitai'y  treatises.  Thomas  Savery,  in  England,  ob- 
tained a  patent,  in  1696,  for  a  paddle-wheel  on  each  side  of  a 
ship,  to  be  turned  by  means  of  a  capstan. 

,  In  the  "  Vitruvia  de  Arcbitectura,"  foho,  Como,  1521,  there 
is  an  engraving  of  a  large  vessel  propelled  by  paddles  worked 
by  animal  power.  A  pen-and-ink  sketch  on  an  Italian  manu- 
script of  the  fifteenth  century,  preserved  in  the  British  Mu- 
seum, shows  a  vessel  propelled  by  a  pair  of  paddle-wheels  on  a 
shaft  rotated  by  gearing  and  haud-power.  From  1619  to  1662, 
six  patents  were  granted  in  England  for  devices  purposely  de- 
scribed with  great  looseness,  for  concealment,  but  which  appear 
to  have  been  paddle-wheels  of  some  kind. 

In  1690,  Papin  describes  "  oai-s  fixed  to  an  axis,"  a  pinion 
on  the  latter  being  engaged  by  a  rack  on  the  piston-rod. 

In  1729,  Dr.  .John  Allen  patented  the  hydraulic  propeller, 
forcing  waler  through  the  stern  of  the  ship  at  a  convenient  dis- 
tance under  water. 

In  1737,  Jonathan  Hulls  patented  a  steamboat  propelled  by 
a  paddle-wheel  astern. 

lu  1738,  David  Ramsey  obtained  a  patent  in  England  for  a 
mode  of  propulsion  of  vessels  by  the  force  of  water  ejected  by  a 
steam-pump. 

In  1780,  Watt  suggested  the  spiral  oar  to  move  canal-boata. 

In  1780,  the  present  arrangement  of  connecting-rod  crank 
and  fly-wheel  was  patented.  In  the  same  year  the  Marquis  de 
Jouffroy  worked  a  steamboat  140  feet  long  on  the  Saou*. 

In  1782,  Rumsey  propelled  a  freight-boat  on  the  Potomac  by 
means  of  the  hydraulic  propeller.  A  steam-engine  worked  a 
vertical  pump  amidships  ;  tlie  water  was  drawn  in  at  the  bow 
and  expelled  through  a  trunk  astern. 

In  1785,  Joseph  Bramah  patented  a  rotatory  engine  on  a  pro- 
peller-shaft. 

In  1786,  Fitch  had  a  steamboat  on  the  Delaware,  propelled 
by  paddles  like  those  of  an  Indian  canoe. 

In  1786,  Benjamin  Franklin  and  Oliver  Evans  advocated  the 
hydraulic  propeller,  receiving  the  water  forward  and  forcing  it 
out  astern 

In  1787,  Patrick  Miller  patented,  in  England,  paddle-wheels 
for  propulsion. 

In  1788,  Fitch  ran  his  boat  by  means  of  reciprocating  paddles. 

In  1788,  Symington  had  a  steamboat  on  the  lake  of  Dalswin- 
ton,  propelled  by  an  engine  and  side  paddle-wheels. 

In  1789,  Symington  had  a  boat  on  the  Forth  and  Clyde 
Canal,  propelled  by  an  engine,  and  a  pair  of  paddle-wheels 
pKaced  amidships,  respectively  fore  and  aft  the  engine,  and 
working  in  a  trough  extending  from  stem  to  stern  of  the  boat, 
over  the  keel. 

In  1789,  Oliver  Evans,  of  Philadelphia,  had  a  stern-wheel 
stpamboat  which  navigated  the  Schnylkill. 

In  1795,  Lord  Stanhope  invented  the  "  duck-feet  paddles," 
and  ran  a  boat  three  miles  an  hour. 

In  1796,  Fitch  had  a  steamboat  on  Collect  Pond,  New  York, 
propelled  by  a  screw  astern. 

In  1802,  Symington's  double  bant,  "  Charlotte  Dundas," 
was  propelled  by  one  middle  paddle-wheel  abaft  the  engine 
and  working  in  the  space  between  the  twin  boats. 

Fulton's  and  Bell's  steamboats  had  side  paddle-wheels,  as 
also  the  "  Savannah,'"  1819,  "  Enterprise,''  1825,  "  Great  West- 
ern "  and  "  Sirius,''  1838.  The  "Great  Britain,"  1843,  had  a 
screw,  and  after  this  the  screw  became  common.  See  Paddle- 
wheel. 

The  term  prnptller  is  usually  applied  to  the  longitudinal  re- 
volving shaft  with  vanes  or  wings,  and  more  specifically  known 
as  the  screw-proptUer. 
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The  first  use  of  the  propeller  was  by  Stevens,  of  Hoboken, 
who  used  twiu-bladed  screws  in  18l>4.     See  Screw-propeller. 

The  bladed  screw-propeller  was  brought  forward  hy  Kricsson 
in  1836,  and  the  spiral  screw  in  the  dtaii-woij  was  patented  by 
F  P  Smith. 

Captain  Robert  F.  Stockton,  United  States  Navy,  and  Fran- 
cis B.  Ogden,  of  New  Jersey,  became  interested  in  Eric-Json's 
invention,  and  the  propeller'' Francis  B.  Ojtden''  was  launched 
on  the  Thames,  and  made  trips  as  early  as  May  28,  1837.  An 
iron  vesjiel,  the  "  Robert  F.  Stockton,"  fitted  with  a  screw-pro- 
peller, was  launched  into  the  iMersey,  .luly  7,  1838.  She  was 
the  second  screw-propeller  in  England,  as  the  ''  Francis  B.  Og- 
den "  was  the  first.  She  crossed  to  the  United  States  the  next 
year,  received  an  American  register,  was  re-named  the  "  New 
Jersey,"  and  was  the  first  screw-propeller  {excepting  the  small, 
twin-serew  propeller  of  Stevens)  in  American  waters  Ericsson's 
patent  was  July  13,  1836,  and  his  propeller  had  spiral  blades, 
the  preferable  form. 

The  first  propeller  war-steamer  was  the  "Princeton," 
launched   into   the   Delaware. 

Francis  P.  Smith's  name  is  intimately  associated  with  the 
introduction  of  the  propeller.    Ills  patent  is  dated  May  31, 

Fig.  3973. 


its  rate  of  progression,  the  length  of  its  pitch  to 
each  revolution,  and  the  actual  progress  of  tlie  ves- 
sel through  the  water. 

Screw-propellers  are  known  as  adjustable,  uiiiihi2>- 
ping,  atuilutry,  tirin  or  (fuubk,  (jaiiiimj. 

Woodcroft  introduced  the  increase-jiitch  or  gain- 
ing-scrcw  propeller  ;  the  pitch  gradually  gaining 
from  the  hading  to  the  Jolloicing  edge. 

When  twin-screws  are  used,  oue  screw  is  right- 
handed  and  the  other  hft-luindcd,  so  that,  being 
turned  in  contrary  directions  in  driving  ahead,  they 
may  counteract  each  other's  tendencies  to  produce 
lateral  vihratiun. 

Griffith's,  had  a  hollow  spherical  ball,  forming  an  enlarge- 
ment of  tlie  huh  being  suh.^tituled  tor  thereiitml  portion  of  the 
bUides.     T.ie  Liades  taper  toward  the  exlremitie.-.     The  pitch 


Smith's  Propeller. 

1836.  He  was  the  first  to  make  it  a  continuous  screw  and  to 
place  it  in  the  dead-wood.  His  screw  was  attactied  to  the 
"  .\rchimedes  "  in  1839. 

Of  the  four  cigar  steamers  of  Messrs.  Winans,  the  propeller 
of  the  first  was  placed  around  amidships  ;  the  second,  beneath ; 
the  third  is  fitted  for  trjing  in  various  positions ;  the  fourth 
iias  a  propeller  at  each  end. 

In  186.3,  the  "  Far-East,"  a  propeller  with  two  screws,  wai) 
launched  at  Millwall,  England. 

The  screw-jn'opeller  generally  consists  of  a  bass 
fitted  upon  the  end  of  a  propeller-shaft,  and  with 
tvvo  or  more  blades  arranged  symmetrically  around 
it,  so  as  to  balance  each  other. 

The  propeller  is  said  to  overhang  when  it  has  no 
after  bearing  in  the  after  stern-post  or  rudder-post. 

The  propeller  may  be  made  to  rise  out  of  the  water 
when  the  ship  is  under  canvas  alone.  In  this  case 
it  is  detached  from  the  shaft  and  drawn  up  into  a 
screw-well  in  the  stern  of  tlie  vessel. 

The  iiitch  of  a  propeller-screw  is  the  length,  nie.ts- 
ured  along  the  axis,  of  a  complete  tui'n. 

The  speed  of  the  propeller  means  the  pitch  niulti- 
jilied  by  the  number  of  turns  in  a  unit  of  time  ;  or 
the  speed  may  be  stated  in  the  number  of  revolutions 
of  the  propeller-shaft  per  minute,  where  pitch  does 
not  enter  into  the  computation. 

The  effective  area,  or  dial;  of  a  screw-propeller  is 
measured  in  a  thwartship  jilane,  and  has  for  its  outer 
boundary  the  circle  swept  by  the  ti]is  of  the  blades, 
and  for  its  inner  boundar\'  the  outline  of  the  boss. 

The  slip  of  a  propeller  is  the  ditl'erence  between 

Fig. 3974. 
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is  alterable,  by  the  rotation  of  each  screw  on  its  stem,  which  is 
radial  to  the  main  shaft. 

Ericssou't;  bkuU-s  wery  on  the  exterior  of  a  cylinder. 

James  Montgomery's  propeller  has  a  cyliniirical  rim  around 
the  outer  edges  of  the  wings,  to  prevent  radial  projecticm  of 
the  water  and  strengthen  the  wings.     Patent^-d  April  12,  l^GO. 

A  (Fi".  3974)  shows  a  section  of  a  three-decked  vessel  witb  a 
screw-propeller.  To  disconnect  the  propeller  when  the  ship  is 
under  canvas,  it  is  lifted  into  a  hollow  trunk  m  constructed 
over  it  in  the  stern  of  the  vessel,  entirely  out  of  the  water,  the 
outer  screw-shaft  fitting  into  a  vertical  frame  of  guu-metul 
which  rises  along  with  it.  The  screw  a  is  disconnected  eitlier 
by  withdrawing  t!ie  driving-shaft  6  out  of  a  socket  in  the  screw- 
shift,  or,  which  is  the  better  plan,  by  forming  a  coupHng  on 
tneend  of  the  driving-shaft,  into  which  the  screw-shaft  tits  and 
adjusts  itself  when  slipped  down  between  the  guides  and  trunk. 
The  screw  is  then  retained  in  its  position  by  a  catch  pressed 
down  from  above  upon  the  gun-metal  frame  supporting  the 
hearings,  as  well  as  by  its  own  weight.  The  screw  is  raised  into 
or  through  the  trunk  by  pulleys  and  ropes  worked  by  acapstan, 
the  weight  of  the  screw  and  its  shaft  being  supported  by  a  pawl 
and  rack  on  each  side  of  the  trunk-  In  some  cases,  the  screw 
is  only  capable  of  being  ilisconnected  from  the  engines,  and  left 
free  to  revolve  by  the  action  of  the  water  upon  it,  from  the  mo- 
tion of  the  vessel. 

Maudslay's  substitute  is  a  feathering  contrivance,  applicable 
only  to  two-bladed  screws,  consisting  in  placing  the  blades  in 
a  fore-and-aft  direction,  so  that  they  may  lie  within  the  dead- 
wood  of  the  vessel  and  present  little  or  no  projecting  surface  to 
impede  her  progress  or  affect  her  steering.     See  Screw-Pro- 

PELLER. 

Fowler's  steering-propeller  ( B,  Fig.  3975)  is  a  submerged  wheel 
turning  on  a  vertical  shaft,  with  paddles  which  are  feathered  by 
an  eccentric  cam,  in  such  ni.inner  that  the  paddles  shall  have  a 
pushing  and  drawing  action  on  the  water  while  passing  through 
the  sectors  shown  by  dotted  lines,  and  present  only  their  edges 
to  the  water  while  passing  the  points  a  a,  which  may  be  called 
dead-points  so  far  as  their  influence  in  the  propulsion  of  the 
ship  is  concerned.  By  turning  the  cam-wheel,  which  is  done 
by  "  the  man  at  the  wheel''  by  asimple connection,  the  feather- 
ing is  done  at  ditTerent  points,  and  the  ship  may  be  backed  or 
turned  round  and  round  on  her  center  without  reversing  the 
engine. 

A  propeller  of  this  kind  is  in  use  in  one  of  the  new  torpedo- 
boats  of  the  United  .States  Navy. 

Hunter's  steering-propeller  C,  patented  1874,  is  similar  to 
the  Fowler  propeller  in  some  respects.  It  has  two  wheels  on 
opposite  sides  of  the  stern-post,  revolving  in  opposite  directions. 
The  blades  are  feathered  so  as  to  have  but  one  dead-point. 

Hunter's  fish-tail  propeller  D  consists  of  a  tiexible  attach- 
ment to  a  post  a  at  the  stern  of  a  ship  The  propeller  vi- 
brates from  side  to  side  with  the  revolution  of  the  engine. 
The  leaves  of  the  propeller  may  be  of  rubber  or  thin  uietjillic 
plates.  The  shape  the  propeller  assumes  while  in  motion  is 
shown  at  c,  and  the  pressure  of  first  one  side  and  then  the  other 
obliquely  against  the  water  causes  the  vessel  to  adv.ince 


The  kydraulic  propeller  so  often  projected  — by  Allen,  in 
1729;  Uulls    1737;  Ramsay,  1738;   Runisey,  1782;    Franklin 

and  Evans,  178*3  —  has  been  lately  revived,  the  English  govern- 
ment vessel  the  "  Water-Witch  "  being  propelled  by  a  rotary 
pump  taking  in  water  at  one  end  and  expelling  it  at  the  other. 
The  vessel  is  double-ended,  i?  is  a  mollified  fcirni  of  this  pro- 
jicller.  a  a  is  the  passage  by  which  the  water  enters  and  leaves 
the  pump-chamber. 

Fig.  3976  shows  propellers  with  paddles.  F  is  a  form  of  pro- 
peller whose  floats  are  carried  on  the  ends  of  levers,  which  lift 
them  out  of  the  water  on  the  completion  of  their  stroke,  at  the 
same  time  dropping  into  the  water  the  corresponding  .set  at  the 
other  end  of  the  compound  lever. 

G //are  forms  of  propellers  in  wliich  the  floats  are  carried 
on  endless  chains,  which  pass  over  wheels  propelled  by  the 
engine. 

.See  Browne's  *'  Treatise  on  the  Screw-Propeller,''  London, 
18ti7  ;  Burgh's  "  Modern  Sci-ew  Propulsion,"  London,  1869. 
I      See  under  the  following  heads  :  — 
I  Archimedean -screw  propeller.      Propeller-engine. 


Auxiliary  screw. 

Duck's-foot  propeller. 

Elastic  propeller. 

Endless-chain  propeller. 

Fish-tail  propeller. 

Hydraulic  propeller. 

Nautilus-propeller. 

Oar. 
i  Oar-propeller. 
,  Paddle-wheel. 

Pole-propeller. 


Propeller- wheel. 
Iljtck  and  pinion  propeller. 
Rail  and  traversing- wheel  pro- 
peller. 
Reciprocating  propeller. 
Rope-traction  propeller. 
Screw-propeller. 
Spike-wheel  propeller. 
Traveling-bi'lt  propeller. 
Wave-pi'wer  propeller. 
Windmill-propeller. 


Pro-pePler-eu'gine.  The  introduction  of  the 
screw-propLdhn-  has  brought  into  use  a  new  class  of 
engines  of  short  stroke,  a  nuniVier  being  ranged  in  a 
line  coincident  with  the  line  of  the  propeller-shaft. 
For  this  service  the  oscillating-cylinder  engine  is 
peculiarly  adapted.   See  Oscillating-cylixdeu  Ex- 

(;IXE;    ScUEW-PnoTF.LLEll  ENGINE. 

Pro-pePler-pump.  A  form  of  rotary  pump  in 
which  the  wheel  resembles  the  propeller-vvlieel  of 
the  marine  service.     It  is  driven  by  band-shafting 

Fig.  3977. 
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fttddk-  Propellers. 

and  geariiijj  in  a  ilii'eotion  tn  (lallicr  the  water  ami 
force  it  npwaid  in  tliu  vertical  tube  ;  interior  radial 
wings  direct  thi'  column  of  water  upward  and  pre- 
vent its  acquiring  a  vortical  motion. 

Pro-pel'ler-^vheel.  The  blades  are  sections  of 
spiral  llanges  windioK  around  the  shaft  like  screw- 
threads.  The  rotation  of  the  shaft  causes  the  blades 
to  bear  obliquely  against  the  water,  and  produces  ii 
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motiuii  of  the  vessel  in  the  direction  of  the  axis  of 
tile  screw.  Generally  called  a  screvv-proiieller.  See 
PuoI'KLLIlI;  ;    ScREW-PROPELLER. 

Prop-joint.    (Carriage.)    The  jointed  bar  which 
spreads  the  bows  of  a  calash-top.     Its  ends  are  sock- 


Fig.  3978. 


Prop-Joint. 


eted  upon  the  projis,  known  technically  as  top-props. 
The  [lortions  A  are  attached  by  welding  or  other- 
wise to  the  portion  B,  which  is  known  as  the  stub- 
joint. 
Pro-por'tion-al  Com'pass-es.  This  instrument 
is  used  for  cojiying  drawings  on  a  larger 
Fig  .3979.  or  a  reduced  scale.  The  pivot  is  secured 
in  a  slide  which  is  adjustable  in  the  slots 
of  the  legs,  so  as  to  vary  in  any  required 
proportion  the  relative  distances  of  the 
points  at  the  respective  ends.  The  legs  are 
provided  with  marks  by  which  the  ratio 
of  proportion  of  the  respective  ends  may  be 
arranged  or  determined.  One  side  may  be 
graduated  in  powers  of  2  ;  another  in  an 
ascending serie.s,  iV  i,  i,  |,  \,  \,  i,  J,  ',  etc. 

A  pair  of  compasses,  the  arms  of  wliich  are  as 
1  to  3^  7,  will  denote  approximately  the  proportion 
between  the  diameter  and  circumference  of  a  tube, 
so  that,  the  diameter  hein^  measured  by  the  shorter 
arm,  the  longer  will  denote  the  width  of  the  strip 
of  metal  required  to  produce  it. 

Pro-por'tiou-al  or  Prim'i-tive  Ra'- 
di-i.  Clearing.)  If  the  line  of  centers 
connecting  the  centers  of  two  wheels  in 
gear  be  divided  into  two  parts,  propor- 
tioned to  the  number  of  teeth  in  the  re- 
spective wheels,  the  said  two  portions  wiU 
be  the  proportional  or  primitive  radii. 

The  true  radius  of  a  wheel  is  the  distance 
from  the  center  to  the  circumference. 
Prop-stay.      A   transverse   water-tube 
lionlfcom-"'"^^"'^  ^  boiler-flue,    forming  a    passage 
p<uses.    for  the  water  and  increasing  the  flue-sur- 
face by  the  exposure  of  its  exterior  surface 
to  the  heated  current. 

The  most  notable  instance  of  the  use  of  prop- 
stags  is  in  the  Galloway  boiler,  which  has  tubes 
cro.ssing  tlie  //«(,s.     See  Tdbular  Boiler. 

Prop'y-lae'um.  (Architecture.)  A  portico  in 
front  of  a  gate  or  temple  doorway. 

Pros'o-pom'e-ter.  (Trpoawirop,  the  countenance ; 
ixirpov,  a  measure.)  An  instrument  for  measuring 
the  supei-ficies  of  the  head  and  face,  thence  to  de- 
duce the  cubic  contents  of  the  cranium. 

Pro'te-an-stone.  A  preparation  of  gypsum,  re- 
sembling .alabaster.  By  a  peculiar  jirocess  the  gyp- 
.sum  is  made  to  assume  a  semi-translueent  appear- 
ance, anil  is  then  wrought  into  form  or  powdered 
anil  pressed  into  a  mold.     It  is  then  oiled  or  var- 


pose.    Paper  is  also  made  with  distinguishing  marks, 
by  which  it  may  be  identified.     Sec  8.\fetv-pafei;. 

Pro-tract'iug-bev'el.      A   plotting-instrnment 
having  a  ]irotrdctiug 
sector  and  a  prolon-  Fig.  3980. 

gation  of  one  radius, 
which  forms  a  rule. 
In  Fig.  3980,  the 
bevel-stock  is  pivot- 
ed to  the  protractor, 
at  the  center  of  the 
circle  of  which  its 
curved  edge  is  an 
arc,  and  has  an  ob- 
long slot,  divided 
longitudinally  by  a 
small  metallic  strip, 
which  serves  as  an 
index  to  the  gradu- 
ated arc  beneath. 

Pro-tract'or.  1. 
An   instrument   for 
laying  down  angles  on  pa]ier,  etc. 
of  rectangular,   semicircular,  or  circular  shape,  and 
are  made  of  jiaper,  ivory,  horn,  or  metal. 

a  is  the  ivory  or  boxwood  protractor  usually  em- 
braced in  a  case  of  mathematical  instruments.  It  is 
about  sLx  inches  in  length  ;  the  ends  and  one  side 
are  beveled,  and  are  graduated  from  0°  to  180'.  Its 
face  has  one  or  more  diagonal  scales  for  setting  off 
distances. 

6  is  a  semicircular  protractor  of  transparent  horn. 
This  is  a  very  useful  instrument  in  some  cases,  en- 
abling tlie  draftsman  to  see  the  surface  of  the  paper 
beneath. 

c.  A  metallic  bevel  protractor. 

d  is  a  circular  metallic  protractor. 

Each  end  of  the  arm  e  f  i.-!  provided  with  a  vernier,  reading 
usually  to  minutes,  and  carries  a  light  frame//,  having  a  but- 
ton on  its  upper  and  a  finely  pointed  pin  on  its  lower  side; 
these  frames  have  sufficient  spring  to  keep  the  pins  clear  of  the 
paper  as  the  arm  is  turned  on  its  axis.  The  center  of  the  in- 
strument and  the  two  pins  lie  in  the  same  straight  line,  the 

Fig.  3981. 


Protracthig-Be  vel. 

They  are  either 


Circidai  Pratrartar. 


former  being  usually  indicated  by  the  intersection  of  two  fine 
cross-lines  engraved  on  a  plate  of  ti-ansparent  material  in  the 
opening  ir ;  A  is  an  arm  provided  witii  a  vernier  and  carrying 
,  I  a  set-screw  by  which  the  arm  may  be  clamped  to  the   circle 

Pro-tec'tive  Pa'per.      Paper  made  to  prevent  i  while  a  slight'moveincnt  is  imparted  to  it  by  means  of  the  tin- 
tampering  with  the  printing  or  writing  sub.sef|iientlv    gent-screw  i.   The  graduations  may  extend  from  0"  to  18(i"  each 

...,f    1,...^..  if         \    ....   .         (■" ,.'    ™  1   *      t-  wav,  may  be  continued  round  thecircle  from  0°  to  36(1^  or  both 

put    ipouit     A  i^.eans  i.l    preventing  or  'leterting    ,,,,„|'„„,/„,  „„,.  ^^t„.;,„  ,„  t,,^  „,,l„.r,  „„y  be  employed. 
IrailU.     Water-marks  are  made  m  ]ia|K-r  (ur  thi.s  pur-  \      in  u.-e,  the  center  of  the  protractor  is  placed  immediately  over 
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the  point  from  which  the  singular  distance  is  to  be  measured  ; 
the  arm  p  e  is  turned  to  coincide  with  the  line  forming  one  side 
of  the  angle  and  adjusted  by  the  tangent-screw  until  the  pins 
are  brought  exactly  over  this  line,  when  they  are  depressed, 
forming  two  minute  dots  in  the  paper ;  the  arm  is  tlien  un- 
damped, set  approximately  to  tlie  required  angle,  again 
clamped,  the  verniers,  by  means  of  the  tangent-screw,  caused 
to  indicate  the  exact  angle  to  be  laid  olf,  and  the  pins  pressed 
down  into  the  paper  as  before;  the  protractor  being  renioved.a 
straight  line  may  be  dr.iwn  between  the  two  points  first  laid 
down,  and  another  between  the  two  last  pricked  into  the  paper  ; 
if  the  instrument  is  in  correct  adjustment  these  should  intersect 
exactly  at  the  central  point. 

A  rude  sort  of  protractor  may  be  made  by  doubling  a  square 
piece  of  paper  diagonally  from  corner  to  corner ;  this  gives  an 
angle  of  45",  which  may  be  again  subdivided  by  doubling  into 
angles  ot  22"  30',  IP  lo',  etc. ;  these  correspond  to  the  rhumbs 
of  the  mariner's  compass. 

'*  This  parallelogram  [pantograph]  is  not  the  same  as  a  pro- 
trnctor,  but  is  a  most  useful  instrument.^'  —  Pepys's  Diary, 
February  4, 1669. 

2.  (Tailorinrj.)  All  ailjustiible  tailor's  Jisitteru, 
expansible  to  agiee  in  its  proportions  with  the  par- 
ticular nieasureinents  iiiid  eaiuvble  of  being  securcil 
ill  tlie  obtained  ailjustnient. 

Prov'ing.  An  experiment  to  test  the  strength 
of  anything. 

Of  gunpowder,  see  Eprouvette  ;  Ballistic  Pen- 
dulum. 

Of  barrels,  see  Gu.v-BAliREL. 

Of  ordnance,  see  Cannon  ;  Proof. 

The  proo/of  spirit  is  ascertained  by  a  Hydrometer 
(which  see). 

The  proof  of  a  form  or  engraving  is  a  trial-im- 
pression. 

The^)roo/of  horizontality,  see  Level. 

Of  flatness,  see  Proof-staff. 

Prov'ing-hutt,     .See  Proof-house. 

Prov'ing-ma-chine'.  One  for  testing  the  re- 
sistance of  springs  or  the  strength  of  materials.  See 
Testing-machine. 

Spencer's  machine  for  proving  inilia-rubber  springs  by  com- 
pression consists  e.-isentially  of  a  strong  iron  frame,  the  top  of 
which  is  provided  with  two  longitudinal  guide-bars  ;  between 
these  are  arranged  two  sliding-plates,  one  of  which  is  operated 
by  a  horizontal  screw  and  lever,  and  the  other  rests  against  a 
piston  in  the  frame  who.se  end  presses  against  the  shorter  arm 
of  one  of  a  system  of  three  levers:  the  long  arm  of  the  lowest 
lever  is  connected  with  the  hook  of  a  spring-balance  The 
spring  to  be  tested  is  in.serted  between  the  two  plates  and  press- 
ure applied  by  the  .screw,  causing  tie  spring  to  react  jig.iinst 
the  piston,  wliich  communicates  the  pressure  to  the  compound 
levers,  its  amount  being  indicated  by  the  spring-balance. 
Springs  having  a  power  of  twenty  tons  may  be  tested  by  this 
machine. 

Fig.  3982. 


Provi?tg-Putnp. 


Prov'ing-press.  One  arranged  to  test  the 
streiii^tli   111   iron   girder,s,   etc. 

Prov'ing-pump.  A  forcing-pump  for  testing 
boilers,  tubes,  etc.  The  object  to  he  proved  is  con- 
nected to  a  coupling  a,  and  water  from  the  bucket 
b  is  forced  into  it  by  operating  the  lever  ;  the 
amount  of  pressure  is  indicated  by  tlie  gage  c.  A 
cot'k  d  is  provided  for  drawing  oli'  the  water  after 
testing. 

On  the  left  is  a  differential  pressure-gage,  in 
which  the  force  of  the  water  from  the  pipe  is 
liiought  uiioii  an  upper  and  a  lower  piston  in  two 
cylinders,  the  ditierence  between  the  motions  of  the 
two  being  comnmiiicated  to  the  rack  which  operates 
the  pininii  <jn  the  arbor  of  the  dial-hand. 

Pro-vis'ion-car.  One  specially  constructed  for 
preseiviiig  and  transporting  provisions,  meats,  etc. 
In  Fig.  3983  the  preserving-chambers  are  surrounded 
by  non-conducting  walls,  floor,  and  ceiling.  These 
ciiaiiibcrs  are  cooled  Ijy  pipes  communicating  with 

Fig.  3983. 


Provision-  Car. 

an  ice-chamber  and  drain-trajis.  The  pipes  may 
have  |ierfoiations  allowing  the  cool  air  to  flow  out 
into  the  preserving-chamber,  and  the  air  from  this 
chamber,  pa.ssing  into  the  ice-chamber  and  through 
the  pipes,  e.stablishes  an  endless  circulation. 

Pro'w.  (Shipwrirjhting.)  The  stem  or  forward 
post  of  a  vessel.  It  is  scarfed  to  the  kiel,  supports 
the  bowsprit,  and  is  the  forward  point  of  attach- 
ment for  the  straki'S. 

Pru-nel'la.  (Fabric.)  A  smooth,  woolen,  dark- 
colorcil  Ntulf,  u.seil  as  lasting,  for  making  the  u\<- 
pers  of  .sliocs  nnd  gaiters.      PruncVo. 

Prun'ing-chis'el.      .\  chisel  for  pinning  trees. 

Fig  3984 


Prunins;-  Chis/:l. 
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The  I'xample  lias  a  concave  edge  to  prevent  its  slip- 
pint;  0.1'  the  bough. 

Prun'ing-hook.  A  cutting  tool  with  a  hook- 
ing blade,  used  in  triniTning  trees,  shrubs,  and  vines. 
The  references  to  pruning,  in  Scripture,  are  numer- 
ous, but  the  pruning-hook  is,  on  each  of  the  occa- 
sions on  which  it  is  mentioned,  spoken  of  in  refer- 
ence to  its  conversion  into  a  spear  (Joel),  or  from  a 
spear  (Isaiah  and  Micah).  It  was  probablj'  a  heavier 
tool  than  our  pruning-knife,  and  cut  by  a  blow, 
like  a  l)ill  or  machete.     See  Fig.  679,  page  282. 

Prun'ing-knife.  A  knife  with  a  concave  edge 
used  for  pruning.     See  b,  Fig.  3y86. 

Prun'ing-sa'w.  The  pruning-saw  is  set  in  a 
stock  of  buckhorn,  and  has  double  teeth  sharpened 
to  points  on  alternate  sides.  The  edge  is  thicker 
than  the  back,  which  answers  for  a  set.  See  c, 
Pkuni-NG-touls. 

Prun'ing-shears.  {Husbandry.)  A  jaw-tool  for 
trimming  trees,  shrubs,  and  hedges,  pruning  fruit- 
trees,  vines,  etc. 

Hg.  3985  shows  several  forms  :  — 

a  is  socketed  ou  the  end  of  a  pole,  and  the  movable  jaw  is 
worked  by  a  cord  and  retracted  by  a  spring. 

b  has  a  chisel  which  is  thrust  endwise  against  the  apposed 
jaw,  being  moved  by  a  lever  and  toggle. 

The  bls^e  of  c  shuts  into  a  slot  in  the  opposite  serrated  jaw. 

Fig.  3985. 


Pruning-  l^ars. 

In  d  the  parts  are  so  swiveled  together  on  two  centers  and  a 
sliding  joint  as  to  make  a  draw-cut. 
c  is  a  single-handed  implement. 

Prun'ing-tools.  The  tools  used  in  pruning  are 
the  knife,  saw,  chi.sel,  mallet,  bill-hook,  and  shears. 
To  these  may  be  added  a  sword-like  instrument,  such 
as  a  corn-knife  or  machete. 

a  is  a  combined  implement,  having  a  cutting- 
hook,  a  chisel,  and  a  saw. 

The  knife  b  has  a  curved  blade,  and  its  tang  is 
set  fast  in  a  handle.  In  another  form,  the  blade 
shuts  into  a  handle.  The  sizes  and  shapes  vary.  The 
shape  represented  is  adapted  for  cutting  osier  willows 
and  trimming  vines. 

Pruning-saws  are  fine  or  coarse,  according  to  the 
work.  A  saw  is  sometimes  placed  on  the  end  of  a 
pole,  so  as  to  sever  a  limb  from  a  standpoint  on  the 
ground. 

In  c  the  pruning-chisel  is  placed  at  the  end  of  a 
long  handle,  in  which  position  it  may  be  combined 
with  a  saw. 

For  the  lopping  tools  which  act  by  a  blow,  see 

BlI.L-HOOK. 

The  pruuing-shears  are  made  in  several  forms. 


d.    The  shears  resem-  ?'"■  3986. 

bling  large  scissors  with 
tangs  inserted  in  wooden 
handles. 

c.  With  a  blade  op- 
posed to  a  serrated  hook, 
which  holds  the  branch 
while  the  blade  severs  it. 
By  making  the  blade  cut 
between  two  hooks,  the 
tendency  of  the  blanch 
to  bend  in  cutting  and 
pry  the  jaws  apart  is 
avoided. 

/.  The  pruning-scis- 
sors  ha.s  two  blades,  one 
being  hooked  to  keep 
the  branch  from  slipping 
aw.ay.  By  slotting  one 
of  the  parts  for  the  pas- 
sage of  the  other  and 
making  a  link  connec- 
tion between  the  two,  Pruning- Tools. 
the  blade  is  made  to  give 

a   drau'-cut   in    closing,   which   is   favorable  to   its 
efficiency. 

g  is  a,  pruning-chisel,  usually  placed  on  the  end 
of  a  long  handle. 

"The  name  of  Martins,  a  friend  of  Augustus,  has  been 
handed  down  to  us  as  that  of  the  individual  whose  predilection 
for  unnatural  constraint  first  introduced  the  custom  of  cutting 
and  training  trees  into  artificial  imitations  of  architectural  and 
plastic  models.'"  —  Humboldt. 

Pry'an.  {Mining.)  Ore  which  breaks  up  into 
small  pebbles  with  a  mixture  of  clay. 

Psal'ter-y.  {lUusic.)  An  ancient  stringed  in- 
strument of  the  harp  order  ;  probably  of  a  triangu- 
lar shape  and  struck  with  a  plectrum.  See  Piano- 
forte. 

The  psaltery  is  shown  in  two  forms  in  Plates  LXV., 
LXVI.,  Bonanni's  "  Istromenti  Armoniei,"  Roma, 
1776.  In  each  it  has  a  series  of  strings  over  a  sound- 
ing-board. In  one  case  it  is  played  by  the  fingers, 
in  the  other  by  mallets.  In  Plate  LXXII.  it  resem- 
bles a  guitar. 

Pseu'di-sod'o-mon.  A  style  of  masonry  in 
which  the  face  is  formed  of  sr|uared  stones,  the 
courses  varying  in  bight,  and  tlie  middle  of  the 
wall  being  filled  in  with  smaller  fiat  stones  in 
courses.     See  M.\soxnY. 

Pseu'do-dip'ter-al.  {Architccttire.)  Having  a 
single  row  of  columns  placed  at  a  distance  from  the 
cell  equal  to  twice  their  distance  from  each  other. 

Pseu'do-pe-rip'ter-al.  {Archilccturc)  Hav- 
ing the  side-columns  attached  to  the  walls  instead 
of  .separated  by  an  interval,  as  in  peripteral. 

Pseu'do-scope.  An  optical  instrument  invent- 
ed by  Wheatstone  for  producing  an  apparent  rever- 
sion of  the  relief  of  an  object  to  which  it  is  directed, 
by  the  transposition  of  the  distances  of  the  points 
which  compose  it.  A  false  impression  is  thus  con- 
veyed to  the  eye,  a  globe  becoming  apparently  eon- 
cave  and  a  hollow  body  assuming  a  convex  form. 

Psy-chrom'e-ter.  A  form  of  hygrometer  in- 
vented by  August.  It  is  on  the  principle  suggested 
by  Hutton,  and  employed  by  Leslie  in  his  ditteien- 
tial  thermometer.  It  has  two  very  sensitive  ther- 
mometers freely  suspended  to  the  same  frame.  Of 
the  two  bulbs,  one  is  wrapped  with  linen  rags  and 
the  other  is  free.  The  wrapped  bulb  is  moisteneil 
and  the  evaporation  is  rajiid  in  pioportion  to  the 
hygroinetric  condition  of  the  air.  The  evaporation 
reiluces  the  temperature  of  the  inclosed  bulb  and  the 
mercury  sinks.     From   the  ditlerent  indications  of 


PSYCH  ROM  RTER. 


1814 


PUDDLED  STEEL. 


the  two  thermometers  the  amount  uf  muistiiM'  in  the 
air  is  derived. 

a  is  the  kind  known  on  the  Contint-nt  of  Europe  as  AiiffusVs 
psychrometer,  and  in  England  as  Mason^s  ky^omrier.     It  has 


Fig.  3^8 


Psychrometers. 

a  cotton-wi<?k  leading  to  water  in  a  glass  below  the  wet  bulb. 
The  air  circulates  freely  around  the  wet  bulb  This  is  now  the 
accepted  form  of  hygrometer,  being  more  conTenient  than  the 


Fig.  3988. 


Psychrometers. 


Danieirs  dew-point  instiument.  (See  Hvorombti;b.)  This  is 
shown  at  h.  It  consists  of  a  bunt  tube  with  a  globe  at  each 
end,  and  is  partly  filled  with  ether,  the  reniaiudt-r  of  the  spate 
with  vapor  of  ether,  the  air  having  been  exjx-lled.  One  of  the 
tubescnntains  a  thermometer  whose  bulb  is  in  the  liquid.  The 
stem  has  another  thermometer  as  a  means  of  comparison.  The 
upper  globe  being  moistened  externally  with  ether,  evaporation 
takes  place,  producing  condensation  of  ether  in  the  upper  bulb, 
which  causes  evaporation  from  the  ether  in  the  lower  bidh.and 
consequent  fall  of  temperature  in  the  iiiiuid.  By  watching  the 
I  lower  globe,  the  exact  point  at  which  dew  commences  to  fall 
may  be  noticed,  and  the  temperature  of  the  inclosed  thermome- 
ter is  compared  wiih  that  on  the  stem. 

The  precise  temperature  at  which  this  moisture  begins  to 
I  form  at  the  level  of  the  surface  of  the  ether  is  the  drw-potnt, 
^  and  the  difference  between  the  cfew-point  temperature  and  the 
I  natural  temperature  is  the  degree  of  dryne.«s  —  ihrrinntut  trie 
By  the  use  of  tables  prepared  for  the  purpose,  the  degree  hy- 
grometric  also  may  be  ascertained,  together  with  other  condi- 
tions of  the   aqueous   vapor;    such   as  its  elasticity,  density, 
I  weiglit  in  a  cubic  foot  of  air,  rate  of  evaporation. 
,      c  is  Regnault's  hygrometer  ;  has  a  pair  of  glass-tubes  closed 
I  at  the  ends  by  thin  silver  cups,  containing  ether ;  in  these  are 
thermometers  whose  stems  rise  through  the  corks  which  close 
I  the  upper  ends  of  the  tubes.     Air  is  drawn,  by  means  of  an 
I  aspirator  r/,  through  the  tube  e,  and  bubbles  up  through  the 
I  ether  in  cup/,  causing  it  to  evaporate  and  lose  sensible  heat, 
the  vapor  passes  with  the  air  through  the  stem  of  the  standard, 
I  and  by  the  elastic  tube  to  the  aspirator.     The  moment  of  the 
I  deposition  of  dew  is  observed  by  means  of  a  telescope  so  as  to 
I  prevent  vitiation  of  the  result  by  the  warmth  of  the  body. 

A  (Fig.  3988)  shows  a  form  of  instrument  in  which  two  in- 
1  dexes,  that  of  the  wet  bulb  and  that  of  the  dry  one,  are  so  com- 
I  bined  that  when  one  is  placed  at  the  bight  of  the  mercury  in  a 
I  dry-bulb  thermometer,  and  another  at  the  hight  of  the  mercury 
I  in  a  wet-bulb  thermometer,  a  third  point  will  indicate  on  a 
,  scale  the  proportion  of  moisture  in  the  atmosphere. 
^  The  linger,  whose  position  is  a  result  of  the  two  conditions 
stated,  points  on  the  diagram  of  lines,  which  is  so  constructed 
as  to  indicate  the  relative  humidity  by  the  upper  arc  of  degrees, 
the  dew-point  by  a  diagonal  range  of  figures,  and  the  absolute 
moisture  by  a  vertical  column  of  figures. 

£  is  a  hygrometer  in  which  a  semicircular  strip  of  wood, 
having  the  grain  running  transversely,  has  its  convex  side  coated 
with  water-tight  cement  The  free  end  of  the  strip  is  connected 
to  a  regist^?ring  apparatus  which  indicates  the  humidity  by  the 
expansion  of  the  exposed  side  of  the  strip. 

Pter-yg'i-um.  {Surgical.)  A  delicate  poiutfd 
instrument  for  removing  a  membraneous  excrescence 
from  the  internal  canthus  of  the  eye.  The  mem- 
brane expands  on  the  albuginea  and  cornea,  toward 
the  ]>ui)il. 

Pu-cel'las.     (G! ass-making.)     A  pair  of  tongs 
wiiose  Hat  jaws  rub  upon  the  exterior  surface 
of  an  object  to  reduce  its  diameter  while  it  Fig- 3989. 
is  being  rotated  as  the  2)oni>i  rests  on  the 
arms  of  tlie  glass-maker's  chair.     ProccUas. 

Pu-cheux'.  A  sugar-boiler's  copper  ladle. 

Pud'den-ing.  {Nautical.)  a.  A  thick 
wreath  or  grommet  of  matting  or  oakum  ta- 
pering toward  the  ends,  and  used  as  a  fen- 
der ;  on  ropes  or  spars,  to  prevent  chafing ; 
or  to  act  as  preventers  to  thi-  yards  in  case 
the  slings  are  shot  away  ;  in  the  latter  case 
called  a  dolphin. 

b.  A  braid  of  yarns  around  the  ring  of  an 
anchor  when  a  hempen  hawser  is  to  be  bent 
thereto. 

Pud'die.     {Fi'hric.)     A  kind  of  cloth. 

Pud' diug-B tone.     A  comiiosite   marble 

formed  of  pebbles  united  by  calcareous  cem-     

ent.     Breccia  is  a  pudding-stone  wlio.se  por-  PuceUas. 
tions   are   all   calcareous.      Some   pudding- 
stones  have  siliceous  and  aluminous  portions.     The 
cement  of  pudding-stone  is  softer  and  not  susceptible 
of  piilisli. 

Pud'die.  1.  {Hjfdraulic  Engineering.)  \\^A\-Xqivi- 
pi'i-ed  clay  and  sand  used  to  render  banks  or  dikes 
impervious. 

2.    PrsK-wouK  (which  see). 

Pud'dled  Steel.  {MctaUurfjij.)  Pig-iron  is  pud- 
dled in  a  reverberatory  furnace,  and  the  process  is 
stopped  on  the  instant  that  the  carbon  has  been  suffi- 
ciently eliminated.    Reported  to  have  been  first  made 
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by  Anton  Loijage,  of  Westplialia.  In  1848,  lie  began 
his  trials  at  the  Haspe  Iron  Works,  near  Hagen,  in 
Westphalia,  and  after  some  time  he  succeeded  in 
producing  steel  of  good  and  unilbmi  quality  by  the 
ordinary  puddling  process.  His  invention  was  pat- 
ented 1850,  in  Eni^jland,  by  Ewald  Riepe,  and  in- 
troduced at  Low  iloor ;  but,  owing  to  the  quality 
of  the  pig-u'on,  its  use  was  very  limited  in  England 
until,  in  1858,  Mr.  William  Clay  introduced  the 
process  on  a  large  scale  at  the  Mersey  Steel  and  Iron 
Works,  Liverpool.  In  Germany,  about  100,000  tons 
of  puddled  steel  are  made  every  year,  and  it  forms 
the  principal  material  for  Krupp's  celebrated  cast- 
steel. 

Pud'dler.  Mechanical  puddlers  have  assumed 
two  forms. 

1.  The  McclMniml  Uahhlc.  The  rabble  is  worked 
back  and  forth  through  the  stopper-hole  in  the  door, 
as  in  the  hand  operation,  except  that  motion  is  given 
by  machinery  outside.  The  rabble  is  worked  in  and 
out,  and  at  the  same  time  has  a  horizontal  sweep  so 
as  to  reach  the  various  parts  of  the  floor  of  the  fur- 
nace. 

The  rabble  v  is  suspended  from  the  rod  r,  which  is  recipro- 
eated  by  the  pitman  y  and  cniok  x.    The  point  of  suspension 


Fig.  3990. 


Mechanical  Rabble. 


of  the  rod  r  is  at  the  head  of  a  gib  q  which  rises  from  a  bed- 
plate d  which  is  movable  automatically  in  a  horizontal  plane, 
in  an  arc  of  a  circle,  so  that  a  reciprocating  motion  is  given  to 
the  point  of  suspension  of  the  hanger  r,  which  is  communicated 
to  the  end  of  the  rabble,  causing  the  latter,  instead  of  working 
backward  and  forward  in  the  same  line,  to  assume  a  new  direc- 
tion at  each  stroke,  working  successively  over  every  portion  of 
the  floor  of  the  furnace,  wifhin  certain  limits,  in  lines  radiating 
from  the  working  hole  in  the  door  of  the  furnace,  corresponding 
exactly  to  the  action  in  hand  puddling.  The  movement  of  the 
hanger  and  rabble  is  controlled  by  means  of  a  bow  2.  propor- 
tioned in  shape  and  dimensions  to  the  character  and  extent  of 
the  furnace  bottom-  The  in-and-out  motion  of  the  rabble  is  by 
means  of  bevel-gearing,  while  the  reciprocating  motion  of  the 
bed  rl  which  runs  on  balls  is  by  means  of  a  pinion  on  the  end 
of  the  shaft  5  working  in  an  endless  rack  8. 

When  the  iron  begins  to  thicken,  or.  as  it  is  termed,  is  rornitts 
to  nature,  the  machinen.'  is  disconnected  by  knocking  out  the 
cotter  that  fixes  the  upper  end  of  the  vertical  working  arm ;  the 
arm  then  drops  out,  leaving  the  furnace  door  clear  for  the 
puddler  to  ball  up  the  iron,  which  is  done  exactly  in  the  same 
manner  as  in  ordinary  puddling- furnaces. 

Fig  .3991  is  a  mechanic.nl  puddler  having  a  rotative  motion  by 
machinery,  while  the  rrthlilf  is  directed  by  the  attendant  to  any 
part  of  the  furnace.  The  tool-handle  is  hollow,  and  is  used  for 
injecting  air,  steam,  or  other  gases  into  the  molten  iron  during 
the  puddling. 


Mechanical  Pudifter. 

2.   The  rotnrij  puddling-fitrnace. 

Many  forms  of  rotary  furnaces  have  been  essayed, 
in  which  the  charge  is  roiled  around  in  a  rotating 
barrel-shaped  chamber. 

The  Danks  puddhng-fumace  has  an  ordinary  furnace  grate, 
but.  instead  of  the  large  chamber  of  the  reverberatory  metal- 
chamber,  a  barrel-shaped  vessel  receives  the  charge  of  pig- 
metal,  and  through  this  the  flame  passes  to  the  chimney.  The 
metal  once  melted,  the  barrel  is  caused  to  revolve  by  steam 
power,  and  as  the  fluid  metal  flows  around  the  interior,  the  car- 
bon which  it  contains  and  the  accompanying  silicon  are  oxidized 
by  contact  with  the  passing  oxygen  in  the  furnace  gases,  and 
with  that  of  the  iron  ore  with  which  the  barrel  is  lined.  Grad- 
nally  it  loses  ifc;  fluidity,  becomes  viscous  and  finally  spongj', 
and  is  then  malleable  iron.  One  end  of  the  barrel  is  movable, 
and  that  being  removed,  the  ball  of  spongy  iron,  weighing  6(K) 
to  700  pounds,  is  taken  out,  carried  by  tongs  suspended  from 
an  overhead  railroad  to  the  squeezers,  where  it  is  rolled  and 
compressed  into  a  billet  of  quite  compact  iron,  and  thence  to 
the  tnuck  train  of  rolls,  in  which  it  is  given  the  shape  of  a  long 

Fig.  3992. 


Danks  Rotary  Puddler. 

rough-looking  bar,  which  only  requires  additional  rolling  to 
convert  it  into  merchant  bar. 

The  foundation  for  the  lining  of  the  cylinder  consists  of  a 
mixture  of  pulverized  iron  ore  and  pure  lime,  worked  with  water 
into  the  consistency  of  a  thick  paste,  Upon  the  completion  of 
the  initial  lining,  a  quantity  of  pulverized  iron  ore,  about  one 
fifth  of  the  total  amount  required  to  fettle  the  apparatus,  is 
thrown  in,  the  furnace  is  heated  and  made  to  revolve  slowly 
until  the  iron  is  found  to  be  completely  melted,  and  the 
apparatus  is  then  stopped.  That  part  of  the  molten  iron  which 
has  not  been  consumed  by  glazing  the  initial  lining  surface  runs 
to  the  lowest  level  of  the  furnace,  and  there  forms  a  pool,  into 
which  there  are  put  a  number  of  small  and  large  lumps  of  iron 
ore.  This  part  of  the  fettling  is  allowed  to  set,  when  a  fresh 
quantity  of  pulverized  ore  is  thro\Tn  in.  The  furnace  is  again 
made  to  rotate  slightly  until  the  newly  added  ore  is  liquefied, 
when  the  apparatus  is  again  stopped,  and  the  pool  is  filled  with 
lumps  as  before.  The  operation  is  continued  in  this  way  until 
the  whole  of  the  vessel  is  properly  fettled.  From  2  to  2i  tons 
of  iron  ore  are  required  to  fettle  a  700-lb.  furnace. 

The  iron  is  chartre«l  into  the  furnace  either  in  a  solid  or  molt- 
en condition.  When  charged  in  the  shape  of  pig-iron,  the 
melting  down  occupies  from  thirty  to  thirty -five  minutes,  dur- 
ing which  a  partial  rotation  is  given  to  the  furnace  from  time 
to  time  in  order  to  expose  equally  all  sides  of  the  charge  to  the 
flame.  When  the  whole  of  this  is  thoroughly  melted,  the  fur- 
nace is  made  to  rotate  once  or  twice  per  minute  only  during 
the  first  five  or  ten  minutes,  in  order  to  obtain  the  most  perfect 
action  of  the  cinder  upon  the  molten  iron.     A  stream  of  water 
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is  iiijfcteil  through  a  stopper-hole  aloii-;  ami  jiist  above  the  line 
of  contat't  betwei'ii  tin-  Hoaring  cin  K-r  ;ind  tin-  inner  surface  of 
the  vessel  on  the  descending  side.  A  certain  portiuu  of  uncoo- 
taniiuated  cinder  is  thereby  solidilicd  on  the  metal  surface,  and 
is  carried  down  into  or  below  the  bath  of  molten  iron  in  a  con- 
tinuous stream,  w.iich,  in  rising  up  through  the  iron, combines 
with  the  impurities  of  tne  latter.  On  the  expiration  of  the  five 
or  ten  nlinutes,  the  iron  begins  to  thicken,  and  the  motion  is 
stopped.  The  heat  is  then  raised  so  that  the  cinder  shall  be 
perfectly  liquefied,  and  the  ve.sse!  is  brought  into  such  apposi- 
tion that  the  tap-hole  shall  be  just  over  the  level  of  the  iron, 
wliich  by  this  time  hius  become  partly  pasty.  The  cinder  is 
then  run  oif  The  beat  is  ag+iu  r.aised,  and  the  furnace  is  put 
in  motion  at  a  velocity  of  from  six  to  eight  revolutions  per 
minute,  by  which  means  the  charge  is  dashed  about  violently 
in  the  furnace.  A  high  tempeniture  being  kept  up  and  the 
charge  being  continually  turned  over,  the  particles  begin  to 
adhere,  when  the  velocity  of  the  apparatus  is  lowered  to  from 
two  to  three  revohitions  per  minute,  upon  which  the  ball  then 
very  speedily  forms.  The  puddler  then  solidifies  the  front  end 
of  the  bail  by  a  few  blows  from  a  tool  applied  through  the  stop- 
per-holes, and  it  is  withdrawn  through  the  end  —  opened  by 
the  removal  of  the  head  and  the  moving  out  of  the  way  of  the 
Hue  —  of  the  chamber. 

A  large  fork,  suspended  from  a  crane,  is  put  into  the  Tesscl 
along  one  side,  and  the  ball,  which  by  a  turn  of  the  vessel  is 
rolle.l  on  to  the  fork,  is  then  t:tken  out  by  means  of  the  crane 
The  ball  is  then  worked  in  a  squeezer.  The  flue  is  replaced 
after  the  requisite  quantities  of  cinder  and  metal  have  been 
again  charged,  and  the  process  is  continued.  From  eight  to 
ten  charges  are  made  before  any  refettling  is  required,  and 
these  hejits  are  worked  in  a  day  of  ten  hours  See  Pdbdling- 
FURN.VCE. 


Mechanical  Puddiers. 

Griffith 1865    GoTe 

McCarty 1852    Dormoy. . . 

Berard 1867    Riley 

Harrison 1864    Danes . . . . 

Bl.iomhall 1872     Sellers  ... 

Bennett 18t>4     Wood 

Heatley 1873  ,  Heatley  . . 


.1858 
..1869 
.1873 
.1873 
.1873 
.1870 


Revolving  Puddiers. 

Beadlestone Dec.     9,1857    Banks Nov.  24,  1868 

Hcaton Aug.  13,  1867    Banks Oct.  20,  1869 

Allen Apr.  14,1868    Yates Feb.  23,  1869 

Yates Feb.  23,  1869 

See  also  patents  to  Boynton,  Allen,  Jenkins,  Smith,  1871  ; 
Jackson,  Goodrich,  Richardson,?/  a/.,Davies,l'ost,  1872  ;  Jones, 
Banks,  1873. 

Pud'dle-rolls.  Tlie  first,  or  rourihimj,  rolls  of  a 
rolliiig-ruill.  Invented  by  Henry  Cort,  England, 
and  patented  in  1783. 

The  loop,  or  hall  of  puddled  iron,  after  a  prelim- 
inary forging,  is  'drawn  out  liy  passing  through  tlic 
puilille-rolls,  instearl  of  being  extended  under  the 
hammer.     It  is  then  a  rough  bar. 

The  rolls  whicli  bring  the  iron  to  definite  mer- 
chantable shape  are  known  as  the  mfrcluml  train. 

The  process  of  drawing  the  loops  in  grooved  rolls 
was  suggested  in  Payne's  patent  (England,  1728), 
but  does  not  seem  to  have  been  practiced. 

Pud'dling.  1.  (MctalluriPj.)  a.  The  lining  of 
tile  liearth  or  boshes  of  a  furnace  in  which  metal  is 
melted. 

The  material  of  the  puddle  was  formerly,  for  some 
uses,  of  clay  and  charcoal  worked  into  a  plastic  con- 
dition. 

The  term  puddling  has  arisen  from  the  fact  that 
the  liearth  was  originally  made  by  a  puddling  of 
clay  upon  tlie  bricks  or  masonry  of  the  furnace. 
The  clay  i.s  now  superseded  by  a  fijnng  of  ore, 
cinder,  and  scrap,  wliich  is  banked  up  around  the 
boslies  to  protect  them  from  the  heat.  It  is 
known  as  fettling  in  some  parts  of  England.  See 
Fixing. 

b.  The  process  of  converting  cast  into  wrought 
iron  by  boiling  and  stirring  in  connection  with  tlie 
decarbonizing  action  of  the  atmosphere  which  passes 
through  tlie  furnace.  Contact  between  the  metiil 
and  solid  fuel  is  thereby  avoided. 

The  process  was  invented  and  brought  into  ex- 
tensive use  by  Henry  Cort,  and  patented  in  1784. 


Cort  also  invented  tlie  paddk-rnlls,  by  which  the 
bloom  resulting  from  a  preliminary  iTiiging  of  the 
loop  is  drawn  out  into  bars,  instead  of  being  ex- 
tended under  the  hammer  ;  this  Cort  jiateiited  in 
17«a. 

In  each  case  Cort  does  not  seem  to  have  been  the 
first  inventor,  though  he  was  the  most  successful 
and  meritorious.  He  was  ruined  by  the  I'hicaiiery 
of  jiartners  and  government  officials,  and  died  poor. 
Several  acts  of  Parliament,  and  government  grants 
of  small  amount,  were  made  to  his  descendants, 
even  as  late  as  185t>. 

The  puddle-rolls  patented  by  Cort  in  1783  are 
describeil  in  Payne's  patent,  1728. 

The  process  of  puddling  iron  in  a  reverberating 
furnace,  stirring,  gatlu'iing  the  loop,  lianimeriiig, 
and  rolling,  is  described  in  the  specification  of  tlie 
Brothers  Cianagu,  17t;6,  and  the  furnace  in  Onion's 
patent,  1783. 

The  pig-iron,  broken  into  pieces  and  mixed  with  a  certain 
proportion  of  havimer-sla^,  is  put  into  the  furnace,  and  in  the 
course  of  35  or  40  minutes  is  melted.  During  this  time  it  has 
to  be  constantly  stirred  with  the  rabble;  the  pieces,  as  tliey 
soften,  being  broken  finer,  until  at  last  the  mass  melts  and 
passes  to  the  boiling  stage.  At  this  point  the  severer  part  of 
the  pnddler's  work  commences.  The  rabble  must  be  quickly 
and  violently  moved  throughout  the  whole  charge  to  promote 
ebullition.  After  a  while  the  metal  gets  thick  or  pasty,  and 
offers  gi-eater  resistance  to  the  tool,  which  is  worked  from  side 
to  side  of  the  furnace,  to  separate  the  tough  mass  into  portions 
This  sUige  is  called  coming  to  nature,  and  is  that  in  which  the 
pig,  deprived  for  the  most  part  of  its  silicon  and  carbon,  passes 
to  a  purer  form,  as  wrought-iron,  requiring  only  compression  to 
expel  the  slag  and  consolidate  its  particles,  ami  rolling  or  ham- 
mering into  merchantJible  shape,  to  fit  it  for  use  or  market. 
Prepar.-itory  to  these  last-indicated  operations,  the  balls^  into 
wliicti  tile  puildler  has  separated  the  pasty  mass,  arc  taken  out 
anil  siilijccteil  to  the  hanmier  or  squeezer,  which  condenses  them 
into  bU)oms  that  pass  to  the  roUing-miU.  The  whole  time  oc- 
cupied in  the  puddling  is  about  an  hour  and  a  half.    See  PuD- 

DLING-FURN.\CE. 

2.  (Hydriiulic  Engineering.)  AVorking  plastic  clay 
liehind  sheet-piling,  in  a  coller-dam,  a  wall  in  a  dike, 
the  lining  for  a  canal,  or  in  other  situation,  to  re- 
sist the  penetration  of  water  ;  generally  as  su]iple- 
mentary  to  a  main  .structure  and  forming  a  reten- 
tive stratum  or  chithing  therefor. 

Pud'dling-fur'nace.  (Metalhirgii.)  One  in 
which  pig-iron,  broken  into  pieces  and  mixed  with 
liiiniincr-.itfig,  ciniler,  ore,  according  to  circum- 
stances, is  melted  ami  continuously  stirred  for  a 
considerable  time  while  boiling,  in  order  to  expose 
it  thoroughly  to  the  action  of  the  current  of  air 
passing  through  the  furnace,  so  as  to  efi'ect  the 
chemical  changes  rei|uired  fiu-  the  separation  and 
removal  of  the  im]inrities  originally  combined  with 
the  iron.  The  metal  has  then  to  be  balled  up  into 
separate  masses  of  about  one  hnndred  and  twenty 
pounds  each  for  the  shingling  hammer ;  and  the 
whole  process  extends  over  about  an  hour,  from  the 
time  of  melting  the  jiig-iron  for  each  heat,  of  which 
six  are  worked  in  the  day. 

The  process  involves  very  laborious  and  long- 
continued  hand-labor,  and  the  current  of  air  passing 
through  the  furnace  lias  to  be  regulated  and  changed 
as  the  process  advances. 

Fig.  3993  gives  an  idea  of  the  general  appearance  of  the  exte- 
rior of  the  furnace.  The  furnace-door  is  by  the  man  in  the 
foreground,  who  is  holding  the  handle  of  the  ball-trolley  to 
catch  the  ball  or  loup,  which  the  furnace-man  is  just  taking 
out  of  the  iron  chamber.  .\  third  man  lifts  the  door  by  means 
of  the  lever. 

Fig.  .3994  shows  a  puddling-furnace  of  usual  construction. 
The  furnace-door  is  at  L\  D,  the  door  of  the  iron-chamber; 
K,  the  neck  ;  M,  the  stack.  The  iron  boshes  stand  on  pillars, 
and  their  exteriors  are  cooled  by  water  introduced  by  tubes 
The  stack  JWalso  stands  on  pillars,  so  that  it  is  not  affected  by 
the  tearing  down  of  the  neck. 

Fig.  3'J9.'»  shows  two  forms  of  puddling-furnaces ;  a  single- 
chambered  and  a  double-chambered  furnace. 
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Fig.  3993. 


In  Fig.  3995,  ^.— 

a,  fire-chaniber. 

b,  irou-chamber. 

c,  heart  b. 

d,  stock-hole. 

e,  throat. 
/,  neck. 
g,  bridge. 

In- Fig.  3995,  B,— 
a,  first  fire-chaoiber. 
a' ,  second  fire-chamber. 
6,  nietal-chamber. 
c,  bridge. 


Puddling-  Furnace. 


h,  stack. 

I,  velvet-tree. 

k,  grate. 

I,  roof. 

m,  tap-hole. 

rt,  stopper-hole. 


d,  water-back. 

y,  pipe  to  supply  wa- 


tubular  bolts,  allowiug  passage  of 
water.  The  bridges  contain  water, 
and  have  ascending  and  desctndii  p 
t^teaui  and  water  pipes. 

The  puddling-furnaie  was  invent- 
ed by  an  iron-master  uf  the  name  of 
llenry  Cort,  about  tlie  year  IISO, 
the  bed  of  whose  furnace  -wus  made 
of  sand,  consequently  the  carburet 
was  refined,  many  of  its  impurities, 
especially  the  carbon,  which  is  the 
metalloid  caus-ing  fluidity,  was  diiv- 
en  from  it;  hence,  when  the  pig- 
iron  was  melted,  it  fu-isunied  the  form 
of  grain.  Mr.  Samuel  Baldwin  Kog- 
ers  introduced  the  present  system 
of  iron  bottoms  to  furnaces,  which 
obviated  tlie  deteriorating  infiuence 
of  the  silicon  due  to  the  sandy  bed 
of  the  Oort  furnace,  and  eventually 
did  away  with  the  finery  process. 

The  chamber  the  pig-uietiil  is 
charged  with  consists  of  iron  plates 
forming  the  bottom  and  sides,  which 
are  lined  with  refractory  shigs  rich 
in  oxides  of  iron.  In  changing  the 
"  heat,  slags  and  scales  from  the  ham- 
mers and  rollers  are  tlirown  on  the 
I  hearth  or  bottom,  f-nd  on  this  the  charge  of  pig-uietal,  eon- 


Fig.  3994. 


Puddling-  Furnace . 

Fig.  3.^5  i  shows  the  plan-view  of  the  fire-chamber,  iron-cham- 
ber, neck  and  stack.  The  water-jacket  is  open  above,  giving 
flree  e'iit  to  ^^team,  and  the  separate  sections  are  connected  by 
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Plan  of  Puddling- Far nnce. 

sisting  of  510  pounds  to  540  pounds  Fuel  is  then  thrown  into 
the  grate,  and  in  about  twenty-five  or  tbrty  minutes  this  car- 
buret of  iron  becomes  liquid,  and  assumes  the  form  of  a  molten 
plate  of  iron  some  one  and  a  half  to  two  inches  thick  Being 
heavier  than  the  slags,  the  latter  pass  through  it,  and  rise  to 
the  top.  In  passing,  the  oxygen  contained  in  the  silicates  cm- 
bines  with  the  carbon  of  the  iron,  and  decarbonizes  it ;  but  un- 
less the  iron  is  agitated  it  will  not  become  malleable.  Hence 
the  puddier,  with  a  bar  called  the  rabble,  agit^ites  the  metal, 
and  brings  in  contact  the  oxygen  of  the  silicate  with  the  car- 
bon and  other  impurities  of  the  iron.  As  the  carbon  is  leaving 
the  metal,  its  atoms  expand  and  become  of  less  specific  gi-avity, 
and  it  throws  off  carbofaic  oxide  gas,  the  blue  fiauie  of  which  is 
plainly  seen  by  any  one  who  watches  the  procei^s,  The  puddier. 
at  this  stage,  must  be  incessant  in  his  operation,  for  the  trans- 
formation scene  Is  coming,  and  the  crude  iron  is  becoming 
malleable.  The  boiling  of  the  mass  is  kept  up  by  the  fresh 
energy  of  the  puddier  until,  as  the  carbon  diminishes,  the 
atoms  of  the  iron  begin  to  knit  or  agglutinate  together  in  a  soft 
spongy  consistency,  the  cinder  Uiking  the  place  of  the  once 
molten  iron.  Tlie  iron  is  now  as  sensitive  to  oxygen  a.«  a  tropi- 
cal plant  would  be  if  placed  in  a  temperature  at  zero,  and  as 
the  human  lungs  would  be  if  inhaling  puiv  oxygen  ;  it  lives,  as 
it  were,  too  fast  It  is  at  this  point  that  smoke-preventers  arc 
puzzled  ;  but  a  deoxidizing  flnnie  is  kept  on  the  iron  while  it  is 
being  kneaded  and  divided  into  balls,  preparatory  to  bemg 
bn)nglit  out  of  the  furnace  ;  and,  when  done,  the  lump  i^  tjiUen 
til  the  hammer  and  beaten  into  the  required  shape  for  lolling 
it  into  the  puddled  bar  of  commerce.  This  operation  is  called 
shingling. 

Pud'dling-ma-chine'.  A  mechanical  puilillcr. 
It  (iiii'iates  Ity  incaiis  ot"  mechanical  rabbles,  ur  by 
rotatinti  of  the  furnace.     See  Puddler. 

Puffer.  A  vat  in  which  floods  are  boiled  in  an 
alkaline  .solution.      See  HtM"KI.\f:-KIEn. 

Pufif'er-pipe.  The  vertical  axial  pipe  in  a  kicr 
in  wiiich  cotton  goods  arc  washed  during  the  blcaih- 
iii^'  ju'occss.     See  KlF.u. 

Pug.  {Potienj.)  The  mill  in  which  slip  is  kneaded 
ancl  from  which  it  comes  in  the  form  of  brirks. 
TliP'^e  are  stored  in  cellars  to  ripen.     See  Pi'g-mill. 

Pug'ging.     1.  {Building.)    a.   Lining  the  .spaces 


PUG-MILL. 


1818 


PULLEY. 


between  floor-joists  with  coarse  mortar   to  prevent 
tlie  passage  of  sound. 

b.  Stutf  laid  on  partition-walls  to  deaden  sound  ; 
felt,  saw-dust,  taii-bark.      Deadening. 

2.  Ciaijimj ;  tamping  with  clay  ;  stopping  with 
puddle. 

3.  Grinding  of  clay,  with  a  sufficiency  of  water 
to  render  it  plastic.      Tempering. 

Pug-mill.  A  niiU  by  which  clay  is  worked,  to 
blend  its  materials  and  render  it  plastic,  for  bricks 
or  pottery. 

It  has  an  upright  cylinder  armed  with  intruding 
blades,  and  an  upright  revolving  axis  armed  with 
radial  blades  which  \vork  in  the  intervals  of  tlie 
former.  Having  a  spiral  arrangement  or  oblique 
position,  the  tendency  of  the  blades  is  to  force  the 
clay  constantly  downward  to  the  exit. 

Fig.  3997  shows  a  mill  in  whicli  the  clay  is  cut  into  pieces 
by  the  knives,  and  then  ground  and  tempered,  being  eventually 


Fig.  399' 


Pus;- Mill. 

pressed  out  at  the  lower  end  by  the  spiral  blade  which  discharges 
it  into  the  brick  molds  beneath. 

Pug-tub.     (Mc/a/lunj!/.)     A   cistern    in    whiidi 
argentiferous  slimes  are  stirred   up  with   water  in 
order  to  remove  some  of  the  mud  which 
becomes  suspended  in  the  water. 

Pu'las.  A  twine  nvade  by  the  Malays 
from  a  species  of  nettle. 

Pull.  1.  The  lever  of  a  beer-engine 
or  i-'ounter-pump.  It  is  vertical  when 
at  vest,  and  is  pulled  down  to  actuate  the 
piston  in  the  pump-cylinder. 

a  shows  a  quadrant- 
pull  ;  being  iralled  to  the 
right,  the  arc-shaped  piece 
travels  in  its  guide,  lift- 
ing the  puni|i-rod  and 
ejecting  the  beer  at  the 
faucet. 

5  is  a  s}>here-pull,  the 
ball  rolling  in  its  socket 
as  the  lever  is  drawn  over 
to  the  right. 

2.  The  knob  and  stem 
of  a  door-liell  or  door- 
gong- 

3.  A  catch  or  lip  upon 
a  drawer  or  door  by  which 
it  is  pulled  open. 

4.  (Printing.)  a.  The 
space  on  the  form  which 
was  impressed  by  the 
platen,    in   the   old"  style 


of  printing-press,  where  two  impressions  were  some- 
times required  for  a  large  form. 

I}.   .\  single  impression. 

Pull-cock.  A  faucet  whose  spigot  or  movable 
nieuil»;r  is  vertical  while  the  passage  is  closed,  and 
is  pulled  over  to  a  horizontal  position  to  discharge. 
It  rotates  90°  in  a  vei-tical  plane,  while  the  ordinary 
spigot  moves  in  a  hoiizontal  plane. 

Pull-down.  (Music.)  A  brass  wire  which  is 
attai-bed  to  the  under  side  of  the  valve  of  an  organ 
and  by  which  the  valve  is  operated  a.s  the  key  of 
the  manual  is  depressed  ;  the  pull-dou-n  passes 
through  a  pevlbration  in  a  brass  plate  on  tin;  bot- 
tom of  the  wind-chest,  and  connects  by  a  lever  and 
a  small  rod  called  a  sliclrr  with  the  rear  end  of  the 
key. 

Pul'ley.  A  wheel  with  a  grooved,  flat,  or  slightly 
convex  rim,  adapted  to  receive  a  cord  or  band,  which 
I'uiis  over  it.  Its  function  is  to  transmit  power  or 
change  the  direction  of  motion. 

It  is  said  to  liave  been  invented  by  Archytas  of 
Tarentuni,  a  disciple  of  Pythagoras,  about  516  B.  c. 
It  does  not  appear  to  have  been  used  b}'  the  ancient 
Egyptians. 

The  combination  of  pulleys  is  ascribed  to  Archi- 
medes, who  died  212  B.  c. 

Vitruvius  described  the  pulley.  He  refers  to  the 
sheaves  (ort)iculi)  in  the  blocks  (trochlea),  and  defines 
the  .system  by  the  aggregate  number  of  sheaves  in 
tlie  two  blocks,  — trispaslos,  pcntiispastos,  etc. 

We  read  of  pulleys  on  the  great  ship  built  by 
Archimedes  for  Dionysius  of  Syracuse,  about  250 
15.  c.  They  were  used  for  hoisting  stones  into  the 
towers  for  the  supply  of  the  catapults  and  other  en- 
gines. 

The  cord  and  pulley  piiuciple  is  employed  in  the 
tendons  of  animals,  some  of  which  have  tlieir  direc- 
tions changed  by  passing  over  fi.xed  pulleys  of  carti- 
lage. 

One  of  the  muscles  by  wldch  the  eyeb.all  is  moved 
is  called  the  trochlcaris,  from  the  trochlea  or  pulley 
through  which  the  tendon  passes. 

The  pulley  is  classed  as  one  of  the  mechanical 
powers. 

Pulleys  without  blocks  or  carriers  are  propei-ly 
.*theavcs  or  pullei/'Whcels,  which  are  mounted  in  vari- 
ous ways,  according  to  the  purpo.se  for  which  they 
are  designed. 

The  simplest  form  is  that  of  a  wheel  with  a  nearly 
flat  face  (a),  over  which  a  band  iias,ses.  This  is  the 
common  niacliine-)ndley  used  on  shafting,  which  is 
ordinarily  supported  by  hangers  from  the  ceiling  of 
the  shop.  Couplings  and  hangers  are  described  un- 
der those  separate  heads.  Pulleys  to  be  mounted  on 
machine-shop  shafting  are  :  — 

Fast;  being  firmly  attached  to  their  shaft,  from 
which  they  receive,  or  to  which  they  communicate, 
motion. 

Loose ;  running  free  on  the  shaft,  to  receive  the 
belt  and  allow  it  .still  to  traverse  without  being 
affected  by,  or  affecting  the  motion  of,  the  shafting. 

Speed;  having  a  number  of  faces  or  grooves  of 
diflerent  diameter  (b),  so  as  to  communicate  varying 
speeds  with  a  "given  rate  ol  motion  of  the  belt  or 
cord.  This  is  common  in  lathes  and  analogous  ma- 
chines, and  is  .sometimes  called  a  twic-pnlley. 

Conical ;  used  in  cotton  machinery,  etc.,  where  a 
gradually  increa.sing  or  decreasing  speed  is  required. 
See  CoNK-Pui.i.KY. 

The  ordinary  single-sheave  pulley  transmits  and 
changes  the  direction  of  motion  without  increasing 
the  power.  Thi'  most  familiar  I'orni  of  mounting  is 
that  used  on  shipboard  (d),  in  which  the  sheave  runs 
on  a  pintle  in  a  block  which  is  embraced  by  a  strap 
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of  metal  or  rojve  having  an  eye  at  one  end  and  a 
hook  at  the  other.     See  Block. 

Another  form  of  mounting  a  single  sheare  is  a 
simple  hanger  (c) ;  this  is  not  so  common  in  regular 
hoisting-tackle,  but  is  familiar  in  models  and  e.xjper- 
mii'utal  machines.  Having  no  cheeks,  the  line  may 
get  out  of  its  groove  and  cease  to  run. 

In  compound  systems  of  pulleys,  the  sheaves  of 
each  block  are  usually  arranged  upon  the  same 
through  pin,  which  )iasses  through  each  cheek  and 
the  walls  of  separation  between  the  sheaves. 

In  another  method,  the  sheaves  turn  in  slots  ar- 
ranged in  vertical  series  in  a  Jong-tackle  block,  instead 
of  horizontally.     The  sizes  of  the  sheaves  vary,  so 


PitUtys 


that  the  respective  ropes  do  not  run  in  contact,  and 
thus  rub  ag-iinst  each  other. 

rom]iound  pulleys  and  combinations  of  pnlleys  aiv 
used  for  saining  power  with  a  corresponding  loss  of 
s|ieed.     The  arrangements  are  various. 

<•.  The  rope  nms  over  sheaves  in  a  slnnding  pulley 
and  a  running  pulley.  Tlie  gain  in  power  is  two- 
fold. (Friction  will  not  be  considered  in  this  and 
the  following  estimates,  though  this  causes  «  con- 
siderable lo.ss  of  power  under  even  the  most  favor- 
able circumstances,  increasing  with  the  nuralier  of 
sheaves.) 


I  The  block  and  tackle  or  fall  and  tackle,  as  it  is 
variously  called,  has  a  pair  of  jiuUeys  in  w  Inch  sev- 
eral sheaves  are  arranged  to  run  on  the  same  pintle 
in  the  block  (J),  or  one  above  tile  other  (</).  The 
eflect  is  the  same,  as  each  sheave  inns  indejwndently 
on  its  own  jiintle  at  such  a  rate  as  it  is  uiipelled  by 
I  the  rope.  The  power  is  thus  calculated :  Divide  the 
weight  by  double  the  number  of  sheaves  in  the  lower 
block  ;  the  quotient  is  the  power  required  to  balance 
the  weight. 

In  systems  of  pulleys  with  one  rope  and  one  mov- 
able block,  the  load  is  as  many  times  the  power  as 
there  are  ililferent  parts  of  the  rope  engaged  in  snp- 
.  porting  the  movable  block. 

Tlie  tension  on  each  part  of  the  rope  is 
equal  to  the  {wwer  ;  or,  in  other  words,  has 
the  same  tension  throughout  its  length. 
Each  poi-tion  of  the  rope  connecting  the 
two  pulleys  is  adequate  to  the  support  of 
the  power,  which  is  1,  and,  the  strands  con- 
necting the  pulleys  being  6,  tlie  statement 
of  the  power  to  the  load  is  1  to  6,  in  the 
example  shown  ;  the  rope  traveling  6  feet 
,  for  every  foot  gained  in  the  raising  of  the 
lower  block  and  its  load. 

The  Spanish  Barton  (h  i)  has  two  coi-ds 
and  two  running  blocks  and  one  standing 
block.     See  B.tUTox. 

Pulleys  are  susceptible  of  many  other 
combinations,  by  increasing  the  number 
and  varying  the  points  of  attachment  to 
the  load  or  to  the  suppoit.  See  Brown's 
■'507  Mechanical  Movements."  See 
Tackle. 

In  White's  pulleys  {k)  the  diameter  of  each  sheave 
is  proportiorpd  to  its  rate  of  revolution,  so  that  all 
may  revolve  in  the  same  time.  All  the  sheaves  turn 
on  tile  same  pin,  and  each  may  constitute  an  inde- 
perdcntly  revolving  pulley,  or  they  all  may  be  cut 
nn  the  f;ice  of  a  solid  conical  block  after  the  manner 
of  spctil-pulieys.  Id  an  arrangement  of  this  kind, 
in  which  the  theoretical  power  is  to  the  weight  as  1 
to  6,  the  diameters  of  the  set  on  one  block  would  be 
1,  3.  0.  and  of  those  on  the  other  2,  4,  6.  The  rule 
above  stated  for  estimating  the  relationsof  the  power 
.and  load  may  be  stated  in  another  form. 

Pulleys  for  driving  machinery  by  means 
of  flat  belting  are  usually  made  somewhat 
swelling  on  their  peripheries.  It  is  found 
by  experience  that  the  liand  when  in  mo- 
tion has  a  tendency  to  woik  up  toward  the 
highest  part  of  the  face  of  the  pulley,  so 
that  it  is  kept  more  centrally  to  its  work 
when  this  form  is  adopted.  Grooved  pul- 
leys are  used  for  ropes  or  circular  bands, 
and  for  some  purposes  flat-faced  pnlleys 
having  a  circumferential  ledge  at  each  side 
are  employed  (q). 

I  is  a  plain  or  ordinarj-  machine-pulley  ; 
«i,  a  douUc-nrm  pulley,  by  which  means  ad- 
ditional stirt'ue.ss  is  imparted  to  the  rim  ;  n 
is  a  split  or  divided  rim  pulley  ;  the  halves 
are  bolted  together  by  flanges  ou  the  hub 
and  interior  of  tlie  rim.  o  p  are  dilfer- 
ential  pulleys  for  hoisting.  The  flat-rope  pulley 
(q)  is  used,  as  its  name  indicates,  for  transmitting 
power  ill  some  ca.ses  by  means  of  a  band  or  flat 
rope,  r  is  a  lock -pulley.  In  this  arrangement, 
I  the  spline  which  secui-es  the  fast  pulley  1  to  the 
shaft  is  fitted  somewliat  loosely,  so  that  it  may  be 
pushed  forward  to  engage  with  a  liole  in  a  loose  pul- 
ley 2,  and  withdrawn  therefrom,  compelling  it  to 
revolve  with  the  pulley  or  allowing  it  to  stand 
loose  on  the  shaft. 

Pulleys  for  household  haixlw  are  have  specific  names 
I  derived  from  their  modes  of  attachment. 
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V,  well-pulley  for  dumb-wait- 
ers, etc. 


5,  screw-pulley. 
t,  frame-pulley, 
u,  side  pulley. 

Specific;  names  are  given  to  pulleys,  according  to 
place,  purpose;,  material,  construution.     See  — 

Anti-frictiou  pulley. 

Barton. 

Belting 

Block  (varieties,  see  Block) 

Block  and  tackle. 

Bull's  eye. 

Chain-pulley, 

Click-pulley. 

Clutch-pulley. 

Coue-puiley. 

Conical  pulley. 

Differential  pulley. 

Double-speed  pulley. 

E.xpandiug  pulley. 

Expansion-drum. 

Fall  aud  tackle. 

Fast  and  loose  pulley. 

Fast  pulley. 

Flat-rope  pulley. 

Friction-clutch  pulley. 

Friction-pulley. 

Guide-pulley. 

Idler. 

Lock-pulley. 

Pul'ley-block.   A  shell  with  a  sheave  or  sheaves. 
See  Pulley. 

Fig.  4001  is  a  skeleton  frame  with  an  iron  sheave. 


Loose  pulley. 

Pullcy-bloek. 

Pulley  clutfli  or  tongs. 

Pulley-sheave 

Pulley -stand. 

Pulley  suspension-hook. 

Pulley-wheel 

Rigger. 

Runner 

Sash-pulley. 

Scored  pulley-sheave. 

Sliding-pulley. 

Snatch-l)loek. 

Speed-pulley. 

Tackle. 

Taglia. 

Tension-pulley. 

Tighteuiug-pulley. 

Traversing-pulley. 

Two-speed  pulley 

Variable-speed  pulley. 

Whip. 

Whip  and  runner. 

Whip-on-whip. 


securing  a  ceiling-joist  to  a  bimling-joist  so  that  tlieir 
lower  surfaces  shall  he  Hush.  The  end  of  the  ceilinf,'- 
joist  has  a  tenon  which  let.s  into  a  mortise  in  the 
binding-joist. 

Pul'ley-sheave.    The  roller  with  a  grooved  sui'- 
face  over  w  liieli  a  rope  I'uns 
in  a  block.     To  avoid  the  Fig.  4004. 

friction  of  the  pidley-sheave 
ft  on  its  pin,  an  annular 
system  of  anti-friction  roll- 
ers has  been  interposed  be- 
tween the  inner  bearing 
surface  of  the  sheave  anil 

Fig.  4005. 


Fig.  4000. 


Kg.  4001. , 


PuUey-Block. 


Iron  Pulley-Block. 


oast  in  two  pieces  and  with  hollow  axi.s.    The  sheave 
is  .shown  on  an  enlarged  scale  on  the  left. 

Pul'ley-box.    {Loom.)    A  fiame  containing  the 
puUi'Ys  fi>r  guiding  tlie  tnil-cords  in  a  diau-loom. 
Pul'ley-clieck.     An  automatic  device  by  which 
the  rojpe  is  kept  fnim  running  back  over 
Pig.  4002.    a  pulley.     In  Kig.  4003,  the  upper  braiicli 
of  hook  ./,  pivoted  to  an  arm  hanging 
loosely  fioin   the  axis  of  the  pulley,  al- 
lows the  ifijie  to  move  freely  in  one  direc- 
tion, Init  prevents  movement  in  the  op- 
posite   direction 
Fig.  4003.  when    a   weight    is 

suspended  from  the 
lowei'  part. 

PulTey-clutch. 
A  device  liii-  I'asteii- 
ing  a  hoisting  pul- 
ley   to    a   beam    or 
rafter.    The  giap|>le 
is   adapted    to   hold 
automatically    to   a 
beam     above,     and 
has  at  the  lower  end 
of  its  arms  eyes  to 
receive  the  support- 
PulUy-C/ieck.        ing  rope  of  a  Jiulley 
and    .sockets   to  re- 
ceive lianiUcs  to  unclasp  and  adjust  it. 
Pul'ley-druni      Tbe  lilock  iin'lo.siug  the  sheave. 
Pul'ley-mor'tised.     {Vnrpent!-!/.)     A  mode   of 


nt. 


Pulley- CtiUcli. 


Pulley  Suspension  Hook. 


Mule  Pulley-Stand  and  Anti- 
Friction  Sheaves. 


the  pin  on  which  it  rotates.  Each  of  the  interven- 
ing rollers  has  an  axial  pin  at  each  end,  journaling 
into  a  ring  which  is  at  liberty  to  travel  around  the 
common  axis.  The  rings  keep  the  rollers  at  their 
(proper  relative  distances,  and  prevent  their  becom- 
ing jammed  against  .^___ 
each  other.  ^Of         Fig.  4006. 

Pul'ley-stand.  A 
hanger  ;(  on  which  the 
pulleys  are  adjustable 
in  hight  and  angle  of  " 
axis,  so  as  to  make  them 
suit  the  belting,  which 
may  reach  them  at  an- 
gles varying  with  the 
stem  of  the  hanger. 

Pul'ley  Sus-peii'. 
sion-hook.  <lne  to 
calcii  aliiive  a  rafter  or 
beam  of  a  barn  to  atl'oid 
a  hold  for  tin;  block  of 
a  hay-elevating  fork. 
The  socket  is  mounted 
on  the  end  of  a  pole, 
the  sto]i  holding  the 
hook  in  inclined  posi- 
tion ready  to  slip  over 
the  rafter  ;  the  ]iole  is 
tlu'U  withdrawn  from 
i  the  .socket. 

i  Pul'ley-Tvheel. 
This  is  niojc  ]iroperly 
termed  a  shi'di'f.  It  is 
a  wheel  running  on  a 
pintle  in  a  block  and 
grooved  on  its  ]ieriph- 
ery  for  the  reception  of 
a  lope,      ."^ee  I'ri.i.EY. 

Pull'ing-jack.      A 
hydraulic  device  for  lift- 


Pulling-Jack. 
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iiig  or  ]nilling  heavy  weights.  It  consists  of  a  cylin- 
der ('  eoiituining  ii  tube  h  (livoted  with  a  piston  c, 
and  having  a  second,  interior  tulie  a  ;ia.ssing  into  the 
toot  of  the  pump  c,  which  projects  into  tlie  reservoir 
f.  In  operation,  one  of  the  hooks  g  g'  h  attached 
to  some  h.xed  object,  and  the  otlier  to  the  v/eight  to 
be  moved  ;  the  water  is  introdnced  into  the  cistern, 
and  the  communicating  valve  between  it  and  the 
interior  tube  d  is  clo.sed  by  turning  the  screw  h  ; 
working  the  lever  i  operates  the  plunger  /c,  causing 
water  to  pass  through  the  tube  tl  from  the  cistern  to 
the  upper  part  of  the  cylinder  a,  into  which  it  is 
discharged  through  apertures  in  the  tubes  b  d,  for- 
cing the  piston  downward  and  lifting  or  drawing  the 
ol)ject  to  whii'li  the  hook  ;/'  is  attacheil  a  distance 
ei[ual  to  the  movement  of  the  piston.  By  ouscrew- 
ing  the  valve  h  the  water  is  again  returned  to  the 
cistern /as  the  weight  is  lowered. 

The  view  shows  section  and  elevation. 

PuU-i'ron.    The  piece  at  the  hind  end 

Fig.  4007. 


There  are  but  few  vegetable  fibers  collectible  in 
any  tiuantity  which  have  not  been  tried  for  paper- 
making.  A  list  of  the  more  prominent  is  given  un- 
der the  head  of  P.\PEU  (which  see).  For  the  machin- 
ery by  which  the  fiber  is  reduced,  see  R.\g-enoink.. 

Pulp-boil'er.  An  apparatus  for  treating  pajier 
stock,  esjiecially  ground  wood  or  cut  straw,  to  re- 
move guu],  sile.x,  starch,  etc.,  from  the  fiber.  See 
next  article. 

Pulp-di-gest'er.  {Paper-making.)  A  machine 
for  boiling  stock  for  paper,  such  as  wood,  straw, and 
other  material,  to  remove  the  amylaceous,  glutinous, 
and  siliceous  nnitters,  and  obtain  the  fiber  I'ompara- 
tively  pure.  The  usual  course  is  to  boil  the  stock 
in  an  alkaline  solution.  The  Jnanufacture  of  paper 
from  wood,  straw,  and  various  jtlants  lias  been  prac- 
ticed for  over  a  century,  and  reference  is  made  under 
Paper  to  three  works  of  the  last  centurj'  \vho.se 
leaves  were  made  of  various  vegetable  fibers  other 
than  cotton  or  linen.  A  list  of  seveial  hundred 
plants  which  have  been  used  or  whose  use  has  been 
suggested  is  given  in  the  same  article.  See  pages 
1607-8. 

Fig.  4008  shows  aD  apparatus  with  a  horizontal  rotary  tubu- 
lar boiler  having  a  fire-chamber  C  at  one  end,  and  a  snioke- 


Fua-Jron. 

of  the  tongue  of  a  street-car  by  which 
it  is  attached  to  the  car. 

Pull'man-car.  (Railimij  Engin, . ,  - 
ing.)  A  first-class  car,  usually  fittcl 
with  capacious  seats  by  d.ay  and  with 
couches  and  berths  by  night.  Nameil 
from  the  promoter  of  the  enterprise  and  one  of  the  in- 
ventors of  the  contrivances  now  used  by  the  company. 

The  Pullman  cars  are  owned  by  a  company  which 
puts  them  on  the  various  railways  of  the  country, 
carrying  passengers  who  have  lirst-cla.ss  tickets  and 
who  pay  extra  for  the  use  of  the  superior  acconmio- 
dation  of  the  Pullman  car.  It  is  fast  becoming  the 
eijuivalent  of  the  European  "first-class,"  being  su- 
perior in  its  fittings  to  the  other  cars  of  the  train, 
and  is  more  select  and  safe.     See  Slf.eping-car. 

Pul'lock.     See  Pitt-log. 

Pull-piece.  (Horology.)  The  wire  or  string  at- 
tached to  tlie  striking  mechanism  by  pulling  which 
the  clock  is  made  to  strike,  I'or  the  purpose  of  bring- 
ing the  striking  and  going  mechanism  into  accord- 
ani'e  or  re|>eating  the  hour  jireviotisly  struck. 

Pull-to.  (IFearing.)  The  upper  bar  of  the  Za;/, 
/allii\  or  ballcii,  which  is  used  to  beat  up  the  weft. 
Also  called  the  htg-cap. 

Pul-mom'e-ter.  An  instrument  for  measuring 
the  capacity  lit  tlie  lungs.  A  pncumoto-inctcr.  See 
SriniiMF.rKi:. 

PuU-o'ver.  (Hat-makii>g.)  A  conical  cap  of 
felted  fur,  foriuing  a  napping  to  be  pulled  over  a 
hat-body.  The  napping  is  made  ujion  a  triangular 
|iiece  of  paper  or  metal,  sometimes  called  a  bnson, 
the  fur  extending  over  both  sides  of  the  paper,  which 
pi'events  the  sides  from  uniting. 

The  term  puU-ovrr  refers  to  the  mode  of  fitting  it 
to  the  body,  in  contradistinction  to  the  mode  of  ap- 
plying the  napping  by  lapping  it  around  the  body, 
one  side  at  a  time. 

Pulp.  {Pciprr-nrnkiiig.)  Paper-making  material 
cut  fine  and  suspended  in  water  ready  for  nianul'ac- 
turing  into  paper. 


A7.roH"5   Sirniv-Boikr. 

chamber  at  the  other  end.  The  fire-chamber  has  a  roof,  oTer 
which  is  a  chamber  communicating  with  a  chimney.  The  heat 
passes  through  the  tubes  in  the  boiler  below  the  level  of  the 
roof,  and  into  the  above-mentioned  chamber,  and  then  passes 
through  those  above  said  roof,  into  the  cliamber.  and  then  into 
the  chimney.  The  boiler  rotates  on  bearing  rollers  B,  and  is 
moved  by  a  pinion  and  annular  gear. 

jl  (Fig-  40(19}  represents  Dixon's  stmw-boiler.  Rye-straw  is 
chopped"  into  lengths  of  about  i  of  an  inch,  cleansed,  dusted,  and 
passed    through    a 

heavy  pair  of  iron  Fig.  4009. 

rollers  to  open  out 
the  tubes  and  knots, 
afttr  which  it  is 
transferred  to  the 
boiler  a ;  this  is 
partially  filled  with 
a  solution  of  caustic 
soda  in  the  propor- 
tion of  60  gallons  to 
each  lUO  pounds  of 
straw.  The  man- 
hole cover  b  and  di- 
aphragm cover  c  are 
removed,  and  the 
straw  and  caustic 
solution  alternately 
introduced;  tlie  lat- 
ter is  drawn  from  a 
tank  by  a  rotary 
pump  //,  and  when 
the  boiler  is  filled 
the  supply  is  cut 
off.  The  caustic 
alkali  percolates 
through  the  straw, 
collect,*  at  the  bot- 
tom of  the  boiler, 
and  is  drawn  there- 
from by  the  rotary 

piiinp.  through  the  pipes/?,  returning  through  tlie  heated  coil 

//  to  the  upper  part  of  the  boiler,  to  bi'  airaiii  p:us.scd  tlirougil  the 

'  straw.    The  boilinghcingfinishetl,  thi- sfrr.vis  rciiioveil  by  with- 

I  drawing  the  slide  valve  /,  provideil  with  an  ^-xterior  handle 

I      £is  an  apparatus  for  boiling  paper  stock     It  has  a  cnmk  (or 


Dtxnn's  Straw-Epilei 
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removing  it  from  the  tubs  after  boiling,  a  and  6  represent  the 
boiling-tubs  ;  these  have  perforated  false  bottoms  c  c,  carrying 
upright  pipes  d  d  surmounted  by  the  bonnets  e  e  ;  st*.*am  is  ad- 
mitU'd  through  the  pipes  /y  and  distributed  throughout  the 
mass  in  the  boiler  by  means  of  apertures  iu  the  perfonited 
(alse  bottom.     The  tubs  are  \  or   i    filled   with   a   solution  of 

Fig.  4010. 


3=^ 


Pulp- Digester. 


soda;  steam  is  then  turned  on  until  the  liquid  boil.^,  rising 
through  the  pipes//,  and  is  deflected  by  the  under  surface  of 
the  bonnet;  the  paper  scraps  are  then  gradually  thrown  in  and 
distributed  as  uniformly  as  possible.  After  boiling,  the  mass 
is  hnist«d  out  of  the  tub  by  chains  which  are  hooked  to  a  frame 
connected  with  the  false  bottom  and  attached  to  the  lifting 
chain  of  the  crane.    The  tubs  have  covers  of  wood  or  metal  to 


prevent  escape  of  heat  and  steam.     The  liquid  is  drawn  off  by 
the  pipes  below. 

Fig.  40n  I.s  a  view  of  the  Palser  and  Uowland  rotary  pulp-di- 
gester. It  has  a  rotary  boiler  with  a  hollow  trunnion  through 
which  passes  a' pipe  having  ao  internal  partition,  so  that  the 


Fig.  4011 


Falser  ami  Huwlaivl  Fitly- Digt^ter. 

steam  from  the  upper  portion  of  the  boiler  may  find  exit  through 
one  compartment  of  the  pipe,  and  the  Uquid  contents  of  the 
boiler  may  find  an  exit  through  the  other  compartment. 

A  perforated  diaphragm  near  the  end  of  the  boiler  protects 
the  steam  and  alkaline  liquid  i'ii>es.  and  serves  also  to  strain  the 
liquid  from  the  stock  under  treatment.  The  boilers  are  ar- 
ranged in  }>airs,  so  that  the  sU-am  arising  from  the  boiling  of 
the  alkaline  and  other  contents  of  one  lioiler  is  injected  into 
the  other.  The  rotary-boilers  are  heated  by  a  furnace  below, 
and  the  chimneys  pass  through  the  cylindrical-bottomed  vats 
above. 

Fig.  4012  is  an  apparatus  for  reducing  .<;traw  to  "  half-stuff" 
for  the  manufacture  of  paper.    The  straw,  after  being  cut  up 


Fig.  4012. 


Eastnn  art'/  Thin/s  Strmc- Boiler. 


into  short  lengths,  is  immersed  in  an  alkaline  solutiim,  and  sub- 
jected to  steam  pressure  in  a  boiler,  after  which  it  is  washed 
and  discharged  from  the  boilers  by  the  aid  of  a  copious  stream  ' 
of  water.  The  boilers  are  charged  from  above  with  stock  and 
wit'i  water.  The  paperstnck  is  stirred  by  chains  on  a  rotating  , 
s'nft,  and  is  removed  by  lifting  valve  L.  The  fire  is  on  a  mov- 
able car  E. 

llobbins  and  Southmayd's  appjiratus  for  treating  bamboo  and 
sii'ilar  fibers  consists  of  a  retort  .4.  boiler  i*'.  --uul  digester  D.  i 
11  -at  is  applied  to  th«'  retort  and  boiler,  and  vapor  fmui  oleagi-  j 
pous  substances  in  the  first,  and  steoju  from  tbo  cecund,  are  < 


conveyed  through  the  pipes  C  G  to  the  digester  D,  in  which  th^ 
fiber  is  placed. 

The  boiler  and  retort  have  direct  communication  through  the 
pipe  B.  and  each  pipe  is  provided  with  a  cock  by  which  the 
proportions  of  steam  and  oily  vapor  admitted  to  the  digester 
may  be  regulated,  or  either  may  bo  cut  off.  /is  a  door  for  en- 
tering or  reiiidviiit,'  the  titier. 

The  spi-ead  <>f  iiitclligcnr-e  and  the  consi-quent  demand  for 
more  books  and  iiewspaiicrs  has  rendered  the  supply  of  rags 
entirely  inadei|uate  to  fill  the  demand  fi>r  paper  stock.  In  work- 
ing raw  material  .some  eliminativc  process  became  necessary. 
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Fig. -4013. 


Boiler  for  Bamboo  Fiber. 

St-e  the  following  United  States  patents,  Nos. 

1,753*  41,812  55,835 

4,093  43,015  57,947 

6,980  43,073  71,728 

7,497  45,791*  73,138 

9,910  45,846  106,135 

11,987  47,539  109,595 

17,381  50,266  110.S73 

20,294  51.430  113,502 

24,484*  51,571  114,301 

24,819  52,543  115.327 

25,418  52,544  116.9S0 

26,199  52,694  117,427 

26,202*  54,308  119,465 

38.901  54,510  131,749 

40,659  55,418 

The  principal  methods  now  in  use  in  England  of  preparing 
paper  pulp  by  chemical  means  are  those  of  Sinclair,  Houghtmi, 
Lee,  Deininger,  Ungerer,  Thode,  and  Lahousse,  and  the  speci:ii 
processes  of  Belgian  and  Alsatian  manufacturers,  such  asOrioli, 
Jarosson,  and  Bushaert,  Moerman,  Laubuhr,  Bastit,  Rieiler, 
and  others.  The  general  principle  upon  which  all  these  chemi- 
cal methods  is  based  is  the  treatment  of  vegetable  material 
containing  the  fibrous  matter  «ith  alkaiine  lyes  under  high 
pressures  of  steam  and  corresponding  temperatures  for  a  greater 
or  less  time,  in  order  to  separate  the  fibrous  matter  from  the 
gluten,  gum,  starch,  etc. 

The  chemical  methods  in  the  production  of  paper  pulp,  al- 
though somewhat  cheaper  than  the  mechanical  methods,  are 
not  suffii'iently  so  to  effect  an  important  alteration  in  the  cost 
of  ptper  The  inventors  of  chemical  processes  have  had  to 
look  for  a  saving  somewhere,  in  order  to  effect  such  a  desirable 
result.  Many  attempts  have  been  made  to  recover  the  alkali, 
and,  although  as  high  as  eighty -five  per  cent  of  the  alkali  was 
recovered  by  Sinclair,  others  faileil  altogether  or  produced  vt-ry 
unsatisfiictory  results,  and  now  the  proce.^e-*  of  boiling  with 
alkaline  solutions  have  become  so  much  improved,  that  the  re- 
covery of  the  alkali  has  become  of  secondary  importance.  These 
chemical  processes  being  all  founded  upon  onegeheral  principle, 
the  diiferences  in  the  apparatus  employed  are  simply  in  details 
of  construction .  They  consist  mostly  of  cylindrical  vessels, 
belted  either  directly  or  by  steam  from  a  steam-boiler  In  the 
latter  case,  the  boiler  apparatus  is  provided  at  a  short  distance 
from  the  bottom  with  a  perforated  plate,  which  separates  the 
material  to  be  treated  from  a  certain  serpentine  steam-pipe. 
The  boiler  appararus  has  also  to  be  provi  lei  at  the  lower  end 
witli  a  man-hole  for  the  drawing  out  of  the  finished  materials. 
The  liJerences  in  the  derails  of  the  various  apparatus  have  cer- 
tain advantages  and  disadvantages  which  do  not  alter  the  main 
conditions.  Fry's  proi-ess  (Swedish)  consists  in  boiling  the  wood 
in  water  or  alkalie-s,  under  pressure  of  steam  of  from  five  to  six 
atmospheres  It  can  only  be  applied  to  sawdust,  and  requires 
much  more  time  than  the  others.  Adamson's  process  consists 
in  the  employment  of  hydrocarbons  for  digesting  woody  fiber. 
The  ligneous  m  itter  is  placed  bet-veen  two  perforated  plates  in 
a  boiler  heated  by  a  steam-coil  and  filled  with  benzine,  petro- 
leum, gLSoline.  or  equivalent  liquid,  which  is  v.tporized.  and 
afler  condensation  in  a  coil  passing  through  a  water  chamber 
above  returns  again  to  the  boiler,  whence  it  is  drawn  off  by  ap- 
iirop-iiite  cocks  The  «lisintegrating  effect,  thoutrh  not  so  thor- 
1'n.l'ias  that  proluced  by  alkalies, is  yet  sufRcient  for  the  purpose. 
Sinclair's  method  is  employed  in  reducing  wood,  bam^'oo, 
rni^v,  thistles,  etc.  The  material  partially  comminuted  is 
tr^-ated  with  a  solution  of  caustic  soda  at  a  temperature  of  3'>»^ 
to  375°  Fah.  (11  or  12  atmospheres  pressure).  The  boiler  is 
vertical,  and  consists  of  an  inner  perforated  and  exterior  close 
cyUnder.  between  which  and  the  wall  of  the  brick-work  furnace 
is  an  open  spare,  permitting  the  products  of  combustion  to  sur- 
round the  boiler,  whose  interior  perforated  shell  is  charged 
with  the  fiber  and  filled  up  with  water,  which,  passing  through 
the  apertures,  constitutes  a  water-jacket  between  the  two  shells, 
^o  as  to  prevent  overheating. 

A  cylindrical  receiver,  connected  by  a  pipe  with  the  boiler 
heneath,  is  filled  with  concentrated  Ive.  and  the  application  of 
leat  causes  a  circulation  and  interchange  of  the  sfe^m  and 
rtuids  to  ensue,  removing  the  silicates,  resinous  matter,  etc. 
The  fiber  is  withdrawn  from  the  apparatu*.  wished,  ble-ir-hed 
with  chloride  of  lime,  and  afterwan.l  trr'tted  in  the  centrifupal 

•  Reissued. 


machine  or  hydraulic  pref«.  The  lye  is  passed 
through  an  evaporator  having  inclined  flues,  by 
which  about  85  per  cent  of  the  soda  is  recovered. 

\Vhen  superheated  steam  is  employed  for  heating 
the  disintegrator,  a  special  form  of  boiler,  having 
inclined  water-tubes  between  which  the  products 
of  combustion  pa^^s,  is  employed;  these,  after  cir- 
culating below,  through,  and  round  the  boilLT,  de- 
scend a  downcast  flue  to  reach  the  chimney.  It 
may  be  noted  that  steam-heated  digesters  require  a 
less  quantity  of  alkali,  and  complete  the  process  in 
shorter  time,  than  those  heated  by  direct  firing.  In 
treating  esparto,  straw,  etc.,  a  temperature  of  312^ 
to  320^  Fah.  is  sufficient,  instead  of  360**  to  375**, 
as  required  for  wood. 

Pulp-dress 'er.  A  machine  for  removing  specks 
and  knots  from  paper-pulp.  The  dihited  pulp  is 
passed  into  a  screen  in  which  the  specks,  by  superior 
specific  gravitjs  are  collected  into  a  receiver,  from 

Fig.  4014. 


Seliers's  FapCT-Puip  Dresser 

whence  they  may  be  discharged.  The  knots  too 
Urge  for  the  meshes  are  delivered  over  the  edge  of 
the  screen  into  an  annular  trough. 

Pulp'er.  1.  An  apparatus  for  freeing  the  coffee- 
herrv  from  the  fleshy  pulp  by  which  it  is  surrounded. 
See  Coffee-machinery. 

2.  A  machine  for  reducing  paper  stock  to  pulp. 
See    Pulp-digester  ;     Pclp-gkixder  ;    PuLP-iiA- 

CHIN'E. 

Puli>-grind'er.  A  machine  for  grinding  paper 
stock  tor  pulp. 

Kinesland's  pulp-grinder  (184S  and  1%6)  has  a  closed  reser- 
Toir  with  serrated  circular  sides  which  form  the  opposing  sur- 


Kin^slanfi'%  Pulp- Grinder. 


faces   to   the   toothed   finding-disk.     The   paper  stock  to  be 
ground  is  fed  in  with  a  current  of  water  at  one  pipe  and  dis- 
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charged  at  another,  the  pressure  being  obtained  by  a  hydro-  made  of  metallic  plates,  which  are  perforated   by  elongated 

static  colimin,  and  the  rate  of  passage  determined  by  means  of  meshes,  separating  the  pulp  according  to  the  diameter  ol  the 

the  regulatable  discharge-j»perture.  ""'  ""        *         '"'  -      ..«■ 

Fig.  -lOltj  Ua.^  grinding  surfaces  on  a  vertical  shaft  in  the  man- 


Fig.  4016. 


Joneses  Pulp-  Grinder. 

ner  of  millstones.     The  half-ground  stuff  is  fed  in  at  the  spout 

to  the  eye  of  the  stone,  is  discharged  at  the  skirt,  and  leaves 

the  tub  by  the  lower  spout. 

In  Fig.  4017  the  spirally  ribbed  cylinders  are  geared  together. 

the  edges  of  the  ribs 
Fig.  4017.  acting  as  shears  to  cut 

f^ rrn the  material    The  case 

has  ribs  in  oppo.^it« 
directions  to  tho:se  on 
the  rollers,  and  acting 
with  tliem  to  disinte- 
grate tlie  pulp.  A 
longitudinal  bar  is 
placed  below  and 
nearly  touching  the 
engaging  portions  of 
the  rollers.  The  hop- 
per is  near  one  end 
and  the  exit  pipe  cen- 
trally situated  at  the 
otlier.  The  cutting- 
ribs  on  the  rollers  are 
multiplied  toward  the 
exit 

Fig  4018  is  a  form 
of  machine  for  grind- 
ing wooden  blocks  in- 
to pulp-  The  blocks 
are     pressed    against 

the  grindstone  by  a  spring  or  weighted  lever.     The  sieves  are 


fibers,  and  delivering  the  different  qualities  into  different  recep- 
tacles. 

Fig.  4019  is  an  apparatus  for  grating  wood  to  form  paper 
pulp.  The  cylinder  --1  has  a  surface  adapti-d  for  grating,  ra.-*iH 
ing.  or  filing,  and  is  rotated  by  a  pulley  A' at  the  same  time  that 
a  traversing  motion  is  imparted  by  a  worm-wheel  on  the  shaft 
G,  and  the  worm  E  on  the  shaft  -F,  to  a  hopper  above,  which 

Fig.  4019. 


Pill,: 


Wood-Pulp  Machine. 


,  Wood-  Grinder^ 

contains  the  wood.  The  wheel  is  journaled  in  an  eccentric  in 
the  slot  J  to  cause  this  motion  Z.  is  a  cleaning  cylinder  cov- 
ered with  card  leather,  and  running  in  contact,  or  nearly  so, 
with  the  cylinder  A  for  removing  the  pulverized  wood  there- 
from    See  also  Wood-paper. 

Pulp 'ill  g-ma- chine'.  A  masticator  for  rciUniii^' 
roots  to  a  y>n\\)  for  food.  Revolving  knives  ami 
spikes  are  the  essential  feature  of  the  machine.  A 
sansacje-grindor  will  do  it. 

Pulp-ma-chine'.  {Paper-making.)  Ainacliiiu* 
for  reducing  haJf-s(uff  to  a  fine  pulp.  It  is  similar 
to  the  half -sill  f  auj  inc.,  consisting  of  an  oblong  iron 
vat  a  rounded  at  the  ends  and  divided  by  a  partition 
ft,  over  which  is  journaled  a  cylinder  c  ha^nng  grooves 
into  which  ohisel-edged  blades  d  are  inserted  in  i^et.s 
oi'  3,  generally  to  the  number  of  60  ;  beneath  these 

Fig.  4020. 


Pulp-Machine. 


and  set  at  an  angle  therewith,  other  cutters  e  are 
fixed  in  the  bottom  of  tlie  vats  ;  the  distance  lie- 
tween  the  two  may  be  adjusted  by  raising  or  lower- 
ing the  roller  c. 

The  part  c  of  the  bottom  is  sloping,  and  has  a  de- 
pression/for tl  e  reception  of  grit. 

The   machine  is  charged  with  dry  half-stufl",   to 
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which  water  is  added,  and  the  cylinder  c  caused  by 
appropriate  gearing  to  make  from  150  to  200  revo- 
lutions per  minute,  causing  the  stulf  to  pass  between 
the  cutters  in  the  direction  indicated  by  the  arrows  ; 
a  hood  g  is  provided  to  prevent  the  pulp  from  being 
thrown  out  of  the  machine,  and  one  side  of  this  is  a 
sieve  h  with  a  removable  cover  !,  through  whicli  the 
foul  water  expelled  from  tlie  pulp  passes  and  is  dis- 
charged through  the  opening  k.  See  also  Half- 
stuff  Machine. 

Pulp-me'ter.  (Paper-making. )  An  apparatus 
invented  by  Cowan  of  Valley  Field,  near  Edinburgh, 
for  measuring  out  a  uniform  and  exact  supply  of 
pulp  to  the  paper-machine,  according  to  the  width 
and  thickness  of  the  sheet  of  paper  to  be  made.  It 
consists  of  a  cup  having  an  adjustable  slide,  which 
may  be  set  so  as  to  deliver  from  a  box  connected  with 
the  pulp-chest  and  kept  constantly  filled  with  the 
exact  quantity  of  pulp  required  for  a  sheet  of  given 
dimensions,  thus  securing  uniformity  of  thickness. 

Pulp-mill.  A  machine  for  grinding  paper  pulp. 
See  PuLr-duiNDER  ;  Pulping-m.U'HI.n'e. 

Pulp-strain'er.    A  sieve  for  stopping  knots  and 

hard   or  bulky 

Fig.  4021  portions  of  ma- 

K^'  '■'<<<,'  —<^  terial  ground  to 

form  paper 
pulp.  Used  in  the  Four- 
diinier  and  cylinder  ma- 
chines operating  on  cotton 
and  linen  stock ;  it  is  known 
as  a  kiiottcr.  In  preparing 
papr  pulp  from  wood,  straw,  and  other  unspun  fiber 
it  is  a  strainer  with  hue  meshes,  and  is  made  of  fabric 
or  wire-cloth  ( Voelters, 
1869);  of  finely  slitted 
thin  plates  (Sweet, 
1833) ;  rollers  closely 
assembled  in  parallel 
order  (Bishop,  1845) ; 
slats  laid  in  louver  or- 
der (Hebard,  1839) ; 
of  slats  witli  facings  of  electro- plated  metal  (Win- 
chester, 1869) ;  of  hard  rubber  parallel  slats  (Curtis, 
1867).     Otliers  might  be  noticed. 

Pulp-Twash'er.  A  machine  for  removing  dirt  or 
foreign  matters  from  jiaper  pulp.  The  machines  are 
of  various  kinds,  as  will  be  seen  by  examining  those 

Fig.  4023. 


without  carrying  off  the  stock.    A  screen  is  employed 
to    separate    grain,    gravel,    etc.     See    also    Pulp- 

DUESSER. 

Pulse-glass.     An   instrumeut  invented  by  Dr. 
Franklin  and  constructed  like  a  cryopJwrus^  but  in- 
tended to  exhibit  the  ebullition 
of  liquids  at   low  temperatures.  F'B  *024. 

The  bulbs  are   connected   by  a  /^^  ^^^ 

slender  stem  and  partially  charged  ^^W  ^^r 

with  water,  the  supernatant  air    ^  W 

having  been  expelled  by  boiling,  Pulse- Glass. 

and    the    opening    hermetically 
sealed  by  a  blow-pipe.    By  grasping  one  of  the  bulbs 
the  lieat  of  the  hand  will  cause  the  formation  of  va- 
por and  drive  the  liquiil  into  the  other  bulb,  pro- 
ducing a  violent  ebullition  in  the  latter. 

Pul-som'e-ter ;  Pul-sim'e-ter.  1.  An  instru- 
ment lor  measuring  the  force  or  frequency  of  the 
arterial  pulsation.     A  sphtjgmomctcr. 

Santorio  of  Padua  descrilies  in  his  "Commenta- 
rius  in  Primimi  Fen  Primi  Libri  Canonis  Avicennse," 
Venet.  folio,  1626,  an  instrument  of  his  invention 
for  measuring  the  force  of  the  pulse.  He  was  also 
the  first  to  apply  the  thermometer  to  measure  the 
heat  of  the  skin  in  disease  and  at  different  periods  of 
the  same  disease.     See  Sphygmometek. 

2.  A  name  applied  to  a  form  of  vacuum  pump. 
See  Steam-vacuum  Pump. 

Pul'ver-iz'er.  See  a  number  of  typical  forms 
on  Plate  X.XXIV.  illustrative  of  Ore-mills;  also 
"Blake's"  Crusher,  Fig.  3417.  Also  Amaloama- 
ToR  ;  Arrasti'.a;  Boxe-mill;  Cement-mill;  Chil- 
iax-mill  ;  Disintegkator  ;  Edge-mill;  Pan; 
Quartz-mill;  Stamp.     See  list  under  Mill. 

Pul'ver-iz'ing.  (Otinpoiodcr-nianufndure.)  A 
mill  in  which  the  ingredients  are  .separately  reduced 
to  an  impali>able  powder  before  being  transferred  to 
the  incorporating-uiill. 

In  the  United  States  this  is  generally  effected  by 
the  rolling-barrel. 

Pum'ice-stone.    A  light   cellular  and   fibrous 
roi-k   of  gniyisli-white  color  produced  by  volcanic 
action.     Extensively  used  in  the  arts  for  smootliing 
and  polishing  purposes.     It  is  regarded  as  a  form  of 
trachytic  lava,  in  which  a  porous  structure  has  been 
induced  by  the  expansion  of  gas  while  in  a  plastic 
state.     Campo   Bianco,  one  of  the   Lipari  Islands, 
which  is  entirely  composed  of  this  substance,  is  the 
principal  source  of  supply.      It  is  fre- 
quently employed  in  its  natural  condi- 
tion, but  more  generally  in  the  state  of 
powder. 
Pump.     1.    (Hijdraulies.)    A   device 
_  for  lifting  water  by  the  motion  of  a  pis- 

ton in  a  cylinder. 

Whetlier  they  were  invented  by  Da- 
naus,  who  dug  the  wells  in  Argos,  1485 
B.  c,  or  by  Cte.sibus  of  Alexandria,  about 
224  B.  c,  it  is  not  pos.sible  to  determine. 
In  either  case,  the  origin  is  Egyptian,  and 
that  is  tile  most  likely  part  of  the  state- 
ment. Danaus  is  sjiid  to  have  been  the 
brother  of  the  Pharaoh  Rameses,  and  to 
have  carried  many  useful  devices  from 
the  Nile  to  the  Peloponnesus. 

The  piston  working  in  a  cylinder  is  the 
pision-bloiccr,  a  very  ancient  form  of  blast 
for  the  native  snudting-fumaces  of  Asia, 
Africa,  and  Europe.     See  page  1717. 

The  water-puni|)  of  Ctesibus  of  Alex- 
andria was  described  by  Hero,  150  B.  c. , 
shown  in  Fig.  4023,  which  will  be  understpod  with-  i  and  the  invention  may  be  much  older  than  the  time 
out  lengthy  explanation.     Means  are  provided  for  '  of  this  distinguished  mechanician  and  physicist,  who 
supplying  fresh   water  and  dischaiging  foul   water    was  also  a  barber,  as  it  certaiuly  was  in  quite  a  com- 
11.5 


Winchester's  Pulp-Screen. 


Pig.  4022. 
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Curtis's  Screen-Plate. 


a.  £radl!U>a  a.  Trmisucrse  Section. 

c.  Lovctts  Paper  Stock  Washer. 

d.  Peaseteji's  Waalter. 


Pulp- Washers. 


PUMP. 
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PUMP. 


plicated  form.  It  consisted  of  two  single-acting  pis- 
tons in  as  many  cylinders,  which  riiised  water  on  the 
up-stroke  and  expelled  it  on  the  down-stroke  into  a 
cliamber  which  received  the  water  from  both  pumps. 
See  Fiitii-EXuiNE. 

Vitruvius  ascribes  the  invention  of  the  pump  to 
Ctesibus.  He  did  not  understand  the  lift,  but  the 
force  pump.  The  pressure  of  the  atmosphere  was 
not  estimated  then.  It  was  described  by  tlie  Span- 
ish Saracens,  and  correctly  determined  by  the  Italian 
Torricelli. 

The  true  laws  of  the  enuilibrium  of  fluids  were 
disooveretl  by  Archimedes  and  rediscovered  by  Ste- 
vinus  and  (Jaliloo.  Of  the  latter  Milton  writes,  in 
reference  to  his  tour  in  Italy  :  — 

"  There  it  was  that  I  found  aufi  visited  the  famous  Galileo, 
grown  old, a  prisoner  in  the  Inquisition,  for  thinking  in  astron- 
omy otherwise  than  the  Franciscan  and  Dominican  licensers 
thought."' 

The  ne.vt  we  hear  of  the  piston  is  in  the  air-pump 
of  Otto  Gnericke  of  Magdeburg,  and  in  the  steam- 
engine  of  Dr.  Pajiin  of  Blois.  If  we  knew  better 
what  the  philosoplier.s  of  Alexandria  and  Cordova 
had  been  doing  in  the  mean  time,  we  should  proba- 
bly find  that  the  piston-pum]i  was  not  entirely  laid 
away  for  lifteen  or  sixteen  centuries. 

Dr.  Papiu  was  the  lirst,  .so  far  as  we  know,  to 
suggest  raising  water  by  means  of  a  uteam-cnrjine, 
1698.  Tlie  devices  of  the  Marcjuis  of  Worcester  and 
Savery  were  not  engines.  They  were  water-raising 
devices,  in  which  steam  pressed  upon  the  surface  of 
water  in  a  tank  and  raised  it  to  a  hight  ju-oportioned 
to  the  pi'essiire.  They  did  not  differ  essentially  (ex- 
cept in  the  size  of  the  parts)  from  the  inventions  of 
Baptista  Porta  and  Leonardo  da  Vinci.  Savery  and 
Woi'cester  proposed  to  make  their  apparatus  avail- 
able for  driviiig  machinery  by  "raising  water  to 
turn  a  water-wlieel,"  which  is  all  nonsense.  Papin's 
was  an  engine.     See  Steam-engine. 

A  number  of  large  water-raising  machines  were  constructed 
at  various  points  ou  the  Continent  of  Europe  during  the  .seven- 
teenth and  eighteenth  centuries,  which  are  curious,  but  oper- 
ate by  modes  which  are  now  antiquated. 

Among  these  may  be  noticed  tlxe  "  Machine  de  Marly,"  con- 
structed by  liannequin,  1682,  to  raise  water  for  the  fountains 
of  Marly  and  Versailles, 

It  was  situated  on  the  Seine  between  Marly  and  Lachausse^, 
and  consisted  of  14  water-wheels,  which  first  raised  the  water  to 
a  cistern  150  feet  high  and  600  feet  distant,  then  worked  the 

Fig.  4025. 


Machine  de  Marly. 

"balance-beams  of  the  pumps  which  raised  the  water  to  a  second 
cistern,  175  feet  above  the  first  and  1,944  feet  from  the  river. 
From  thence  it  w.as  lifted  by  other  pumps  to  a  strong  tower  or 
reservoir,  502  feet  above  the  river  and  3.684  feet  from  it.  From 
thence  the  water  was  conveyed  by  an  aqueduct  to  its  destina- 
tion. This  was  a  piece  of  the  kingly  magnificence  of  "  le  Grand 
Monarque,"  and  was  far  ahead  of  what  wjis  enjoyed  by  Paris. 
The  pumping-machine  i.s  said  to  have  cost  S  1.600,000. 

The  cut  is  a  longitudinal  section  showing  one  of  the  fourteen 
water-wheels.  On  the  bed  of  the  river  a  floor  was  laid  on  piles 
filled  in  with  masonry ;  14  feet  above  this  was  the  platform 


which  supported  the  pumps.  To  the  axle  of  the  great  wheel  a 
crank  was  attached  wliich  communicated  motion  to  the  balance- 
beam,  and  this  worked  the  piston-rods  of  four  pumps  on  each 
side,  which  sucked  and  forced  water  alternately. 

The  pumps  at  the  first  and  second  cisterns  were  of  a  similar 
character,  and  were  worked  by  rod-and-ehaia  connection  from 
the  water-wheels  in  the  river. 

The  machines  used  by  Uelidor,  Dueille,  Desargues, 
Wahl,  Morel,  etc.,  are  described  by  Cresy.  Several 
of  them  are  only  peculiar  in  the  modes  of  obtaining 
the  recijirocating  motion  of  the  pistons  from  the  ro- 
tation of  the  water-wheel. 

The  chapelets  us('d  by  the  architect  Perronet  in 
pumping  out  the  coll'er-dams  of  his  numerous  bridges 
are  described  under  Chain-pump. 

The  bucket-wlieel  used  by  Perronet  is  described 
under  Nokia  (which  see). 

See  also  Bascule;  Scoop-wheel;  Tympanum. 

The  work  of  a  man  on  a  pump  is  estimated  as  equivalent  to 
an  effort  of  174  pounds  exerted  through  '1\  feet  in  1  second  ;  or, 
150  feet  per  minute  =  9,000  feet  per  hour  =  157,500  foot  pounds 
or  70  foot  tons  per  hour  =  560  foot  tons  per  day  of  12  hours. 


Fig.  4026.       C  5 
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Alarm- Pump. 

The  most  favorable  length  of  stroke  on  fire-engines  ia  from  30 
to  35  inches. 

The  power  necessary  ia  about  1  man  for  every  22  cubic  inches 
of  pump-barrel ;  double  this  power  if  double-acting. 

Fig  4027. 


Hydraulic- Pressure  Pump. 


PUMP. 
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PUMP-BOB. 


Fig.  4028. 


Haskell's  alarm-pump  for  nautical  use  has  three  cylinders  a  a  a, 
the  pistons  of  which  are  connected  to  crank-arms  arranged  at 
equal  angles  around  the  shaft  6, 
and  operated,  when  worked  as  a 
pump,  by  an  arm  on  the  fly-wheel 
c.  The  three  delivery-pipes  from 
the  cylinders  coalesce  at  d,  so  as 
to  form  but  one;  their  respective 
suction-pipes  are  also  united  above 
e,  and  the  pipe  formed  by  their 
junction  is  provided  with  two 
valves,  one  of  which  opens  connec- 
tiun  with  the  pipe  leading  to  the 
hold  and  the  otner  with  a  hose 
leading  overboard,  when  it  is  de- 
sired to  wash  decks.  An  air- 
chamber  /"is  located  above  the  pipe 
)  d,  and  over  this  is  a  whistle  s;,  used 
for  sounding  signals  or  alarms. 
For  this  purpose  the  pipe  f/  is  closed 
by  turning  the  cock  h,  wben,  by 
turning  the  fly-wheel,  air,  admit- 
ted through  a  valve  in  the  suction- 
pipe,  is  forced  into  the  cylinder  and 
allowed  to  escape  by  depressing 
the  lever  j,  which  works  a  valve. 
When  desired  to  increase  the  sup- 
ply of  air  to  effect  a  more  rapid 
succession  of  sounds,  the  crank  k 
is  employed. 

The  hydraulic -pressure  pump 
(Fig.  4027)  is  intended  for  forcing 
water  in  working  presses,  etc.     It 

El  I  is  provided  with  a  cistern, and  has 

="''■"■' I "^  suitable  suction  and  delivery  pipes 

Single-Acting  Pump,    with  appropriate  valves,  and  may 
he  driven  either  by  hand-power  or 
ty  belt-and-puUey  connections.   See  l*late  XXV.  and  page  1157. 

The  principal  distinction.s  of  pump.s  are  into  single 
or  double  acting,  lift  or  force,  reciprocating  or  rotanj, 
etc.  Tliese  names  indicate  construction.  Other 
names  have  reference  to  piii-pose,  etc. 

See  under  the  foUowini^  list :  — 


Diving-bell  pump. 
Donkey-pump. 


Double-action  pump. 
Double-cylinder  pump. 


Air-pump. 

Archimedean  screw. 

Aspiring-pump. 

■Bare-pump. 

Bar-pump. 

Barrow-pump. 

Beer-machine. 

Bellows-pump. 

Bilge-pump. 

Bottle-pump. 

Brake- pump. 

Breast-pump. 

Brine-pump. 

Burr-pump. 


Cattle-pump. 
Centrifugal  pump. 
Centripetal  pump. 
Chain-pump. 
Change-pump. 
Chapeiet. 

Circular-brake  pump. 
Circulating-pump. 
Cistern-pump. 
Cold-water  pump. 
Cupping-pump 
Deep-well  pump. 
Dental  pump. 
Diaphragm-plunger  pump. 


Fig.  4029, 


Double-Acting  Pu7np. 


Fig.  4030. 


Double-Acting  Single- Cylinder  Pump. 


Double-piston  pump. 

Draining-pump. 

Di-iven-well  pump. 

Eccentric  pump. 

Eiiector. 

Elastic-piston  pump. 

Feed-pump. 

Fire-engine  pump. 

Force-pump. 

Forcer. 

Fountain-pump. 

Garden-engine. 

Garden-pnnip. 

Garde  n  -sy  ri  n  ge . 

Giffitrd  injector. 

Hand-pump. 

Hogger-pump. 

Horse-power  pump. 

Hot-water  pump. 

Hydrapult. 

Hydraulic-pressure  pump. 

Hydrostatic-press  pump. 

Injector. 

Jet-pump. 

Leech.     Artificial 

Lift-pump. 

Locomotive-pump. 

Measuring-pump. 

Mining-pump. 

Monte-jus. 

Noria 

Oil-pump, 

Oscillating-pump. 

Paternoster-pump. 

Pendulum-pump. 

Plumber's  force-pump. 

See  Water-elevator  for 
trivances. 


Plunger-pump, 

Pneumatic  pump. 

Portable  pump. 

Pressure-pump. 

Pump-bit. 

Pump-dale. 

Puuip-head. 

Pumping-engine. 

Pump-lamp. 

Pump- packing. 

Pump-piston. 

Pump-spear. 

Pump- valve. 

Rope-pump. 

Rotary  pump. 

Saliva-pump. 

Sand-pump. 

Screw.     Archimedean 

Ship's  pump. 

Spiral  pump. 

Steam-jet  pump. 

Steam-pump. 

Steam-vacuum  pump. 

Stomach  pump. 

Submerged  pump. 

Suction-pump. 

Syringe 

Test-pump. 

Tympanum. 

Vacuum-pump. 

Water-ram. 

Water-screw. 

Water-snail. 

Wind-pump. 

Wrecking-pump. 

other  forms  of  wafer-raising  con- 


Pump-back.  A  wooden  casing  over  a  chain- 
pump  to  n-i-.nve  the  water  when  raised. 

Pump-bit.  A  wood-borincj  tool  of  relatively 
large  diiinii^er  and  a  long  sliank.  It  is  ad:ipted  to 
be  rotated  by  a  cross-handle,  and  is  nsed  in  boring 
out  timbers  for  pump-stocks  ami  wooden  pipes.  It 
ha.s  a  routing  cutter  ami  grooved  barrel.     See  Bit. 

Pump-bob.  A  species  of  hell-crank  lever  em- 
ployed for  converting  the  rotary  motion  of  a  steam- 
engine  into  reciprocating  motion  for  operating  a 
pump-piston.  In  the  illustration,  the  pitman  is 
connected  to  a  crank-pin  on  the  pnmping-wlieel  ; 
the  braces,  standard,  and  bed-jiiece  of  the  bob  are 
mounted  on  a  rock-shaft  journaled,  and  supported 
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Plate  XLIV. 


PHMPING-ENGINE,    LOUISVILLE  WATER-WOEKS. 

(Tlieodnrc  R.  Scouxfeit.  Enrjineer,) 


See  page  1329. 


PUMP-BOX. 
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rrMPINO-ENGINE. 


Fig.  4031. 


on  the  frame  ;   the  bed-piece  and  pump-piston  are 
connected,  as  shown  ou  the  right. 

Pump-box.     a.  A  cap  or  case  covering  the  top 
of  a  pump. 

b.  The  casings  of  the  upper  and  lower  valves  are 
the  upper  and  lower  pump-boxes. 

Pump-break.  The  handle  or  lever  by  w^hich  a 
pump  is  worked. 

Pump-chain.  A  long  chain  with  buttons  form- 
ing valves  at  proper  distances,  working  on  two  wheels, 
one  above  and  one  below,  and  passing  down  through 
one  wooden  tube  and  returning  upward  by  another. 
Pump-cheeks.  A  forked  piece  serving  as  a  ful- 
crum for  thfi  handle. 

Ptiini>-dale.    {Xautical.)    A  pipe  to  convey  wa- 
ttT  from  tiie  pump-cistern  through  the  ship's  sides. 
Pump-drilL    An  upright  diill  acting  by  percus- 
sion. 

Pump-gear,  {yautical.)  The  apparatus  used 
in  pumping  on  shipboard. 

Pump-head.     An   an-angement  for  causing  all 
tlie  water  raised  by 
Fig.  40-32  a  chain-pump  to  be 

directed  into  the 
discharge-spout  in- 
stead of  permitting 
a  part  to  be  thrown 
oft"  by  cent ri f ugal 
force.  In  the  fig- 
ure, a  represents  the 
pump-head ;  6,  driv- 
ing-pulley ;  c,  pin- 
ion driving  the  spur- 
wheel  r/,  around  the 
axis  of  which  the 
chain  passes. 
Pump-hook.  A 
Pump-Head.  hook   used   for   set- 

tingthelowerpump- 
box  in  the  liarrel. 

Pump'ing-en'gine.  A  steam-engine  for  raising 
■water. 

The  engines  of  the  Louisville  Water-Works,  shown  in  Plate 
XLIV.,  are  on  the  Cornish  plan.  The  engines  are  exactly  alike, 
working  each  a  single-acting  lift  and  force  plunger- pump.  The 
dimensions  of  the  principal  parts  of  the  engines  and  pumps  are 
as  follows,  viz. :  Steani-cylinder  a  70  inches  diameter,  stroke  of 
steam-piston  10  feet.  The  beam  b  for  each  engine  is  double  ;  the 
two  members,  3  feet  5  inches  apart  from  center  to  center,  are 
each  31  feet  10  inches  Ion?  between  end  centers,  6  feet  9  inches 
deep  in  the  middle,  with  3-inch  thickness  of  web  and  9  inches 
width  of  center  rib  and  outside  flanges  ;  the  cylinder  and 
pump  ends  of  the  beam  are  equal  in  length,  each  pair  of  beams 
wei'^hs  42  tons.  The  beam  vibrates  on  a  main  center  or  shafl 
c  20  inches  diameter,  9  feet  8  inches  long,  with  journals  15 
inches  diameter,  and  19i  inches  bearing.  The  plummer-btocks, 
for  the  beam  centers  of  both  engines,  rest  in  pedestals  boltecl  to 
a  massive  cast-iron  entablature,  which  (extending  tninsversely 
across  the  house  and  into  the  brick  walls)  is  supported  by  four 
Tuscan  columns  rf  of  cast-iron,  standing  on  and  anchored  to 
the  beam  wall,  by  means  of  arched  cast-iron  bed-plates,  built  in 


the  masonry.  The  piston-rods  are  guided  by  parallel  motioDi^ 
and  the  pump  connecting-rods  by  cross-hejids  and  slides  ;  piston- 
rods  e  6i  inches  diameter  and  1(5  feet  long  each  ;  pump  con- 
necting-rods/S  inches  diameter  and  28  feet  long  each. 

The  pump-barrels  are  36  inches  in  diameter  each,  plungers  36 
inches  diameter,  with  stroke  same  as  steam-i>istuu,  10  fwt.  Th« 
extreme  lifl  of  the  pumps,  when  the  river  is  at  its  lowest  stage, 
is  21  feet  lU  inches.  The  pumps  are  connected  with  the  stand- 
pipe  by  two  lines  of  40-inch  Hanged  pipes,  provided  each  with  » 
stop-gate  near  the  stand-pipe.  The  pump  valves  h  h  are  of  th» 
kind  known  as  Harvey  aud  "West's  double-beat  valve.  The 
pumps  and  pxunp-mains  to  the  stand-pipe  have  a  circular  water- 
way of  40  inches  diameter  throughout,  thus  admitting  the  in- 
troduction of  pump  barrels  40  inches  in  diameter,  and  increas- 
ing the  present  pump  capacity  23  per  cent  whenever  the  con- 
gumption  of  water  will  demand  a  greatersupply  than  at  present 
provided  for. 

The  metal  (cast-iron)  of  the  pumps  and  pump-mains  is  from 
2  to  3  inches  in  thiikuess,  varying  as  the  forms  vary  from  the 
cylindrical  to  the  oval  or  rectangular.  All  the  joints  are  made 
with  lead  by  means  of  flanges  and  bolts  ;  the  flanges  are  from 
2J  to  3  inches  thick,  and  from  4  to  6  inches  wide,  with  li-inch 
bolts. 

Each  engine  is  provided  with  a  battery  of  three  single-flue 
Cornish  boilers.  The  performance  of  the  engines  has  been  very 
satisfactory.  The  highest  daily  duty  {calculated  by  the  Cornish 
method)  was  48,363,344  pounds  of  water  raised  1  foot  high  per 
ICtO  pounds  of  coal :  the  highest  monthly  average  was  35,957,1)29 
pounds,  and  the  yearly  average  duty  3(.),217,865  pounds.  Cost 
of  the  engines  and  connections  complete,  S  117,753.64. 

The  other  parts  of  the  engine  are  similar  to  those  described 
under  Air-pcmp,  CAT-vR-iCT,  Cobmsh-e>gise,  etc.,  which  see. 

The  cataract  ??)  is  in  the  vault  7i  ;  the  fOH(/f7i5frand  air-pump 
are  in  the  well  below  the  main  floor  o  of  the  engine-house,  p 
is  the  cistern,  r  condenser,  .^  bucket  of  air-pump,  t  hot-well,  to 
is  the  induction  water-pipe  at  the  foot  of  the  pump-stock,  v  the 
eduction  main,  u  the  feed-pump 

The  drainage  of  the  Haarlem  Lake  in  Holland,  by  which  45,230 
acres  of  land  were  reclaimed,  was  effected  between  the  years 
1S48  and  1853  by  steam-pumping  engines.  These  were  three  in 
number,  named  the  Lfeghwattr,  Crtiquiiis,  and  Van  Lynden^ 
from  three  eminent  men  who  had  at  diff'erent  times,  the  first  as 
for  back  as  16*23,  proposed  plans  for  the  drainage  of  this  Jake. 
The  Leeghwater  was  the  first  erected,  working  11  pumps  of  63 
inches  diameter  and  10  feet  stroke.  As  a  preliminary  step,  an 
earthen  dam  was  constructed  at  the  edge  of  the  lake  and  in- 
closing about  1^  acres  of  its  surface  ;  the  water  was  withdrawn 
from  this  by  pumping  with  a  small  steam-engine,  and  founda- 
tion piles,  1,-KK)  in  number,  were  driven  to  the  depth  of  40  feet 
until  a  stratum  of  hard  sand  was  reached.    Upon  these  piles,  at 

Fig.  4033. 
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Ground  Plan  of  En^ine-Housf  and  Pu}nps,  Harkmmer  Meer. 

a  depth  of  21  feet  below  the  surface  of  the  lake,  a  strong  plat- 
form was  laid,  on  which  a  wall  pierced  with  arches  was  built  at 
a  distance  of  22  feet  from  the  site  of  the  engine-house  ;  over  thifl 
wall,  and  connecting  it  with  the  engine-house,  was  laid  a  thick 
flooring  of  oak.  The  pumps  were  supported  by  the  lower  plat- 
form, their  heads  passing  through  the  flooring  and  extending 
about  3  feet  above  it.  The  water  drawn  up  by  tfie  pimips  waa 
received  in  the  space  between  the  wall  and  the  engine-house, 
and  discharged  through  gates  into  canals  leading  to  the  sea 
sluices. 

Fig  40.33  represents  this  arrangement  in  plan  :  a  is  the  en- 
gine, b  the  boiler-house,  c  c  the  pumps,  rf  d  the  discharge 
sluices. 

The  engine  has  two  steam  cylinder?,  one  within  the  other, 
the  outer  being  1443  inches  in  diameter  and  li  inches  thick, 
and  the  inner  84S  inf'hes  in  diameter  and  li  inches  thick;  be- 
tween the  inner  cylinder  and  the  cylinder  head,  which  is  com- 
mon to  both,  is  aspace  of  li  inches.  The  piston  of  the  outer 
cylinder  is  annular,  and  is  connected  with  a  circular  cros.«-head 
by  four  rods  ;  the  main  piston,  that  of  the  interior  cylinder,  is 
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centrally  connected  to  this  cross-head.  The  working-beams 
of  the  pumps  are  ulso  conuccted  with  the  cross-head  or  cap 
by  rods  at  their  inner  ends,  the  other  ends  being  attached  to 
their  re^-ipective  punip-pi.-*tun  ruds. 

In  working,  a  constant  vacuum  is  maintained  under  the 
annular  piston  ;  steam  admitted  beneath  the  interior  piston 
lifts  both  pistons,  raising  the  cross-head  and  the  rods  connect- 
ing it  with  the  pump-beams,  and  causes  the  pump-pistons  to 
descend;  a  hydrauhc  apparatus  attached  to  the  cross-head 
momentarily  arrests  its  movement  to  allow  the  pump-piston 
valves  to  close  before  the  down-stroke  commences;  at  the 
opening  of  the  cquihbriuni-valve,  the  hydraulic  apparatus 
ceases  to  act,  and  st».-am  is  admitted  to  the  upper  surface  of 
both  pistons;  the  steam  pressure  on  the  fcices  of  the  smaller 
one  is  thus  equalized, 

while  it  acti  against     [^  Fig.  4034. 

a  vacuum  upon  the 
upper  surface  of  the 
larger  one,  assisting' 
the  dead  weightof  tli 
cross-head  tu  perform 
the  downward  stroke, 
which  raises  the 
pump-pistons  and  the 


water.  This  arrangement  of  the  two  cylinders  enables 
the  engineer  to  adapt  the  power  of  the  engine  to  the- 
■  work  to  be  done,  it  frequently  happening  that  the  load 
of  the  engine  is  increased  or  dimiuiphed  lU  or  12  tons 
within  half  an  hour  by  the  action  of  the  wind  on  the  sur- 
face of  the  lake.  The  Cruquius  and  Van  Lyndcn  engines 
were  of  the  same  size,  power  {'i^  horse,  net),  and  general 
construction  as  that  just  described,  but  working  8  pumps 
of  73  inches  diameter  and  10  feet  stroke.  The  total 
amount  of  water  discharged  by  the  three  was  2,000,000 
tons  in  24  hours. 

Fig.  4U34  is  an  eleva- 
tion, partly  in  section, 
of  the  engine-house 
and  its  foundation,  a, 
boiler-hout-e ;  i»,  house 
intended  for  engines 
and  pump. 

In  Figs.  4035,  4036, 
a  b  are  the  two  cylin- 
ders; the  outer  one  is 
enveloped  by  a  steam- 
jacket  c,  cast  in  13  seg- 
ments, and  surround- 
ed by  a  wooden  casing 


Sectional  Elevation  of  Boiler-House,  Engine- House, 
and  PiD/i/t-C/iamhfr,  "  Leeghwater''''  Engine,  Har-       .■ 
lemmer  Meer,  Holland.  -^- 


packed  with  peat  ashes,    d  t  are  the  pistons,  connected  to  the 
cross-head  /  by  the  main  piston-rod  g-,  12  inches  in  diameter. 


and  by  four  rods  hh  of  4A  inches  diameter ;  the  cro.is-head  is 
9  feet  6  inches  in  diameter,  and  is  divided  into  9  compartments 
for  receiving  weights;  it  has  a  guide-rod  I  passing  through  a 
stuffing-box  in  a  great  beam  crossing  the  engine-bonse,  and 
two  other  guide-rods  t'  V  which  pass  through  stuffing-boxes  in 
the  arms  of  the  great  cap  and  are  secured  to  the  U|iper  and 
lower  spring- beam  a.  Two  plungers  /  working  in  cases  j'  are 
suspended  from  arms  of  the  cap  /",  and  are  surrounded  by  rings 
k  suspended  by  rods  k'  from  the  cap,  and  have  cross-bearings 
on  which  the  jaws  of  the  air-pnnip  balance-beams  I  rest;  the 
inner  ends  of  these  move  in  a  vertical  direction,  and  their  outer 
ends  have  rollers  moving  in  guides,  to  allow  their  movement 


during  the  stroke.  The 
plunger-cases  are  connect- 
ed with  valves  ^^..-ind  with 
a  hydrostatic  equilibrium- 
valve  n  by  pipes  ml  m-, 
from  the  lower  one  of 
which  rises  a  stand-pipe 
m^.  The  air-pump  pistons 
are  suspended  from  the 
centers  of  the  beams  /; 
they  are  40  inches  in  diam- 
eter and  5  feet  stroke,    n  is 
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the  steam-pipe,  o  induction-valve,  p  equilibrium -valve,  q  educ- 
tion-valve. Till!  hand  gear  is  connected  to  the  weigh-post  r, 
and  the  rods  k'  are  worked  by  a  lever  and  shaft  operated  by  a 
pin  OQ  the  sliding-ring  k 

The  induction  and  equilibrium  nozzles  are  each  connected  to 
a  separate  port  c;ist  in  the  cylinder's  bottom.  The  eduction- 
nozzle  is  connected  by  a  pipe  to  the  bottom  of  the  cylinder, 
which  communicates  with  the  space  under  tlie  annular  piston, 
by  which  a  vacuum  is  maintained  under  this  piston. 

The  hydraulic  apparatus  which  maintains  the  great  cross- 
head  /  in  upward  position  while  the  valves  of  the  pump-pistons 
open,  so  as  to  prevent  shock  on  the  down-stroke,  operates  as 
follows:  When  the  engine  makes  its  up-stroke  the  plungers  y 
are  lifted,  and  the  water  from  the  stind-pipes  and  reservoirs 
flows  through  the  valves,  following  the  plungers  during  their 
upward  movement.  At  the  end  of  the  stroke  the  spherical 
valves  instantly  close  and  the  dead-weight  is  suspended  at  that 
point;  the  pump-piston  valves  t  then  fall  out  solely  by  their 
own  weight.  At  the  down-stroke  the  equilibrium  steam-valve 
q  and  ttie  hydriiulic  valve  n  are  opened  simultaneously,  the 
water  escapes  from  beneath  the  plungere  to  the  stand-pipes  m'^ 
and  reservoirs  by  the  pipes  7/1-,  and  the  steam  from  the  j?mall 
cylinder  passes  by  the  pipe  s  round  to  the  upper  side  of  the  two 


Steam  Cyh'nder  and  Pistons  of 


■hwater.^ 


Fig*  4037  is  a  form  of  pumping-engine  constructed 
at  Leeds  for  the  use  of  the  state  railways  in  India. 
a  is  the  cylinder.  The  cross-liead  of  the  piaton-rod 
reciprocates  between  the  upright  guides  b  c.     The 

Fig.  4037. 


Steam  Pujnping- Engine,  India  State  Raitiiays. 

crank -shaft  d  carries  on  its  outer  end  a  pinion  e  gear- 
ing with  the  two  wheels  /  (/,  to  which  the  upper 
ends  of  the  pump-pistons  are  connected  by  sliding 
forks  in  sucli  a  way  that  their  stroke  may  be  length- 
ened or  shortened  at  pleasure. 


Fig.  4038. 


steam -pis  tons,  forming  a  steam  equilibrium  on  each  side  of  the 
smaller  one  and  pressing  anj.ainst  the  annular  piston,  beneath 
which  a  constant  vacuum  is  maintained- 

The  lA'eghwater  engine  is  furnished  with  five  cylindrical 
boilers,  each  .30  feet  long  and  6  feet  in  diameter,  with  a  central 
fire-tube  4  feet  in  diameter;  a  return  flue  passes  under  the 
boilers  to  the  front  ami  then  split*  along  the  sides.  Over  the 
boilers  is  a  steam  chamber  4  feet  6  inches  in  diameter  and  42 
feet  long,  from  whence  the  steam  is  conducted  by  the  pipe  to 
the  engine.  The  total  steam  space  in  the  chamber,  boilers,  and 
pipes  is  nearly  l.-TiO  cubic  feet;  this  large  volume  effectually 
prevents  primage,  and  secures  a  constant  and  uniform  supply 
of  steam  to  the  engine  | 

The  power  is  400  horse,  net :  the  Oruquiu.'f  and  Van  Lynden 
engines  can  be  worked  up  to  500  horse-power  if  required. 

The  pair  of  pumps  of  the  Chicago  Water- Works  have  steam- 
cylinders  of  44  inches  diameter,  8  feet  stroke.  Water-pump  28 
inches  in  diameter,  double  acting 

The  Brooklyn  puni ping-engine  cylinder  is  85  inches  diameter, 
10  feet  stroke  ;  the  bucket  is  51t  inches  in  diameter 

The  Pittsburg  engine  is  154  inches  diameter,  11  feet  stroke. 
The  plungers  are  4  in  number,  of  100  tons  each,  driving  water 
into  the  Highland  reservoir,  006  feet  aViove. 

The  Iy?high  Zinc- Works  engine  is  llOi  inches,  10  feet  stroke ; 
estimated  to  raise  15,000  gallons  per  minute  from  a  depth  of 
300  feet. 


fVinding  and  Pumping  Engine. 


Fig.  4038  illustrates  an  engine  adapt- 
ed for  either  pumping  or  elevating  pur- 
poses. For  the  latter,  tiie  crank  is 
connected  by  the  detachalile  pitman  a 
to  a  bell-crank  lever,  whieli  imparts 
a  reciprocating  motion  to  the  piston- 
rod  of  the  pump  ''.  In  hni.sting,  a  rope 
b  is  wound  or  unwound  on  a  windlass 
geared  to  the  engine.  See  also  Steam- 
it  m  p. 

Pump-ket'tle.     A   convex   perfo- 
rated diiijihragm  placed  at  the  bottom 
f>f  a  pump-tube  to  prevent  the  entrance 
of  foreign  matters.     A  strainer.    ' 

Pump-lamp.  One  having  a  pump  employed  for 
forcing  up  oil  to  the  wick.  Used  in  that  class  of 
lamps  in  which  the  reservoir  is  too  distant  to  permit 
the  oil  to  be  drawn  up  by  capillary  attraction.  It 
may  be  operated  by  hand  or  by  clock-work  mechan- 
ism, as  in  theCarcel  lamp.  See  Meckaxical  Lamp. 
Pump-pis'ton.     The  reciprocating  disk  within. 


PUMP-SCRAPER. 


1832 


PUNCH. 


a  <'yliiider  by  which  the  Hiiid  is  expelli-ii.     The  e.\- 
ftiiiple  is  a  pf'uii'jvr-iiislon  having  no  opening  through 


Fig.  4039. 


Fig.  4040. 


Fig.  4041. 


Pump-Piston. 


Pump-Bucket, 


Pump-Piston. 


it.       Tlie   leather 

which       work.s 

again.st  the  cylinder  is  expanded  by 

tile   sub-caliber   rubber  disk    when 

compressed  by  screwing  down  the 

upper  disk. 

In  Fig.  4041,  the  leathern  cup  re- 
ceives its  shape  and  expansion  from 
an  elastic  cylinder  C. 

Fig.  4040  is  a  bucket.     The  exjiansible  packing 

is  composed  of  a  ring  of  a  soft  substance,  as  leather 

or    rubber,    interposed    between    and 

Fig.  4042.      protected  by  sectional  rings  of  a  hard 

.  ^  substance,  as  metal  or  wood.    The  rings 

I   :  occupy  a  peripheral  chamber   of  the 

W/.  piston  and  expand  together. 

f      Fig.    4042  is  for  deep   wells.      The 

//.  packing  is  kept  tight  by  the  pressure 

'//,  of  tlie  water  inside  the  same.    The  ribs 

Ml  ( onstitute  the  cage  of  the  valve,  and 

7/,  penult  tlie  water  to  pass  upward  as  the 

\"L  piston  de.sceuds.     See  also  Piston. 

\'//^     Pump-scrap'er.     A  round   plate 

u>i  d  for  cleaning  out  the  pump-barrel. 

Pump-spear.    The   rod  which  is 

Mispi  uded  from  the  end  of  the  brake 

Fig.  404.3. 


n 


'«'  "1.1 


Pump-Burket  for 
Deep  Wells'. 


Pump-  Valve. 


or  handle  and  attaclied  at  its  lower  end  to  the  bucket 
or  "  upper  liox." 

Pump-staff.     The  pump-spear  in  a  hanil-pnmp. 

Pump-valve.  A  hinged,  o.scillating,  sliding, 
rotating,  or  lifting  plate,  lid,  or  ball  in  the  barrel, 
tlie  bucket,  or  both,  to  alternately  open  and  close  the 
apertures  as  the  piston  reciprocates. 


Punches. 


The  piston  of  a  pump  is  a  bucket  when  hollow,  or 
a  plunger  when  solid.  In  the  former  case  it  has  a 
valve  which  opens  as  the  bucket  descends,  and 
closes  as  it  rises. 

The  lower  valve  of  a  pump  is  fixed  in  the  pipe 
below  the  barrel,  and  rises  as  the  bucket  or  plunger 
rises.      See  PrMP-I'IsIOiN. 

Pump-well.  (Shipwrighling.)  A  compartment 
extending  from  the  ship's  bottom  to  the  lower  or  the 
upper  deck,  as  the  case  may  be,  to  contain  the  pump- 
stocks,  etc.  The  bilge-water  collects  in  the  limbers, 
and  is  discharged  through  a  spout  called  the  pump- 
dalr. 

Pvmch.  1.  A  tool  operated  by  pressure  or  per- 
cussion, employed  for  making  ajiertures,  or  in  cut- 
ting out  ifliapes  from  sheets  or  plates  of  various  ma- 
terials. 

In  Fig.  4044,  a  Is  the  common  blacksmiths'  round 
punch  ;  they  are  also  made  squai'e  or  quadrangular. 
The     stem    is 

preferably     of  Fig-  «>^- 

octagonal 
form,  enabling 
it  to  lie  readily 
turned  by  the 
tongs  or  by  a 
withe  twisted 
around  it,  and 
it  is  struik  on 
the  head  by  a 
hammer.  The 
point  is  formed 
by  drawing 
down    from   a 

steel  rod  and  tempering.  In  using  punches  of  this 
kind  the  work  is  interposed  between  the  punch  and 
a  hole  in  the  anvil. 

b  is  a  xcam-scl  for  closing  up  the  seams  made  in 
joining  the  edges  of  sheet-metals  on  the  hatehci-stake. 

c  is  a  hollow,  and  c'  a  .solid  punch  ;  the  cutting 
edges  of  the  former  meet  at  an  angle  of  about  50° ;  d 
is  a  rirrtiiig-sct  or  punch  for  the  heads  of  rivets. 
These  are  struck  upon  a  thin  plate  of  lead  or  solder 
placed  on  the  stake,  or  upon  the  stake  itself,  without 
the  leaden  plate.     See  Ben'CH-st.^ke. 

A  punch  for  driving  out  a  bolt  is  a  starting  or 
teeming  punch. 

Punches  for  cutting  out  the  disks,  called  plancheta 
or  blanks,  in  coining,  and  those  for  making  washers, 
are  solid  cylinders,  accurately  tittiiig  a  cylindrical 
hole  in  the  bed  on  which  the  sheet  of  metal  is  laid 
for  punching. 

Punches  for  making  wafers,  lozenges,  and  other 
articles  of  similar  shape  cut  from  plastic  material,  are 
merely  cylindrical  tubes  with  a  shgrp  cutting-edge. 

Punches  for  cutting  out  gun-wads  are  hollow  for 
some  distance  upward  from  their  face,  and  have  a 
transverse  opening  above  to  allow  the  wads  to  be 
forced  out  by  the  pressure  of  those  below  as  the  work 
progresses. 

Those  for  cutting  out  irregular  forms  are  made  in 
a  similar  way.  They  are  emjiloyed  for  cutting  paper, 
cloth,  etc.,  anil  are  generally  used  with  a  screw  press. 

A  punch  for  cutting  mortises  in  sheet-metal  is 
made  of  uniform  width,  but  the  ends  are  cut  into  a 
series  of  steps,  by  which  the  length  of  the  mortise  is 
extended  as  the  steps  successively  take  out  a  small 
piece  at  both  ends  at  every  cut,  thus  entailing  but 
little  risk  of  breaking  the  punch  or  bulging  the 
metal.  This  is  used  in  combination  with  a  bolster 
having  an  ajierture  corresponding  to  it  inlengtli  and 
width,  and  may  be  employed  for  tbrniing  mortises  of 
any  length  up  to  the  extreme  length  of  the  upper 
step. 


PUNCHEON. 


1833 


PUNCHING  BUHL-WORK. 


Conductor's  Punch. 


Punch-pliers,  having  a  conical  punch  with  a  liol- 
low  cylindrical  aperture,  are  used  by  saddlers  for 
tutting  holes  in  leather  ;  sucli  punches  are  some- 
times made  oval  for  making  elongated  holes  ;  they 
Usually  cut  against  a  piece  of  copper  in  the  other  jaw 
of  the  pliers. 

The  conductor's  or  ticket-taker's  punch  is  used  for 

canceling  checks, 
f'«-4015.  tickets,    etc.,    on 

railroads,  street- 
cars, at  theaters, 
and  other  places. 
The  jiunch  ]>rop- 
er  may  be  of  the 
shape  of  a  cross, 
heart,  star,  dia- 
mond, crescent, 
circle,  pentagon, 
etc.,  etc.  One 
manufiicturcr  has  74  varieties. 

In  Fig.  4045  tli'e  cutter  is  pivoted  to  one  handle 
■and  operated  by  a  lever  of  the  second  class  upon  tlie 
■other  handle.  A  plate  pushes  the  card  otf  the  cutter 
when  the  pressure  is  witlulran-n. 

A  puncli  is  used  for  indenting  rasps.  It  has  a 
peculiarly  shaped  point,  and  for  a  fine  cabinet  rasp 
is  about  3i  inclies  long  and  |  inch  sijuare  at  its 
widest  part.  The  point  li,as  i  facets  :  viewed  in 
front,  it  shows  an  angle  of  60' ;  in  profile,  50°.  Dif- 
ferent sized  punches  are  used  for  ra-sps  of  varying 
sizes.  The  teeth  are  so  arranged  in  the  rows,  that 
each  is  intermediate  between  two  preceding  ones. 

2.  (Ti/pc-ni'ikiny.)  A  steel  die  (c.  Fig.  4044)  having 
■one  of  the  letters  of  tlie  alpliabet  cut  on  its  face,  em- 
ployed for  making  the  intaglio  impression  in  the  cop- 
per matrix  from  which  a  type  is  cast.  It  is  formed 
by  hammering  down  the  hollows  and  filing  up  the 
edges  of  the  letter  while  tlie  metal  is  in  a  softened 
state.  Great  care  must  be  taken  to  form  the  set  of 
punches  required  for  jiroducing  ii  font  so  that  faces 
of  the  letters  may  be  of  equal  hight  and  uniform 
thickness.  Tlie  steel  is  hardened  after  the  letter  is 
formed.     See  Type-fouxdino. 

3.  (Dic-sinkiiig.)  A  hardened  piece  of  steel  liav- 
ing  the  design  of  the  coin  projecting  from  its  face 
(annco),  and  used  to  make  indented  impressions  in 
the  faces  of  dies  for  coining.      See    Plug  ;   Die  ; 

M.\TRIX. 

4.  (Hydraulic  Engineering.)  Kn  extension  piece 
on  the  end  of  a  pile,  when  the  latter  is  beyond  tlie 
stroke  of  the  nioiikoj.     A  dollij. 

5.  (Carpentry.)  a.  Studding  used  to  support  a 
roof.  b.  A  tool  for  driving  nail-heads  below  the 
surface. 

6.  (Mining.)  A  timber  balk  to  support  the  roof 
of  a  gallery. 

7.  A  stone-ma.son's  chipiiing-tool. 

8.  (Dentistry.)  An  instrument  to  extract  stumjis 
of  teeth. 

See  under  the  following  heads  :  — 

Belt-punch. 
Button-hole  punch. 
Conductor's  punch. 
Duplex-punch. 
Eyelet  punch. 
Gang  punch. 
Ham;!  punch. 
Leather-punch. 
Paper-punch. 
Pinking-punch. 
Pipe-slotting  punch. 

Puuch'eon.  1.  (Carjjentry.)  a.  A  short  post;  a 
stud  or  quarter  to  support  a  beam  at  an  intermediate 
point  between  principals. 

b.  Tlie  small  quarters  of  a  partition  over  the  head 
of  a  door. 


Punch  and  shears. 

Punching-bear. 

Punching-machine. 

Rail-punch. 

Rasp-punch. 

Screw-punch. 

Sheet-metal  punch. 

Spring-punch. 

Staple-punch. 

Wad-punch. 


c.  A  slab  of  split  timber,  witli  the  face  adzed  or 
smoothed  with  an  axe.  Used  for  flooring  or  bridge 
boards  w  here  sawed  boards  are  inaccessible. 

2.  ((Joopering.)  A  cask  containing  84  or  120  gal- 
lons ;  the  quantity  varying  in  diHerent  countries 
and  trades. 

3.  (Stone-working.)  The  punch  of  the  marble- 
worker.  An  iron  instrument  with  a  sliarp  steel 
point.  The  dog's-tooth  and  grudine  are  marble- 
worker's  punclies. 

4.  A  steel  die,  either  in  cameo  or  intaglio,  with 
which  impressions  of  objects  or  figures  are  stamped 
on  metals  and  other  substances,  used  in  coining  and 
other  arts. 

Punch'ing  and  Shear'ing  Ma-chine',  (ilelal- 
workiiig.)  A  machine  by  w  liicli  tlie  operations 
of  puncliing  and 


shearing  may  be 
sim  ultaneously  ef- 
fected. In  that 
illustrated,  the 
main  frame  a  a  a 
is  made  hollow  ; 
the  pulley  b  is 
driven  by  belting, 
and  is  on  the  same 
shaft  with  the  fiy- 
wheel  c. 

Gears,  one  of 
which  is  shown  at 
d,  actuate  the 
wheel  c  keyed  on 
a  shaft  which  op- 
erates two  eccen- 
trics, one  actuat- 
ing the  punching 
slide  /,  and  the 
otherthe  shearing 
slide  g,  through 
the  medium  of 
connecting  -  rods. 


Fig.  4046. 


Punching  and  Shearing  Machine. 


At  /(  is  a  bar  for  lifting  the  punch  without  stopping 
the  machine. 

In  the  smallest  machines  of  this  kind  the  punch- 
ing and  shearing  devices  are  on  the  .same  side.  In 
the  largest  the  driving-gear  is  somewhat  diti'erently 
arranged,  but  the  operative  mechanism  is  similar  to 
the  above. 

Punch'ing-bear.  A  machine  for  making  holes 
in  sheet-metal,  operated  by  simple  lever  power  or 
by  hydraulic  pressure,  after  the  manner  of  Bramah's 
press. 

In  Fig.  4047,  A  show's  one  of  the  latter  kind,  with 
an  open  mouth.  .5  is  a  section  on  an  enlarged  scale. 
a  is  the  cistern,  screwed  into  the  to]i  of  tlie  solid 
iron  block  b  and  inclosing  the  pump  c,  which  con- 
tains the  plunger  d,  operated  by  tile  lever  e  ;  the  up- 
ward movement  of  this  lever  causes  water  from  the 
reservoir  to  enter  the  pump,  passing  through  the 
wire-gauze  covered  inlet  valve/',  and  its  downward 
movement  forces  the  water  down  past  the  spring- 
valve  g  into  the  chamber  h  over  the  head  of  the  ram 
t,  depressing  the  ram  and  punch  k  inserted  therein. 
1 1  is  a  lever  for  raising  the  punch.  C  is  a  closed- 
mouth  bear  of  similar  internal  construction,  and  is 
used  for  ]iunching  bolt-holes  in  railway  rails  for  the 
reception  of  the  bolts  of  fish-plates. 

Punch'ing  Buhl-'work.  Buhl-work  is  punched 
out  by  means  of  cutters  iii.'^erted  in  the  cavities  of 
the  upper  one  of  two  hinged  jilates,  which  are  placed 
between  the  upper  and  lower  beds  of  a  press.  The 
cutters  may  be  made  in  any  convenient  number  of 
pieces  to  form  the  pattern,  so  that  if  one  be  broken 
or  injured  it  may  be  replaced  by  another.     The  inlay 
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PUNCHING-MACHINE. 


Fig.  4047. 


Hydraulic  Funrlun^  h  ir^ 

and  the  piece  into  which  it  is  inserted  are  succes- 
sively cut  out,  eacli  being  perforated  so  as  to  per- 
fectly correspond  with  the  other.  This  process  is 
well  adapted  for  large  works  and  where  a  large  num- 
ber of  articles  of  the  same  pattern  are  to  be  made, 
but  is  not  economiral  in  other  ca.ses  on  account  of 
the  outlay  required  to  produce  the  cutters- 

Puncii'ing-ma-chine'.  The  punching-machine 
is  used  for  making  the  holes  for  rivets  in  boilers, 
tanks,  flues,  tubes,  and  other  structures  made  of 
thick  wrought-iron  plates. 

Its  construction  is  necessarily  of  a  strong  and 
massive  description,  and  as  great  force  is  to  be  ex- 


erted at  short  intervals,  an  eiiualizer  must  be  pro- 
vided, to  avoid  a  shock  or  sudden  diminution  of 
velocity  at  each  blow  of  the  punch.  This  oliject  i& 
effected  by  means  of  a  heavy  Hy- wheel,  the  momen- 
tum of  which,  while  in  motion,  overcumes  with 
compaiative  ease  the  resistance  olfeieil  by  the  metal 
opciated  on,  maintaining  a  nearly  uniform  speed 
and  power. 

In  some  machines  of  rather  primitive  construc- 
tion, the  punch  is  inserted  in  the  shorter  arm  of  a 
heavy  lever,  whose  longer  arm  is  raised  by  an  eccen- 
tric on  tile  Hy-wlieel  sliaft. 

In  more  modem  forms  punching  and  shearing  are 
generally  eH'ected  liy  the  same  machine,  the  two 
operations  being  identiial  in  principle  ;  this  result 
can  be  effected  with  but  trifling  modifications  and 
additions  to  the  appli.ances  of  the  machine.  See 
Punching  and  She-^uing  Machine  ;   Punching- 

BEAK. 

Fig.  4048  is  a  fonn  in   whicli   the  jaws  are  ap- 

Fig.  4048, 


Punching- Apparalus. 

proached  by  a  screw  operating  at  the  tail  ends  of 
the  lever  jaws. 

In  the  machine  (.■/,  Fig.  4049)  for  punching  holes 
in  boiler-plates,  the  plate  is  sei'ured  to  the  top  of 
the  movable  table  k  by  means  of  clamps,  and  the 
machine  adjusted  to  the  required  distance  between 
the  rivet-holes.  By  the  motion  of  the  carriage,  the 
plate  is  brought  between  the  die  and  tlie  punch  ; 
the  latter  is  moved  by  an  eccentric  c  on  the  axis  of 

Fig.  4049. 
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Punching  Boiler- Plates. 

the  main  spur-wheel,  which  is  moved  by  tlie  ]iiniou 
on  the  driving-shaft  on  which  are  the  fast  and  loose 
pulleys  a  a.  The  carriage  receives  an  intermittent 
impulse  by  means  of  a  rock-bar  which  is  set  in  mo- 
Fig.  4050. 


Serevt-Funch. 


PUNCH-PLIERS. 


1835 


PURCHASE. 


tioii   by  a  stud  m  projecting  from  the  rim  of  the 
large  spur-wheel. 

i<  is  a  screw-punch  with  an  oscillating  weighted 
lever  from  9  to  11  feet  long  to  rotate  the  screw, 
which  acts  upon  the  end  of  the  punch.  A  circular 
flange  on  the  end  of  the  screw  is  engaged  by  a  collar- 
box  on  the  upper  end  of  the  punch,  so  as  to  retract 
the  same  in  the  backward  nmvement.  The  punch 
has  a  square  shank  which  moves  in  the  guide-socket. 

Plates  or  bars  should  be  punched  from  the  far/ing-sur/are, 
that  is,  from  the  surface  which  is  to  touch  that  of  the  piece  to 
which  It  is  to  be  riveted.  This  is  becau.se  the  hole  has  a  dif- 
ferent diameter  at  the  other  side  of  the  plate  ;  the  enlargement 
is  favorable  to  the  hold  of  the  rivet  when  the  above  rule  is  ob- 
served. 

The  following  table  gives  some  data  derived  from  experiment 
as  to  the  pressures  required  for  punching   plates  of  copper, 


brass,  and  iron  ;  — 


i| 

can 


In. 
1.5 

1.375 

1.25 

1.0 


Pressures. 


mg2 

Lb^ 

8,475 
7,723 
6,a3(l 
5,450 
6,092 
4,333 
3.772 
3.267 
2,635 
2,183 
1,1)73 
1,110 


^^ 

Tt)ir 

15,996 
14,570 
13,275 
11,073 
9,788 
8,580 
7,827 
6,706 
5,507 
4,585 
3,435 
2,240 


Pressueks. 

Circ,  hole  1  in 

diam. 


Ca; 


^  5i?  15  I  !a  ^  Copper, 


Lbs, 

23,273 

21,445 

19,682 

16,5-35 

14,778 

12,602 

11,468 

9,772 

7,916 

6,660 

4,970 

3,333 


In.      Lbs, 
3       21,248 
■  205    15,542 
.1.50    11,088 
.100 ;    7,461 


,050 :    3,646 
045:    3,362 

0-11 1  

034     2,.5.38 
032 
.028 
,022 


1,544 


Brass. 


5,448 
4,997 
3,730 
3,.540 
2,964 
2,448 


Iron. 


3  '11-3 

In.  I  Lbs, 
,615,82,871 
,565  I  76,962 
.510  69,984 
62,591 
57,623 
51,382 
40,486 
a5,712 
"",978 
22,213 
16,63;j 
9,452 


,445 

404 
,358 
.283 
.245 
.183 
.145 
.104 
,057 


These  amounts  may  vary  somewhat  according  to  the  quality 
of  the  metals.  A  general  rule  for  wrought-iron  is  that  about 
50.0(  10  lbs,  pressure  is  required  for  punching  a  circular  hole  1  inch 
in  diameter  through  a  plate  \  of  an  inch  thick,  and  that  this  force 
varies  in  direct  proportion  to  the  area  of  the  hole  and  the  tliick- 
ness  of  the  metal.  Thus,  to  punch  a  hole  of  ^  inch  diameter 
through  iron  i  ^  inch  thick  would  require  but  i  the  above 
pressure 

Keir's  punches  for  red-hot  iron  are  made  of  chilled  iron, 
whose  temper  does  not  draw,  like  steel.  The  punclies  are  fixed 
in  east-iron  sockets,  from  whicli  they  only  project  sufficiently  to 
perforate  the  wheel-tires,  in  the  formation  of  which  they  are 
used. 

The  diameter  of  the  punch  for  thick  plates  should  be  about 
3  ,0  inch  less  than  the  die;  for  thinner  pltites  J,  or  even  >  i^.i  of 
an  inch  less.  Upon  the  amount  of  this  difference  depends  the 
degree  of  taper  in  the  hole,  for  the  side  on  which  the  punch  en- 
ters will  correspond  with  the  size  of  the  punch,  while  the  lower 
portion  of  the  piece  forced  out  of  the  plate  will  correspond  with 
the  hole  in  the  die,  thus  making  a  tapered  hole.  This  pecul- 
iarity, if  carefully  attended  to,  may  be  made  available  to  a  use- 
ful end,  by  giving  the  rivet,  when  compressed  info  the  hole,  the 
form  of  a  double  cone :  and  great  care  should  be  taken  tn 
punch  the  hole  from  the  inside,  or  the  side  next  the  plate  to 
which  it  is  to  be  riveted,  that  the  taper  in  the  hole  may  be  in 
the  direction  favorable  for  the  rivet. 

Punch-pli'ers.  One  jaw  of  this  tool  has  a  hol- 
low punch,  and  tlie  other  forms  a  flat  die  against 
which  the  punch  operates.  They  are  used  hy  shoe- 
makers, conductors  on  railroad  and  street  cars,  and 
generally  for  mutilating  tickets  to  prevent  their  be- 
ing used  a  second  time. 

Pua'gy.  A  small  sloop  or  shallop  or  a  large  boat 
with  sails. 

Puu'jum.  (Fiibric.)  A  fine,  heavy,  unbleached 
cotton  long-cloth  made  in  India. 

Pun'kah.  .V  large  broad  fan  suspended  from  the 
ceiling,  or  a  number  of  such  fans  acting  simultane- 
ously and  worked  by  an  attendant. 

It  is  common  in  India,  being  suspended  over  a  table  or  bed 
or  in  any  other  .apartment.  It  has  a  line  attached  to  one  end, 
which  passes  through  the  wall  or  door  to  an  attendant  on  the 
porch  outside  In  some  of  the  houses  of  the  European  residents 
and  princes  of  India,  the  punkah  is  worked  day  and  night,  the 
servant  shifting  his  attendance  as  the  sakib  moves  from  room 
to  room,  —  from  his  study,  dining-room,  or  bedroom. 

The  Nabob  of  Oude,  some  years  since,  when  there  was  such 


a  thing,  imported  a  steam-engine  from  England  to  work  the 
punkaks  of  his  palace. 

Punt.  A  small  flat-bottomed  boat,  usually  with 
sipiare  ends.  It  is  not  adapted  for  speed,  but  is 
u.sed  in  ducking,  or  in  calkuig  or  painting  ve.ssels 
afloat. 

Pun'ty.  (Ghiss.)  A  ponly.  A  glass-maker's 
iron  rod,  by  which  he  manipulates  the  glas.s.    Pontil. 

Puoy.  A  spiked  pole  used  in  propelling  a  barge 
or  boat. 

One  with  a  cap  to  prevent  its  sticking  in  the  nnid 
is  called  a  quant. 

Pu'pil,  Ar'ti-fi'cial.  (Suryiad.)  a.  An  open- 
ing made  for  the  ]iassage  of  rays  of  light  by  the  re- 
moval of  a  portion  of  the  iris.  The  ojiei'ation  is  to 
obviate  the  ett'ect  of  opacity  of  the  lens,  or  adhesion 
or  permanent  contraction  of  tlie  iris.  The  operation 
is  iridcdomy. 

h.  Artificial  pupil  is  formed  also  by  simply  dislo- 
cating the  natural  pupil.  The  iris  is  drawn  out 
through  a  small  incision,  and  a  jiiece  of  it  tied  oH'  by 
line  liyalurc  ;  the  ligatured  piece  of  iris  sloiiylis  ort' 
in  a  few  days,  and  the  pupil  remains  in  its  new  posi- 
tion.    Irido-desis. 

c.  The  operation  is  also  formed  by  dividing  with 
.scissors  the  iris  by  two  iiu'isions,  diverging  from 
each  other,  the  loosened  triangular-shaped  ilaps  of 
iris  being  left  to  shrivel  up. 

Pup'pet.  1.  (TvriibKj.)  A  .standard  ri.sing  ver- 
tically from  the  bed  or  shears  of  a  lathe  ami  holding 
the  ecnicrs  on  which  the  work  is  placed  to  revolve. 
In  the  ordinary  lathe  the  head-stock  has  also  a 
mandrel  and  grooved  wheel  to  which  motion  is  im- 
parted by  a  band.  The  puppets  are  also  known  as 
hetid  and  tail  stocks. 

2.  A  disk-valve  having  a  stem  and  vertical  motion 
to  and  from  its  seat. 

Pup'pet-head.  Of  a  lathe  or  boring-machine. 
A  sliding  device  on  the  U|i)ier  part  of  the  bed  ;  it 
holds  the  liack  center,  and  may  be  fixed  at  any  re- 
quired ilistance  from  the  front  center. 

Pup'pet-valve.  A  vah-e  which  moves  vertically 
and  is  guided  to  and  from  its  si'at  by  a  central  ver- 

Fig,  4051. 
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tical  stem,  coincident  with  the  • 
axis  of  the  seat.    In  the  exam- 
ple, the  puppet-valves  govern- 
ing the  supply  and  exhaust  of 
steam  to  the  cylinder  are  actu- 
ated by  cams  on  a  revolving 
shaft.       The   valve-stems   are  ' 
guided  above  in  sockets  in-  the 
to])  ])lates  of  the  valve-ehests, 
antl  by  removing  these  plates 
the  valves  may  be  reached  or  removed. 
!      Pur'chase.     A  mechanical  power  to  increase  the 
power  applied.     The  names  arft  various  ;  some  indi- 
cate a  difterence  in  character,  others  merely  in  appli- 
j  cation.     Among  them  are :   whip,  whip-upon-whip, 
I  laff-tacklc,    /iijr-upmi-luff,    runner,    d&uble-runner, 
I  barton,  jeer,  viol,  yun-lackle  ;  as  well  as  winch,  gin. 


Puppet-  Valves. 
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PUTTY-POWDER. 


Fig.  4052. 


Purchases. 


jack,    derrick,    crab,    capstan,    v^indlass,    etc.     Sci' 
Hoisting  ;  Block  ;  Tackle  ;  Pulley. 

A  single  purc)iase  is  one  in  wliich  a  rope  reeves 
through  a  sini»le  fixed  block.  It  merely  changes 
the  direction  of  the  rope.     See  Whip. 

A  dmiblc  jinrchasc  {'<)  or  double  whip  is  made  by 
reeving  a  rope  through  a 
single  block,  then  through 
another  single  block,  and 
making  the  end  fast  to  the 
one  it  was  first  rove  through. 
When  used  as  a  yiin- 
taeklc  j^ff'chnsr,  the  staiid- 
inij-bluck  a  is  made  fast  to 
a  ring-bolt  on  the  cheek  of 
the  gun-port,  and  the  hook 
of  the  running-block  is  con- 
nected to  an  eye  on  one  of 
the  cheeks  of  the  gun-car- 
riage. By  the  jturchase 
the  gun  is  run  out,  and  by 
similar  means  is  run  in 
when  rei[uired. 

The  threefold  or  luff- 
Ineklc  purchase  (6)  is  com- 
posed of  double  and  .single 
blocks,  and  is  used  for 
many  purposes  on  board 
ship. 

A  luft'-tackle  applied  to  the  fall  of  another  Inff- 
tackle  is  called  Inff-upon-lnff. 

Pur'chase-block.  {Xautical.)  A  double- 
strapped  block  (c)  having  two  scores  in  the  shell  for 
that  purpose  ;  the  strap  is  wormed,  parcided,  served, 
and  spliced  together.  It  is  then  doubled  so  as  to 
bring  the  splice  at  the  bottom  of  the  blork. 

Pur'dah.  (Fabric.)  An  Indian  blue  and  white 
stiiped  cotton  cloth. 

Pure.  (Leather  Manufacture.)  The  bating-hath, 
consisting  of  a  solution  of  dogs'  and  birds'  dung, 
used  to  countei-act  the  action  of  the  lime  used  in 
unhairing. 

Pur'ger-y.  (Sugar.)  The  portion  of  a  sugai-- 
house  where  the  sugar  from  the  coolers  is  placed  in 
hogsheads  or  in  cones,  and  allowed  to  drain  ott'  its 
molasses  or  imperfectly  crystallized  cane-juice.  It  is 
generally  one  of  the  wings  of  the  plantation  sngar- 
house,  in  the  bottom  of  which,  in  place  of  a  Hoor,  is 
a  hydraulic  cement  cistern  about  four  feet  dcej). 
Over  this  ei.stem  ^re  laid  strong  timbers,  on  which 
the  hogsheads  or  cones  rest  while  they  are  being 
filled  from  the  coolers.  At  the  bottom  of  the  hogs- 
heads are  holes  through  which  the  molasses  drains 
into  the  cistern. 

Purg'iug-cock.  (Stcfini.)  The  mud-cock  or 
discharge-valve  of  a  steam-boiler. 

Purl.  A  golil  or  silver  wire,  formed  into  a  spiral, 
used  in  lace  work. 


Purlins  are  also  known  as  side-timbers  or  side- 
wavers. 

Pur'lin-post.  A  strut  supporting  a  purlin, 
which  is  a  longitudinal  plate  beneath  the  rafters,  to 
pievent  their  .sagging. 

Push'er.  A  form  of  bobbin-net  machine,  so  called 
from  having  indejjendent  pushers  to  propel  the 
bobbins  and  carriages  from  front  to  back,  instead 
of  pulling  or  hooking  them,  as  in  other  arrange- 
ments. 

Push-hole.  (Glass-making.)  A  hole  in  the 
flattening-furnace  for  annealing  and  flattening  plate- 
glass. 

Push'ing-jack.  One  for  moving  a  railway-car 
or  other  object  through  a  small  distance.  The  ex- 
Fig.  4054. 


Pu-thing-Jack. 


ample  is  a  toggle  bar  ;  one  end  is  placed  against  a 
tie,  and  the  upper  eiui  against  the  car,  and  the  latter 
moved  by  depression  of  the  lever. 

Putlogs.  The  transverse  pieces  a  a  in  a  scaf- 
folding which  rest  in  holes  in  the  wall  at  one  end,  and 
on  the  ledgers  b  at  the  other  end.  The  ledgers  are 
fastened  or  lashed  to  the  scaffold  poles. 

The  holes  for  the  putlog.'i  are  yet  visible  in  the 

Fig.  4055. 


Pur'lin.    (Carpentri/.) 
Fig.  4053. 


A  horizontal  timber  rest- 
ing on  a  prin- 
cipal rafter,  or 
n  purlin-post, 
which  is  step- 
ped into  the  tie- 
6(!«/H,  and  helps 
sujipdrt  the 
riiflrrs  of  the 
roof.  (SeeKlNO- 
I'osT  Tru.ss.) 
In  the  cut  :  — 

a,  principal  rafter. 

b,  purlin. 

c,  I'ouinion  rafter. 
ff,     shoatliinj;     or 

.slati^-boarding- 


Fiulni;s. 

Pont  du  Garde  erected  by  the  Romans  in  Gaul. 
They  are  called  columbaria  by  Vitruvius,  from  their 
resemblance  to  nests  in  dovecots. 

Put'tock-shrouds.  (Nautical.)  The  short 
shrouds  wliich  lead  from  the  lower  shroiuls  to  the 
top.     .See  FrTTOCK-sHltouD.s. 

Put'ty.  1.  (Glazing.)  A  composition  of  pounded 
whiting  and  linseed-oil,  beaten  up  into  a  tough, 
tenacious  cement. 

It  is  used  for  securing  window-panes  in  sash,  in 
stopping  (ftorfiy/foo)  crevices  in  wood-work  which  is 
to  be  painted,  and  for  various  other  work  for  which 
its  present  plasticity  and  future  hardness  adajit  it. 
Some  trades  employ  glue-p\itty,  in  which  hot  melted 
glue  is  substituted  for  the  oil. 

2.  (Plii.ilering.)  A  fine  mortar,  nearly  all  lime, 
useil  in  stoii]iing  crevices  of  shrinknge. 

Put'ty-knlfe.  .A  knife  with  a  short  lanceolate 
blade,  uscil  for  spreading  putty. 

It  is  sometimes  called  a  stopping-knife. 

The  knife  used  by  glaziers  for  removing  old  putty 
has  a  single  edge,  a  stout  back,  and  a  nearly  square 
end.  It  is  driven  by  a  hammer,  and  is  called  a 
liackimi-oi/t  knife. 

Put'ty-pow'der.     An  oxide  of  tin,  or  of  tin  and 
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lead  mi.xed  in  various  proportions,  used  as  polishing 
powder  by  opticians  and  lapidaries. 

It  is  prepared  by  oxiiiiziDg  the  metal  in  a  closed  iron  box 
having  a  perforation  in  front,  whicli  is  surrounded  by  the  fire 
and  maintained  at  a  red  heat,  tlie  metal  being  constantly  stirred 
to  expose  all  portions  of  it  to  the  air:  when  entirely  oxidized  it 
is  removed  from  the  box,  the  lumps  of  oxide  are  selected  from 
the  mas.s  and  ground,  the  powder  being  afterward  sifted.  The 
whitest  powder, if  heavy,  is  the  purest.  Inferior  kinds  are  brown 
or  yellow  ;  others,  having  a  small  quantity  of  ivory-black  inter- 
mixed, are  known  as  gray  putty.  Pure  whit«  putty,  used  by 
marble-workers,  opticians,  etc.,  is  the  smoothest  and  most  cut- 
ting; it  should  consist  of  oxide  of  lead  alone  ;  but  to  lessen  the 
dirticulty  of  manufacture,  a  little  lead  (the  linings  of  t*!a-chests) 
or  of  an  alloy  called  sckrujf  (prepared  by  the  pewterers)  is  added 
to  assist  oxidation. 

Putty-powder  of  f;tir  commercial  quality  is  pn'pared  from 
equal  p.art3  of  tin  and  lead-  -V  common  dark-colored  powder  is 
prepared  from  lead  alone,  but  is  much  inferior  in  quality. 

Putty-powder  for  fine  optical  uses  may  be  prepared  by 
dissolving  tin  in  uitro-muriatic  acid,  filtering  the  solution,  and 
precipitating  the  peroxide  thus  formed  with  liquid  ammonia  ; 
the  precipitate  is  washed  with  water,  collected  on  a  cloth  filter, 
dried  and  pressed  so  as  to  form  a  lump,  which  is  broken  into 
pieces  and,  after  farther  drying,  levigated  on  a  glass  plate  with 
an  iron  spatula,  and  subjected  in  a  crucible  to  a  low  white  heat. 
The  powder  is  then  washed  or  elutriated  to  remove  the  coarser 
particles.     This  process  is  due  to  Mr.  Ross. 

Puz'zle.  A  contrivance  for  atlording  amusement 
and  exercising  the  ingenuity  by  taking  apart  a  set 
of  connected  devices,  combining  a  number  of  separate 
pieces  so  as  to  produce  one  or  more  figures,  linding 
tlie  mode  of  entry  in  or  egress  from  a  space  inclosed 
by  a  complicated  series  of  lines,  etc. ,  etc.  Some- 
times the  puzzle  consists  of  a  miniature  ship  or  other 
device  inclosed  within  an  object  which  has  no 
opening  of  sufficient  size  to  admit  the  passage  of  the 
iuclosure.  Of  this  class  are  the  Chinese  puzzles, 
consisting  of  a  series  of  lialls  one  within  the  other, 
and  all  apparently  carved  out  of  a  single  piece. 

The  familiar  toy,  "  puzzle-rings,"  sold  in  the  stores  and  on 
railroad-cars,  —  in  which  the  ingenuity  consists  in  getting  the 
rings  on  and  off  a  link,  —  engaged  the  pen  and  attention  of 
Cardan  in  the  sixteenth  century  ;  and  the  celebrated  mathema- 
tician and  philosopher,  Dr.  Wallis,  has  giveu  a  clear  and  elabo- 
rate de.scription  of  the  same  instrument  in  the  second  volume 
of  his  works,  under  the  title  of  "Complicati  Aunuli,"  or  puz- 
ahng-rings. 

Puz'zle-lock.  A  lock  of  the  letter  or  dial  kind, 
which  can  only  be  opened  when  a  hand  is  caused  to 
point  to  a  certain  tignre  or  figures  on  one  or  more 
dials,  or  particular  letters,  out  of  a  number  en- 
graved on  a  series  of  rings,  are  brought  into  a  certain 
position  with  respect  to  one  another.  The  puzzle 
consists  in  tindiug  the  proper  combination,  which 
can  only  be  done,  if  at  all,  by  one  unacquainted  vvitli 
the  secret,  after  repeated  trials.      A  letter-lock. 

Puz'zo-la'no ;   Puoz'zo-la'no.      See   Pozzuo- 

L.\>'.\. 

Pyc'no-style.  (Architect are.)  Having  the  dis- 
taiiri-  between  tlie  columns  li  times  their  (liameter. 

Pyr-he'U-om'e-ter.  An  instrument  invented 
by  Pouillet  for  measuring  the  amount  of  heat  radi- 
ated from  the  sun. 

It  consists  of  a  shallow  cylinder  a  of  very  thin 
copper  or  silver  on  a  stem,  provided  with  means 
of  attachment  to  a  stationary  object,  and  carrying  a 
disk  b  on  whicli  the  sliadow  of  a  may  be  received, 
so  that  it  may  be  pointed  directly  toward  the  sun. 

The  cylinder  is  blackened  in  order  to  absorb  all 
the  heat  possible,  and  is  tilled  with  water  in  which 
the  bulb  of  a  thermometer  is  placed.  The  instru- 
ment, at  the  atmospheric  temperature,  is  first  shaded 
tVoin  tlie  sun,  but  exposed  to  the  sky  for  five  min- 
utes, and,  the  difierence  of  temperature  noted,  the 
shading  screen  is  then  withdrawn,  and  the  cylinder 
e.xposecl  to  the  direct  action  of  the  sun's  rays  for  five 
minutes,  and  the  temperature  noted,  when  it  is 
again  shaded  for  five  minutes,  and  the  fall  of  the 
thermometer  observed. 


The  formula  T  -\ ^ —  indicates  the  amount  of  beat  received 

from  the  sun  ;  B  being  the  difference  of  tem- 
perature due  to  exposure  to  the  clear  sky. 
T  the  increase  on  exposure  to  the  snn,  and 
(*'  the  fall  in  five  minutes  after  being  again 
shaded.  To  obtain  the  amount  of  heat  ac- 
tually radiated  by  the  sun,  that  absorbed  by 
the  atmosphere  must  be  added.  This  is 
roughly  determined  by  observations  when 
the  sun  is  at  different  altitudes,  so  that  his 
rays  have  to  traverse  different  thicknesses 
of  air.     An  actinonieter. 

Py-rog  ra-phy.     A  mode 
printing  by  a  system  of  heated  me- 
tallic cylinders,  which  burn  into  the 
wood  any  design  recpiired.     A  mode 
of  t'.^RVlN'G  (see  jiage  492). 

Py-rom^e-ter.      "  Fire-meas- 
urer."     An  instrument  for  indii.'at-     PyrluliomeUr. 
ing  temperatures  above  the  boiling- 
point  of  mercury,  660"  Fah.     It  was  first  employed 
by  Sluschenbroek  in  the  form  of  a  simple  metallic 
bar,  about  1730. 

The  first  wliich  ever  came  into  extensive  use  was 
that  of  Wedgwood,  about  1780  ;  it  was  devised  and 
used  by  him  for  testing  the  heat  of  his  pottery  and 
porcelain  kilns. 

No  fewer  than  eleven  different  modes  have  been 
proposed  or  actually  employed  for  measuring  high 
temperatures. 

1.  Bj'  contraction,  as  in  Wedgwood's. 

2.  "    expansion. 

3.  "   change  of  pressure  in  confined  gases. 

i.  "  the  amount  of  heat  imjiarted  to  a  cold 
mass. 

5.  "  fusing-point  of  solids. 

6.  "  conduction  and  radiation  of  heat. 

7.  "  color,  as  red  and  white  heat. 

8.  "  change  in  velocity  of  sound. 

9.  "  resolution  of  chemical  compounds. 

10.  "   generation  of  electricity. 

11.  "   change  in  resistance  to  electricity. 

Of  these  methods  the  first  was  formerly  exten- 
sively used,  but  is  now  generally  conceded  to  be  un- 
reliable. The  second  has  been  considerably  employed, 
but  piesents  difficulties  in  its  applications  to  ])racti- 
cal  use,  especially  where  great  delicacy  is  ret)uired. 
The  third  is  reliable  in  those  cases  where  it  can  be 
practically  applied,  but  its  principal  use  is  as  a  stand- 
ard of  comparison  for  pyrometers  constructed  on 
other  pi'iuciples.  The  fourth,  on  account  of  the  care 
and  skill  necessary  to  attain  a  correct  result,  is  not 
generally  available.  The  fifth  i.s  oidy  available 
within  certain  limits.  The  sixth  does  not  give  satis- 
factory results.  The  seventh,  though  of  great  im- 
portance as  indicating  the  proper  heat  for  working 
and  temiiering  metals,  gives  but  a  rude  approxima- 
tion to  their  actual  temperature.  Tlie  eighth,  de- 
pending on  the  change  of  pitch  in  musical  tones,  is 
obviously  not  calculated  for  general  use.  The  ninth 
and  tenth  methods  are,  in  the  present  state  of  science, 
practically  unavailable  for  common  use.  The  eleventh, 
adopted  by  Siemens,  appears  better  than  any  other 
to  fulfill  the  conilitions  required  in  practice  ;  his  in- 
strument is  described  farther  on. 

1.  Wedgwood's  pyrometer  was  of  the  first  class.  Its  opera- 
tion depends  on  the  property  of  clay  to  contract  on  exposure  to 
heat.  The  apparatus  is  very  simple,  consisting  of  a  gage,  by 
which  the  dimensions  of  the  clay,  made  into  small  cylinders, 
are  measured  before  and  after  its  subjection  to  heat.  "The  indi- 
cations of  the  instrument  are  found  to  be  very  unreliable,  ow- 
ing, among  other  causes,  to  the  fact  that  clay  may  contract 
wlien  subjected  to  a  comparatively  moderate  heat  for  a  long  time 
as  much  as  when  exposed  to  more  intense  heat  of  shorter  dura- 
tion. 

2.  The  pyrometer  A  (Fig.  40.58)  is  of  the  second  class.  One 
end  of  the  bar  is  fixed  in  the  post,  and  the  other  end  is  free  to 
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move  as  the  rod  is  expanded  by  the  heat  of  the  burning  alcohol 
below  it,  the  degree  nf  expansion  being  marked  by  the  pointer 
on  the  quadrant-index.  Bars  of  diffeivnt  uietab,  but  of  the 
same  size,  being  exposed  for  the  same  length  of  time  to  the 
flames,  their  relative  increase  of  length  under  a  given  degree  of 
heat  is  determined. 

The  mercurial  thermometer  has  been  u^ed  for  temperatures 
up  to  7SD'  Kiih  ,  by  filling  the  tube  above  the  column  with  air 
under  a  pressure  of  four  ntmospheres. 

D.iiiicra  pyroinet<_'r  has  a  platinum  bar  inclosed  in  a  black- 
lead  tube,  closed  at  the  bottom.  When  exposed  to  heat,  the 
platiTiuiii  expands  more  than  the  inclosing  cell,  and  projecting 
up.vird  moves  a  lever,  which  drives  forward  an  index  upon  a 
graduated  are. 

Achard  proposed  using  a  ball  and  tube  of  ."Jenii-trausparent 
porcelain,  higlily  baked,  containing  a  fusible  alloy  of  bismuth, 
1;  lead,  1;  tin,  1.  In  the  temperature  of  the  air  this  ronmins 
solid  in  the  tube,  but  becomes  lluid  about  212**  Fah.  Its  ex- 
pansion by  increment  of  heat  is  visible  within  the  graduated 
tube,  and  the  temperature  is  thereby  indicated. 

BrL':.;aet's  pyrometer  consists  of  two  thin  strips  of  gold  and 
platinum  or  silver  and  platinum  soldered  to.ijiether,  the  com- 
pound strip  being  bent  into  a  helix  for  portability  and  coneen- 
tratioD.  The  upper  end  is  fixed,  and  to  the  lo.ver  end  is  at- 
tached a  horizoQtal  index.  Change  of  temperature  in  the  sur- 
rounding air  changes  the  length  of  one  si Je  of  the  compound 
strip  more  thin  tiie  other,  and  the  helix  twists  or  untwists 
throagh  an  angle  very  nearly  proportional  to  the  change  of 
temperature.  This  is  on  the  principle  of  the  compensation- 
balance. 

The  pyrometers  generally  employed  in  England  are  sticks  of 
lead  or  zinc.  These  are  only  available  up  to  temperatures  ap- 
pro iching  the  fusing  points  of  tho^e  metals. 

GauQtletfs  pyrometer  has  a  stem  composed  of  tubes  of  re- 
fractory clay,  inclosed  in  an  iron  stem  3  feet  long  This  is  em- 
ployed for  temperatures  of  1000'  to  1200'  Fah.  A  brass  stem  4 
feet  long,  inclosing  an  iron  roi,  is  u^ed  for  temperatures  below 
800°  Fah.  In  eitjer,  the  degree  of  heat  i^  indicated  by  the  dif- 
ference of  the  expansions  of  the  two  materials,  the  rate  of 
which  is  kno'.vn.  Gauntlett's  can  ooly  be  depended  on  up  to 
about  830^,  as  above  this  the  copper  rod  employed  does  not 
contract  to  its  original  length  oa  cooling.  Kraus^s's,  which  de- 
pends on  the  expansion  and  contraction  of  a  palladium  spring, 
can  only  be  trusted  up  to  about  lOO'J^. 

The  pyrometer  for  ascertaining  the  temperature  in  the  flues 
■of  boilers  consists  of  an  iron  rod  fixed  at  the  bick  of  the  Hue, 
and  connecting  at  front  to  a  lever  whose  oscillations  indicate 
ihe  expin^ion  and  contraction  of  the  rol  by  heat. 

Bulkley's  blast-furuace  pyrometer  ( Fig.  4037)  has  an  upright 
tube  a  with  perforations  near  its  upper 
end,  connected  with  th;  blast-pipe  of  the 
furnace,  and  provided  with  a  valve  b.  A 
copper  expansion-rod  is  inclosed  within 
the  tube  and  connected  with  the  index  of 
a  dill  c.  On  opening  the  valve  the  hot 
air  from  the  blast-pipe  enters  the  tube  a 
and  escapes  through  the  perPirations,  ex- 
pin.ling  the  copper  rod,  which  indicates 
the  temperature  on  the  dial. 

The  valve  is  opened  only  when  it  is  de- 
sired to  ascertain  the  temperature,  saving 
the  expan.-iion-rod  from  the  distortion  oc- 
casioned by  constant  exposure  to  heat, 
which  soon  affects  the  correctness  of  its 
indications. 

3  M.  Lamy  devised  a  means  of  ascertain- 
ing the  temperature  of  furnaces  up  to  red 
heat  by  measuring  the  tension  of  carbonic- 
acid  gas  developed  from  marble  when 
heated ;  it  has  an  indicating  apparatus 
which  may  be  placed  at  a  distance  from 
the  meter,  so  that  those  from  a  number 
of  kilns  or  furnaces  may  be  brought  to- 
gether directly  under  the  eye  of  the  super- 
intendent. This  instrument  is  of  the 
third  class. 

4.  In  aiemens's  instrument  of  the  fourth 
class  the  temperature  is  inferred  from  the 
heat  imparted  to  a  pint  of  water  inclosed 
in  a  copper  vessel,  by  a  ball  of  copper  or 
Bulkleifs  Pyrometer,  iron  weig'iing  i  r^  part  as  much  as  the 
water;  this  should  raise  the  temperature 
of  the  water  1''  for  every  50'  of  heat  in  the  ball. 

5.  See  ALLors. 

6.  Depends  upan  observations  with  thermometers  of  moderate 
Tange,  at  relaUve  distances.     Pee  PyaoscoPE. 

7.  The  workman's  te^^t  by  observation. 

8.  9-   Laboratory  tests. 

10.  Becquerel  devised  a  thermo-electric  pyrometer  of  the 
tenth  class,  consisting  of  two  wires  of  platinum  and  palladium 
of  equal  length  connected  together  at  one  end,  their  other  ends 
being  connecteil  to  the  binding  screws  of  a  galvanometer.  The 
palladium  tube  is  pas.-*ed  through  a  tube  of  porcelain,  and  this, 
with  the  platinum  wire,  is  introduced  into  a  larger  porcelain 
tube,  which  is  exposed  to  the  heat  of  the  furnace.  A  scale  of 
temperatures  corresponding  to  the  intensities  of  the  electric 
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currents  developed  was  constructed  by  comparison  with  an  air 
pyrometer,  each  division  of  the  scJile  corresponding  to  10^  Cen- 
tigrade. 

11,  Siemens  invented  a  pyrometer  of  the  eleventh  class,  de- 
pending on  the  increased  resistance  offered  by  an  iron  or  plati- 
num wire  to  the  passage  of  -^ 
,4^  fig.  4058. 


electricity.  This  may  be  adapt- 
ed to  measuring  either  high 
or  low  temperatures,  and  wjis 
used  by  Dr.  Carpenter  for  as- 
certaining the  tempeititure  at 
great  depths  in  the  Atlantic 
Ocean.  That  for  high  tem- 
peratures (  B,  P'ig.  4058)  con- 
sists of  a  coil  of  fine  platinum 
wire,  about  3  yards  in  length, 
wound  around  the  circumter- 
ente  of  a  grooved  clay  cylin- 
der. The  ends  of  the  coil  arc 
connected  with  two  thicker 
platinum  wires,  which  are  in 
turn  connected  with  copper 
conducting-wires  ;  the  whole 
are  protected  by  clay  pipes 
and  inclosed  in  an  iron  tube. 
The  end  at  which  is  the  plati- 
num spiral  is  closed,  and  the  other  end  is  provided  with  a 
wooden  cap  containing  two  contact  screws  connected  with  the 
battery  wires,  thus  including  tlie  spiral  in  the  circuit- 

For  temperatures  above  the  melting-point  of  iron,  this  end 
of  the  tube  is  made  of  platinum  ;  and  a  part  between  the  spiral 
and  outer  end  of  the  tube  is  made  much  thicker  than  the  rest, 
in  order  to  prevent  too  rapid  cooling,  which  would  impair  the 
accuracy  of  the  indications. 

When  the  clo.=cd  end  is  pushed  into  a  furnace,  the  coil  be- 
comes heated,  and  its  conductivity  is  diminished.  The  amount 
of  diminution  is  measured  by  11  galvanometer  in  the  following 
manner.  The  current  from  the  zinc-pole  a  of  the  battery  goes 
to  the  movable  contact-wheel  b,  which  may  be  adjusted  to  any 
part  of  the  platinum  arc  c  on  the  edge  of  a  disk  of  ebonite. 
When  the  wheel  is  in  the  position  represented,  the  current  is 
divided,  one  imrt  passing  to  d,  and  the  other  to  e  ;  midway  be- 
tween these  points  the  galvanouicter  f  is  fixed  :  from  the  two 
ends  of  the  platinum  wire  the  current  on  one  side  passes  into 
the  constant  resistance  ^  and  into  the  galvanometer:  on  the 
other  side  it  pasfes  into  the  other  terminal  of  the  galvanometer, 
and  at  the  same  time  into  one  of  the  leading  wires  of  the  spiral  A. 
The  currents  passing  respectively  through  the  spiral  and  the 
resistance  meet  at  a  given  point  in  their  passage  to  the  other 
pole  of  the  battcrj-. 

Ko  long  as  the  electric  forces  at  d  and  e  are  equal,  the  gal- 
Tanomcter  needle  remains  at  re^t,  but  when  their  relations  are 
disturbed,  the  needle  is  deflected;  the  balance  may,  however, 
be  restored,  and  the  needle  brought  back  to  zero  by  the  move- 
ment of  the  wheel  b.  the  position  of  which,  on  the  arc  c,  indi- 
cates the  dtgiec  of  heat, 

F'or  reading,  the  astatic  galvanometer  needle  is  brought  to 
zero  of  its  scale  ;  on  press^ing  the  contact  key  k,  the  tirtuit  is 
closed,  deflecting  the  needle  ;  the  wheel  t  is  then  moved  until 
the  needle  is  again  brought  ba(  k  to  zero  and  the  reading  on  the 
arc  noted. 

Many  of  these  instruments  register  up  to  1000°  Centigrade 
(2218  Fah  ),  and  they  are  sometimes  constructed  to  indicate 
double  this  t^-mperature. 

Pyr'o-phone.  A  musical  instnnneiit,  invented 
by  M.  Kasluer,  in  wliicli  the  various  notes  are  pro- 
dueed  by  the  burning  of  liydiogen  gas  witliin  glass 
tubes  of  various  sizes  and  h'Ugths.  Its  piiiieiph'  de- 
pends on  tlie  fact  that  if  two  or  more  separate  tianies 
are  phiced  at  a  distance  from  tlit^  base  of  the  tube 
equal  to  one  third  its  hight,  uniform  vibrations  will 
be  produced,  which  cease  wht- n  the  ilames  are  brought 
together.  These  results  are  efiected  by  attaching  to 
the  pipes  conveying  the  gas  collars  connected  to  rods 
operated  by  a  series  of  keys  arranged  like  those  of 
an  organ,  by  which  the  tlanies,  normally  in  contact, 
ai'e  separated  when  it  is  desired  to  emit  a  note. 

Py-roph'o-rus.  Mechanically  considered,  an 
apparatus   fur   kindling    fire.      See   also   Ele(;tko- 

PHOKU.S. 

Chemically  considered,  a  substance  wliich  takes 
fire  when  exposed  to  the  air. 

Homberg\s  pyrophorus  depends  upon  the  heat  spontaneous- 
ly developed  by  the  association  of  alum,  sugar,  and  flour. 

Brande  recommends  a  mixture  of  equal  parts  of  alum  and 
brown  sugar  stirred  over  a  fire  in  an  iron  ladle  till  quite  dry. 
It  is  then  put  into  an  earthen  or  coated  glass  bottle,  and 
heated  red-hot  so  long  as  a  flame  appears  at  the  mouth.  It  is 
then  removed,  carefully  stopped,  and  allowed  to  cool.      The 
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Pijroplwne. 

black  powder  which  it  contains  becomes  glowing  hot  when  ex- 
posed to  air.  The  experiment  succeeds  best  in  a  damp  state  of 
the  air,  and  may  be  accelerated  by  breathing  upon  the  powder. 

Two  other  recipes  are  given  by  Brande  :  — 

Mix  3  parts  of  lampblack,  8  pirts  of  carbonate  of  potassa,  4 
parts  of  dried  alum.     Calcine  as  before. 

Or,  27  parts  of  sulphate  of  potassii.  15  parts  of  calcined  lamp- 
black. Heat  to  redness  iu  a  crucible,  and  keep  in  a  stopperc-d 
bottle. 

Or,  heat  tartrate  of  lead  red-hot  in  a  glass  tube  and  seal  her- 
metically. Break  the  tube  and  shake  out  the  powder,  which 
inflames  spontmeously  by  contact  with  the  air. 

See  Cooley's  "  Cyclopsedii,"'  page  10S4. 

A  pyrophorus  for  cigars  is  described  as  follows  :  Neutral 
sulphate  of  iron  is  treated  with  diluted  nitric  acid  and  precipi- 
tated ;  the  resulting  oxide  is  reduced  by  heat  in  a  tube  through 
which  a  current  of  hydrogen  is  pissed.  Thi.'«  is  combiued  wi^h 
a  sulphide  of  aluminium  and  potassium  and  a  small  amount  of 
carbon.  A  portion  of  this  is  placed  on  the  end  of  a  cigar,  the 
breath  is  inhaled,  and  by  the  affinity  of  certain  particles  of  the 
composition  for  oxygen  the  iron  is  heated  and  the  cigar  lighted. 

Pyx'o-pho-tog'ra-phy.  A  term  including  those 
proi:e.sses  in  the  pliotographic;  art  in  which  the  heat 
■of  a  furnace  is  used  to  tix  the  picture.  Euauiel  pho- 
tography. 

The  picture  copied  must  be  on  some  transparent 
substance,  or,  if  on  paper,  must  be  made  transparent 
by  the  application  of  oil.  The  glass  plate  is  covered 
'with  a  coating  of  a  certain  gunnny  compound,  which 
becomes  hard  under  the  action  of  light.  Tlie  im- 
pression, when  taken,  is  brought  out  by  the  appli- 
cation of  a  flux,  and  by  heating  the  plate  to  a  white 
heat  is  made  permanent. 

Pyr'o-scope.  An  instrument,  invented  by  Les- 
lie, to  measure  the  intensity  of  heat  radiating  from 
a  hot  body  or  the  frigorific  influence  of  a  cold  body. 
The  instrument  is  like  a  diflerential  thermometer, 
one  ball  being  covere<l  with  tliick  silver-leaf  ;  the 
other  ball  is  nakf^d  and  forms  the  pyroscope. 

Pyr'o-ster'e-o-type.  A  process  in  which  a 
block  of  wood  is  prepared  as  a  matrix  for  a  fusible 
metal  by  burning  away  portions  of  its  surface.  The 
burning-tool  is  a  delicate  blade  heated  by  a  jet  of 
flame,  and  is  thrust  down  into  the  wood,  making  nn 
incision  of  a  given  depth.  A  cast  \9.  then  taken  in 
type-metal ;  the  lines  being  salient  afford  a  printing 
surface. 

Pyr'o-tech'nics.  Preparations  of  inflammable 
material  are  used  in  making  cascades  of  Are  or  ex- 
plosions for  signals  or  as  expressions  of  rejoicing. 

Fire-worka  are  of  Oriental  origin.  The  Chinese  and  Japanese 
atill  excel  in  their  production.    The  "  Yokohama  Herald"'  de- 


scribes the  effects  produced  at  an  exhibition  of  Japanese  day- 
light fire-works  These  consisted  principally  of  bombs  which, 
e.xploding  high  in  the  air,  discharged  variously  colort-d  jeta  of 
smoke,  and  sometimes  large  parachutes  which  a.«sumed  the 
figures  of  fishes,  snakes,  or  birds,  which  hovered  kite-like  and 
motionless  in  the  air  for  an  incredibly  long  time.  Occasionally 
they  took  the  shape  of  cottages,  temples,  human  beings,  trees, 
and  flowers,  and  various  other  forms.  The  smoke  figures  were, 
however,  the  most  amusing.  One  of  those  most  frequently  at- 
tempted was  a  cuttle-fish,  with  a  body  of  thick  black  smoke, 
and  anus  of  lighter  hues.  Though  the  smoke  was  soon  dissi- 
pated by  the  wind,  the  resemblance  for  a  few  moments  was  very 
strikiug. 

Our  artificers  do  not  possess  the  secret  of  making  fire-worka 
such  as  these,  their  efforts  being  confined  to  the  production  of 
variously  colored  fires  for  exhibition  at  night.  The  basis  for 
nearly  all  pyrotechnic  compositions  consists  of  niter,  sulphur, 
and  charcoal  in  varied  jiroportions  pulverized  and  mixed  with 
some  material  which  imparts  color  to  the  flame.  The  nitrate  of 
strontia  produces  a  i-ed  light;  nitrate  of  soda,  yellow  :  sulphate 
of  copper,  blue  ;  nitrate  of  baryta,  green.  Steel,  iron,  copper, 
and  ziuc  filings  are  used  for  producing  brilliant  sparks  of 
various  colors. 

Besides  these,  numerous  other  substances  are  used  for  pro- 
ducing different  tints,  most  of  which  may  be  found  in  works  on 
pyrotechny,  though  many  artists  in  this  line  claim  to  have 
secret  compounds  or  processes  for  producing  peculiarly  brilliant 
flames.  The  compositions  are  fnrniod  into  small  pieces  called 
stars,  for  insertion  in  rockets  and  bombs,  or  are  driven  into 
paper  cases  which  are  attached  to  light  fnimeworks  of  wood  or 
bamboo  for  stationary  fire-works.  ^ee  under  the  following 
heads : 


Marron. 
Match. 
Mosaic. 
Palm-tree. 
Pitched  fascine. 
Portfire. 
Quick-match. 
Revolving  sun. 
Rocket. 
Rock-fire. 
Roman  candle- 
Serpent. 
Shell. 
Shower. 
Signal- rocket. 
Silver- rain. 
Slow-match. 
Squib. 
Star. 

Stink-ball. 
Sun-case. 
Tarred  link. 
Tour  billon. 
Wheel-case. 


One  for  carrying 
Fig.  4060. 


Automatic  fire. 

Bengal-light 

Blazing-comet. 

Blue-light. 

Brilliant. 

Carcass. 

Cascade. 

Catherine-wheel. 

Chinese  fire. 

Colored  fire. 

Congreve- rocket. 

Cracker 

Detonating-powder. 

Fire-ball. 

Fixed  star. 

Fixed  sun. 

Fulminating-powder. 

Fuse. 

Gold-rain. 

Greek  fire. 

Incendiary  compound. 

Incendiary  shell. 

Lance. 

Leader. 

Ligbt-baU 

Pyr'o-tech'nic    Bal-loon' 

aloft  iiyrotechnii.'  signals. 

Py-rox'y-line.  From 
TTvpjs  (tire)  and  ^0\ov 
(wood).  Gun-cotton.  An 
explosive  obtained  by  im- 
mersing vegetable  filjer  in 
nitric  and  sulphuric  acids 
and  subse(iuent  drying. 
Invented  by  Schonbein, 
1846.     See  Gun-cotton. 

Gun-cotton  dissolved  in 
ether  or  chlorofonn  forms 
collodion,  and  when  this  is 
evaporated  a  horny  ma- 
terial is  the  result.  This 
is  used  for  many  pur|)Oses 
and  in  various  combina- 
tions, as  a  .scale  to  protect 
objects,  in  combination 
with  gums,  resins,  vegeta- 
ble fiber,  bone-dust,  as- 
bestu.s,  etc. 

It  is  used  as  a  substi- 
tute for  hard  rubber,  as 
an  artificial  horn  or  ivory, 
acoinpositionforknife  and  Pyrotechnic  Signal- Balloon. 
tool  handles,  for  dental 
plates,  veneers,  buttons  ;  liquid,  as  a  varnish  or  size. 
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Hyatt's  process  for  obviating  the  difficulties  attending  the 
production  of  articles  made  of  pyroxyline  by  pressing  iu  porous 
molds  consists  in  subjecting  the  articles  to  pressure  in  close 
vessels  for  a  certain  length  uf  time  ;  compressed  air  is  preferred 
BUS  the  medium  forcfFecting  the  pressure,  on  account  of  economy 
and  the  rapidity  with  whicli  it  removes  the  solvent.  The  article, 
after  being  molded  or  coated  with  the  compound,  is  placed  in  a 
receiver  and  subjected  to  a  pressure  of  twelve  atmospheres  ;  a 
greater  pressure  uiay,  however,  be  employed  witliout  injuring 
the  material.  The  receiver  has  an  aperture  for  removing  the 
vapor-charged  air ;  the  time  occupied  iu  absorbing  the  moist- 
ure from  the  material  depends  on  the  amount  of  air  passed  i 
through  the  receiver;  usually  it  is  ready  for  removal  to  the  i 
drying-chamber  in  about  3(3  hours.  i 

In  the  process  of  Deitz  and  Wayne,  ramie  fiber  is  employed; 
this  is  treated  iu  a  manner  similar  to  cotton. 

A  smaller  quantity  of  solvent  is  required  for  making  collodion 
firom  this  fiber  than  from  cotton,  the  proportions  being  about  3 
pounds  of  ether  and  12  tluid  ounces  of  alcohol  to  each  pound  of 
prepared  ramie.  By  the  addition  of  2  to  10  per  cent  of  gum  san- 
darach  (dissolved)  and  15  per  cent  of  castor  oil,  the  compound  is 
rendered  more  elastic  and  less  subject  to  shrinkage  in  drying. 
The  substances  are  thoroughly  incorporated  by  grinding,  colored 
with  any  suitable  pigment,  if  desired,  and  evaporated  to  proper 
consistency  for  molding, 

Pierson  combines  with  mineral  and  vegetable  substances; 
uses  for  moldings.  He  also  uses  it  to  render  woven  goods  air 
and  water  tight. 

EngUsh  patent  .53'j  of  18(jS  makes  dental  plates  by  combining 
with  shellac;  grinding,  moistening  with  solvent,  and  molding 
by  pressure. 

McClelland,  1869,  also  makes  dental  plates. 

Streeter,  1869,  applies  it  as  a  veueer  to  dental  plates;  molds 
by  heat  and  pressure. 

Uunt,  1874;  Newton,  1872;  Pursell,  1872;  Troutman,  1871, 
refer  to  the  use  of  pyroxyline  with  dental  plates,  for  attaching 
teeth. 

Hill,  1869,  combines  with  coloring-matter  and  asbcstus ; 
covers  layers  of  cotton,  felt,  woolen,  wire  gauae,  etc. 

McClelland,  186S,adds  gum-copal,  coloring-matter,  aud  phos- 
phate of  ammonia.     Dry  by  gentle  heat,  pulverize. 

Seeley,  18o8.  adds  nitro-glucose  to  gun-cotton  iu  solution. 

Hyatt,  1869,  adds  ivory-dust,  bone-dust,  paper,  flock,  or 
jisbestus.     Heat,  press,  and  evaporate  solvent. 

Spill,  1869,  protects  insulated  telegraph-wires.  Uses  a  com- 
pound of  xyloidine,  oil-caniphor,  gutta-percha,  and  pigments. 

Hyatt,  July  12,  1870,  grinds  pyroxyline  into  a  pulp,  mixes 
it  with  finely  comminuted  gum-camphor,  dissolves  the  com- 
ponents by  heat,  and  continues  the  pressure  upon  the  mold 
until  the  contents  are  cooled. 

McClelland,  July  22,  1870;  a  mode  of  coating  articles  with 
collodion  compounds  by  molding  it  upon  them  in  flasks  or 
shells. 

Hyatt  and  Hyatt,  March  28, 1871,  describe  the  making  dental 
plates  of  pyroxyline  dissolved  in  camphor  (celluloid)  by  means 
of  heat,  and  then  molded  to  form  while  in  a  plastic  state. 

Brockway,  April  18,  1871  (No.  113,73j),  is  for  compressing, 
straining,  and  molding  plastic  pyroxyline.  No.  113,736  is  for  a 
dental  plate  of  pyroxyliue,  made  by  first  forming  the  sheet  by 
molding  it,  then  boarding,  pressing,  and  shrinking  it. 

Win.sborough,  April  25,  1871,  bleaches  pyroxyline  by  chlo- 
rine, to  render  it  transparent.  He  also  introduces  camphorated 
pyroxyline  into  the  molds,  and  then  expels  the  camphor  or 
other  solvent  by  heat  or  chemical  means. 

Hyatt,  May  16,  1871,  describes  a  mode  of  holding  centrally  in 
a  mold  articles  to  be  coited 

Troutman,  October  17,  1871,  describes  a  mode  of  attaching 
artificial  teeth  to  the  biise  by  solid  pieces  of  the  same  material 
as  the  base. 

Hyatt  and  Hyatt,  December  5, 1871,  describe  and  exhibit  an 
apparatus  for  molding  dental  plates,  consisting  of  a  flask  press 
and  an  oil  bath,  heated  by  a  lamp. 

Newton,  April  23,  1872,  describes  a  mode  of  attaching  py- 
roxyline backing  to  artificial  teeth,  by  softening,  shaping,  and 
puncturing  the  backing,  and  then  pressing  it  upon  the  pins  of 
the  teeth. 

Pursell,  May  7, 1872,  describes  a  flask,  clamping-attachment, 
and  case,  forming  an  apparatus  for  attaching  artificial  teeth  to 
the  pyroxyline  base. 

Hyatt  and  Hyatt,  November  19, 1872,  describe  process  and 
apparatus  for  manufacturing  celluloid.  The  mixture  of  pyroxy- 
line and  gum-camphor  is  pressed  into  cakes  and  then  pressed  in 
a  pile  with  alternating  layers  of  paper.  The  combined  mate- 
rials are  pressed  by  a  plunger  in  a  heated  cylinder,  dissolved, 
and  discharged  at  a  nozzle  in  a  continuous  rod  or  sheet. 
Jones,  March  11,  1873,  makes  truss-pads  of  pyroxyliue. 
Hyatt,  April  29, 1873,  has  a  means  of  subjecting  newly  coated 


articles  to  pressure,  which  absorbs  the  Bolvent,  but  does  not 
allow  expansion  of  the  coating  or  formation  of  air-cells. 

McClelland,  October  21,  1873,  describes  modes  of  removing 
the  solvents  from  xyloidine  and  pyroxyline  compounds. 

Smith,  May  12,  1S74,  makes  an  artificial  coral. 

Hyatt  and  Hyatt,  October  27, 1874  (No.  156,;i52)  dissolve  the 
pyroxyline  in  camphor  and  alcohol,  which  remains  latent  till 
heat  is  applied;  (No.  1511.353}  apply  mastication  previous  to 
heating  and  converting;  (No.  166,354)  make  factitious  ivory  by 
combining  ivory  or  bone-dust,  pyroxyline,  powdered  camphor, 
and  nitric  ether. 

AVheu  gun-cotton  or  pyroxyline  is  heated  with 
powdered  gum-ciunphor  it  is  dissolved,  aud  this  ma- 
terial, under  the  name  of  celluloid,  is  extensively 
used  Aij  a  substitute  tor  hard  rubber  for  combs,  bil- 
liard-balls, dominos,  knife-hamlles,  dental  plates, 
truss-pads,  coating  metallic  articles,  and  for  the 
manufacture  of  imitation  coral,  ivory,  tortoise-shell, 
horn,  and  the  like. 

See  the  following  United  States  patents  :  — 

65,267.   Pierson 1867.     105.338.   Hyatt 1870. 

79,261.   Seely 1868.    105.823.   McClelland 1870. 

77,304.   McClelland 1868.    113,055.   Hyatt  c/ a/ 1871. 

90.765.  McClelland 1869.     114,945.    Hyatt 1871. 

90.766.  McClelland 1869.     121,522.    Hyatt 1871. 

96,132.    McClelland 1869.     113,272.    Dietz  ef  ai 1871. 

3.777.  McClelland 1869.     114,242.    \Vinsborough...l871. 

3.778.  McClelland 1869.     120,130.  Troutman 1871. 

88.228.  Streeter 1869.     113,735.    Brockway 1871. 

88.229.  Streeter 1869.     113,736.    Brockway 1871. 

88,260.    Streeter 1869.     125,979.    Newton 1872. 

89.253.  Streeter 1869.  126,575.   Pursell 1872. 

89.254.  Streeter 1869.  133,229.  Hyatt 1872. 

93,086.   Hill 1869.  133,969.   Diotzet  al 1872. 

88,6:33.    Hyatt 1869.  138,254.   Hjatt 1873. 

88,634.   Hyatt 1869.  143,772.   McClelland 1873. 

89,582.  Hyatt  &  Blake.. 18(39.  136,7^5.   Jones 1873. 

91.341.  Hyatt  &  Blake.. 1869.  150,722.    Smith 1874. 

91377.   Spill 1869.  15tl,352.  Hyatt 1874. 

91,-378.   Spill 1869.  156..353.   Hyatt 1874. 

97,454.    Spill 1869.  1.56,354.    Hyatt 1874. 

91,393.  'VVhitehouse....l869.  153,196.    Hunt 1874. 

English  patents:  — 
2,359 ofl855. 

653 of  1857. 

2,740 of  1859. 

2,249 of  1860. 

1,129 ofl867. 

Pyx.  A  box.  The  word  is  derived  from  the  Latin 
pyjns.  The.  Greek  word  is  similar.  The.  box-tree 
(Latin,  biLVus)  was  then,  as  now,  a  favorite  material 
lor  boxes  of  .superior  quality,  as  is  evidenced  by  the 
common  derivation  of  the  name  of  the  thing,  and  of 
the  material  of  which  it  is  made.  The  pyxis  of  the 
Greeks  and  Latins  was  a  jewel-box,  and  when  the 
great  fusion  of  the  two  systems  took  place  tinder 
Constautine  the  pyxis  became  a  reliquary. 

Wliile  the  word  6o.i;  has  witli  us  a  generic  signifi- 
cation, the  older  form  of  the  wonl  /'i/dis,  shortened 
to  pij.r,  has  certain  specitic  meanings  :  — 

1.  The  box  in  which  the  sacramental  host  is  kept 
in  the  order  of  the  Roman  Church. 

2.  The  box  in  which  sample  coins  are  placed  in 
the  English  mint.  A  trianuual  test  by  as.say  for 
purity  is  held,  aiui  is  termed  the  (rial  of  (he  pyx- 
Two  pieces  are  taken  from  each  bag  of  newly  coined 
money,  —  one  for  trial  in  the  min t,  the  otlier  deposited 
in  the  pi /.v..  The  Lord  Chancellor  summons  a  jury 
of  goldsmiths,  who  test  by  weight  and  assay  in  com- 
parison with  certain  standard  trial-plaUs  deposited 
in  the  Exchequer. 

3.  The  binnacle-box  in  which  a  compass  is  sus- 
pended. 

4.  The  acclalnilum  which  receives  the  ti'ochanter 
at  the  head  of  the  femur. 
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Quad'rant.  1.  An  instniment  for  making  angular 
inca-siirenients.  So  called  from  its  embracing  an  arc 
of  yu'  or  somewhat  more.  Formerly  much  employed  j 
in  making  astronomical  observations.  When  lixed 
to  a  wall  it  was  called  a  mural  qnadrant ;  this  is  now 
superseded  by  the  m  ural  circle.  See  Mural  Circle  ; 
MuiiAL  QuAnr.AXT.  | 

The  quadrant  appears  to  Jiave  been  used  for  solar 
observations  about  290  B.  c. ;  and  we  leain  that  the 
Arabian  astronomers,  about  !)9.5  A.  v.,  had  a  quad- 
rant of  21  feet  8  inches  and  a  sextant  of  57  feet  9 
inches  radius. 

Hipparchus  and  Ptolemy  used  diopters,  in  which 
the  distance  of  a  st;vr  from  the  zenith  was  obseived 
by  looking  througli  two  sights  fixed  in  a  rule,  an- 
nexed to  a  second  rule,  which  was  kept  vertical  by 
a  plumb-line,  the  angidar  distance  between  the  two 
rules  being  measured. 

Among  the  Alexandrian  astronomers  it  was  no- 
ticed that  it  was  not  necessary  to  use  a  whole  circle 
(see  Armil),  and  Ptolemy  says  that  he  found  it  more 
convenient  to  observe  altitudes  by  means  of  a  square 
flat  piece  of  stone  or  wood,  with  a  quadrant  of  a  cir- 
cle inscribed  on  one  of  its  flat  faces,  about  a  center 
near  one  of  the  angles.  The  extreme  radii  of  the 
q\iadrant  represented  the  horizon  and  the  zenith 
lines,  and,  a  peg  being  placed  at  the  center,  the  ob- 
sci-vation  was  made  by  reference  to  the  point  of  the 
arc  upon  which  the  shadow  of  the  peg  fell. 

The  quadrantal  form  was  adopted,  as  it  secured  the 
maximum  length  of  radius  in  an  instrument  which 
could  measure  the  greatest  altitude  of  any  celestial 
body. 

The  Chaldeans  asserted  that  a  man  walking  without  stopping 
mightgoround  thecircuit  of  theearth  inayear.  The  .Alexandri- 
ans recognized  the  rotundity  of  the  earth,  and  Eratosthenes  at- 
tempted to  determine  its  size  by  observing  the  difference  between 
the  altitude  of  the  sun  at  Alexandria  and  at  Syene  on  a  given  | 
day  Syene  was  found  to  be  on  the  tropic,  for  a  vertical  gnomon 
at  noon  on  the  summer  solstice  cast  no  shadow.  .Alexandria  was 
ob.served  to  be  distant  from  the  zenith  by  a  fiftieth  part  of  the 
circumference,  and  the  measured  distance  between  these  two 
cities,  which  were  in  the  same  longitude,  was  found  to  be  5.000 
stadia.  This  gave  a  circumference  of  25*1,0(10  stadia  to  the  i 
earth,  and  a  radius  of  about  40,000.  This  differed  considerably 
from  the  opinion  of  Aristotle,  and  slightly  from  that  of  Posi- 
donius,  the  friend  of  Cicero.  The  length  of  the  stadium  used 
was  202^  yards.     See  Armil  ;  Astrono.mical  Instruments. 

Under  the  Khalif  al  .Mainiun ,  a  measurement  of  two  degrees  of 
the  meridian  was  made  in  the  plain  of  Sind-jar,  in  Mesopotamia 
(elsewhere  stated  to  have  been  on  the  shore  of  the  Red  Sea). 
The  Arabian  astronomers  divided  themselves  into  two  bands, 
one  proceeding  north  and  the  other  south,  applying  their 
measuring-rods  to  the  ground  till  each  reached  a  point  distant 
one  degree  from  the  starting-point  The  respective  measure- 
ments were  56  miles  and  565  miles,  of  4,000  cubits  each.  The 
cubit  is  stated  to  have  been  the  "  black  cubit "  =  27  inches, 
each  inch  "  the  thickness  of  six  grains  of  barley  "'  I 

The  dhoneys  of  the  Coromandel  coast  are  navigated  by  the 
natives  with  the  assistance  of  a  little  instrument  for  a.scertaining 
the  latitude.  It  consist.s  of  a  little  square  board,  with  a  string 
fast  to  the  center,  at  the  other  end  of  which  are  certain  knots. 
The  upper  edge  of  the  board  is  held  by  one  hand,  so  as  to  touch 
the  north  star,  and  the  lower  edge  the  horizon.  Then  the 
string  is  brought  with  the  other  band  to  touch  the  tip  of  the 
no.se,  and  the  knot  which  comes  in  contact  with  the  nose  tells 
the  latitude. 

A  quadrant  was  constructed  by  Copernicus  at 
Thorn  in  1510. 

In  1590,  Davis  dispensed  with  the  plumb  and 
adapted  the  quadrant  for  use  at  sea. 

Previous  to  this  the  astrolabe  and  mariner's  cross 
had  lieen  universally  employed  by  seamen  for  detei- 
inining  the  lal  itude  ;  the  longitude  was  derived  from 
dead  reckoning  or  gues.s-work. 
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The  telescope  was  adapted  to  the  astronomical 
telescope  by  Picard. 

All  these  old  forms  were  superseded  for  nautical 
purposes  by  the  reflecting  quadrant,  invented  by  Sir 
Isaac  Newton,  1670.  He  communicated  the  inven- 
tion to  Dr.  Halley,  who  (ailed  to  give  it  publicity, 
and  it  was  reinvented  by  Godfrey  of  Philadelphia, 
and  also  by  Hadley  in  England.  An  instrument 
constructeil  on  Hadley's  plan  was  submitted  to  the 
Royal  Society  in  17-12,  and  fiom  having  been  first 
made  known  hy  Hadley,  the  leflecting  quadrant  has 
been  geueially  called  Hadley's. 

This  and  all  similar  reflecting  instruments  are  based 
on  the  fact  that  the  angle  between  the  first  and  last 
directions  of  a  ray  which  has  undergone  two  reflec- 
tions in  the  same  plane  is  equal  to  twice  the  inclina- 
tion of  the  reflecting  surfaces  to  each  other.  Such 
instruments,  therefore,  measure  angles  double  the 
extent  of  their  arc,  the  degrees  and  sulxlivisions 
being  halved  ;  thus,  the  quadrant,  having  an  arc  of 
45'  only,  measures  angles  up  to  90°,  the  reflecting 
circle  measui'es  two  circumferences,  and  the  sextant, 
which  has  now  largely  superseded  the  quadrant  at 
sea,  having  a  limb  of  60'  arc,  will  measure  angles 
of  120°.     See  Skxtant. 

All  measure  either  vertical  or  horizontal  angles  ; 
the  quadrant  is,  however,  seldom  emjdoyed  except 
for  taking  altitudes  of  the  sun  for  latitude  or  local 
time.  The  image  of  an  object  reflected  from  a  mir- 
ror fixed  on  a  jiivoted  arm  is  rellected  to  the  other 
mirror  on  a  fixed  arm,  where  it  is  again  reflected, 
and  by  moving  the  pivoted  arm  the  image  is  brought 
into  apparent  coinciiUnce  with  the  sea  horizon,  which 
is  viewed  through  a  part  of  the  fixed  minor  left  un- 
silvered  for  that  purpose.  The  movable  limb  is  pro- 
vided with  a  vernier,  which  indicates  the  degrees 
and  minutes  of  elevation  on  the  gradu- 
ated fixed  limb. 

Graham,  Bird,  Ramsden,  and  Trough- 
ton  are  the  great  names  in  the  history 
of  this  instrument, their  celebrity  being 
especially  due  to  tlieir  great  succes.sive 
improvements  in  Graduating  Instru- 
JIENTS  (which  see). 

2.  An  instrument  used  by  gunners 
for   giving    a    cannon   or  mortar  the 
angle  of  elevation  necessary  to  attain 
the  desired  range.     It  has  a  graduated 
arc  and  a  plumb-line,  which  indicates  (;„„„„'.(  Quad- 
the  angle  of  elevation   upon  the  aic         rant. 
when   one  arm  is  placed  within   the 
bore  or  the  other  against  the  face  of  the  jiiece  in  a 
perpendicular  position. 

In  a  more  finished  and  accurate  form,  a  spirit- 
level  is  substituted  for  the  plumb,  and  one  of  the 
branches  of  the  instrument  is  pivoted  and  slides  over 
the  face  of  the  arc  so  as  to  show  the  elevation. 

Quad'rant-com'pass.  A  carpenter's  compass, 
witli  an  an-  iind  a  binding-screw. 

Quad'rant-e'lec-trom'e-ter.  .^n  instrument 
for  estimating  the  force  of  an  electric  current  by 
means  of  an  oscillating  needle  which  traverses  against 
a  graduated  arc  of  90'. 

Quad'rant  Steam-en'gine.  This  is  a  modifica- 
tion of  the  n.scillating-piston  engine. 

Root's  double-quadrant  engine  has  a  pair  of  oscil- 
lating  single-acting  pistons  connected  by  links  to  one 
crank,  'fhe  steam  is  admitted  to  act  on  the  outer 
sides  of  the  pistons  alternately  by  means  of  one  i^- 
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4062.  ductioii-valve,  and  is 

exhausted  through 
the  spai'e  between  the 
pistons.  The  piston 
and  crank  connection 
is  such  that  the  steam 
acts  on  each  piston 
(luring  about  two 
thirds  of  the  revolu- 
tion of  the  crank,  and 
thus  there  are  no  dead- 
points. 

Quad'rat.  1.  A 
J  niatlieinatical  instru- 
ment, tormerly  known 
also  as  a  geometrical 
square,  and  line  of  shadows.  It  is  a  rectangular  frame 
two  of  whose  sides  are  graduated  ;  another  side  car- 
ries two  sights.  At  the  corner  opposite  to  the  grad- 
uated sides  is  the  center  of  an  oscillating  index-fin- 
ger, and  from  the  same  point  hangs  a  phnnmet. 

2.  (Printing.)  A  block  of  type-metal  lower  than 
the  type,  and  used  for  fiUiug  out  lines,  s]iacing  be- 
tween lines,  etc.     Commonly  called  a  quad. 

Quad'rels.  A  kind  of  artificial  stone  made  of 
chalky  earth  dried  in  the  sun.  So  called  from  their 
square  shape. 

Quad'ru-plex  Tel'e-graph.  An  amplification 
of  the  duplex  system  l>y  which  four  messages  may 
be  sent  over  a  single  wire,  two  in  each  direction,  at 
the  same  time.     See  Duplex  Telegk.vph. 

Quan'net.  The  Hat  file  of  the  comb-maker,  hav- 
ing the  handle  at  one  side,  so  as 
to  use  like  a  plane.  The  teeth  in- 
cline 1.5'  forward,  and  are  made 
by  a  triangular  file,  not  by  a 
chisel.  In  the  illustration,  the 
teeth  are  made  by  pieces  of 

"^ ^ — T^  saw-teeth    inserted    into    in- 

[  J  clined  kci-fs  in  a  beech  stock,    y 

QuaniKt.  Quant.    A  bargeman's 

pole  with  a  Hat  cap  to  pre-  c:r\ 
vent  its  penetration  of  the  mud.  ^:| 

Quar'reL     1.  A  glazier'.s  diamond 

2.  A  pane  of  glass  of  a  diaiiioml  or  rhombal 
shape.  The  term  is  derived  from  quadrum, 
something  square.  The  quarry  or  bolt  of  the 
cross-bow  had  a  square  head  and  pyramidal  point. 
A  quarry. 

3.  A  graver,  four-sided.  A  stone-mason's 
chisel  of  .similar  form. 

Quar'ry.      A  diamoml-shaped  pane  of  a 
lead-light  window.    The  quarries  are  fixed  in 
caines,  which  are  tied  liy  leaden  strips 
to  saddle-bars   running   transversely 

across  the  iron  frame  of  the  casement   \' ' 

will!  low. 

Quar'ry-ing.  The  stones 
building  the  obelisks  and  co- 
lossi of  Egj'pt  were  taken  from 
the  limestone  hills  which  bor- 
der and  inclose  the  valley  of 
the  Nile.  The  Egyptians  then 
chose  the  sandstone  of  Silsilis, 
where  they  excavated  enor- 
mous quantities.  Afterward, 
the  granite  of  Syene  wasehosen, 
and  of  this  were  the  obelisks  of 

Thebes  and   Heliopolis.     The  , 1 

modes  of  quarrying  may  have  \^^^        _ 
differed   somewhat,   according  i  ir7-<^. 

to  the  material  and  the  posi-  j  |    ^g 

tion.    One  granite  obelisk  was 
broken  after  it  was  cut  and 


Elg.1063. 


1  before  it  was  removej.  From  the  size  of  the  ">i)i*ii- 
I  ing  it  would  be  imi»ossible  to  turn  the  btouc,  which 
I  would  rf  ([uire  to  be  lifted  bodily,  like  other  stones 
reuiovL'd  from  the  same  quan-y.  Bi'onze  was  the 
I  usual  metal  of  the  tools. 

The  largest  stones  in  any  known  building  are  those 
■  of  the  teuijile  platform  at  Baalbek. 

The  Egyptian  mode  of  quarrying  was  Iiy  uncovering  the 
I  stratum  of  slonc,  leveliog  the  eurface,  and  marking  out  an 
area  euffifient  to  yield  the  amount  of  stoue  required.  Around 
i  this  was  cut  a  deep  trench,  and  cross-treuches  at  riglit  angles 
I  divided  the  whole  area  into  squares  of  such  a  size  as  was  re- 
I  quired.     La^er  after  layer  was  then  removed. 

Another  mode  was  by  working  on  a  perpendicular  face,  form- 
ing a  series  of  steins  on  the  side  of  the  mount;iin,  from  which 
I  the  blocks  were  lowered  by  machinery  analogous  to  that  which 
,  afterward  hoisted  them  into  position  on  the  p}  ramids. 

The  niiisses  of  granite  may  have  been  detached  from  their 
beds  in  the  same  manner  as  is  now  practiced  in  the  East.  Aft^r 
the  stone  is  surrounded  by  a  trench,  it  is  heated  by  fire  built 
upon  it.  The  ashes  being  swept  off,  water  is  poured  into  the 
groove  by  a  large  number  of  men  simultaneously,  when  the 
,  fracture  takes  place  through  the  whole  line. 
I  Another  mode  was  to  bore  perpendicular  holes,  18  inches 
apart,  on  the  desired  line  of  fracture;  into  these  holes  small 
chisels  were  driven  persistently  from  one  end  to  the  other  by  a 
number  of  men,  which  resulted  in  a  fracture  along  the  line. 

Metallic  wedges  inserted  at  a  number  of  places  and  simul- 
taneously driven,  was  another  mode. 

Wooden  pins  inserted  into  a  row  of  holes  and  swelled  by 
I  water,  was  yet  another  method. 

Quar'ry.ing-ma-chine'.  The  machine  (Fig. 
40t)4)  is  desiiiued  for  cutting  vertical  or  inclined 
channels  in  the  stone  lueparatory  to  nutting  under 
and  separating  the  blocks.  The  boiler,  engine,  and 
cutting  mechanism  are  all  mounted  o]i  the  same  car- 
riage, which  is  moved  by  toothed  wheels  geaiing 
with  a  rack  upon  the  rails.  By  means  of  a  reversible 
pawl,  the  carriage  may  be  caused  to  travel  in  either 
direction  without  reversing  the  engine.     A  Inction 

Fig.  4064. 
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brake  with  an  adjustable  weight  limits  the  motion 
of  the  carriage  to  the  jiositive  distance  fed.  The 
chisels  are  attached  to  solid  stocks  moved  by  vi- 
bratory segment-levers.  The  standard  guides  between 
which  the  chisel-stocks  work  may  be  reversed  to 
secure  equality  of  wear  and  admit  of  angular  ad- 
justment to  suit  varying  inclinations.  A  balance- 
wheel  serves  to  equalize  the  motion  of  the  various 
parts. 

Fig.  4065  is  designed  for  cutting  vertical  or  in- 
clined channels  in  beds  of  stone  preparatory  to  under- 
cutting and  removing  the  blocks.      The  engine  and 
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Quarrying-  MtuMne. 

cutting  mechanism  are  carried  on  a  single  truck, 
which  is  advanced  by  spur-wheels  gearing  with  a 
rack  on  the  rails.  The  chisels  are  reciprocated  by 
segment-levers  ;  a  brake  limits  the  motion  of  the 
machine,  and  a  reversible  pawl  permits  its  direction 
to  be  changed  without  reversing  the  engine. 

Quar'ry-stone  Bond.     Rubble  ma<;onry. 

Quar-ta'tion.  (Mc/a/linyi/.)  The  process  for- 
merly employed  of  separating  gold  from  silver  by 
means  of  nitric  acid.  This  would  not  act  effectually 
upon  an  alloy  containing  less  than  J  silver,  so  that 
when  the  mixture  was  richer  in  gold,  silver  was 
added  to  make  this  proportion. 

Quar'ter.  1.  (Xautica/.)  a.  The  side  of  a  ship, 
aft,  between  the  main  channels  and  stern.  On  the 
quarter,  45'  abaft  the  beam.  Quarler-hoats  are 
abaft  the  mizzen.  Qtiartcr-deck,  abaft  the  main- 
mast. 

b.  Portions  of  a  ship  belonging  to  or  at  the  quar- 
ter, as,  quarter-boat,  quarter-gallery,  quarter-lad- 
der, quarter-nettings,  qiiMrter-posts,  quarter-rails, 
quarter-timbers,  etc. 

c.  That  portion  of  a  yard  from  the  slings  out- 
ward ;  hence,  quartcr-hlock,  qnarfer-slinris,  quarter- 
tackle,  etc. 

d.  A  point  of  the  compass  between  the  line  of  the 
keel  and  abaft  the  beam. 

e.  The  stations  of  a  ship's  company  in  time  of 
exercise  or  action. 

2.  (Plural,  quarters.)  The  apartments  assigned  to 
officers  and  soldiers  in  a  barrack. 

3.  {Milling.)  A  section  of  a  millstone  dress,  con- 
sisting of  a  leader  and  its  branches  ;  the  term  is  used 
irrespective  of  the  number  of  degrees  embraced  in 
the  sector.     See  Mir.LSTONE. 

4.  (Cooper i  11(1.)  The  portion  of  the  side  of  a  cask 
intermediate  between  the  chime  and  the  bulge. 

5.  (Cvrk-cuUiny.)  .\  parailelopiped  of  coik, 
blocked  out  and  ready  for  rounding  into  a  cork  shape. 


6.  (Carpentry.)  a.  An  upright  stud  or  scantling 
in  a  partition  which  is  to  be  lathed  and  plastered. 
The  English  rule  is  to  place  the  quarters  at  a  distance 
not  exceeding  1 4  inches. 

b.  A  section  of  a  winding  stairs. 

7.  The  rear  or  heel  jiortion  of  a  horseshoe. 

8.  (Ardiilecturc.)     A  portion  of  a  Gothic  arch. 

9.  (Shocmaking.)  The  portion  of  a  boot  or  shoo 
upper  behind  the  ankle-seams. 

Quar'ter-blan'ket  (Menage.)  A  small  blan- 
ket generally  used  under  the  harness,  covering  the 
horse's  back  from  the  shoulders  to  the  hips,  though 
in  some  eases  it  extends  no  farther  forward  than  the 
front  of  tlie  pad. 

Quar'ter-block.  (Nautical.)  A  double  block 
iron  bound,  secured  swivel  fashion  by  a  bolt  near 
the  middle  of  a  yard.  Through  it  passes  the  clew- 
garnet  or  clcw-liiic,  as  the  case  may  be. 

Quar'ter-boot  (Menage.)  A  leathern  boot  de- 
signed to  protect  the  heels  of  the  horse's  fore-feet 
from  injury  by  overreaching  with  the  hmd  feet. 

Quar'ter-deck.  (Nautical:)  .\  deck  raised 
above  the  waist  and  extending  from  the  sti'im  to  the 
mainmast.  It  is  especially  a  privileged  portion  of 
the  deck,  being  the  promenade  of  the  superior  offi- 
cers of  the  vessel  or  of  the  cabin  passengers  in  vessels 
of  that  character.  The  windward  side  is  the  place 
of  honor. 

Quar'ter-gal'ler-y.  (Shipbuilding.)  A  small 
balcony  on  the  ipiarter  of  a  vessel. 

Quar'ter-hollo'w  Tool.  ( IFood-turning.)  A 
i-hisel  (c,  Fig.  4066)  for  making  convex  moldings. 

Quar'ter-hung.  (Ordnance.)  Said  of  a  gun 
whose  trunnions  have  their  axis  below  the  line  of  bore. 

Quar'ter-ing.  1.  (.Machinery.)  The  adjustment 
of  cranks  on  a  single  shaft  at  90'  distance  apart,  or 
the  boring  of  wrist-pins  in  locomotive  driving-wheels 
at  right  angles  with  each  other. 

2.  (Nautical.)  Sailing  large  but  not  before  the 
wind. 

Quar'ter-ing-belt.      (Machinery.)     A  belt   or 


Fig.  4066. 
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a,  Quartering-Belt.  b,  Quarter-Round  Tool,  c,  Quarler-HoUow 
Tool. 

band  (a)  connecting  pulleys  whose  axles  are  at  rif;ht 
angles  to  each  other. 

Quar'ter-ing-ma-chine'.  A  machine  for  quar- 
tering car  driving- wlieels  on  their  a.xles,  that  is, 
boring  the  wrist-pin  holes  at  90'  distance  apart.  A 
pair  of  wheels  mounted  on  their  axle  is  placed  in  the 
machine,  the  axle  resting  upon  a  pair  of  vertically  ad  - 
justable  rests,  which  take  the  weight  off  the  centers. 
The  boring-heads  are  adjustable  radially  from  the 
center  of  revolution,  so  as  to  bore  the  holes  for  the 
wrist-pins  at  a  distance  equal  to  one  half  the  stroke 
of  the  piston  ;  a  range  of  adjustability  of,  say,  from 
12  to  26  inches  stroke.  The  machine  is  built  for  right 
or  for  left  hand  quartering,  but,  by  being  fitted  with 
four  boring-bars,  is  adapted  for  both  kinds  of  quar- 
tering,    .'^e.-  Fig.  4067. 

Quar'ter-pace.  (Building.)  A  stair  embracing 
a  i|Uiirtir-tiirn  at  the  winding  of  a  stairs. 

Quar'ter-pie'ces.  (.'^'hijtbi/ilding.)  Timbers  in 
the  after  part  of  the  quarter-gallery  near  the  laff- 
rail. 
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Fig.  4067. 


ing-Machine  (Stw  York  Steam-Engine  Company). 


Quar'ter-round.  A  plane  used  for  molding 
fiamewoik.     An  oailu. 

Quar'ter-round  Tool,  {jyood-diming.)  A 
cliisrl  (6,  Fig.  4066)  for  making  concave  moldings. 
Tliey  are  ruj/it  and  left. 

Quar'ters.  1.  {Carpentrij.)  Vertical  scantling 
in  wooden  partitions,  forming  a  foundation  for  lath 
and  plastering. 

2.  a.  The  apartments  assigned  to  officers  and  sol- 
diers in  a  barrack. 

b.  The  stations  of  a  ship  company  on  duty. 

Quar'ter-stuff.  {Carpentry.)  Plank  one  quar- 
ter inch  tliick. 

Quar'ter-tim'ber.  (Carpentry.)  Scantling  from 
2  to  6  inc-hes  deep. 

Quar'to.  (Printintj.)  A  book  formed  by  fold- 
ing a  sheet  twice,  making  i  leaves,  8  pages.  The 
term,  by  modern  usage,  refers  to  a  book  of  a  nearly 
square  form.  The  proportions  vary  according  to  the 
sizes  of  the  sheets  folded,  l)ut  may  be  from  SJ  x  10 
to  10  X  12,  and  probably  both  below  and 
above  said  dimensions. 

Quartz-crush'er.  A  machine  for  break- 
in"  or  grinding  auriferous  quartz.  Also 
used  for  breaking  other  ores  ;  or  stones  for 
cement,  to  mix  with  asphalt  for  paving,  etc. 
See  Qr.\uTZ-MiLL. 

Quartz-liq'ue-fi-er.  An  apparatus  for 
dissolving  connniniitcd  quartz  in  order  to 
set  free  the  gold.  By  converting  the  (piartz 
into  a  silicate  of  an  alkali,  it  may  be  washed 
away,  the  gold  being  collected  by  precipi- 
tation and  decantation  of  the  supernatant 
solution.  It  is  a  process  which  depends  in  part  on 
the  facilities  for  using  the  soluble  glass,  and  requires 
nreat  volume  of  water. 

See  the  patent  of  Hardinge.  May  8,  1855.  The 
powdered  mineral  is  exposed  to  high-pressure  steam 
and  alkali  in  a  closed  chamber  of  a  spheroidal  form, 
a  rotary  stirrer  mixing  the  ingredients.  See  also 
Vanderburgh's  patent.  May  29,  1860;  and  Fleury, 
July  7,  1868. 

Quartz-mill.  (Ore.)  A  machine  for  crushing 
qiiartz,  to  bring  it  down  to  a  size  suitable  for  the 
stamps,  or  to  a  Hneness  for  the  amalgamator.  See 
also  Oee-mill. 

The  following  are  typical  forms,  of  each  of  which 
there  are  many  varieties :  — 

1.  The  CMIifin-miU,  consisting  of  edge-stones 
traveling  in  a  trough. 


2.  The  stamp-battery. 

3.  Vibrating  jaws. 

4.  Rotary  beaters. 

5.  Horizontal  runner. 

6.  Vertical  runner. 


7.  Bell-shaped  runner 

8.  Conical  mill. 

9.  Inclined  disks. 

10.  Rolling-ball. 

11.  Uyrating-pan. 


1.  Fig.  4068  is  an  edge-mill,  the  stones  traveling 
in  an  annular  trough,  the  weight  increased  by  a 
lever.     See  also  Chilian-mill. 

2.  The  stamping-mill  has  a  battery  of  stamps, 
either  each  acting  in  its  own  mortar,  or,  as  in  the 


Fig.  4068. 


-Whrel  Quartz- Mill. 


example,  in  an  annular 
trough,  which  is  rotated 
by  gearing  below  (Fig. 
4069).  See  also  Stamp- 
mill. 

3.  The  crusher  with 
jaws  has  either  one  or 
both  movable.  In  the 
example,  the  reciprocat- 
ing motion  in  oi>positc 
directions  of  the  lower 
ends  isproduced  by  hang- 
ing them  on  the  respec- 
tive sides  of  the  pivot  of 
rotation  of  the  oscillat- 
ing levers,  and  their  up- 


per ends  are  caused  to  approach  by  the  rear  support- 
ing links,  which  are  vibrated  by  the  reciprocation 
of  the  jaws.      Fig.  4070.     See  also  OuK-MII.L. 

4  The  rotary  lieatcr.  The  ore  passes  from  the 
hopper  int.)  the  first  cylinder,  the  beaters  on  the 
shaft- forming  a  partial  vacuum.  The  beatei's  strike 
the  ore,  which  is  carried  by  the  peripheral  Uuce  ot 
the  onrrent  through  the  connecting  pass.age  into  tlje 
second  chamber,  through  which  it  receives  the  same 
treatment,  and  passes  to  the  connecting-liipe,  which 
deposits  it  in  the  dust-chamber.      Fig.  4071. 

5.  Horizontal  runner.  The  stone  is  suspended 
above  the  bc<l,  and  is  fed  through  the  eye,  as  with 
grist-mills.     Fig.  4072.  ,    ,       „,         ,■    i 

6  The  rnnner  on  horizontal  shaft.  I  he  cylnu  er 
surrounds  the  grinding-wheel,  which  is  c,  rcntrir.ill;. 
journalcd  in  respect  to  it,  and  revolves  at  ilillcrciit 
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speed  thereto.      The  mattei-  to  be  crushed  enters  one  I  into   the  liopper,    and   passes   between   the   vertical 
eud  of  tile  cylinder,   and   passes  out  beneath   tlie  I  compound  wheel  of  the  hopper  anil   the   concave, 


Fig.  4069. 


Fig.  4071. 


shields  and  gauze-covered  openings  near  the  periph- 
ery of  the  same.  The  cylinder  runs  on  anti-friction 
rollers.     Fig.  4073. 

7.    Bell-shaped  runner  in  conical  case.     This  has 

Fig.  4070. 


Quartz-Mill  mith  Rotary  Beaters. 

which  is  formed  of  segmental  blocks. 
It  passes  to  the  final  reducing  stones. 


From  thence 
Fig.  4075. 


Fig.  4072. 


Quartz-Mill  tvit/i  Vibrating  Jaw. 


two  revolving  toothed  surfaces,  one  within  the  other, 
the  interior  in  the  shape  of  a  cone,  and  the  other 
one  formed  around  the  interior  ;  both  of  these  parts 
revolve  in  the  same  direction,  but  the  interior  one 
much  faster  than  the  outer.      Fig.  4074. 

8.  Conical  mill.     The  ore  is  broken  and  thrown 


Quartz-Milt  toith  Horizontal  Runntr. 


9.  Inclined  disks.  This  has  two  revolving  disks 
with  conical-shaped  stirfaces  revolving  in  diH'erent 
directions,  and  hung  upon  shafts  placed  diagonally 
to  each  other,  so  as  to  bring  the  two  faces  of  two 
gi-inding  disks  parallel  with  each  other.    Fig.  4076. 

10.  The  rolUiig  ball.     This  has  a  stationary  mor- 


Quartz-Mill  on  Horizontal  Shaft. 
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tar  or  kettle,  of  a  partly  spherical  form  in  tlie  inte-  ;  charging  or  discharging,  the  falling  ores  being  eiiually 
rior,  with  a  spherical  concentrical  ball  operated  by    distributed  on  all  sides  of  the  ball  and  basin.     Fig. 

I  4077. 
Fig.  4074. 


Fig.  4077. 


Qiiartz-Mill  with  Sell- Sluiped  Runn'r. 


a  diagonal  shaft  connected,  by  means  of  au  arm  and 
forked  joint  and  bush,  with  a  vertical  driving-shaft. 


'■'Hf 


Conical  Quartz-Mill. 

The  hall,  mortar,  or  basin  is  combined  nith  the  ver- 
tical hollow  shaft,  so  that  ores  that  are  pulverized 
are  carried  down  continuously,  without  intervals  for 

Fig.  4076. 


Rolling-Ball  Quartz-Mill. 

11.  Gyrating  pan.  This  has  an  oscillating  basin, 
the  lower  end  of  whose  shaft  is  connected  with  and 
rotates  in  the  hub  of  the  machine.  U]ion  the  a.\le 
or  shaft  is  adjusted  the  ring  or  bu.sli,  which  is  fitted 
with  slots  to  receive  and  hold  firmly  the  iron  balids 


Fig.  4078. 


^m  [— tI'-ii 


Inclined  Dish  Quartz- Mill. 


Cryrating-Pnn  Quarlz-MiU. 


or  straps  ;  the  object  of  which  is  to  support  and 
strengthen  the  basin.  AVithin  the  basin  is  placed  the 
ball  which  is  to  pulverize  the  ore.      Fig.  4078. 

Quay.  A  wharf  projecting  into  a  stream,  harbor, 
or  basin,  to  which  vessels  are  moored  for  the  pui'pose 
of  receiving  and  delivering  freight. 

In  Europe,  quays  are  generally  formed  by  retain- 
ing walls  of  stone,  supported  by  counterforts  and 
backing  ;    in  this  country,   wood  is  generally  em- 
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ployed.  The  quays  of  Montreal  are  the  best  on  the 
continent.  See  Sea-wall,  where  the  mode  of  con- 
struction of  the  New  York  harbor-iiuays  is  repre- 
sented.    See  also  Floatixg-derkick. 

Fig.  4079  is  a  section  and  plan  of  a  timber  quay  as  constructed 
in  England 

g  Fig.  40-9.  ^ 

f      Ml! 


The  Dutch  are  said  to  run  the  sides  of  the  walls 
parallel,  that  is,  make  them  of  equal  thickness,  so 
that  the  batter  of  the  outside  causes  an  overhang  of 
the  inside.      Tins  seems  indefensible. 

Queen-post.  Queeu-posts  are  mortised  or  "at- 
tached by  iron  straps  to  the  tie-beam  of  a  roof-frame, 
supporting  it  and  the  rafters  at  points  between  the 
ridge  and  eavc.  Purlitis  rest  upon  the  principal 
rafters,  and  common  rafters  rest  upon  the  piirUtis. 
The  former  are  let  into  the  tie-beam,  and  the  latter 
butt  against  the  pole-plates. 

Fig.  4081. 


a  a,  side  piles. 
b  6,  side  wales. 
e  c,  cross  beams. 
d  d,  top  beams. 


En^tifh  Timber  Quay. 

e  e,  -side  braces. 
ff,  fender  piles. 
g  g,  planking. 


Queen-Post  Roof. 


The  details  and  nomenclature  are  somewhat  differ- 
ent in  this  country.     See  \Vh-\.rf. 

Cast-iron  piling  has  been  successfully  employed 
at  Deptford  and  Blackwall,  England. 

A  qiMi/  occupies  the  same  relation  to  a  harbor  that 
a  wharf  does  to  a  river. 

Harbors  and  docks  are  provided  with  quays,  and 
their  construction  involves  some  of  the  precautions 
incident  to  the  building  of  jetties,  sea-walls,  retain- 
ing walls,  etc.  The  quay,  however,  is  not  subjected 
to  the  violent  action  of  the  waves  incident  to  the 
construction  first  mentioned  and  to  breakwaters. 
The  thrust  of  the  soil  is,  perhaps,  the  greatest  force 
tending  to  its  destruction. 

The  quay-wall  of  the  outer  harbor  of  Havre  has  a 

Fig.  40S0. 


a,  tie-beam.  ?,  purlins. 

6,  queen-posts.  A,  ridge-plate. 

e,  principal  rafters.  i,  straining-sill. 

rf,  common  rafters.  j,  straining-beam. 

r,  wall-plates.  *,  struts. 
/,  pole-plates. 

Queen's-met'ed.  An  alloy  intermediate  between 
Britannia  metal  and  pewter.  Used  for  spoons,  tea- 
pots, and  other  table-ware. 

91  Antimony 1 

1    Bismuth 1 


S^- 


Havre. 


(^ay-Walls. 


Rennie^s. 


mean  thickness  equal  to  0. 40  of  its  hight,  and  bat- 
ters on  both  sides  by  a  series  of  steps. 

Rennie  advised  a  curvilinear  batter  on  both  sides, 
laying  the  courses  normally  to  the  curve.  This  en- 
tails the  necessity  of  using  inclined  piles,  which  in- 
troduces an  element  of  insecurity.  The  face  of  the 
quay-wall  forms  the  intrados  of  an  arch  and  makes 
the  ashlars  mutually  sustaining.  Whether  the  lat- 
ter advantage  overbalance  the  detrimental  effect  of 
inclined  piling  is  doubtful. 


Tin 

Lead 

Or, — 

Tin 100  I  Bismuth 1 

Antimony 8  |  Copper 4 

Quench'ing.  The  process  of  producing  a  hard 
scale  or  crust  upon  the  surface  of  molten  metal  in  a 
cnicible  or  cistern,  for  the  purpose  of  removing  it  in 
successive  rondles  or  disks,  instead  of  allowing  it  to 
congeal  into  a  solid  mass. 

Rose-copper  is  thus  removed  from  the  crucible  of 
the  refining-heavth,  the  disks  being  known  as  rosettes. 

Quench'ing-tub.  {Black-smithing.)  The  vessel 
in  which  the  heated  iron  or  steel  from  the  forge  is 
plunged,  in  order  to  cool  or  tem))er  it. 

Quern.  A  hand-mill  of  the  ancient  pattern.  See 
Grixdixg-mill. 

A  Roman  quern  dug  up  in  Yorkshire,  England, 
about  1710,  was  found  to  be  20  inches  in  diameter. 
One  stone  was  somewhat  dished,  and  the  other 
slightly  conical.     The  face  had  a  dress  of  notches. 

Quick-match.  Cotton-wick  is  boiled  in  salt- 
peter and  rain-water  for  1  hour ;  alcohol  is  added  to 
the  mixture  while  warm,  and  it  is  simmeied  for  15 
minutes,  ilealed  powder  is  then  added,  and  the 
whole  left  for  24  hours.  The  cotton-wick  is  wound 
on  a  reel,  and  mealed  powder  sifted  over  it.  It  is 
then  dried. 

Quick-re-tum'  Gear'ing.  (Planinti-mcu^kine.) 
Gear  for  causing  the  rapid  return  of  the  bed  after 
the  tool  has  completed  each  cut. 

This  is  effected  (see  upper  figure)  by  the  pulley  a 
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Fig  4082. 


Quick-Return  Gearing. 


ami  pinion  a'. 
The  Ijed  i.s 
mined  from 
left  to  right, 
|)reseiiting  tlie 
work  to  the 
cutting  edge 
of  the  tool  by 
the  ruck  b,  op- 
erated  from 
the  pulley  c 
through  the 
geare  c'c-c^c*. 
On  arriving  at 
the  end  of  its 
motion,  a  stud 
on  the  lathe- 
bed  strikes  a 
horn,  which 
shiftsthedriv- 
ing-belt  from  c  \ 
to  «,  causing 
thepinionn'to 
reverse  the  movement  of  the  gear  c*,  and  turn  the  bed 
in  the  opposite  direction,  until  the  belt  is  shifted 
back  to  its  original  pulley  by  a  similar  device  at  the 
other  end  of  tlie  machine. 

Whitworth's  (|uick  return  for  shaping-machine 
(lower  figures).  A  spur-wheel  a,  revolving  freely 
upon  a  large  fixed  overhanging  shaft,  is  attached  to 
a  convenient  part  of  the  head.  Through,  but  not 
concentric  with,  the  shaft,  runs  a  spindles,  having  a 
slotted  crank-piece  b  on  its  extremity,  by  which  it  is 
kept  in  contact  witli  the  face  of  the  wheel,  and  con- 
nected therewitli  by  a  pin  engaging  in  the  slot ;  the 
velocity  of  the  crank  varies  as  the  pin  approaches  or 
recedes  from  the  center,  supjiosing  that  of'  the  wheel 
to  be  uniform.  The  end  of  the  connecting-rod  may 
be  set  at  any  point  in  tlie  dovetail  groove  in  the  lace 
of  the  crank-piece,  for  adjusting  the  length  of  stroke. 
Quick'sil-ver.  See  JIehcuky. 
Qviick'sil-ver-fur'nace.  {Metal  lurgy.)  Fig. 
4083  illustrates  tlie  furnace  employed  at  Almailen, 
Spain,  for  obtaining  metallic  mercury  from  cinnabar. 
A  shows  part  of  a  chain  of  aludels,  B  is  a  vertical 

rig.  4083. 


Quicksilver-Furnace. 

longitudinal  section,  and  C  a  hoiizontal  section  of 
the  furnace,  the  part  x  x  being  in  plane.  This  con- 
.sists  of  two  upright  cylindrical  shafts  a  n',  .separateil 
by  an  arched  space  .e  x.  Tlie  fire  is  made  in  the 
shaft  (I,  and  immediately  over  it  is  placed  a  quan- 


tity of  sandstone  containing  a  small  proportion  of 
cinnabar  ;  over  tliis  is  laid  the  richer  ore,  and  the 
openings  in  the  shaft  are  covered  with  tiles  and 
tiglitly  luted. 

Tlie  mercurial  vapors  evolved  are  conducted  into 
the  space  6,  and  thence  pass  through  the  rows  of 
aludels  cc',  12  in  number  and  20  to  22  meters  in 
length. 

The  metallic  vapors  condensed  in  the  aludels  run 
into  the  gutter  d,  and  are  collected  in  stone  cisterns 
cc',  while  those  whiili  arc  not  condensed  pass  into 
the  chamber  a\  where  the  mercurial  jioition  pas.ses 
into  the  liquid  state,  the  smoke  escaping  from  tlie 
chimney/.  As  tlie  mercury  thus  obtained  is  con- 
taminated with  soot,  it  is  caused  to  How  down  an 
inclined  plane,  to  which  the  smoky  impurities  ad- 
here. Tlic  matters  condensed  in  the  chamber  a'  are 
redistilled  to  extract  the  metal.  The  quantity  of 
ore  employed  at  each  operation  is  250  to  300  cwt. 
See  also  Mkri  I'UY. 

Quick'sil-ver-valve.  A  valve  in  which  the 
lower  edge  of  a  descending  plate  becomes  submerged 
in  quicksilver  to  dose  a  passageway. 

It  resembles  the   hyiliaulic  valve,  except   in   the 
substitution   of  metal    for  water    or 
glycerine.     The  two  iiijies  meet  in  a       Fig.  4084. 
box  having  a  descending  plate  and  •r=r^       ^ 

a   circular  Hange,  the   lower  edge  of  [  | 

which  latter  is  constantly  submerged  "■      |1   I  jf, 
in  a  box  of  quicksilver.  It''  1 

The  box  has  a  ca]iacity  for  vertical         tli 
adjustment   by  a   screw   beneath,   so 
that  the  middle  plate  may  dip  into 
the  quicksilver  and   close  the  com-         ^^^'     ' 
municatioii  between  the  pipes  ;  or  \\\v QuicksiUer-Valve. 
box  may  be  lowiM'ed  so  as  to  allow 
tlie  communication  to  proceed. 

Quick-'wa'ter.  (Gilding.)  A  dilute  solution  of 
nitrate  ot  mercury  (10)  and  gold  (1),  ii-sed  in  the 
proee;,s  of  irtitcv-ijildiiKJ  (which  see). 

Quick-work,  (shipbuilding.)  Insiile  plank- 
ing or  skin,  betv\een  Jiorts. 

Quill.  1.  (Scal-eiujraving.)  The  hollow  mandrel 
of  the  lathe  or  engine  used  by  the  seal-engraver. 
See  SE.iL-ENfillAVING. 

2.  A  small  spindle,  pirn,  or  rod  upon  h  hicli  tliread 
is  wound  to  supply  the  shuttle  witli  the  iroof,  weft, 
or  filling,  as  it  is  variously  called,  and  which  crosses 
the  irarji,  or  clioin. 

Quill-bit     A  long  pod-bit  of  small  diameter. 

A  Hood-boring  tool  used  in  a  brace.  It  is  of  a 
semi-cylindrical  form,  terminates  in  a  sharp  edge, 
and  is  hollow,  to  contain  the  chip.s.     See  Bit. 

Quill-nib.  A  small  jieii  of  quill  to  be  placed  in 
a  holder. 

Quill  Pen.  The  quills  of  birds  came  into  use  as 
pens  about  tlie  6th  century  A.  D. ,  according  to  I.si- 
dore  and  others.  (See  Pen.)  We  read  of  tlie  use  of 
quills  of  the  swan,  eagle,  goose,  duck,  and  crow. 
After  the  discovery  of  America  the  quills  of  the  tur- 
key were  so  used.  This  very  American  bird  was 
absurdly  named  after  the  countiy  of  the  Turks.  The 
turkey-quill  was  perhaps  the  first  whose  nibs  were 
furnisheil  with  metallic  points.  This  was  early  in 
the  present  century. 

Gooso-fiiiills  are  assorted  into  qualitifs  determined  by  the 
character  of  the  barrel  They  arc  plunped  into  heated  sand,  to 
malie  the  exterior  skin  peel  off  and  the  interior  membrane 
shrivel  up.  This  may  be  performed  by  alternate  soalting  in 
water  and  drying  before  a  charcoal  fire.  They  are  hardened  by 
soatving  in  a  hot  solution  of  alum. 

The  yellow  color  is  conferred  by  a  quick  dip  into  nitric  acid. 
Bramah  probably  first  suggested  quill-nibs,  and  patented  a 
machine  for  luaking  them.  These  nibs  were  the  precursors  of 
the  steel  nibs  iron  pens  were  mentioned  by  Chamberlayne  in 
1685.  Not  like  the  iron  pen  of  Job,  which  was  a  chisel  or 
graver.    See  Steel  Pes. 
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The  barrels  of  the  quitis  were  first  slit  longitudtDally  into 
halves;  these  were  subdivided  iuto  bluaks  for  nibs,  and  the 
latter  were  formed  and  slit  in  a  third  operation.     See  Pen- 

UAKER. 

QuUt'ing.  1.  Loom-made  iiuilts. appear  to  be  two 
distinct  cloths,  tied,  as  it  were,  togetlier  by  stitclies 
which  go  through  both  cloths,  and  by  the  crossing 
and  interchange  of  warp-threads  from  tlie  lower  to 
the  upper  set,  and  rice  vcrsii,  in  the  manner  of  the 
two-ply  carpet.  In  some  cpiilting  a  third  shuttle 
throws  in  a  i^uautity  of  coarsely  spun  cotton,  to 
serve  as  a  kind  of  wadding. 

2.  {Xiiulicu/.)  Braided  or  plaited  sennit  over  a, 
bottle,  etc. 

Quilfing-frame.  A  frame  on  which  fabric  is 
stretched   lor   quilting.       The   old-fashioned  frame 


Fig.  40S5. 


Folding  Quilting-  Frame. 

was  as  large  as  the  quilt,  and  the  modern'  conven- 
iences are  to  secure  compactness  and  facility  of  ex- 
posure of  that  part  on  which  work  is  ])roceediug,  the 
other  portions  being  covered  from  the  dnst. 


Fig.  4086. 


Roller  Qiiilting-Prame. 


Fig.  4085  is  a  frame  ^vith  jointed  leaves,  which 
fold  up  against  the  .standard. 

In  Fig.  4086,  two  rollers  are  journaled  in  the  front 
ends  of  the  frame  and  one  in  the  rear.  On  the  outer 
front  roller  is  wound  the  out.side  portion  of  the  arti- 
cle to  be  quilted,  and  on  the  inner  roller  is  wound  the 
lining.     The  part  quilted  is  wound  on  the  real-  roller. 

Quire,     a.    A  collection  of  24  sheets  of  paper. 


Wrapping,  envelope,  flat-cap,  printing,  and  many 
other  papers  are  not  folded.  Newspaper  has  25 
sheets  to  the  qiiirc  ;  10  quires  to  a  tukcn  :  2  tokens 
to  a  ream.  When  work  is  calculated  by  the  1,000 
sheets,  250  sheets  are  usually  known  as  a  token. 

b.  A  collection  of  one  of  each  of  the  sheets  of  a 
book  laid  in  consecutive  order  ready  for  folding. 
The  sheets  are  gathered  into  a  quire  or  book,  which 
is  folded  along  the  middle. 

Quirk.  1.  A  sudden  turn  ;  applied  to  a  form  of 
molding  in  which  an  acute  rece.ss  separates  the  mold- 
ing proper  from  the  fillet  or  soffit: 

It  is  much  used  between  moldings  in  Gothic  archi- 
tecture ;  in  Grecian  architecture  ovolos  and  ogees  are 
usually  quirked  at  the  top,  and  .sometimes  in  Konian. 

2.  A  projecting  fillet  on  the  sole  or  side  of  a 
gi'ooving-|)lane,  which  acts  as  a  fcnte  or  a  gage  for 
dejith  or  distance. 

Quirk-float.  (Plastering.)  The  plasterer's  tool 
for  finishing  olf  angles.     An  angle-float. 

Quirk'ing-plaae.  A  molding-plane  for  working 
on  convex  surfaces. 

Quiv'er.    An  arrow-case. 

They  were  strapped  to  the  sides  of  the  Egyptian 
chariots,  but  are  usually  carried  on  the  back,  so 
that  the  arrows  may  be  grasped  by  the  hand  when 
reached  over  the  right  or  the  left  shoulder.  The 
Apache  Indians  carry  it  over  the  right  shouldei',  so 
that  the  heel  of  an  arrow  ni.iy  be  gras]ied  by  the 
least  possible  reach  of  the  right  hand.  The  ariows 
are  so  quickly  drawn  and  thrown  into  ]iosition  upon 
the  left  hand,  which  grasps  the  bow,  that  the  man 
will  keep  tour  or  five  arrows  flying  in  the  air  at  the 
same  time.  JIuch  care  and  ornament  are  bestowed 
upon  this  article  by  barbarous  nations. 

Quoin.  1.  A  Wedge-shaped  block.  Specifically:  — 

a.  (Gunyierif.)  A  wedge-shaped  block  of  wood, 
having  a  hanille  inserted  in  its  thicker  extremity  ; 
used  in  some  cases  for  giving  the  proper  elevation  to 
mortars,  howitzers,  and  naval  guns. 

b.  (Printing.)  One  of  the  wedges  by  which  the 
pages  or  columns  of  type  are  locked  in  a  ehase,  ready 
ibi-  printing. 

e.  (Xautica!.)  A  wedge  used  as  a  chock  in  stow- 
ing casks,  to  ]irevent  rolling. 

2.    (Mason  rg.)     An  external  angle  of  a  wall.     The 
term  particularly  refers  to  ashlar  or   brick  corners 
which  jiroject  beyond  the  general  faces  of  the  walls 
which  meet  at  the  angle. 

Iiustle  gadins  are  rusticated  ashlars  forming  ex- 
ternal projecting  corners,  the  remainder  of  the  wall 
being  of  ordiiiiuy  masonry,  rnbble,  or  brick,  with 
occassional  piers  of  masonry.    See  KfBDLE-MASuNKV. 
Quoin-post      (Hydruulie   Engineering.)     The 
lieel-]iost  of  a  lock-gate.     See  Fig.  1386,  ]iage  5il4. 

Quoit.    An  annular  disk  bcveleil  roundly  on  each 
side,  thrown  by  hand  at  a  stake  or 
peg  in  playing  the  game  of  (pioits. 

This  ganie  is  of  unknown  antiquity,  throw- 
ing tile  (li^rus  hiiving  l)een  a  favorite  sport 
with  the  ancient  Greeks,  and  in  some  form 
appeJirs  to  have  existed  from  time  immemo- 
rial, among  even  the  most  uncivilized  na- 
tions 

Theancient  quoit  was  a  heavy  circular  mass  of  iron,sonietin-.t  s 
perforated  in  the  middle:  and  the  effort  was  not  one  of  skiil.  to 
throw  it  as  nearly  as  possible  to  the  mark,  now  called  the  Iwh. 
but  to  throw  it  to  the  prcate.st  possible  distance,  as  in  the  mod- 
ern Scotch  games  of /?Hf/rn^  //(*-  atone  or  /lUrt/ng  the  havinur 
Homer  mentions  the  throwing  of  the  6ii(T<co«  among  the  spoit.s 
at  the  funeral  games  of  Patrocius  (Iliad,  II.,  XX HI.  See  also 
Odys.sey,  VIII.,  XVII.).  Sometimes  a  thong  w.is  passed  around 
it  to  form  a  handle  :  in  the  Cabinet  des  Antiquites  of  Paris  is 
preserved  a  di.^rtis  with  hole  for  the  thumb  and  fingers.  Pindar 
celebrates  the  skill  of  Castor  and  lolaus  in  this  exercise.  In  the 
British  Museum  is  the  famous  statue  of  the  ftiscoholus  in  the 
act  of  throwing  the '/iSD/,^.  Quoit-pitching  wius  a  favorite  pas- 
time in  England.  Notices  of  it  are  found  in  1453.  The  horse- 
shoe is  a  common  substitute  in  .America. 


Fig  4087. 


Quoit, 
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Rab.     A  stick  used  in  mixing  liair  with  mortar. 
Rab'at.     A  |iolislnng  nuiterial  formed  of  |iotter's 
clay  wtiirh  has  tailed  in  baking. 

Ra-bat'ment.  (Skiphai/diiig.)  The  draft  of  the 
real  shape  of  tlie  moliling  edges  of  pieces  of  the  frame 
in  any  reipiired  position. 

Rab'bet.  1.  {C'arpaUri/.)  A  rectangular  groove 
made  longitudinally  along  the  edge  of  one  piece  to 
receive  the  edge  of  another.     A  rebate. 

It  is  common  in  paneling,  and  in  door-frames  for 
the  door  to  shut  into. 

2.  {Shijnm'ightinij. )  That  |iart  of  the  keel,  stern, 
and  stern-post  of  a  ship  which  is  cut  for  the  plank 
of  the  bottom  to  fit  into. 

Rab'bet-ed  Lock.  (Lncl-xmUhiiig.)  A  kind  of 
lock  whose  lace-plate  is  sunk  within  a  rabbet  cut  in 
the  edge  of  a  iloor. 

Rab'bet-ing-ma-chine'.  A  machine  for  form- 
ing rabbets.  Kabbetiug-machines  for  wood,  as  well 
as  other  kinds  of  planing  and  molding  machines,  were 
supplied  by  General  Sir  Samuel  Bentham  to  the 
British  Adnuralty  before  1800.  Many  ;;/««tHry-ma- 
chines  and  all  nialclihig  and  iiioldiiuj  (wood)  ma- 
chines may  be  set  to  cut  rabbets. 

Rab'bet-jolnt.  (Girpcntrif.)  A  mode  of  join- 
ing wooden  stuff  in  which  rabbets  are  made  upon 
thi^  contacting  eilges  of  the  boards,  so  as  to  overlap 
each  other.     Si'c  .IniNt. 

Rab'bet-plane.  (Jiniuri).)  A  plane  for  plow- 
ing a  groove  on  tin'  corner  edge  of  a  board.  Accord- 
ing to  their  shape,  whiidi  is  such  as  to  adapt  them 
to  peculiar  kinds  of  work,  they  are  known  as  sqaare- 
rahbct,  side-rabbet,  skeio- rabbet  planes. 

The  square-rabbet  plane  has  its  cutting  edge  square 
across  the  sole. 

Skew-rahbet  plane  ;   the  bit  obliquely  across  the 
sole.     Sidr-rahbet  plane ;  having  the  cutter  on  the 
side,  not  the  side. 
Rab'bet-saw.      A    saw   adapted    for    forming 

grooves   in  the 
Fig- 1088.  edges  of  plank, 

etc.  That  il- 
lustrated has 
an  adjustable 
fence  or  gage 
C  attached  to 
a  handle  simi- 
lar to  a  plane- 
stock,  so  as  to 
cut  at  variable 
distances  from  the  edge.' 

Rab'ble.  (MctaHnrgy.)  An  iron  bai'  with  an 
end  bent  at  a  riglit  angle,  used  for  stirring  tlie  molt- 
en iron  in  the  puddling  or  boiling  furnace,  for  re- 
moving slag  from  the  surface,  and  lor  gathering  the 
metal  into  loops  or  balls  for  the  tilt-hunnner  or 
squeezer. 

A  meehanical  rabble  is  used  in  some  forms  of  pud- 
dlin'T-fiiinaees.      See  page  1815. 
Rab'bler.     {Metal. )     A  scraper. 
Ra'bot.     {.MarbU-worhivfi.)     A  hard-wood  rub- 
ber used  in  rubbing  niai-blo  to  prepare  it  for  polish- 
ing. 

Race.  1.  (IIi;draii.lic  Erxjineering.)  The  canal 
or  course  by  wliicli  water  is  conducted  to  a  water- 
wheel  from  the  mill-pond  oi'  stream  above,  and  is 
conveyed  away  after  having  done  its  work.  The 
water  reaches  the  wheel  by  the  head-vace  and  leaves 
it  by  the  toii-race. 


Rabbet- Saw. 


Race- 
Knife. 


2.  (Loom. )     The  path  or  guiding  trough  for  the 

shuttle  in  the  lay  or  batten. 

Race-cloth.  (Mcncuje.)  A  cloth  used  in  con- 
nection with  race-saddles  ;  it  has  pockets  to  holil 
the  weights  needed  to  meet  the  requirements  of  the 
rub'S  of  the  lace-course. 

Race-glass.  (Optics.)  A  common  name  for  a 
lorgnette  "]■  binocular  field-glass. 

Race-knife.     A  toed  with  a  bent-over,  sharp  lip 
for  scribing.      It  is  used  in  laying  down  on 
the  Hoor  the  lines  on  the  body  plan,  by  which  Pig. 4089. 
the  smith  bends  his  bars  in  forming  iron       ^ 
frames  for  ships. 

It  is  also  used  for  marking,  numbering, 
and  other  pur]iuses. 

Race-sad'dle.    (iUena{/e.)   A  very  small 
light  saddle,  used  only  for  racing  purposes. 
Rach'i-o-tome.     (Surgical.)     A  post- 
mortem or  dissecting  instrument  for  opening 
the  spinal  canal. 

There  are  two  kinds  :  one,  a  saw  with  double 
blades,  which  are  caused  to  approach  or  recede  from 
each  other  by  njeans  of  set  screws,  making  two  par- 
allel outs  at  once  ;  the  otlier,  an  a.\e-like  chisel 
with  a  round,  projecting  point,  which  is  inserted 
into  the  hollow  of  the  vertebrse  and  guides  the  chisel 
while  the  operator  holds  it  by  the  handle  with  one 
hand,  striking  on  it  with  a  hammer  held  in  the 
other  band. 

Rac'ing-bit.  (Menage.)  A  jointed-ring  bit, 
made  \-ery  light,  the  loose  rings  varying  in  size 
from  3  to  d  inches. 

Rack.  1.  (Husbandry.)  A  frame  of  open-work 
to  hold  hay  or 

other    ffed    for  Fig.  4090. 

cattle,  horses, 
or  sheep.  The 
example  is  a 
sheeji-rack;  has 
a  grain-trough 
B  0  pivoted  in 
a  drawer  be-  i^i^  o 
neath  the  bars  \ 
of  the  hay-rack,  '"A 

so  that  it  maj' 
be    folded    and  Sheep-Raclc. 

slid  in,  render- 
ing the  arrangement  more  compact  and  preventing 
the  animals  having  access  to  the  food  except  at  stated 
times.     A  feed-rack. 

2.  ( Wagon.)  A  frame  to  carry  hay  or  grain,  placed 
on  a  wagon-gears  instead  of  a  box-bed,  for  hauling 
in  the  harvest.  Sometimes  it  is  laid  upon  the  wagon- 
bed  ;  but  this  is  not  so  good,  as  the  bed  makes  the 
load  too  high  and  too  short,  and  adds  unnecessary 
dead-weight. 

Fig.  4091. 


Woo<l-Rack. 


RACK. 
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The  device  i.s  also  placed  on  a  wagon-frame  for 
hauling  wood  and  other  materials. 

Fig.  4091   is  a  wood-haiiling  rack  in  which  the 
sleepers,   sills,   and  stakes  are  united  by  the  bent 
stirrups,  and  are  disunited  by  raising  the  stakes. 
3.   (Gearing.)     A  toothed  bar  whose  pitch-line  is 
straight,   or,  if  curved,  em- 
Fig  4092.  braces'  but  a  fraction  of  the 


Fig.  4094. 


Hacking  a  Fall. 


d.  "Vo  f  rap  or  seize  3,  full . 
That  is,  to  bind  together 


Fig.  4093. 


li'ick-Movement  ( Lard-Press). 

circle  and  is  called  a  segment-rack,  for  imparting 

rectilinear  motiim,  and  operated  by  a  toothed  pinion 

01'  segment  or  by  a  pawl. 

In  the  example,  where  it  works  the 
piston  of  a  lard-press  or  sausage-stuHer, 
the  rack  H'  is  raised  or  lowered  by  a 
pinion,  and  may  be  held  at  any  desired 
hight  by  a  pawl  engaging  a  ratchet- 
wheel  on  the  pinion-shaft. 

The  rack  and  worm  (Fig.  4093)  may 
in  some  cases  be  substituted  with  ad- 
vantage for  the  rack  and  pinion.  The 
teeth  of  the  rack  are  oblicjue,  to  cor- 

RackandlVorm.resT^oni  with  tlie  threads  of  the  end- 
less screw  or  worm. 

4.  (Metal/ arfi;/.)  An  inclined  frame  or  table,  open 
at  the  foot,  and  upon  whiiOi  metalliferous  slimes  are 
placed  and  exposed  to  a  stream  of  water,  which 
washes  off  the  lighter  portions.  It  is  to  the  sliiives 
wliat  biiddlituj  is  to  the  ores.  The  operation  is  known 
as  racking,  recking,  anA  framing  in  different  districts 
of  Cornwall,  and  particularly  applies  to  tin  ores.  See 
Fr.i.me. 

5.  (Horology.)  A  steel  piece  in  the  striking  part 
of  a  clock.  It  consists  of  a  bar  attached  radially  to 
an  axis,  and  having  a  lower  anil  an  upper  arm.  The 
former  is  called  the  rack-tail,  and  is  in  contact  with 
tlie  snail  on  the  center  arbor,  which  determines  the 
luimber  of  strokes.  The  upper  arm  is  indented  with 
12  notches,  to  act  in  concert  with  the  kairk's  bill  in 
ell'ecting  the  striking  of  the  right  number. 

6.  (Lice.)  .-V certain  length  of  lace-work,  counted 
per\iendicularly,  and  containing  240  meshes. 

7.  (Xantical.)  a.  A  frame  of  wood  with  belay- 
iug-pins,  orarow 

of  blocks  tor  fair- 
leaders,  or  a  row 
of  sheaves  for 
reeving  tlie  run- 
ning-rigging. 

h.  A  frame  with 
holes  for  round- 
shot. 

c.  A  box  in 
which  the  hal- 
yards are  coiled 
awav. 


Rack-ancl- Pinion  Baling-Press. 

two  rojies  of  a  tackle  to  retain  it  at  a  tension  and 
previMit  the  ro|ies  reeving  back  through  the  blocks. 

Rack-and-pin'ion  Jack.  A  lifting-jack,  in 
which  a  rack  and  pinion  is  employed  for  gaining 
power.  In  the  example,  a  pinion  turned  by  a  two- 
armed  Clank  engages  a  gear-wheel  fixed  on  the  same 
shaft  with  a  pinion  meshing  with  the  rack.  Greater 
power  mny  be  obtained  by  increasing  the  number  of 
wheels  in  tln'  train  or  tlii'  ditference  of  their  radii. 

Rack-and-pin'ion  Press.  In  this  the  force  is 
transmitted,  as  the  name  indicates,  through  a  pinion 
to  a  rack  which  is  connected  with  the  follower.  In 
the  faster  movements  of  the  follower,  during  the 
return-stroke,  the  gearing  acts  directly  on  tlie  rack- 
beam  ;  but  during  the  heaviest  compression  the  gear- 
ing operates  through  a  windlass  and  rope. 

A  sliding  pinion  d  operated  by  shifting  lever  ji  is 
the  means  of  direct  motion  of  tlie  rack-beam  C,  when 
retracting  the  follower  b. 

Rack-and-pin'ion  Pro-pel'ler.  In  order  to 
obviate  the  incuuveniciices  attending  the  use  of 
lior-se-power  and  the  injurious  action  of  the  ordinary 
paddle-wheel  or  propeller  on  the  banks  of  canals, 
various  devices  in  which  wheels  actuated  by  a  motor 
on  board  the  boat  engage  a  continuous  rack  or  rail 
at  or  above  the  canal  bank,  have  been  proposed. 

Fig.  4097  shows  one  contrivance.  A  shaft  B,  diiven 
bv  the  engine,  turns  a  cog-wheel  C,  connected  by  an 
endless  cliain  with  the  spur-wheel  E,  on  whose  shaft 
is  a  pinion  meshing  with  a  rack  /on  the  canal-bank. 
The  bearings  of  the  shaft  B  move  freely  in  a  \-ertical 
direction,  so  as  to  correspond  with  the  varia'ole  im- 
mersion of  the  boat  depending  mi  the  amount  of  her 
cargo.  The  boat  is  maintained  in  line  with  the  con- 
• 
Fig.  4097. 


Rack-and-  Pinion  Propeller. 
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RADIAL-PISTON  WATER-WHEEL. 


tiimoiis  rack  by  a  roller  K  having  flanges,  wliic'li 
hold  thereto  wiiile  passing  over  the  teeth.  Tlii.s 
also  has  vertical  sell'-adjustment. 

Rack-cal'i-pers.  (_'alipers  whose  legs  are 
(ipeiieil  and  closed  liy  raek-and-pinion  motion. 

Rack-com'pasB.  A  joiner's  compass,  with  a 
rack  adjnstnieut. 

Rack'et.     1.   A  stringed  battledore. 

*2.   A  snow-shoe. 

3.  A  wooden  sole  for  a  man  or  horse  to  snpport 
the  body  when  treading  on  soft  or  swampy  ground. 

Rack'et-wheel.  A  wheel  toothed  to  receive  a 
click  or  pawl.     .-\  raklid-vi\wv\. 

Rack-hook.  {Uorologij.)  A  device  in  the 
striking  part  of  a  repeating  clock,  which  successively 
engages  the  teeth  of  the  rack  when  the  hours  are 
struck.     The  fjatheriiKj-piecc  or  pallet. 

Rack'ing.  1.  (Minimj.)  Washing  impurities 
from  the  ore. 

2.  (yaiUical.)  Seizing  two  ropes  together  by  a 
number  of  cross-turns.    Spun  yarn  is  used  for  seizing. 

3.  Decanting  wine  from  the  lees  in  a  cask,  after 
fermentation  or  fining. 

Raok'ing-can.  {Metal -working.)  A  can  filled 
with   sour   beer,   in   which    wire   is  steeped   before 


drawim/. 
Rack'ing-oock. 

Fig.  4098. 


A  form  of  faucet  used  in  the 
cellar  for  racking  otf  wines  or 
ale. 

Rack-rail.  One  laid 
alongside  the  bearing  rails  of 
a  railway,  and  having  cogs 
into  which  meshes  a  cog- 
wheel on  the  locomotive. 

Racking- Cock.  Blenkinsop's  English  patent  ,1811. 

Thia  had  a  toothed  rail  laid  down 
on, one  side  of  the  railway,  from  end  to  enil.  A  co{5  wheel  wus 
rigged  out  from  the  locomotive  so  as  to  engage  with  the  rack 
and  propel  the  train.  It  was  at  that  time  supposed  that  the 
adhesion  of  the  driving-wheels  to  the  track  would  not  be  snffl- 
cient  under  ordinary  circumstances  to  enable  the  locomotive 
to  draw  the  train      See  L0CO.M0TIVE,  Fig.  29S4. 

Chapman,  in  1812,  substituted  four  pairs  of  drivers  connected 
by  gearing,  so  as  to  multiply  the  frictional  contact. 

Snowden,  in  1824,  had  a  hollow  trunk  between  the  two  rails 
and  depre-tsed  below  tlie  surf  ice.  On  one  side  of  this  trunk  was 
a  rack,  and  the  trunk  itself  had  rails  traversed  by  a  carriage, 
which  the  inventor  termed  the  "  mechanical  horse."  On  the 
hor.se  Wiis  a  vertical  shaft  with  a  horizontal  cog-wheel  at  its 
lower  end  gearing  into  the  rack,  and  a  bevel-wheel  above  en- 
gaged by  a  similar  wheel  on  the  front  of  the  locomotive,  and 
driven  by  the  engine.  As  the  wheel  on  the  locomotive  rotated, 
the  upright  shaft  conveyed  motion  to  the  cog-wheel  beneath, 
and  this  acting  on  the  rack  drew  along  the  mechanical  horse 
and  the  train  connected  thereto. 

Easton's  English  patent,  1S2.5,  specifies  a  central  rack,  placed 
between  the  two  rails,  and  a  toothed  wlieel  on  the  locomotive. 
Guide-rollers  bear  laterally  against  the  smooth  sides  of  the 
central  bar,  in  order  to  keep  the  carriages  from  swerving  from 
the  track. 

The  rack-rail  is  now  only  to  be  found  in  some 
forms  of  inclined-plane  railways.     See  also  Center- 

KAIL. 

Rack-sa-w.     A  saw  with  wide  teeth. 

Rack-tail.  (Horology.)  A  bent  arm  connected 
with  the  toothed  segment-rack,  by  which  the  strik- 
ing mechanism  of  a  repeating  clock  is  let  off. ,  It 
has  a  pin  on  its  eml,  which  falls  into  that  oneof  tlu' 
12  notches  of  a  snail  on  the  .star-wheel  who.se  depth 
and  position  relative  to  tlu^  center  of  the  star-wheel 
allows  the  rack  to  turn  a  nnmber  of  teeth  correspond- 
ing to  the  hour  which  is  to  be  struck. 

Rad'dle.  1.  (Nnulienl.)  Interlacing  yarns  to 
make  Mat  g.isket. 

2.  {IVcnviwi.)  A  bar  with  upright  peg.s,  used  by 
weavers  to  keep  the  threads  in  place  when  winding 
the  w;>rp  on  to  the  beam. 

3.  .\n  iron  bar  with  an  end  bent  at  right  angles, 
used  by  puddlers  in  stirring  the  iron  in  the  furnace, 


and   also  in    making  up   the  balls  for  the   tilt  or 
stjueezer.      A  rabble. 

Ra'di-al  Drill'ing-ma-cliine'.  An  upright  ma* 
chine,  designed  for  diilling  a  series  of  holes  without 
changing  the  position  of  the  work.  In  Thorne,  De 
Hareu  &  Co.'s,  the  arm  a  carrying  the  drill  and  its 
gearing  is  rotatable  on  the  collar  h  surrounding  the 
upper  part  of  the  ii.xed  post  c,  on  which  are  the 
driving-pulleys.  The  counter-shatt  is  at  the  base, 
and  the  belt  by  wdiieh  they  are  driven  is  changed 
from  the  loose  to  the  fast  pulley  and  rice  vcrsii  hy 


Fig.  4099. 


l;,i<lnil  l>n'l,fiu-.\[ncliine. 

the  belt-shifter  d.  The  table  e  is  slotted  at  top  and 
sides,  and  can  be  raised  or  lowered  to  suit  the  work, 
by  a  pinion  working  in  the  lack  / and  operated  by 
the  crank  g. 

The  drill  may  be  traversed  back  and  forth  on  the 
arm  a  by  a  rack  ami  pinion,  and  is  provided  with 
automatic  changeable  feed-gears ;  or  the  feed  motion 
may  be  controlled  by  the  hand-wheel  /(  thiough  a 
worm  on  its  shaft,  which  gears  with  a  worm-wheel 
whose  shaft  carries  a  pinion  meshing  with  the  feed- 
ing-rack i.     See  also  Horizontal  Lathe  ;  Bohing- 

MACHINE  ;    DiMI.I,. 

Ra'di-al-pis'ton  Wa'ter-Twheel.  One  haying 
floats  which  are  projected  ftom  the  periphery  ag.-)inst 
the  breasting.  The  wheel  receives  its  water  a  little 
past  the  meridian,   h  here  the  .sliding  pistons  G  H 

Fig.  4100. 


Radial-Piston  Waur-ffhttl. 


RADIAL  PLANIN'G-MACHINE. 


1853 


RAFT. 


begin  to  protrude  to  receive  the  force  of  the  water 
adniittfd  through  tlie  gate  C,  and  before  the  arm 
becomes  vertical ;  it  extends  all  the  way  to  tlie  inner 
peripliery  of  an  apron  which  confines  all  the  water 
behind.  The  sliding  arm.s  have  friction-rollers  to 
facilitate  their  movement,  which  is  directed  by  an 
interior  arrangement  of  cams. 

Ra'di-al  Plau'mg-ma-cliiiie'.  ( Wood-work- 
ing.) A  machine  fur  chamfering  or  cornering  the 
edges  of  timbers.  It  has  a  conical  cutter,  which 
ordinarily  chamfers  the  edge  to  an  angle  of  45°.  A 
pair  of  such  cuttei-s  on  an  axis,  at  a  regulated  dis- 
tance apart,  to  a<Iapt  the  machine  to  given  dimen- 
sions of  timber,  will  chamfer  both  edges  at  one 
operation. 

Ra'di-a'tor.  {Heating.)  A  chamber  or  drum  in 
an  apartment,  heated  by  steam  or  hot  air  and  roAi- 
aling  warmth  into  the  apartment. 

It  may  be  placed  above  a  fireplace,  stove,  or  fur- 
nace, and  be  heated  by  the  volatile  products  of  com- 
bustion on  their  way  to  the  chimney  :  or  it  may  form 
a  part  of  a  steam  circulation,  deriving  its  heat  by 
steam-pipes  from  a  boiler.  See  He.\tixg-appai;ati's. 

In  Fig.  4101  segmental  wings  m  m  forming  an  in- 
verted cone  are  arranged  in  a  stove-pipe  drum,  and 
adjusted  by  links  or  rods 
Fig.  4101.  connecting   with  a  crank. 

When  opened,  the  .products 
of  combustion  pass  freely 
through  the  drum,  and 
when     closed     thev    flow 


Stove-Drum. 


Fireplace-Radiator. 


through  a  narrow  opening  between  the  base  of  the 
cone  and  the  case  of  the  drum. 

In  Fig.  4102,  the  chamber  A  is  made  of  east-iron 
or  other  suitable  material,  with  alternate  projections 

Fig.  4103. 


^/////////mm 


Steam-Radiator. 


Steam-Radiator. 


r>  E  and  recesses  F  placed  within  the  fireplace.      .\ 
pipe  at  the  bottom  communicates  external  air  to  it. 


and  from  the  top  a  pipe  leads  off  the  heated  air  as 
desired. 

In  Fig.  4103  the  radiator  is  made  in  sections,  each 
of  which  has  a  circuitous 
passage,  and  at  one  end  fig.  4104. 

is  associated  with  a  seiies 
of  similar  sections,  their 
coincident  openings  mak- 
ing a  continuous  jiipe 
with  inclined  iilates  to 
direct  the  How  into  the 
chambers  consecutively. 
The  projections  on  the 
outside  of  the  heater  force 
the  air  into  a  tortuous 
course  and  increase  the 
radiating  surface. 

Fig.  4104  has  a  number  of  steam-heated  hollow 
sections  A  A'  having  a  zigzag  foi-m  ;  the  spaces  in- 
tervening between  the  sections  are  air-pas.^ages  made 
tortuous  by  inclined  ribs  projecting  from  the  sections. 

Ra  di-om'e-ter.  A  fore-slnff.  An  instrument 
ior  taking  the  altitudes  of  the  celestial  bodies. 

Ra'di-us.  Tlie  movable  limb  of  a  sextant  or 
other  angidar  instrument. 

Ra'di-us -bar.  (Stenm-cnyine.)  liaclius-rod. 
Bridle-rod.  One  of  two  duplicate  rods,  which,  piv- 
oted at  one  end  to  a  beam  and  at  the  other  to  one  of 
the  hanging  links,  serve  in  the  parallel  motion  of 
Watt  to  guide  the  piston-rod  in  a  vertical  direc- 
tion by  counteracting  the  vibratory  motion  commu- 
nicated by  the  beam.     See  Parallel  JIhtion. 

Ra'di-us-rod.  (Steam-engine.)  One  of  the 
guiding-rods  in  a  parallel  motion,  jointed  to  the 
connecting-links,  to  counteract  the  vibratory  nio- 
tion  comnumicated  by  the  beam,  by  guiding  the 
links  so  that  the  head  of  the  piston-rod  may  iccipro- 
cate  in  a  line  sensibly  straight. 

Raft.  A  stnicture  depending  for  its  capacity  for 
carrying  persons  or  freight  upon  the  lightness  "rela- 
tively to  water  of  the  materials  of  which  it  is  com- 
posed. Excepting  as  to  lumber-rafts,  which  are 
made  up  of  logs  and  sawed  lumber  attached  together 
in  order  to  be  floated  to  a  sliipping  port  or  to  mar- 
ket, rafts  are  usually  a  device  made  and  used  in  an 
exigency  ;  such  are  those  made  in  the  emergency  of 
shipwreck,  among  the  most  notable  instances  of 
which  is  the  loss  of  the  French  frigate  "  Medusa." 

This  melancholy  event  occurred  in  the  year  1816.  The  "  Me- 
dusa," having  on  board,  in  addition  to  her  crew,  a  detachment 
of  .soldiers  designed  to  garrison  the  fort  at  St.  Louis  Kiver, 
Senegal,  .4frica.  Tvhich  had  been  given  up  by  the  English  under 
the  treaty  of  the  preceding  year,  struck  unexpectedly  on  the 
.Argiiin  bank  a  dangerous  shoal,  lying  some  twelve  or  lifteen 
leagues  from  the  African  coast,  in  latitude  20°  north;  a  large 
raft  was  hastily  constructed  by  lashing  together  such  spars  and 
other  materials  as  were  at  hand,  and  on  this  the  majority  of  the 
persons  on  board  were  embarked,  the  boats  of  the  ship  sufficing 
for  only  a  comparatively  small  number.  "When  all  were  on  the 
raft  it  was  submerged  until  the  water  came  nearly  up  to  their 
waists  There  was  consequently  little  room  for  provisions  or 
water  :  a  small  quantity  of  bread,  wine,  and  brandy  was,  how- 
ever, taken. 

It  had  been  arranged  that  the  boats  were  to  tow  the  raft  to 
shore,  which  it  wa.s  supposed  could  be  done  in  two  or  three 
days.^ut  during  the  night  succeeding  the  disaster,  they  in- 
humanly cast  off  the  towing  lines,  leaving  those  on  the  raft  to 
their  fate.  A  frightful  scene  of  disorder  and  bloodshed  then 
ensued.  Maddened  by  thirst,  rendered  desperate  by  the  appall- 
ing hopelessness  of  their  situation  and  by  the  liquor  which 
some  of  them  had  succeeded  in  surreptitiously  obtaining,  all 
discipline  was  lost,  and  part  made  a  combined  attack  upon  the 
rest,  with  the  object  of  forcing  them  overboard.  This  riot  was 
finally  quelled  by  the  captain,  who  had  remained  on  the  raft, 
with  the  assistance  of  some  of  the  more  self-possessed  portion  of 
the  crew  and  soldiers  ;  but  when  day  dawned,  it  was  found  that 
one  third  of  their  number  were  missing,  having  been  killed  in 
suppressing  the  disorder,  wa.shed  off  the  raft,  or  thrown  over- 
board by  others 

.Successive  trays  occurred,  resulting  in  loss  of  life  among  the 
remainder;  more  were  washed  off  by- the  sea,  and  many  died 
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Fig.  4105. 


from  thirst  and  exhaustion.  ^Vhen,  after  drifting  for  nearly 
two  week-s  almost  within  sight  of  land,  the  raft  wus  finally  dis- 
covered by  a  passing  vessel,  scarce  a  half-score  of  survivors  re- 
mained. 

Kal'ts  are  made  of  materials  usually  accessible  on 
shipboard,  spars  lashed  together  by  ropes,  the  tlota- 
tive  power  being  increased  by  empty  casks  laslied  in 
the  structure.  When  made  and  I'lirnished  as  a  part  ol' 
the  sliip's  equipment,  they  are  constructed  with  pon- 
tons, as  in  the  illustrations  annexed.  In  the  upper 
one  (rt),  two  pontons  are  united  by  a  frame  on  which 
is  a  grating  for  the  passengers  and  means  for  step- 
ping and  supporting  a  mast.     The  other  figures  rep- 

4106. 


Life-Raft. 

resent  a  raft  in  different  conditions.  6  is  a  top  view, 
showing  the  raft  in  a  partially  collapsed  condition, 
the  three  pontons  being  united  by  hinged  bars  to, 
which  are  operated  by  tackle,  so  as  to  extend  the 
structure  into  the  form  shown  in  the  view  c.  The 
bars  11  in  this  latter  condition  form  diagonal  braces, 
while  the  bars  m  are  transverse.  The  view  shown 
at  rf  is  a  transverse  vertical  section,  aTid  exhibits  the 
stanchions       and 

ropes,  which  form  *'is-  ^107- 

a  protection 
against  persons  or 
things  falling  or 
being  washed 
overboard.  The 
floor  of  the  raft  is 
a  rope  netting. 
The  raft  is  carried 
in  a  collapsed  con- 
dition for  compact 
stowage,  and  is 
more  readily 
launched  in  that 
less  liulky  condi- 
tion ;  after  it  is  in 
the  water  it  is 
brought  into 
working  shape  by 
the  purchases. 
See  LiFK-BOAT ; 
LiFE-ri;KsEi!vr.K. 

The  raft  (Fig.  4106) 
is  of  this  description, 
consisting    of    inner 
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and  outer  india-rubber  tubes,  which  are  separately  inflatable,  ; 
and  surrounded  bv  a  counectiog  network,  from  the  lower  part  ; 
of  which  ^  weight  uiay  be  suspended  to  prevent  capsizing. 

The  frame  of  the  life-preserving  raft  iFig.  4107)  is  composed  i 
of  side-birs  A  A,  held  together  by  screw- threaded  rod;*  C,  hav- 
ing  tighteniug-uuts  6  at   their  ends,  and   by  cross-bars   D  D  ; 
tenoned  to  tit  mortises  a  a  in  the  side-bars;  standards  B  Bare  j 
grooved  to  receive  the  chimes  of  barrels  E  halved  into  the  side-  ' 
bars,  and  have  holes  through  which  lushing  ropes  are  passed,  j 
The  detached  parts  are  stowed  in  any  convenient  part  of  the 
ship,  so  that  they  may  be  immi-diateiy  assembled   in  case  of 
emerjjency.    Special  barrels  may  be  provided,  or  ordinary  water- 
tight casks  may  be  used. 

The  nift  (Fig.  4108)  consi!*ts  of  a  large  air  mattress,  having  a 
Dumber  of  wooden  slats  on  its  upper  side,  and  covertd  with  a 

Fig.  4108. 


anchored  by  gnys,  shore-ropes,  or  mooriiig.s,  accord- 
ing to  the  luiture  of  the  case.  The  general  uoustrue- 
tion  of"  the  roadway  is  similar  to  that  of  the  PoN- 
TuN-BKiDGE  (which  see). 

Raft-dog.     {LumbcrvKj.)     A  bar  a,  with  beiit- 

Fig.  4109. 
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canvap  (lock.  It  i>  or  linarily  kept  rolled  up  and  suspentlcil  from 
u  pair  of  davits.  For  use  it  is  unrolled  by  casting  off  the  end 
supporting  ro))es  and  inflated  throu-^h  the  hollow  pillar  a  fmm 
a  reservoir  below,  kept  constantly  full  of  compressed  air.  After 
being  launched  it  is  stiffened  by  pushing  iron  rods  through  the 
three  flexible  tubes  b  b  b  longitudinally  to  the  mattress. 

Raft-bridge.  {Hyih-nalic  Etujineeriiifi.)  A 
liriJge  of  e.xpediencr,  wluTe  rafts  are  used  if^  imntons 
to  siijiport  the  beams  and  the  track.    The  rafts  are 


a,  Raft-Dog 


b,  Raft-Hook. 


e,  Raker, 


over  and  pointed  ends,  for  securing  logs  together  in 
a  raft. 

A  doy-honk  b  is  for  securing  a  rope  to  a  log  or  raft. 

In  the  lumber  regions,  trees,  after  being  cut  down  and  de- 
prived of  their  limbs,  are  hauled  to  the  nearest  available  stream 
and  deposited  close  to  the  water's  edge.  This  work  is  done  in 
winter, as  the  logs  are  then  easily  hauled  overthe  snow-covered 
ground,  and  deposited  where  they  can  be  readily  floated  off 
when  the  spring  fresliets  occur.  Dogs  and  similar  appliances 
are  used  to  launch  such  logs  as  are  not  floated  by  the  stream, 
and  when  all  are  fairly  under  way  the  timber-cutters  follow  the 
run  of  logs  down  to  push  off  any  which  may  become  lodged,  or, 
in  case  they  become  jammed  in  a  gorge,  to  disentangle  the 
Iliads,  — often  a  difficult  and  perilous  operation.  On  arriving  at 
the  point  where  they  are  to  be  converted  into  squared  timber 
or  boards,  as  the  case  may  be,  they  are  intercepted  by  a  boom 
stretched  across  the  stream,  and  are  caught  and  arranged  ac. 
cording  to  ownership  by  men  stationed  there  for  the  purpose, 
the  logs  belonging  to  each  proprietor  having  been  marked  so  as 
to  be  readily  identified. 

Raft'er.  (Buihlutg.)  One  of  the  pieces  of  tim- 
ber which  follows  the  .slope  of  the  roof,  and  to  which 
is  secured  the  lath  into  which  the  shingle  or  slate 
nails  are  driven.  The  rafter,  in  one  or  more  lengths, 
extends  from  the  eave  to  the  ridge  of  the  roof ;  at  its 
lower  end  resting  on  the  wall-plates,  and  at  its  upper 
end  abutting  upon  a  corresponding  rafter  rising  from 
t  he  opposite  side  of  the  roof, 
orre.sting  againsta  crown  or  rig-  *110. 

ridge  plate,  as  the  case  may 
be.    In  Fig.  4110,^  shows  : 

a,  rafter. 
6,  tie-beam. 

c,  king-post. 

d,  crown-plate. 
f,  wall-plate. 


Rafters 


The  foot  of  the  rafter  is  mortised  or  otherwise 
secured  to  the  tie-beivm,  as  shown  at  B. 
1  In  some  roofs  heavy  scantling  are  framed  between 
the  tie-beam  aufl  shoulders  on  the  king-post,  and  are 
called  jirincipal  rafters.  The  ordinary  rafters  then 
rest  upon  a  pole-plate,  purlin,  and  ridge-plate.    See 

KlN(!-rosT. 

Eafters,  though  all  performing  the  same  general 
duty,  have  specific  names  according  to  their  p.irticu- 
lar  functions,  as,  — 

Arched  rafter.      One   of  segmental   form   in  an 
I  arched  roof. 
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Juxiliary  rafters  are  timbers  framed  beneath  the 
princijMl  rufUrs,  to  support  them.  They  are  known 
also  as  cushion  rafters,  or  principal  braces. 

A  bindiiui  rafter  is  one  which  acts  as  a  tie.  Chief 
rafter,  a  principal  rafter. 

Common  rafters  are  those  on  which  rest  the  slieet- 
ing  or  lathing,  to  which  the  slates  or  shingles  are 
secured.  C  (Fig.  4110)  shows  a  mode  of  forming  a 
king-post  truss  :  — 

a,  wall-pUate.  «,  common  rafter. 

b,  tie-beam.  /,  pole-plate. 

c,  principal  ratter.  g,  king-post. 

dy  purlin.  «,  purlin-post  or  strut. 

Curb  rafter.  One  of  the  pair  forming  the  truss  in 
an  ordinary  curb  roof 

Nip  rafter.  That  which  occupies  the  angle  of  a 
hip  roof  and  into  whicli  the  upper  ends  of  the  short 
ratters  of  the  sides  and  ends  are  framed. 

Intermediate  rafler.  One  between  principals  or 
common,  to  strengthen  at  a  given  place. 

Jack  rafter.  A  short  rafter  let  into  the  hip  rafter 
at  the  angles  of  a  hip  roof. 

A.  principal  rafter  is  one  of  a  pair  in  the  sides  of  a 
truss  which  have  the  slant  of  the  roof  and  support 
the  purlins  on  which  the  common  rafters  rest. 

Raft-port.  (Shipbuilding.)  A  square  port  in 
the  sides  of  a  vessel  for  passing  cargo. 

Rag-bolt.  A  bolt  having  backwardly  projecting 
barbs  or  jags  to  prevent  it  from  being  easily  with- 
drawn alter  having  been  driven.      A  barbed  bolt. 

Rag-car'pet  A  carpet  with  a  cotton  or  hempen 
chain  and  a  tilling  or  weft  of  strips  of  rags  or  cloth, 
sewed  together  end  on  end. 

Rag-cut'ting  Ma-chine'.  (Paper-making.)  A 
raachiiii'  for  eoiuminuting  rags  preparatory  to  pulp- 
ing.    Fig.  4111  has  a  rotating  disk  /  with  cutters 

Fig.  4111. 


Rag-en'gine.    (Paper-making.)    The  machine  in 

which  rags  are  partially  comminuted. 

Until  the  present  century,  rags  were  reduced  to 
pulp  for  paper  by  means  of  mashing  and  incipient 
I'crmeiitatiou.  Stainping-mills  were  then  introduced, 
but  the  iron  stamps  in  oak  mortars  are  stated  to  have 
been  so  slow  that  40  pairs  working  24  hours  would 
only  reduce  112  pou'uls  of  rags.  The  rag-engine  was 
invented  in  Holland,  about  1750,  but  it  was  many 
years  before  it  reached  England. 

It  consists  of  an  oblong  tiough  containing  one  or 
more  rotating  cylinders  having  cutters  on  iheii-  pe- 
ripheries, which  work  against  similar  cutters  fixed 
in  the  bottom  of  the  trough,  whiidi  is  curved  to  cor- 
respond with  the  cylinder  and  form  a  partition  over 
which  the  stntl'  passes  and  repasses  during  the  pro- 
cess of  comminution. 

Fig.  4112  has  a  spiral  flange  on  each  end  of  the 
cylinder,  to  prevent  the  collection  of  rags  around 


gine  has  a  n 
of  circu-     t 


Ciiuin"  yiarltim. 


on  its  face,  and  a  stationary 
disk  /'  with  an  aperture 
through  which  rags  placed 
m  the  endless  apron  s  are 
.  d  in  between  the  two  to 
i'  operated  on  by  means  of 
I  roller  i  ;  the  two  disks 
may  be  separated  for  clean- 
ing, etc.,  by  means  of  a 
screw  device  e.  See  Rag- 
kxgine;  Pulpino-ma- 
CHINE  ;  Pulp-grinder. 
Rag-dust'er.  (Paper-making.)  A  machine  for 
removing  the  dust,  etc.,  from  rags  previous  to  wash- 
ing them. 

Debit's  (1829)  is  a  wire-cloth  cylinder  having  a 
lotating  axis  provided  with  spokes. 

Burt's  (1836- :3S)  lias  a  w-ire-cloth  revolving  cyl- 
inder containing  rotating  longitudinal  shafts  armed 
with  beaters. 

Ill  Carriel's  (1831)  the  wire-cloth  cylinder  ip  which 
the  rags  are  placed  has  exterior  longitudinal  radial 
wings  to  cany  otj'  the  dust. 


Ra^-Engine. 

the  cylinder  and  avoid  choking ;  its  action  tends 
to  throw  off  the  pulp  from  the  center  to  the  circum- 
ference. 

Fig.  4113  has  an  annular  stationary  trough  with 
knives  in    the 

bed  and  conical  Fig-  4113 

rollers,  which 
rotate  above. 
Theplaceof  the 
roller  on  the 
left  is  vacant. 

Another  form 
of  engin 
series 

lar  saws  on  a 
mandrel  oper- 
ating    in     the 

notched  end  of  Rag-Engine. 

a  feed  -  board. 
(Clarke  and  Albertson,  1838.) 

Still  another  form  hasa  drum  armed  with  prongs  re- 
volving in  a  cylinder  with  internally  projecting  bars. 

Rag'ging.  1.  (MitnUurgy.)  The  rough  breaking 
of  ore  to  reduce  its  size  and  enable  the  rejection  of 
the  poorer  portions. 

2.  Also  termed  straggling.  Rough-dressing  the 
surface  of  a  grindstone  to  clear  its  face  of  imbedded 
metallic  particles.  The  stone  is  turned  as  usual, 
while  a  piece  of  J-inch  soft  iron  is  worked  against 
it,  as  if  turning  off  the  stone,  a  rocking  motion  be- 
ing imparted  to  the  tool. 

■Phe  same  plan  is  adopted  in  evening  the  face  of  a 
stone  which  has  worn  into  lioles,  owing  to  inequality 
of  hardness  in  its  various  parts. 

A  better  plan  is  to  hang  two  stones  so  that  the 
surface  of  each  may  turn  again.st  that  of  the  other, 
thus  preventing  the  formation  of  ridges  and  hollows. 

Rag'giug-ham'mer.  (Mrtnlhirgij.)  A  steel- 
headi'd  hammer,  weighing  6  to  S  poinids.  It  is  used 
in  rough-dre.ssing  ores. 

Rag-wheeL    Another  name  for  the  Sprocket- 
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WHEEL  (which  see).  The  periphery  has  pins  or  jiro- 
jecting  portions,  which  are  caught  by  the  links  of 
the  chain. 

Rag-work.  (Jfasonj'y.)  AVall  laid  with  un- 
dressed flat  stones  of  about  the  thickness  of  a  brick, 
and  leaving  a  rough  exteiior  from  whence  the  name 
is  derived. 

RaiL  A  horizontal  or  inclined  piece  of  wood  or 
metal  connecting  two  posts  or  ui»rights ;  as,  — 

1.  (Joinery.)  a.  One  of  the  pieces  connecting  the 
posts  of  a  bedstead.  Known  as  kead-raii^  foot-rail^ 
side-raiif  according  to  position. 

b.  A  horizontal  piece  in  a  frame,  as  of  a  door,  sash, 
or  other  paneled  work.  In  a  door,  the  raUs  are  mor- 
tised into  the  stiics,  and  together  with  the  latter 
surround  thepaiiel.  In  sash^  the  panel  is  abseut  or 
may  be  said  to  consist  of  a  pane  or  panes  of  glass. 

c.  The  upper  piece  into  which  the  balusters  of  a 
stair  or  balustrade  are  mortised. 

2.  {Shipbui/dinj.)  a.  The  top  of  the  bulwarks 
proper  ;  that  part  continued  around  the  stern  is  the 
taffrail.  When  it  crowns  the  top-gallant  bulwarks 
it  is  the  top-gallfint  rail. 

b.  A  curved  timber  extending  from  the  bow  of  a 
ship  to  support  the  knee  of  the  head. 

3.  {Railway.)  The  bar  supported  on  sleepers  and 
aflfording  a  track  for  car-wheels. 

The  liistory  of  the  rail  commences  with  paving 
and  tramways,  the  latter  being  smooth  stone  blocks 
for  the  wheels  on  each  side  of  a  rougher  tra<"k  for 
the  horses.  These  ways  came  to  be  made  of  timbei-s, 
and  eventually  of  iron,  being  at  the  tirst  but  flat 
strips  laid  on  continuous  sleepers,  but  eventually  of 
bars  which  are  sufficiently  strong  to  span  the  dis- 
tance between  transverse  sleepers.  The  work  of  im- 
provement began  in  earnest  in  the  English  collieries. 

Wooden  railways  were  laid  ^t  Newcastle  in  1602.  These  were 
laid  parallel  and  imbedded  in  tiie  ordinary  road.  "The  rollers 
of  the  carta  were  majje  to  fit  the  rails."  (North,  1676.}  After 
a  while  the  rails  were  laid  on  cros^s-ties  and  pinned  thereto 

In  1716  flat  plates  of  malleable  iron  were  nailed  to  the  wooden 
rails,     {a, flat  rail.) 

In  1767  the  Coalbrookdale  works  laid  down  flat  cast-iron 
rails 

In  1776  cast-iron  rails,  with  an  upright  flange,  were  laid  on 
wooden  sleepers  and  used  at  the  Duke  of  Norfolk's  colliery,  near 
Sheffield-  (Carr'3  pitent,  b.)  They  were  spiked  down.  The 
flange  was  put  on  the  rail  before  it  was  put  on  the  wheel. 

In  17S9  Loughborough's  cast-iron  edge-rail,  with  flanges  on 
the  wigon  wheels 

In  17y3  stone  bearers  were  substituted  for  wooden  sleepers  at 
Little  Eaton,  in  Derbyshire. 

Wrought-iron  bars,  two  or  three  inche'  in  thickness,  spiked 
to  longitudinal  sleepers,  were  then  used  in  connection  with 
flanged  wheels. 

\Vyatt"s  cast  edge-rail  of  oral  section  (c)  was  then  used  in 
connection  with  grooved  wheels  at  Penrhvn  slate  quarries,  in 
18X), 

JesAop  used  thus  rail  in  1789.  and  added  the  ch^r  (rf),  a  block 
of  iron  slotted  to  receive  the  eods  of  adjacent  rail-s.  The  wheel 
had  a  tread  of  2V  inches,  and  a  flange  to  keep  it  on  the  r^il. 
The  sleepers  were  of  wool.  i 

Woodhouse's  hollow  rail  (e),  with  a  channel  for  the  rounded  i 
edge  of  (he  wheel,  1?03- 

The  fish-bellied  rail  at  Penrhrn,  1805. 

Blenkinsops  nuk-rail  {  0,  IBU.    See  Fig  2984,  page  1344. 

A  square-bodied  cast  rail  i^l,  1810. 

Losh  and  Stephenson's  flanged  rail  (A),  1816.  This  was  a 
lapping  continuous  rail 

Hawk's  ca-;t-iron  face  upon  a  wrought-iron  base.  1817. 

Birkenshaw's  malleable  face  upon  a  cast  base.  182C>. 

Birkenshaw.  of  Bedlington,  Durham,  invented  the  rolled  rail ; 
the  iron,  while  hot,  being  pas.-ed  between  grooved  rollers  of  the 
required  pattern  (i  j  k  I). 

m  n  o  p  are  respectively  the  Spanish,  Marseilles,  Strasbnrg, 
and  Great  Western  (England)  patterns. 


Fig.  4114. 


g,  Durham  and  Sunderland. 
England. 

r,  Berlin  and  Potsdam,  Prus- 
sia. 

5,  London  and  Blackwall, 
England. 

r,  Minche'ter  and  Blmiing- 
bamj  £nglan± 


ti,  Saint-Etienne  to  Lyon, 
France. 

V,  Wilmintrton  and  Su«^que- 
hanna.  Unite  1  St-ite«. 

ic.  Great  Western  (Old).  Eng- 
land. 

T.  London  and  Orovdon. 
England,  which  first  dispensed 
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with  longitudinal  sleepers  and 
chairs. 

y,  Morris  and  Prevost,  Eng- 
land. 

z,  Birmingham  and  Glouces- 
ter, England. 

a',  London  and  Birming- 
ham, England. 

b  .  London  and  Brighton, 
England. 

f'.  Midland  counties,  Eng- 
land. 

d',  contractor's  rail. 

!»',  street  car  rail. 

f ,  locomotive  street-rail. 

e' ,  continuous  rail. 

A',  tubular  mil. 

/.King's  rail,  with  steel 
cap. 

k'.  Potter's  rail,  with  steel 
fftfinff  rolled  in. 

/'.  Hvmer's  rail,  with  a  steel 
upper  .=ertion,  iron  foot,  and 
fish-plates- 

m',  .Vshcroft's  rnil.  with  a 
steel  tread  and  double  foot. 

n'.  Jones's  rail,  with  a  steel 
tread  and  forked  foot. 

o',  Brtofh's  rail,  with  an 
overlappinc  eteel  tre-ad-pla*e 
See  Fagot  :  Fig.  1914.  nase  823. 

p't  Losh's    fish-bellied    rail 


and    chair    (1816)  ;     the    iiJl 
fastened  with  keys. 

g'   Biunton  and  Shield's  rail 
and  chair 

r'    English    rail    and   chair, 
1840. 

5' ,  Samuel'.*  ca^t-iron  sleeper. 
('   Barlow's  rail  (English). 
u^,  tubular  socketed  rail, 
f',  Seaton's  snddlc-rail. 
«•',  elastic  rail. 
x'.  Pierce's    rail,    on    high 
standard. 

y',  Greave's  pot-sleeper. 
z',    Reynold's      continuous 
bearing. 

a",  Stephenson's  chair  and 
rail 
I     b",  Adams's  rail. 
,      e''.  Button's  rail,  with  steel 
!  top. 

(/".Brook^'ssteel-cappedraiL 
e" .  I^wi.s's  rail. 
I      f",  Hanmer    and     Grimes 
I  ste*>l-for»ped  rail 
I      e-",  Hagan's  rail 

h'\  Chamber's  rail,  on  elastic 
I  webs. 

I      »",  Robinson's  double  rail. 
I      j''.  Pierce's  rail. 
k'',  Peckham's  rail. 
/",  Perkinses  rail- 
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k"  Angle's    L-rail    on   con- 

tiuuouB  sleeper. 

f",  Dean  and  Coleman's 
street-car  mil. 

w",  rail  and  sleeper,  for  the 
East  Indies.  The  sleeper  is 
bent  from  a  plate  of  wrought- 
iron  to  resist  tlie  attacks  of 
insects  which  destroy  Wooden 
sleepers. 


m" ,  Shephard's  gtecl-top 
rail. 

n",  Day  and  Mercer's  rail. 

(/',  Dwig.it'a  rail. 

p",  ZiUirs  rail. 

tj",  Johnston's  rail. 

r",  Stephens  and  Jenkins's 
rail. 

.1  ',  Sanborn's  tubular  rail. 

(",  Sanborn's  rail. 

Parkin's  vitrified  sleeper,  patented  in  England  in  1835,  con- 
eists  of  hard  ?leepei*s  of  molded  and  baked  blocks  laid  in  con- 
tinuity,  tongues  and  recesses  on  adjacent  blocks  Ferviug  to 
lock  tjem  toje^.her.  A  timber  strip  was  interposed  between 
tae  ro.v  of  o  ocko  and  the  rail. 

Grime's  E.i^'lish  patent,  1831,  specified  a  hollow  rail  charged 
with  steam  from  stationary  boilers  at  intervals  of  two  or  three 
miles,  and  intended  to  keep  them  clear  of  ice  and  snow. 

The  first  steel  rail  was  made  in  1S57,  by  Mushet, 
at  the  Ebbw-Vale  Iron  Oo.'s  Works  in  South  Wales. 
It  was  rolled  from  cast  blooms  of  Bessemer  steel  and 
laid  down  at  Derby,  England,  and  remained  sixteen 
years,  during  which  time  250  trains  and  at  least  250 
detached  engines  and  tenders  passed  over  it  daily. 
Taking  312  working  days  in  each  year,  we  have  the 
total  of  1,252,000  trains  and  1,252,000  detached  en- 
gines and  tenders  which  passed  over  it  front  the  time 
it  was  first  laid  before  it  was  removed  to  be  worked 
over. 

The  substitution  of  steel  for  iron,  to  an  extent 
rendered  possible  by  the  Bessemer  process,  has  worked 
a  great  and  abiiling  change  in  the  condition  of  our 
ways,  giving  greater  endurance  both  in  respect  of 
wear  and  in  resistance  to  breaking  strains  and  jars. 

Two  steel  rails  of  twenty-one  feet  in  length  were  laid  on  the 
21  of  Mav,  1862,  at  the  Chalk  Farm  Bridge,  side  by  side  with 
two  ordinary  rails.  After  having  outlasted  sixteen  faces  of 
the  ordinary  rails,  the  steel  ones  were  taken  up  and  examined, 
and  it  was  found  that  at  the  expiration  of  tliree  yeirsand  three 
months,  the  surface  was  evenly  worn  to  the  extent  of  only  a 
little  more  than  a  quarter  of  an  inch,  and  to  all  appearance 
they  were  cap  ible  of  enduring  a  great  deal  more  work.  These 
two  rails  had.  dining  the  period  of  little  more  than  three  years, 
been  exposed  to  the  traffic  of  9,550,000  engi'ies,  trucks,  and 
carriages,  and  95,577.240  tons.  It  is  an  amount  of  traffic  equal 
to  nearly  ten  times  that  which  destroyed  the  Great  Northern 
rails  in  three  years.  The  result  of  this  trial  was  to  induce  the 
London  and  Northwestern  to  enter  very  extensively  into  the 
employment  of  steel  rails. 

Railway  rails  are  made  of  puddled  steel  at  the 
Hoerder  Iron  and  Steel  Works,  Westphalia,  The 
process  consists  in  bringing  a  number  of  balls  to- 
gether to  a  heavy  hammer  (say  a  12-ton  steam-ham- 
mer), which  welds  them  together  into  a  homogeneous 
bloom.  The  faces  of  the  hammer  and  anvil  are  hol- 
low, so  as  to  keep  the  metal  together,  and  the  bloom 
is  sent  at  the  same  heat  to  the  rolls. 

A  number  of  puddled  steel  balls  are  welded  into 
one,  in  a  furnace,  as  a  single  puddled  ball  is  not 
l.irL^e  enough  to  make  a  rail. 

Weight.  The  tendency  to  increase  the  stability  of  the  track 
by  increasing  the  weight  has  led  to  a  deterioration  in  the 
qualitv  of  the  rail,  and  the  lamination  and  wear  have  more  than 
coaipynsated  for  any  immobility  due  to  weight. 

Mr.,  Holley,  after  the  great  wear  endured  by  the  45-pound 
r  lil*  made  by  the  Ebbw-Vale  C6m(-'any  for  the  Philadelphia  and 
Ui'ading  Itiilway  Company,  in  1837,  and  comparing  the  long  life 
of  the  45-pound  rail  with  tliat  of  the  64  and  08  pound  rails 
which  re;>laced  them,  goes  into  a  consideration  of  the  substitu- 
tion of  lighter  for  heavier  rails  on  many  of  the  English  niilways. 

"  The  true  course,"  he  remarks,  "  is  in  the  u>.e  of  the  best 
of  iron  in  moderately  light  rails.  The  cost  per  ton  is  increapctl 
but  by  a  comparatively  small  amount,  while  the  durability  may 
be  doubled.  One  ailvantage  of  a  light  rail  is,  that  its  very  size 
ensures  more  -.vork  being  expended  upon  it  " 

The  re  luction  in  weight  has  been  in  the  head  and  stem  of  the 
rails.     The  same  depth  is  preserved,  about  five  inches. 

Len^tk.  Riils  are  made  in  England  from  15  to  21  feet  long, 
the  latter  beini;  usual.  One  railroad  is  said  (o  be  furnished 
with  mils  of  30  feet.  A  Welsh  rolling-mill  furnished  a  Barlow 
nil  52V  feet  long,  but  it  was  done  as  a  trophy  Wrought-iron 
nf'ers'were  rol.ed  at  Phnenixville,  Pa  ,  for  the  Urfltel  .States 
Capi'ol,  having  a  length  of  51'  p,  ft-et.  Iron  plates  for  the  rol- 
ling st4*:imprs  were  roHi'd  at  i'roy.X.  Y.,60  feet  in  length,  from 
piles  of  TUO  pounds  weight. 


Depth.  The  depth  of  the  most  lasting  English  rails  is  eitated 
to  be  from  4^  to5i  inches,  mostly  6  inches. 

The  Sandwich  rail  is  made  with  a  depth  of  8  inches,  the  web 
being  very  deep,  and  from  i  to  g  inch  thick.  It  is  prevented 
from  lateral  detlection  by  side  sleepers  which  clamp  the  'web, 
and  the  head  of  the  rail  rests  on  the  side  supports. 

The  great  depth  saves  the  rail  from  vertical  deflection,  and 
the  longitudinal  sleepers  preserve  it  laterally.  The  rail  is 
(louble-ktadtil. 

A  rail  is  an  iron  beam,  and  the  stiffness  is  as  the  cube  of  the 
depth  ;  the  result  being  modified  by  the  tlanges. 

Widtk.  The  width  of  rails  is  from  2\  to  3  inches.  The  top 
ha.s  a  curve  of  a  radius  of  6  to5i  inches. 

Form.  The  resistance  of  wrought-iron  to  extension  and  com- 
pression is  as  9U  of  the  first  to  66  of  the  second.  These  propor- 
tions should  therefore  exist  in  a  rail  when  it  is  not  to  be  reverf*  d. 

"The  life  of  iron  rails  of  best  qualitv  has  been  found  to  Le 
35,000,000  tons  over  a  double  line, or  17",000,000overeach  single 
rail,  and  many  from  the  best  makers  stand  only  5,500,000  to 
15,000,000  tons,  the  greatest  wear  beiug  in  cuttings  and  tunnds 
>vhere  there  is  the  least  elasticity.  The  average  life  of  an  iron 
rail  being  15,000,000  tons,  or  equal  to  H.:0,000  trains  of  150  tons 
each,  independently  of  the  length  of  time  of  the  traffic,  tlie  wear 
may  be  estimated  as  the  1-lOOOCiOth  part  of  the  value  of  the  rail 
each  time  a  train  go^s  over  it ;  and  if  the  value  of  a  mile  ol  imn 
rails  be  taken  at  S  5,000,  the  wear  would  be  5  cents  per  train 
mite. 

"  On  the  Great  Northern  Railway,  at  Barnet.the  life  of  an 
iron  rail  was  5  years,  with  13,484,661  tons  of  fust  tniins,  ard 
38,303,028  tons'slow  traffic.  Steel  rails  were  only  half  worn  out 
^ith  95.577,240  tons  traffic.  As  the  life  of  an  iron  rail  is  but 
l-6th  »f  a  steel  rait,  it  must  follow  that  a  great  excess  of 
mechanical  work,  represented  in  destruction  of  the  iron  rails  by 
the  rolling  stock,  must  ensue.  Locomotive  power  dependii  g 
mainly  on  the  resistance  to  traction  {due  to  the  detlection  vf 
track  and  abrasion)  costs  25  cents  to  31  cents  per  train  mile, 
r.nd  anything  which  will  reduce  this  by  l-5th  or  l-6th  will  soon 
effect  a  saving  equal  to  the  whole  cost  of  the  rails. 

"  On  falling  gradients,  with  the  trafftc,  the  wear  is  greatest, 
owing  to  the  momentum  a<  quired  ;  on  a  falling  gnidieut  of  1  in 
130,  a  mixed  traffic  of  62,399  trains,  gros^s  tonnage  12,451, 7lr4 
tons,  wore  out  the  best  samples  of  iron  rails  in  7i  years :  on  a 
level,  with  a  heavy  all-one-way  traffic,  same  descriptioo  of  rr.ils 
required  203,122  trains,  and  38,803,128  tons,  to  wear  them  out 
in  7 J  years. 

"  The  destructive  effects  of  high  speed,  with  the  same  engine 
and  everything  finiilar,  were  such  that  the  same  rails  required 
more  than  three  times  the  traffic  to  wear  them  out  at  the  lower 
speeds  ;  and  for  equal  quantities  of  traffic  the  wear  of  the  rail  is 
in  the  ratio  of  the  square  of  the  velocity  (the  matter  in  front 
compressed  by  the  weight  of  the  wheel  is  in  proportion  to  the 
ebortneps  of  the  time  of  passage,  the  resistance  being  as  the 
square  of  the  velocity). 

"  On  mineral  roads,  with  heavy  up  and  dowu  grade.=  ,  with 
diminished  .speed  up  grade  and  accelerated  speed  down  grade, 
the  wear  and  tear  is  considerably  greater  than  if  the  ssnu'  f  pace 
is  traversed  at  a  uniform  speed  equal  to  the  average  speed. 

"The  wfnr  of  a  rail  placed  upon  a  chair  upon  a  tic  was  simi- 
lar to  the  effect  of  pounding  a  rail  upon  an  anvil,  the  end  flat- 
tens into  a  fan  shape,  while,  if  suspended,  being  sustained  by 
fish-plates,  the  hammering  action  of  the  train,  being  over  a 
void,  falls  harmless  on  the  ends  of  the  rail."  —  Eiterinrering. 

Allowance  for  expansion  of  joints  of  a  20-foot  rail :  — 
At  100°  Fah  place  them  in  contact. 

90"  Fah.  at  a  distance  of OIC  inch. 

80°  Fah.  at  a  distance  of <32 

70°  Fah.  at  a  distance  of. 049    •' 

60°  Fah.  at  a  distance  of. (05     *' 

50°  Fah.  at  a  distance  of. 0£2    " 

40°  Fah.  at  a  distance  of 01(8     " 

30"  Fah.  at  a  distance  of 104    '* 

20"^  Fah.  at  a  distance  of 131     " 

10°  Fah.  at  a  distance  of 347     '' 

0°  Fah.  at  a  distance  of 163    " 

— 10°  Fah   at  a  distance  of 179    " 

— 20'^  Fah.  at  a  distance  of 212      ' 

—30°  Fah .  at  a  distance  of £96     " 

Pee  under  the  following  list,  which  includes  other  than  rail- 
way rails :  — 

Barn-door  rail.  Frog. 

Bellv-rail.  Guard-rail. 

Bridge-rail.  Guidc-n'U. 

Capped  rail.  Iland-rail. 

Center-rail.  Head-rail . 

Champignon-rail.  Hollow-rail. 

Compound  rail.  I-rail 

Continuous  rail.  Lock-rail, 

("rosping-mil  Plate-rail. 

Double-headed  rail.  Rark-rR-:!. 

Edge-rail.  R"i1-coupIing. 

False  ruil.  R^il-guard. 

Fish-bellied  rail.  Rail-jack. 

FHnce-rail.  Railw.av. 

Flat  rail.  Railway-mil. 

I  Foot-rail.  Saddle-rail. 
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Three-h«ided  rail. 

Track-rail. 

T-raii. 

Tram-plate. 

Tubular  rail. 

Wing-rail. 

Wooden  rail. 


Safety-way. 
8a£b-rail. 
8iJe-way. 
SliJe-rail. 
8plice. 

Steel-beaded  rati. 
Steel-topped  rail. 
Switch. 

Rail  and  Trav'ers-ing-wrheel   Pro-pel'ler. 

A  ilevice  for  propelling  caual-hoats. 

Fig.  4115  conipri.'^es  a  continuous  rail  supported 
by  posts  upon  the  bank,  and  its  upper  and  Lwer 

Fig.  4115. 


Fig.  41ia 


jRot^  and  T^aversing-tVhtei  Propeller. 

surfaces  are  traversed  by  wheel.s  upon  an  arm  ex- 
tending from  the  boat,  the  wheel  being  rotated  by  a 
motor  on  board. 

Rail-bend'er.  {Raihcay  Enqineering.)  An  im- 
plement for  bending  or  straightening  rails,  or  for 
breaking  steel  rails  to  such  lengths  as  may  be  re- 
quired. It  has  two  curved  branches  on  which  the 
rail  rests,  while  a  powerful  screw  or  a  plunger  oper- 
ated by  hydraulic  pressure  is  brought  to  bear  against 
it  at  a  point  midway  between  them.  The  hydraulic 
form  affords  the  greater  power,  and  is  more  con- 
venient and  expeditious.  Fretjuently  called  a  JlM- 
cr.nw  (which  see).     See  also  E  F,  Plate  XXV. 

Rail-chair.  (Railway.)  A  socket  for  a  rail, 
where   it   rests  upon  the   sleeper.     See  Railway- 

CIHIR. 

Rail-clamp.    (Railway  Engineering.)    A  device 
designed  for  firmly  holding  rails  on  lines  of  track  so 
as  to  prevent  any  shaking  motion.     Scott's  clamp 
truss-joint  (Fig.  4116)  is  in  two 
Fig.  4116.  part.s,  the  upper  curved  branch- 

es of  which  are  caused  to  bind  ,' 


Fig.  4117. 


SeUers^s  Raii-Drittlng  Mixchine, 


(Metal-working.)     The    built-up 
Fig.  4119. 


isj:^?^^;^"^?^ 


Rail-Fagot. 


Rail-Clamp. 


Rail-Clnmp. 


the  rail  by  means  of  a  screw-threaded  pin  passing 
tliriiugh  their  lower  branches  and  a  nut.  See  R.A.1L- 
WAY-IH-UK. 

Tn  Watkins's  (Fig  4117),  the  rail  is  held  between  a  brace-key 
K  and  tightening-key  F.  These  are  drawn  together  to  hold 
the  rail,  and  at  the  same  time  secured  to  the  sleepers  by  wedge- 
shaped  spikes  driven  through  them  and  through  the  flanged 
clamp  C. 

Rail-coup'ling.  (Railway.)  a,  A  bar  which 
ties  the  two  rails  of  a  track  together,  to  prevent 
spreading  at  critical  points,  switches,  etc. 

b.  A  fastening  plate  for  the  abutting  ends  of  two 
rails  in  a  track.    A  rail-chnir  sometimes  acts  as  such. 

Rail-drill 'ing  Ma-ohine'.  For  drilling  the 
holes  near  the  ends  of  steel  rails  in  which  the  fish- 
bar  bolts  are  inserted. 

The  feed  is  positive  and  invariable,  though  slow, 
while  a  rapicl  rotation  is  given  to  the  drill,  this 
method  being  found  more  advantageous  with  steel 
than  a  comparatively  slow  rotation  with  c^uicker 
feed.     The  lubricant  is  animal  oiL 


Hail-fag'ot 

mass  from  which 

rails  are  rolled  to 

proper  section  and 

length.     In    Fig. 

4119,  the  top  and 

bottom  plates  are 

wider  than  the  in- 

temiediate  filling, 

which  consists  of 

two  pairs  of  old 

rails,  cut  to  length, 

laid  on  their  sides, 

their     treads    in 

contact,  with  two  B-plates  between  the  pairs  and  one 

on   top  and  bottom  of  the  filling  and  next  to  the 

exterior  plates.     See  Pile  ;  Fagot  ;  Beam. 

Rail-guard.  (Rnihcay  Engineering.)  A  device 
for  throwing  aside  obstructions  on  the  track. 

a.  In  England,  the  rail-guards  are  attached  to 
the  front  of  the  frame  of  the  locomotive,  and  le.ich 
down  within  about  two  inches  of  the  rail,  to  catch 
and  throw  to  one  side  any  obstruction  which  may  be 
on  the  rails. 

*.  InAmer-  Fig.  4120. 

ica,  the  cow- 
eaJehcr  or  pilot 
is  a  substitute, 
and  is  some- 
what efficient 
for  the  whole 
width  of  the 
track. 

c.  A  guard- 
rail, as  at  a  switch,  to 
bear  against  the  inside 
of  the  wheel-flange  and 
prevent  deviation  of  the 
wheel. 

Rail-jack.  (Raihcny 
Engineering.)  An  appa- 
ratus for  lifting  railway 
rails  to  ballast  beneath 
the  ties  and  level  the 
track.  SeeTp.ACK-r.AlsER. 

Rail-joint.  A  device 
for  firmly  holdingtheabut- 
ting  ends  of  two  adjacent 
rails.     Different  aiTange-  tiad  Joint. 
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jiients  have  been  contrived  for  this  purpose.  Fig. 
4120  consists  of  a  tisli-iiiece  0  of  niutal  or  wood 
plated  with  metal,  sulliciently  long  to  e.vtend  over 
sevei'.il  ties  and  held  to  the  sleepers  by  the  chairs 
Jj  JJ.  13olts  tlirough  the  rails  may  be  dispensed 
with. 

Rail-post;  Rail'iug-poat.  {Building.)  A 
newel  jiost  lor  a  stairea.se  ur  balustrade. 

RaU-puuch.  For  punching  the  web  of  railway 
rails,  etc.    That  showu  at  A  is  worked  by  hydraulic 

I'ig.  4121. 


Rail-Punch. 

pressure,  being  a  slight  modification  of  the 
PlJN'C'HiN(!-!iK.VR  (which  See).  B  is  operateil  by 
turning  a  screw,  which  causes  the  surfaces  of  an 
upper  and  a  lower  cam  to  roll  in  contact  with  each 
othei",  imparting  a  powerful  pressure  to  the  low- 
er, which  acts  on  the  head  of  the  punch. 

Rail-straight'en-ing   Ma-chine'.     (Rnil- 
way  Kii'jinceri)ig.)   A  machine  for  straightening 

Fig  4122. 


crooked  rails  or  iron  bars.  The  illustration  shows  a 
portable  device  of  this  kind,  consisting  of  a  massive 
cast-iron  table  niounted  on  a  truck,  and  having  a 
presser-head  operated  by  a  lever  which  turns  a  sciew 
working  through  a  box  in  an  upright  standard.  See 
also  F,  Plate  X.XV. 

Rail'way.  A  way  or  road  provided  with  rails, 
upon  which  the  wheels  of  the  carriages  roll. 

Koads  with  wooden  rails  (tramways)  were  first  laid 
down  by  Mr.  Beaumont  at  or  in  the  vicinity  of  New- 
castle, England,  1602.  Between  this  and  1650  they 
began  to  become  common  in  the  Newcastle  coal- 
fields, and  were  employed  in  transporting  coal  from 
the  pits  whence  it  was  extracted  to  the  staitlis  or 
discharging-placcs  on  the  Tyne. 

Their  arrangement  was  thus  described  in  1676:  — 

'  *  The  manner  of  the  carringe  is  by  laying  rails  of  timber  from 
the  colliery  to  the  river,  exactly  straight  and  parallel ;  and 
bulky  carts  are  made,  with  four  rollers  fitting  tho.«e  rails, 
whereby  the  carriage  is  so  easy,  that  one  horse  will  draw  down 
four  or  fivechaldrons  [1  chaldron  =  36  bushels]  of  coats."  These 
"  rails  of  timber  "  were  laid  upon  transverse  timbers  or  sleepers, 
and  secured  with  pegs  of  wood,  the  sleepers  being  imbedded  in 
the  material  of  the  roadway. 

Aboijt  1716,  the  wooden  ways  were  capped  by  thin 
plates  of  malleable  iron.  Cast-iron  bars  were  sub- 
stituted in  1767.  In  1776,  Can-  took  out  a  patent 
for  cast-iron  rails  of  L-sliape  to  retain  the  wheels  on 
the  rails  without  flanges  on  the  wheels.  In  1800, 
stone  projis  instead  of  timber  for  supporting  the 
junctions  of  the  rails  were  invented  in  Derbyshire 
l)y  Mr.  t)utram.  The  name  tram-roaA  has  been  fan- 
cifully depved  from  Outram,  but  comes  from  tram 
(Prov.  Eng.,  Sw.,  and  Ger.),  a  beam  ;  and  the  (»■«)«« 
were  the  wagons  which  ran  thereon.  Birkensliaw, 
in  1820,  invented  and  patented  the  rolled  rail.  See 
Rail,  page  1857. 

For  the  history  of  the  Locomotive,  see  under  that 
head,  to  avoid  repetition. 

The  following  announcement  was  published  in  a 
Loudon  periodical,  dated  August  1,  1802  :  — 

"  The  Surrey  Iron  Railway  is  now  compli  ted  over 
„,  ~.^   ^        the    high-road    through    Wandsworth    town       On 
)^liJti^Jlii .ii^^      Wednesday.  June  8,  several  carriages  of  all  dcsnip- 
tions  pas.«edover  the  iron  rails  witlu)ut  meeting  with 
the  least  obstacle.    Among  these,  the  Port^Ulouth 


Fig.  4123. 
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Rail- Straightening  Jack, 


Railway  I'raveling,  1823. 
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wa^n,  drawn  by  eight  horses  and  weighing  from  8  to  10  ton?, 
p.:^jcd  over  tae  ni^,  and  did  noc  appear  to  make  the  Slightest 
impression  on  them."  i 

Fig.  4123  illustrates  the  locomotive,  carriage,  and 
tracic  proposed  iu  1823  fur  a  railway  between  Lon- 
don and  Edinburgh.  The  locomotive  was  to  have 
a  toothed-vvhuel  gearing  with  corresponding  teeth  ou 
tlie  rails,  in  order  to  insure  sufficient  traction.  The 
r.iils  were  to  be  grooved,  and  carriages  sliifted  side- 
ways from  one  track  to  another  by  means  of  turn- 
tables and  by  series  of  rails  12  3  4  5  6  laid  upon  a 
movable  platfor.Ti.     Sae  LocuMOriVE. 

The  locomotive  had  previously  been  employed  to 
a  limited  extent  in  the  miuiug  districts,  and  engines 
designed  for  running  on  common  roads  bad  been  , 
constructed  as  early  as  the  beginning  of  the  century ;  ! 
but  it  was  first  used  with  an  encouraging  degree  of 
success  for  ordinary  purposes  on  the  Stockton  and 
Darlington  Riilway,  opened  September  25,  1S25. 

Four  yeai-s  later,  even  a  majority  of  experts  were 
in  favor  of  the  nsi  of  stationary  engines  on  the  Liv- 
erpool and  Manchester  roid,  and  it  was  not  until 
after  George  Stephenson  with  his  "Rocket"  had 
practically  demonstrated  the  capabilities  of  the  loco- 
motive, that  the  project  of  using  the  stationary  en- 
gine was  abandoned.  This  road  was  publicly  opened 
September  15,  1830. 

The  first  railway  in  the  United  States  was  one  of 
two  miles  long  from  Milton  to  Qaincy,  in  1826 ;  cars 
drawn  by  horees. 

The  Baltimore  and  Ohio  Railway  was  commenced 
July  4,  1S2S,  and  was  the  fii-st  passenger  railway  in 
America,  15  miles  being  opened  in  1830.  The  cars 
w..^re  drawn  by  horses  till  the  next  year,  when  a  loco- 
motive was  put  on  the  track,  built  by  Davis  of  York, 
Pa.     It  had  an  upright  boiler  and  cylinder. 

The  Mohawk  and  Hudson,  16  miles,  from  Albany 
to  Sjhenectady,  was  the  next  line  opened,  during 
til.'  same  year,  and  the  cars  were  dravvn  by  horses 
till  the  delivery  of  the  locomotive  *'  Di  Witt  Clin- 
ton," which  was  built  at  the  West  Point  Foundry, 
N.  Y.  This  was  the  second  locomotive  built  in  the 
United  States  ;  the  first  was  mule  at  the  same  shops 
for  the  South  Carolina  Railway. 

The  second  locomotive  on  the  Baltimore  and  Ohio 
Riihv.iy  was  built  by  James  in  1832.  It  had  a  spark- 
arrester.  It  was  the  first  to  use  four  eccentrics.  Its 
life  terminated  by  explosion. 

Baldwin,  of  Philadelphia,  made  a  locomotive, 
*'  Old  Ironsides,"  for  the  Philadelphia  and  Germun- 
to.vn  Railway,  in  1833. 

The  completion  of  the  Baltimore  and  Ohio  Railway 
w  IS  delayed  for  many  years,  largely  on  account  of 
th.i  difficulty  of  surmounting  the  elevation  of  2,620 
feet,  the  highest  elevation  above  tide-water  attained 
by  that  road  at  Aitamont.  When  finished,  this  was 
considered  a  wonderful  achievement ;  grades  of  116 
feet  to  the  mile  having  been  deemed  insurmountable 
obstacles  :  now,  however,  they  are  consiitered  but 
slight  impediments,  except  so  far  as  interienng  with 
speed. 

The  Union  Pacific  crosses  the  summit  ridge  of -the 
Rojky  Mountains  at  an  elevation  of  8,460  feet;  and 
the  highest  point  on  the  railroad  between  Arequipa 
and  Puno  in  Peru  is  14,586  feet  above  the  sea. 

The  length  of  the  Pan<ima  Railwav  from  the  Atlantic  to  the 
P  icific  Ocein  is  nearlv  4S  mile?  :  the  summit  ridire  is  2S7  feet 
abive  the  mean  tide  of  the  Atlantic.  The  distance  from  Xew 
York  to  HoDgkong  via  Cape  Horn  is  more  than  17,000  mile.", 
b-jt  bv  thii*  railwar  acrois  the  Isthmus  it  is  less  than  12,000, 
—  a  siving  of  5,500  mite^.  This  railway  was  opened  in  Jan- 
uiry.  IS35.  Starting  from  .^spinwall,  on  the  Atlantic  side, 
for  l'ijim.1,  on  the  Pacific,  the  trareler  is  soon  in  the  midst 
of  a  scene  of  tropical  beauty  hanily  to  be  surpassed  in  the 
worl  I.  CiKoa-palms  and  breid-fruit  trees  wave  their  branches 
oa  citlier  aide,  and  from  the  fistnesses  of  murky  swamps  richly 


colore^l  aqua*ic  plants  rise  in  luxuriant  wildness.  The  cries  of 
gorgeously  plumaged  birds  are  heard  on  all  sides,  a.. J  i.o\v  a._d 
tnen  the  discordant  note-'*  of  monkeys,  parrots,  and  ot.icr  o.".- 
tives  of  the  woods.  On  the  low  muddy  banks  of  sirvams  can  la 
seen  the  bugt*  forms  of  alligators  sunnini;  tht-ni^lves  and  await- 
ing some  unlucky  object  of  ptvy.  Tue  tovveiiug  trees  are 
clasped  in  the  vice-like  embrace  of  plants  of  parasitic  growth, 
and  many  tottering  trunks  attest  the  etft-ct  of  clo?e  companion- 
ship. Along  the  sides  of  the  road  and  upon  the  woody  banks 
of  the  screams  passed  over  are  to  be  seen  the  thatched  habita- 
tions of  the  mongrel  specimens  of  humanity  tirnt  live  on  the 
Isthmus.  The  raioy  Sicason  commences  iu  May  and  la.«ts  until 
October,  and  it  rains  "  hot  water,"  according  to  tUe  statement 
of  the  residents  The  wires  of  the  Isthmus  Telegraph  Com- 
pany run  alongj^ide  tue  tmcks.  The  dampness  of  the  » arth  is 
guarded  against  by  setting  ttie  telegraph-polfr'j  iu  concrete:  the 
Tiilroad-ties  are  made  of  lignum-vita>,  laid  on  a  stone  badast. 
The  telegraph-poles  cost  $5  each,  and  the  railroad-tks  SI. CO 
and  S*2  each.  Tne  railroad  and  rolling-stock  have  probably 
co>tS  12,000,000. 

Stimpson's  patents  of  1831,  1835,  describe  the 
mode  of  turning  curves  in  streets  by  raising  the  outer 
rail  of  the  cur\-e,  so  that  the  flanges  of  the  otf- 
wheels  shall  run  above  the  rail,  the  tread  of  the 
iimer  wheels  resting  on  the  inner  rail. 

Among  the  auxiliary  devices  to  enabk  locomotives  to  ascend 
/tfavy  grades  n-ay  be  enumerated :  — 

A  eenter-rail,  grasped  by  horizonially  rotating  wheel  or  roll- 
ers, gripping  the  rail  and  driven  by  the  power  of  the  engine. 
See  Center-e-ml  "  • 

A  rack-rail,  laid  along  the  track  and  engiged  by  a  cog- wheel 
upon  and  driven  by  the  engine.     See  Rics-fua 

C'onvtriing  each  wheel  of  the  train  into  a  driver,  by  a  tempo- 
ran.-  connection  with  the  ccgine  of  the  axie^t  throughout  t^e 
train. 

Jame.e's  English  patent.  1825, has  a  horizontal  shaft  extended 
by  couplings  bene;ith  the  carriages  the  whole  length  of  tie 
train.  'I  his  shaft  was  rotated  bi,  the  engine  when  n  quired, 
and  connected  by  bevel-gearing  with  the  axles  of  eacu  car 
throughout  the  train. 

The  railway  up  the  Rigi.  in  Switzerland,  on  the  boplers  of 
Lake  Lucerne,  shown  in  1-  ig.  4124,  is  the  work  of  three  Uemu  n 
engineers,  Herren  Riggenbath,  Naeff,  and  Zschokke,  the  fir^t- 
named  gentleman  having  proposed  the  construction,  an  iiiea 
which  was  j-uggested  to  him  by  a  visit  to  the  Mount  Washing- 
ton Railroad,  in  this  country-. 

The  iligi  line  starts  from  Vitznau,  on  the  borders  of  the  lake, 
and  rises  up  the  mountain-side  to  a  station  at  StaSWlbohe, 
which  is  above  the  hotel  and  bath  establishment,  called  Ri;ii 
Kaltbad,  and  well  known  to  most  travelers  in  Switzerland.  Tue 
length  of  the  hne  is  5,760  yards  (about  3i  u.ilfs).  and  the  hight 
of  the  upper  ttrminus  above  the  lower  is  3  937  feet,  being  an 
average  ascending  gradient  of  about  1  in  *U.  After  leaving 
A  itznau,  the  grades  vary  from  1  in  5  56  to  1  in  4.  Among  the 
iustances  of  bold  and  difficult  construction  exhibited  by  this 
work  is  a  bridge  of  three  spans  over  a  defi  e  in  tne  mountain, 
the  track  going  into  the  side  of  a  rock  and  through  a  runnel. 
The  bridge  and  tunnel  together  are  525  ftet  long,  the  giade 
l>eing  1  in  4  and  the  direction  a  very  shi.rp  curve.  The  track 
is  Very  solid  nnd  well  built,  and  the  locomotives  have  vertical 
boilers  placed  in  the  middle  of  their  length-  The  boilers  main- 
tain their  perpendicularity  in  ascending  grades  cf  1  in  5J. 
The  line  wa.-*  opened  for  public  traffic  on  May  1:3.  1873. 
Coleman's  device  for  ascending  h'ovy  grnd'S,  Eng-ish  patent, 
July  3"),  1^45,  consists  of  an  endless  screw  bentath  the  loco- 
motive and  working  into  a  line  of  rollers  laid  down  midwa}  be- 
tween the  rails.  The  screw  is  driven  by  bevel-gear  fixed  on  the 
shaft  of  the  driving-wheels  and  on  the  axis  of  the  screw. 

Parkins's  railroad  con.'ists  of  a  ( ani;  ge  traversing  on  rollers 
and  drawn  by  a  rope.  It  is  said  to  biive  had  a  triai  in  the 
neighborhood' of  Paris,  France.  Ii  i*?  an  absurd  affair.  The 
carriages  have  a  bearing  upon  three  or  four  sets  of  wheels  at  a 
time,  and  the  rails  are  on  the  carriage,  so  to  speak,  a  plated  bar 
resting  on  the  rails. 

It  is  an  inversion  of  the  ordinary  mode,  wheels  in  pedestals  at 
6  feet  apart  all  along  the  road  and  the  earring*-  drawn  tuereou. 
When,  previous  to  the  opening  of  the  Liverpool  and  M:.nihes- 
ter  R.iilw.ay,  it  was  propost-d  to  test  the  rapabiiities  of  the  lot  o- 
motive  engine,  it  was  made  a  requirement  by  the  directois  tiUit 
a  speed  of  10  miles  an  hour  should  be  attained  The  Rot  ktt  on 
her  trial-trip  made  29  miles  an  hour  at  times,  and  rates  of 
speed  equaling  or  surpassing  this  soon  became  common  on 
English  passenger  trains. 

A  train  on  the  Chicago  and  Northwestern  R;dlway  recently 
ran  91  miles  in  90  minutes.  The  quickest  prior  run-;  rfCorJed 
in  the  Uui'ed  States  are  14  miles  in  II  miLutes,  by  an  engine 
and  six  cars,  on  the  New  York  Central :  lo  niiU-s  in  7i  niinutt-^s 
on  the  Pennsylvania  Railway;  144 miles  in  2  hours  49  n  inutes, 
on  the  Hudson  River  Railway  :  84  miles  in  90  minutes,  from  In- 
dianapolis to  Union  City  ;  Stio  miles  in  7  hours  42  minute;^,  from 
Albany  to  Niagara. 

Inorlinary  running  time,  however,  the  English  railways  un- 
doubtedly surpass  all  otaers.     Between  Paddiugtou  and  Swin- 
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don,  on  the  Orcat  Western  R:iUway  of  England,  the  distance  is 
77J  miles,  and  both  the  up  and  down  trains  travel  it  in  87  min- 
utes, includinj^  the  starting  and  stopping, or  at  the  rateotij3.62 
milei  per  hour.  At  full  pace,  the  speed  is  as  nearly  as  possible 
a  mile  a  minute. 

The  ne.v  express-tmia  from  Plymouth  to  London  is  prob- 
ably the  fastest  train  in  the  world  in  tne  part  of  its  journey 


which  lies  over  the  Bristol  and  Exeter  and  Gtvat  Western  Ruil- 
way.t.  Leaving  Exeter  at  10  30,  it  is  timed  to  reach  PuddiugtOD 
at  '2.45 ;  including  a  stoppage  of  live  minutes  at  Bristol ,  ai.d  tue 
inevitable  and  VL*.xatious  ten  minutes  at  Swindon,  the  jouruey 
of  194  miles  occupies  41  hours. 

The  speed  of  7U  miles  an  hour  sometimes  attained  upon  rail- 
ways is  equivalent  to  about  36  yards  per  second.    At  this  rate 


Riffi  Railway^  Switzerland. 


3.5  stakes  one  yard  apart  would  be  undistinguishable  from  each  I 
other:  if  paintel  rod,  they  would  appeir  as  a  continuous  flaph 
of  red  light.  Two  trains  pa.«sing  each  other  with  this  speed 
would  have  a  relative  velocity  of  140  miles  an  hour,  nearly  equal 
to  i  that  of  a  cannon-ball ;  each  train  would  pass  the  othcrin  a 
single  second;  their  united  momentum  would  be  equal  to  that 
of  a  number  of  cannon-balls  aggregating  l  ,„  their  weight.  Tho 
force  of  a  collisior  under  such  circumstances  may  be  imagined. 
Supposing  the  driving-wheels  of  the  locomotive  in  this  case 
to  be  7  feet,  each  will  make  5  revolutions  in  a  second  ;  the 
piston  traverses  the  cylinder  10  times  in  a  second  ;  as  there  are 
two  cylinders  there  will  be  20  puffs  of  steam  in  a  second  ;  the 
coush$  produced  by  each  .single  emission  when  the  engine  is 
moving  at  a  comparatively  low  rate  of  speed  being  blended  so 
as  to  produce  an  apparently  continuous  sound.    See  also 

Atmospheric  railway.  Portable  railway. 

Elevated  railway.  Wire-way,  etc. 

Pneumatic  tube. 

Rail'Tvay-brake.  {Railway  Engineering.)  The 
oM-tashioned  luiiiil- brake  is  still  used  on  some  lines 
of  mihv.ty,  but  is  gradually  being  superseded  by 
power-brakes  of  various  kiniks. 

A  patent  was  granted  in  this  country  for  a  power- 
Ijiake  as  far  back  as  1S47,  but  the  invention  made 
slow  progress,  more  patents  having  been  granted  for 
devices  of  this  kind  in  the  year  1872  than  during 
the  whole  previous  existence  of  the  Patent  Office. 

Springs,  electricity,  steam,  water,  vacuum,  and 
compi'essed  air  have  been  called  into  requisition  in 
operating  tliese  brakes. 

The  total  numlier  of  United  States  patents  for 
power-brakes  \\\i  to  the  close  of  1872  numbered  59. 

In  England,  from  ]  840  to  1866,  there  were  patented 
22  electric  brakes;  from  183.". to  186.i, 20 hydrostatic 
brakes  ;  from  1838  to  1866,  30  pneumatic  brakes  ; 
from  1836  to  1866,  54  steam-brakes.  Since  1869, 
seven  companies  for  the  manufacture  of  power-brakes 


have  been  organized  in  the  United  States,  and  more 
than  one  sixth  of  the  444  railroads  in  this  country 
and  Canada  are  now  provided  with  them. 

The  principle,  in  all  eases,  consists  in  releasing, 
hy  means  of  devices  at  the  hand  of  the  engineer,  a 
power  stored  up  in  some  way,  so  as  to  permit  it  to 
push  the  brakes  against  tlie  wheels  of  the  cars ;  this 
involves  a  connection  between  the  releasing  nieclinn- 
ism,  the  source  or  sources  of  power,  and  I  he  brake 
of  each  car  in  the  train  ;  these  latter  are,  conse- 
quently, so  arranged  as  to  be  readily  coii|'U(l  and 
uncoupled  from  one  another.  See  Bi:akf.  ;  Aim- 
brake  ;  Cak-brake  ;  Steam-buake  ;  Pxeujutic 
Brake. 

Rail'^way-buf  fer.  A  fender  on  the  end  of  a  car 
to  receive  the  impact  of  another  car  nnd  deaden  the 
shock.  In  Fig.  4125,  the  head  a  is  fixed  on  a  rod  6 
passing      through      the 


spring  c  in  the  collar  d, 
an<l  also  through  the 
semicircular  block  e, 
which  tits  a  correspond- 
ing cavity  in  the  box  /  « 
attached  to  the  end  of 
a  car.  The  rod  has  a 
collar  ff  on  its  inner  end, 
preventingitswitlulmwal 
from  the  box,  but  allow- 
ing free  movement  with- 
in it,  so  that  while  direct 
pressure  on  the  buffer- 
head  forces  it  directly 
backwai'd,  angulai*  press- 
ure, such  as  may  be  ex- 


Fig.  4125. 


Rnillraij-  BuJ^er. 
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erteJ  in  turning  a  curve,  causes  it  to  a.s3unie  a  posi- 
tion similar  to  that  shown 
at  6,  corresponding  to 
the  angle  between  the 
ends  of  two  adjoining 
cars,  thus  greatly  dimin- 
ishing the  risk  of  jam- 
ming or  breakage. 

Rail 'vray- car. 
A   vehicle   for   con- 
veying passengers  or 
freight  on  railways. 
These  and  the  loco- 
motives    constitute 
the  traveling  plaut. 
Those  on  the  Liv- 
erpool and  Man- 
chester   Railway, 
1830,    had     four 
wheels,  no  springs, 
and  no  roof ;  sim- 
ilar cars,   termed 
"rack-cars,"    are 
=■    still  in   use.     In 
3=)  1831,  springs  and 
conical    tread- 
wheels  were  pro- 
posed by  Mr.  Jo- 
seph Knight. 

In  1839,  pas- 
seuger-cars     in 
England    com- 
prised       first- 
class,        which 
were   of   superior 
finish  and  provid- 
ed with  cushioned 
seats  ;        second- 
class,  of  plain  fin- 
ish, without  cush- 
ions orornaments; 
third-class,    little 
more  than  boxes  on 
wheels,         having 
seats,      but       fre- 
quently without  a 
roof. 

Inaddition.there 
were  "mixed"  car- 
riages, divided  into 
three  compart- 
ments, the  center 
one  of  which  was 
for  first-class  and 
those  at  each  end 
for  second  -  class 
passengers. 

Hanson      intro- 
duced in  England, 
1847,  an   iron   car 
divided  into  conv 
partments,  each  of 
which  contained  a 
single   seat   so  ar- 
ranged that  the 
occupant  would 
face  the   direc- 
tion  in   which 
the    train    w;is 
moving.    A 
3p.  double  foot- 
'^^'^  boaid  lined 
with  sheej)- 
En:;Iish  Railway-Carriages.  SKlaS,       be- 


^^ 


tween  which  the  feet  could  be  thrust  to  keep  them 
warm,  and  a  leather-covered  head-boaid  or  cushion 
lined  with  sponge,  to  deaden  shocks,  foimed  appen- 
dages to  each  seat.  The  same  inventor  also  intro- 
duced a  similarly  constructed  freight-car  with  a  slid- 
ing roof.  In  the  same  year,  a  wrought-iron  ear- 
wheel  made  in  sections,  united  bj*  tongues  and 
grooves,  and  expanded  to  fit  the  tire,  which  was  in 
one  ])iece,  by  means  of  a  conical  ring  in  the  hub, 
made  its  appearance  in  England. 

The  rolling-stock  of  English  railwavs  differs  from  that  in  the 
United  States  in  many  respect*.  The  distinction  of  three  clas-ses 
is  not  usual  with  us,  and,  except  on  emigrant  lines,  a  second  cla.s3 
is  not  Ter>-  common  in  the  United  States.  The  doors  of  Biitish 
passenger-cars  open  at  the  sides.  The  interiors  are  divided 
into  compartuienl*.  The  furnishing  of  all  but  the  tirst-class  is 
mean,  and  intended  to  drive  respectable  people  into  the  Uiost 
costly  carriages.  The  third-class  is  like  a  cattle-car,  extefjl  that 
it  has  boards  to  sit  on  instead  of  board-  overhead  forprote-  tion. 
It  also  differs  from  a  coal-wagon  in  having  seat-boards,  aud  in 
the  fact  that  the  passengers  are  expected  to  get  out  of  tliem- 
selves  as  there  is  no  provision  for  dumping  tbem.  The  travel- 
ing is  (or  was)  safe,  the  police  arrangements  excellent,  the  bag- 
gage arrangements  execrable. 

The  appearance  of  the  cars  or  carriages  will  be  better  under- 
stood from  the  illu^tratiouB  in  Fig.  4126. 

1,  luggage-van.  5,  express  or  mail  carri;ige. 

2,  second-class  carriage.  6,  coal-wagon. 

3,  carriage-truck.  7,  first-class  carriage. 

4,  third-classopen passenger-  S,  goods-wagon 
carriage.  9,  tijnber-carriage. 

Fig.  4127. 


Raibrrry-  Cars. 
A,  Passin^er-Car.  £,  Sahon-Car.  C,  Hout-Car. 
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American  passenger-cars  are  constructed  on  a  very  1  pipes  under  the  floor.     The  water  of  condensation  is 
■  "  '  •  .    ..       returned  in  the  same  way  to  the  boiler. 

The  car-body  rests  on  three  pairs  of  wheels,  with- 
out trucks. 

Taylor  (English  patent,  May  11,  1841)  proposed 
to  make  railway-cars  of  papier-mache. 


difle.rent  plan  from  those  of  Europe,  where,  with  the 
exception  of  Russia,  those  of  England  served  as  a 
model. 

The  long  car,  consisting  of  a  single  apartment  ca- 
jiable  of  containing  many  passengers,  the  bell-cord, 
the  swinging  truck,  tlie  stove,  drawing-room,  sleej)- 
ing,  and  hotel  cars,  as  well  as  the  baggage-check 
systeui,  are  all  of  American  origin. 

The  general  arrangement  of  ordinary  passenger- 
cars  ditlers  but  little  on  American  roads.  All  have 
a  central  jiassage  with  a  row  of  double  seats  on  each 
side,  and  conveniences  for  passengers  at  one  end  of 
the  car. 

The  arrangement  of  what  are  known  as  saloon, 
palace,  hotel,  restaurant,  and  sleeping  cars  ditiers 
somewhat  from  these. 

Fig.  4127,  A  represents  an  ordinary  pas- 
Beng«rcar;  £  a  8;iloon-car,  with  close  com- 
partments; and  C  a  hotel-car. 

a,  central  pissugeway. 

h  6,  double  seats,  which  may  be  turned 
face  to  fice,  or  back  to  back. 

c  c,  seats  for  the  waiters  or  employes. 

li  rf,  close  coinpartuients,  with  seats  for 
four  persons. 

e  e,  compartments,  with  seats  for  five  per- 
sons 

//,  compartments  with  seats  for  six  per- 
sons 

g,  exterior  platforms. 

A,  smoking  compartment,  four  seats. 

i,  water-cooler. 

k,  wash-stand. 

1 1,  stoves. 

m  m,  wood  and  coal  boxes. 

«,  special  heating  appiiratus. 

Of  saloon,  with  five  pivoted  arm-chairs. 

p,  urinals, 

7,  kitchen. 

r,  water-closet. 

Plate  X1--V.  shows  a  modern 
Russian  saloon-car,  convertible  into 
a  sleeping-car.  It  presents  an  ex- 
ample of  the  best  which  has  been  done  in  Europe  in 
the  way  of  adapting  railway-cars  to  the  comfort  and 
convenience  of  passengers.  The  car  shown  is  about 
40  feet  long  and  10  wide,  outside  measurement,  to 
run  on  a  road  of  5-feet  gage.  The  large  compart- 
ment has  seats  for  12  passengers,  the  two  smaller  for 
6  each.  The  windows  are  few  and  small,  owing  to 
the  rigor  of  the  Russian  climate,  which  renders  the 
lieating  of  a  car  with  many  openings  a  matter  of 
difficulty.  The  "  platform  "  at  each  end  of  the  car 
is  inclo.sed,  lias  side  doors,  and  serves  as  a  corridor. 

An  upright  boiler  in  the  small  compartment  next 
the  wash-room  serves  to  heat  several  cars  by  steam- 


Paper  wheels  have  also  been  used  for  railway-cars.  The 
paper  is  cut  into  disks  the  diameter  of  the  wheel  less  the  thick- 
ness of  the  tire,  subjected  to  a  pressure  of  one  and  a  half  tons 
to  the  square  inch,  and  then  secured  by  iron  flanges  held  by 
bolts  passing  through  them  and  the  paper.  The  wiieels  then 
receive  a  steel  or  iron  flagged  tire.  The  advantages  claimed  for 
paper  are,  that  it  is  noiseless,  docs  not  spring  or  shrink  with 
the  weather,  affords  a  stay  to  the  tire  and  a  lateral  support  in 
turning  curves,  adapts  itself  to  any  trifling  inequality  of  the 
inner  surfiice  of  the  surrounding  tire,  and  is  stronger  than  any 
other  material  of  the  same  weight  of  which  a  wheel  may  be 
made. 


CylindrieeU  Railway-Car. 

Rohbins's  car  (Fig.  4128)  is  cylindrical  and  matle 
of  plate-iron.  Hollow  ribs  F  surround  the  interior 
of  the  body  to  stiffen  it,  and  also  to  receive  and  dis- 
chai'ge  fresh  air  through  diflerent  apertures  ;  farther 
stitlening  is  likewise  etlected  hy  semi-cylinders  of 
sheet-iron  and  the  wrought-iron  floor.  Attached  to 
the  roof-plate  to  support  it  are  angle-irons,  while  an 
elastic  platform  serves  to  break  the  violence  of  col- 
lisions. 

It  has  been  proposed  to  construct  cars  of  a  taper- 
ing or  spindle  shape,  so  as  to  present  less  resistance 
to  the  air.     The  game  is  not  worth  the  candle. 

The  Master  Car-Builders'  Association  made  public  the  fol- 


Fig   4129. 


Monitor  Car. 


lowing  statistics  relative  to  the  number  of  steam-cars  on  all 
ro.T-ds  of  four  feet  eight  inche-i  and  wider  gages  in  the  United 
States  and  Canada  at  the  close  of  the  fiscal  year  ending  with 
1871,  namely  :  — 

Whole  number  of  8-wheel  cars 193.7*i7 

AVhole  number  of  4-wheel  cars 5H,3-:t5 

Total 262,122 

Whole  number  of  cars  reported  for  3-foot  and 

3i-foot  gage  roads 212 

There  are  103  car-manufacturing  establishments  in  the 
United  States  and  Canailn,  which  built  during  the  year  ending 
May  31,  1873,  the  following  cars  :  — 


Palace,  sleeping,  and  hotel  cars 134 

Passenger-cars,  all  classes 579 

Smoking-cars 18 

Buggage  and  smoking  cars 15 

Baggage  and  express  cars 18 

Baggage  and  mail  cars S3 

Baggage-cars 63 

United  States  postal  cars 3 

Total  number  of  cars  for  passenger  trains  ....  863 


Pavmaster 6 

Caboose 78 

Fruit 734 

Refrigerator 8 


Grain  combination ....  750 

Box  or  house 11  .^31 

Platform 5.694 

Gondola 6,733 
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Construction 1G2 

Strain  Bhovels 52 

Derrick 8 

Hand 149 


Total.. 


371 


DoubU'-bot'm  gondola.  125 

Double  duck 80 

Hay  (box) 75 

Stock 2,415 

Ore  and  coal,  8-wheel..  3,126 

Ore  and  coal,  4-whoel. .  8.226 

Oil-tank  (6(1  barreW...  250 

Oil-tauk  (64  barrels) ...  300 

Total a5,531 

Making  whole  number  of  cars  built  by  car-manurictur- 
ing  companies  during  year  ending  May  31,  1873 36,765 

Cars  of  the  various  classes  as  follow.s  were  aUo  built  by  rail- 
way companies  during  the  year  ending  May  31,  1873 


Day  and  night  palace 


69 


Milk  . 
Refrigerator  . 

Hay 

Combination . 

Oil  and  coal,  8-wheel. 

Oil  and  coal,  4-wheel. 


152 

18 

132 

407 

3,119 

3,201 


Stork 1,452 


Pas.senger 2S1 

Smoking 14 

Baggage  and  smoking.  43 

H  igg:ige  and  express. . .  84 

Ua' 'gage  and  mall 27 

Bag-.ge 101  I 

I'oitai 19 

Vaylnaster 6 

Caboose 831 

Box  or  house 5,673 

Platform 2,643 

Gondola 2,.543 

Grain 129  1 

Whole  number  of  cars  built  by  railway  companies . . .  22,345 

The  following  cars  were  built  for  narrow-gage  roads, 
namely,  three  feet  to  three  and  a  half  gage,  during  the  same 
time :  — 

Platform 37 

Oil-tank 48 

Uand 3 


Oil-tank  (i>4  barrels) . 

Construction 

Hand 

Derrick 

Snow-plows 

Service  or  pole . 


105 
385 
828 
14 
19 
50 


Passenger 16 

Smoking 2  i 

Baggage  and  smoking. ...       11 

Baggage  5 

Box  and  house 1 1  I 


Total 129 


Cars  constructed  by  railway  companies 40 

Adil  85  cars  for  six  mouths  intervening  between  close  of 

fiswil  year  1871  and  June  1,  18:2 85 

Also  number  officially  reported  in  1871 212 

Total  for  narrow-gage  roads 466 

Add  to  this  the  number  of  cars  constructed  by  the  car-manu- 
facturing companies,  and  we  have  for  the  number  of  cars 
wliich  were  added  to  our  rolling-stock  during  the  year  ending 
May  31,  1873,69,110.  Allowing  six  months  for  the  time  between 
the  close  of  the  fiscal  year  1871  and  the  1st  of  June,  1872,  we 
will  add  one  half  the  number  of  car.-*  constructed  during  the 
year  1872  to  the  number  ofiicially  reported  in  1871,  and  we 
have  for  number  of  cars  on  the  l^t  of  June,  1872,  281,037 
Add  to  this  the  number  manufactured  during  1873,  and  it 
gives  us  for  the  total  number  of  car*,  310,787. 

The  increase  here  sUited  is  probably  under  the  mark,  as  a 
few  companies  did  not  report.  The  figures  indicate  that  the  in- 
creise  in  the  number  of  cars  for  the  year  1873  waa  about  twenty- 
five  per  cent. 

For  other  cars,  both  passenger  and  freight,  designed  for  par- 
ticular purposes,  and  known  by  different  specific  Dames,  see 


Box-car. 

Cattle-car. 

Coal-car. 

Freight-car. 

Hand  car 

Petroleum-car 


Pasta  1-car. 

Sleeping  car. 

Street-car. 

Tank-car. 

Tool-car. 

AVrecking-car 


See  also  list  under  R.iiLW.w  Engineering  and  Plant. 

Rail'way-car  Heat'er.  A  device  intended  to 
obviate  tlie  iliiugei-s  attending  the  use  of  the  common 
stove  in  railway-ears. 

Among  other  propositions  for  this  purpose  is  one  designed  to 
utilize  the  heat  of  the  boiler  and  fire-box  of  a  railroad  loco- 
motive to  warm  a  train  of  cars  in  coM  weather,  and  to  ventilate 
the  cars  with  pure  air  free  from  dust  or  cinders  in  sununer. 
The  front  of  the  locomotive  is  provided  with  a  funnel-shaped 
mouth,  from  which  a  pipe  leads  down  under  the  boiler  and  in 
close  contact  therewith.  At  the  forward  end  of  the  fire-box  it 
divides  into  two  branches,  one  passing  along  each  side  and 
through  the  tender,  at  the  rear  of  which  they  again  unite. 
Each  car  is  furnished  with  similar  pi[)es  passing  along  under 
the  seats,  and  fitt^^d  with  registers  that  may  be  opened  and 
closed  at  will.  The  union  between  the  pipes  of  the  different 
cars  is  by  means  of  a  bell-mouth  containing  a  packing  for  the 
end  of  the  pipe,  but  sufficiently  yielding  to  allow  of  latenil  mo- 
tion in  rounding  curves,  etc.  The  front  end  of  the  pipe  has  a 
bond  inside  the  funnel  mouth,  to  prevent  rain  or  snow  from 
entering. 


h  h  resting  in  cavities  having  spiml  springs  /,  which 
ease  tlie  jar  caused  by  the  motion  of  the  train.  In 
case  of  collision  or  running  oif  the  track,  the  con- 
cussion releases  the  tlanges  from  their  supports  and 


Car-Heater. 


detaclies  the  apparatus  from  the  car.  ^is  the  air- 
supply  pipe,  and  G  the  chimney  ;  C",  a  covered  aper- 
ture in  the  floor,  through  which  fuel  is  intiodueed. 
See  also  CaR-HKATER. 

Rail '^p- ay-car  Stove.  The  special  requirement.s 
in  a  stove  lor  use  on  raihvay-cars  are  that  it  .shall 
not  he  readily  upset,  and  that  in  case  of  an  accident 
of  this  kind  fire  shall  not  he  communicated  to  the 
wood-work.  The  absence  of  these  requirements  has 
been  the  cause  of  numerous  fiightful  losses  of  life, 
some  of  which  will,  no  doubt,  be  vividly  remembered 
by  our  readers. 

A  number  of  arrangements  have  been  devised  to 
obviate  or  lessen  the  liability  to  this  flanger. 

In  Fig.  4131,  the  cylinder  C  rests  njion  a  solid 
base  A.  The  door  M  is  depressed  below  the  general 
surface,  and  has  a  sunken  spring-latch  Q,  so  that  it 
cannot  be  accidentally  opened.    The  revolving  grate 


Fig.  4131. 


Railway-Car  Stove. 


F  has  t**eth  meshing  with  a  pinion  turned  by  the 
crank  A",  and  the  ash-pit  B  is  provided  with  a  slide- 
valve  and  rod  D  for  removing  ashes  and  regulating 
draft. 
Beal's  heater  is  supported  beneath  the  car  by  flanges       Wheelock's  (Fig.  4132)  is  supported  on  a  water- 
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4132.  chamber   C   having 

j>il>e3  P  P  P  around 
the  stove -cylinder, 
with  which  their 
_X-^  upper  ends  commu- 
nieate.  These  and 
the  chamber  C  are 
filled  with  water 
through  the  opening 
$  to  the  hight  of  the 
overtiow-cock  r.  In 
case  of  being  over- 
turne<l,  the  water 
flows  into  the  cylin- 
der and  extinguishes 
the  fire. 
Rail 'way-chair. 
Car-Stove.  {Rnilicay  Emjbiccr- 

ing.)  a.  A  block 
or  plate  in  which  the  foot  of  a  rail  is  secured,  .to 
as  to  form  a  shoe,  giving  it  a  base  of  support  upou 
tlie  i)lee])er  and  securing  it  thereto. 

It  is  e.specially  needed  with  T  and  double-headed 
rails,  which  cannot  be  efiectually  spiked  to  the 
sleepers.  The/boZ-rmV  and  biidge-rail  have  a  broad 
flange  on  each  side  and  are  readily  secured  by  spikes. 
Broad  chairs  at  the  joints  of  i*ails  are  sometimes 
made  to  act  as  JisJi-pIaUs^  to  secure  exact  continuity 
to  the  abutting  rails  and  support  their  ends.  The 
long  li]>s  of  the  chair  embi-ace  the  webs  of  each 
rail.  They  are  or  were  made  15  x  18,  16  x  13,  1-i  x 
11,  the  length  in  the  direction  of  the  rail. 

Hails  are  bolted  or  keyed  to  the  chairs,  many  de- 
vices of  each  kind  having  been  introduced  in  this 
country  and  in  Europe. 

?lr.  Jessopof  England  first  invented  the  rail-chair  in  17R9, 
and  used  it  at  Loughborough,  in  Leicestershire-  The  rail  use«l  bv 
?Ir.  Jcssop  was  a  cast-iron  rail,  laid  edgeways  The  chair  was 
cast -iron, and  was  plotted  to  receive  the  ends  of  the  mils,  which 
hai  a  bearin;;  therein  It  was  used  in  connection  with  a  cast- 
iron,  fi-'i-bellied  e<lge-rail  which  he  introduced  in  the  same 
yer.r.     lie  had  prvviouFly  pinned  the  rails  dirwt  to  the  sleepers. 

A  chrirfor  milway  rails  was  patented  by  Lo*h  ai>d  Stephen- 
son in  1  *l  j.  Tbe  rail  lo  wbich  it  was  first  adipted  wa^s  a  fish- 
bcLicd  r_il,  wlioie  endd   were  halved  togirther  and  tied  by  a 


transverse  bolt,  which  also  passed  through  tbe  flanges  of  the 
cast-iron  chair  Tbe  inveution  arose  from  the  necessity  of 
something  to  bold  the  reduced  ends  firmly  together,  so  that 
they  should  spring  neither  laterally  nor  vertically, 

Brunton  and  Shield's  railtcny-rhair  was  also  of  c:ist-iroD.and 
was  secured  bv  spikes  to  the  sleeper.  A  single  vertical  flange 
gave  a  point  of  attachment  for  the  web  of  the  rail,  which  wafl 

I  bolted  thereto. 

Some  other  examples  of  the  earlier  forms  of  chairs  may  be 
seen  by  referring  to  Rajl 

The  chair  a  adopted  by  the  London  and  Birmingham  Rail- 
way was  one  of  cast-iron,  having  a  slot  which  admitted  the  nJl 
laterally,  a  chock  being  afterward  slipped  in  laterally  betwttjn 

:  the  outer  abutment  of  the  chair  and  the  web  of  the  rail,  fue 
chock  itself  being  secured  by  a  wrought-iron  kev,  driven  ver- 

;  tically 

I  Robert  Stevenson's  patent  railway-chair  6  had  lugs,  through 
which  oblique  keys  were  driven  to  hold  tbe  rail  in  the  chair.  In 

i  tbe  double  chair,  at  the  joints,  two  keys  were  inserted.     At  in- 

I  termediate  points  a  single  key  sufficed. 

I  Scrivenor's  icrougkt-iron  raUicay-dutirs  were  made  by  rolling 
and  pressing  in  18^.  The  bar  is  run  between  rollers,  on  larh 
passage  receiving  a  form  more  nearly  approximating  that  of  the 

I  chair.     The  bar  is  then  cut  into  sections  by  shears.     The  chair 

I  being  heated  red-hot,  a  mandrel  of  the  size  and  shape  of  the 
rail  is  driven  into  the  place  it  is  to  occupy,  and  the  chair  is 
then  pa-tysed  between  a  pair  of  rolls,  which  give  it  the  final  shape. 

j  c  illustrates  a  wrought-iron  chaJr  used  on  some  American  rail- 
ways. 

I      In  (i  the  two  part  rails  have  lap-joints,  and  are  held  together 

I  in  place  on  the  track  between  the  boms  of  the  chair. 

j      The  rails  in  e  rest  in  grooves  in  tbe  parts  of  tbe  chair  which 

j  are  held  together  by  a  bolt. 

I  /"  is  a  rail  and  two-part  chair,  the  latter  rising  high  enough 
for  a  bolt  which  passes  through  the  web  of  the  rail, and  as  high 
aji  the  rail  on  the  outside- 

j      g^  is  a  chair  in  one  part 

!  A  ha<i  a  base-piece  and  a  pair  of  cheeks,  with  a  bolt  through 
the  web. 

!      I  has  tr-o  cheek-pieces,  base-piece,  and  spikes. 

J  has  a  base-piece  with  a  prong,  a  cheek-piece,  and  a  spike. 
k  I  represent  a  chair  having  ctieeks  vrhkh  grasp  the  rail  by 

!  the  pressure  of  the  train. 

j      h.    A  chair  adapted  for  a  railway-car.     See  Car- 

'  SEAT. 

Rail'*way  Cut-off  Sa-w.  A  buzz  (circular)  saw, 
which  may  be  fed  back  and  forth  to  its  work. 

In  Fig.  -1134  the  saw  a  is  driven  by  a  belt  from 
pulley  b,  which  passes  over  idler  c,  around  saw-]ii:l- 
ley  d]  then  over  a  second  idle-wheel  e,  and  back  to 


Fig.41S4. 


Railirat/-  Cha  i>j . 


Ratiicay  Cut- O^  Sate. 

h.     By  this  arrangement  of  puUey.'s  the  belt  is  main- 
tained at  an   even  tension,   while  the   saw-oam':ujt; 
slides  back  and  forth  on  tracks  ii.     A  handle/con- 
trols the  movement  of  the  saw-cania"f. 
Rail'inray  Eu'gi-ne erring  and  Plant. 

.-Adhesive  car.  -\xle-box. 

A  2  ria  1  car.  A  x  le-guard. 

.\  rial  rnilway.  Ballast. 

.\rcaile  r^ilw.iy.  Billast  car  or  N^agoa. 

.\rchimedc"n  r=i!way.  Bed. 

Atmospheric  railway.  Bogie-frame. 

Axle.  Bottoming. 


RAILWAY-FROG. 
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Box-car. 

Brake.     Railway -car 

Broiii  ga^e. 

ButTer. 

Bumper. 

Bumpin^-post. 

Cir.     Railway 

Car-axle. 

Car-brake. 

Car-cab. 

Car-couch. 

Car-coupling. 

C.  I  r- heater. 

Car- plat  form. 

Car-re^ster. 

Car-replacer. 

Car  roof. 

Car-seat. 

Car-spring. 

Car-stike. 

Car-starter. 

Car-truck. 

Car-truck  frame. 

Car-truss. 

Car-ventilator. 

Car-w!ieel. 

Car-window. 

Car-window  fastening. 

Cattle  gu  Ttl. 

Cfiair.     Railway 

Claw- bar. 

Climber. 

Coal -car. 

Coiiipound  axle. 

Const  ruction- way. 

Co  .7. 

Cow-catcher. 

Crank -axle. 

Cross-sill. 

Cross- frog. 

Cros-ing.    Railmiy 

Cross- tie 

Derailment. 

DiviJeil  axle. 

D.'ag  hir. 

D.-a;,'-liak. 

D.-iw-bar. 

Di'aw-;iead. 

Draw  link. 

Draw-spring. 

Dummy-car. 

Dumpnig-car. 

Electric  railway-signal. 

Elevited  railway. 

Femler-stop. 

Fi.-«h  bar. 

Fi-:h-plate. 

Fog-iignal. 

Fi-eig.it-car. 

Frog.     Riilway 

Gage.    Concussion 

Gage.     Railway 

Goo  Is-wagon. 

Grad  ent. 

Gradient-post. 

Gravel- car. 

Grei'^e  bc.x. 

Guard-rail. 

Hani-car. 

Head-rest. 

Horn -plate. 

Horse-railway. 

Hotel-car. 

Housing. 

Hnrrie.s. 

Inclined  plane. 

Jaw-wedge. 

Joint-cbair. 

Joint-fastening. 

Joint.     Railway-rail 

Locomotive-car. 

Luggage-van . 

M  irine  railway. 

Narrow  gage. 

Palace-car. 

Passing- place. 

Pedestal. 

Permanent  way. 

Petroleum -car 

Plant. 

Plato-railway. 

Platform-car. 


Pneumatic  railway. 

Point. 

Puinter. 

Poit-tUle  railway. 

Pcstal  car. 

Provision -car. 

Pullman-car. 

Itail. 

Rail-clamp, 

Railway. 

Rtilway  car. 

R.iilwa>-car  heater. 

Railway-car  stove. 

Railway-chair. 

Railway-clauip. 

Rail  way -crane. 

Railway -gage. 

Rail  way -gat€. 

Rail  way -jack. 

Rail  way -joint. 

Rail  way -plow. 

Riilway-rail 

Railway-signal. 

Railway-slide. 

Railway-sweeper. 

Rjtilway-switch. 

Refrigerating -car. 

Restaurant-car. 

Revolving-car. 

Road-bed 

Rolling  stock. 

Rope  railway. 

Safety-car, 

Safety -guard. 

Saloon-car. 

Sand  box. 

Shunt. 

Side  cutting. 

Side-space. 

Siding. 

Signal.     Railway 

Sleeper. 

Sleeping-car. 

Slope. 

Snow -plow. 

Spark-arrester. 

Spike. 

Splice  piece. 

Spoil. 

Staith. 

Station-indicator, 

Steam -brake. 

Stopper. 

Street-car. 

Street-railway. 

Stringer. 

Subterranean  railway. 

Switch. 

Switch-lantern. 

Switch-signal. 

S.vitch-stand. 

Tank  car. 

Tink-Iocomotive. 

Tender. 

Tie. 

Tongue. 

Tool -car. 

Track. 

Track  clearer. 

Tracklayer. 

Track  la;,  ing  railway. 

Track  raiser. 

Traction-engine. 

Trailer. 

Tram. 

Tramway. 

Tram-wheeL 

Traverser. 

Traverse-table. 

Traversing -jack. 

Truck. 

Trunk. 

Turn  out. 

Turn  table. 

Underground-railway. 

Uno-rail. 

Water-crane. 

Water  elevator  for  railways. 

Wire  way. 

Wooden  railway. 

Wrecking- car. 


on  to  another,  when  they  form  angles  with  each 
otlif^r. 

A  single  V-shaped  piece,  or  two  such  pieces,  point 
to  point,  are  fixed  toortbnu  part  of  a  phitu,  tlieir  upper 
surfaces  being  iu  li)ie  with  the  rails  of  each  track,  so 
as  to  serve  as  a  support  and  guide  for  the  whetds  as 
they  pass  from  one  track  to  the  other.  A  guard-rail 
is  aUo  arranged  on  one  or  both  sides  of  the  angular 
piece  or  point. 

In  Fig.  4135,  the  frog-plate  A,  track-sections, 
guard-rails  C\   and  frog-ijoiat  D  are  separate  from 


Railway- Frog. 

one  another,  and  so  constructed  that  the  rail  sections, 
guaid-rails,  and  frog-point  can  be  inserted  in  or  at- 
tached to  and  detached  from  the  frog-plate. 

Rail'way-gage.  The  distance  apart  of  the  two 
lines  of  a  railway,  forming  a  track,  measured  between 
the  inner  edges  of  the  tread-ttanges. 

The  gof/r  of  a  carriage  is  the  distance  between  the 
wheels.  It  is  ordinarily  called  the  track.  One  of 
these  generally  jnevails  in  a  section  of  country,  to 
the  exchision  of  the  other.  The  broad  track  "is  5 
feet  or  more  from  center  to  center  of  tire.  The  narrow 
track  is  Ah  feet  or  less  between  the  same  point.s. 

1.  The  wooden  tramways  of  the  collieries,  before  the  invention 
of  the  iron  mil,  bad  a  gage  of  4  feet.  The  roadway  was  scant- 
ling. 5x7,  pegged  down  to  oak  sleepers,  4  X  8, 6  feet  long,  and 
laid  2^  feet  apart.  The  track  for  the  horses  was  filled  in  with 
a.'shes  above  the  Pleeper.^. 

The  Stockton  and  Darlington  Railway,  one  of  the  first  on 
which  the  locomotive  was  used  (1825),  has  a  gage  of  4  feet  8^ 
inches.  Thi.'^  was  adopted  on  aInio.''t  all  the  Briti.«h  railways, 
and  was  called  the  narroio  gage,  in  contradistinction  to  that  of 
the  Great  Western  Railway  of  England,  which  had  a  broad  gage 
of  7  feet. 

The  usual  gage  in  England  and  the  United  States,  and  now 
compulsory  in  England,  Belgium,  France,  Italy,  and  Germany, 
is  4  feet  8i  inches,  the  gage  common  in  the  tramways  of  the 
collieries  of  England  before  the  invention  of  the  locomotive. 
Ireland  retains  its  own  g.ige  The  4  foot  8  inch  gaee  was 
very  sensibly  retained  by  Stephenson  ;  but  Brunei,  who  could 
not  condescend  to  copy,  adopted  7  feet  a.«  the  gage  of  the  Great 
Western  Railway  of  England.  After  thi.s  very  expensive  railway 
had  been  in  operation  for  more  than  a  score  of  jears,  thegago 
was  changed  to  conform  to  thet;ustoniary  English  practice.  The 
same  events  have  happened  or  will  happen  with  the  so-called 
broad  gage  —  6  feet  —  of  this  country  ;  Erie,  Atlantic  and  Great 
Western,  Ohio  and  Missis.>^ippi,  and  Grand  Trunk  railways. 

Brunei  was  "  regardless  of  expense.''  His  track  of  7  feet 
between  the  rails  involved  other  increased  expenditures,  such  as 
wider  tracks,  bridges,  tunnels,  enibanknicnts,  viaducts,  heavier 
sleepers,  rails,  and  chairs;  a  heavier  expenditure  in  rolling- 
stock  both  as  to  first  cost  and  wear  ami  tear.  He,  however, 
had  pitted  himself  against  Stephenson,  and  the  shareholders 
had  to  suffer  for  thirty  years.  The  railway  has  now  been  brought 
to  tiie  standard  gage,  and  the  owners  look  for  better  times 

In  1840,  the  English  government  determined  to  make  the 
4  foot  8i  inch  gage  the  standard  for  all  future  works. 

Bruners    objects   in   in- 


Rail'way-frog.    {Rnihvxy  Engijiccrinq.)     A  de- 
vice by  w)iich  cars  are  guided  from  one  line  of  rails 


creasing  the  gage  from  4 
feet  8  inches  to  7,  an  addi- 
tion of  2  feet  SUnches  were 
to  allow  the  employment 
of  larger  and  more  power- 
ful engines  with  larger 
driving-wheels;  toincrease 
the  stabilitv  and  fteadine^s 
by  placing  the  body  of  the 
carriage  within  the  wheels, 


Fig.  4136. 
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lowering  the  center  of  gravity  ;  to  increase  the  carrying  capac- 
ity of  the  caiw. 

The  foregoing  diagram  affords  a  means  of  comparing  the  rail- 
road gages. 

1 ,  Scotch ,  narrow 4  feet  6  inches. 

2,  common  English  and  American 4    '*   8J      " 

3,  Eastern couutiesaod  BlackwaU, England, 

as  originally  constructed 5    *' 

4,  Scotch,  broad,  Canadian  Grand  Trunk, 

East  Indian 5   "    6       '* 

5,  Irish 6    "    2        " 

6,  Great  U'estem,  as  originally  constructed 
(English  broad j 7    " 

Forty-two  inches  is  to  be  the  gage  of  the  Nile  Railway  from 
TVady  Haifa  to  Shendy,  skirting  between  the  Nubian  and  Libyan 
deserts,  a  distance  of  560  miles. 

Within  the  past  few  years  a  number  of  tracks  hare  been  laid 
of  narrower  gage  even  than  this,  var\  ing  from  3  feet  even  down 
to  1  foot  lU  inches, as  the  Festiuiog  Railway  in  Wales.  See  Fig. 
32itt;,  page  1-512. 

Mr.  Fairlie,  in  a  paper  read  before  the  British  Association,  as- 
serts that  the  proportion  of  non-paying  to  paying  weight  which 
an  engine  has  to  draw  on  the  English  roads  is  as  29  to  1,  and 
in  fireight-tniins  7  to  1,  while  on  the  Festiniog  road  cars  weigh- 
ing 12  cwt.  are  matle  to  carry  3i  tons  at  a  speed  of  12  miles  an 
hour.  Also,  that  a  speed  of  30  miles  an  hour  may  be  attained 
on  a  road  of  2  foot  ti  inch  gage,  and  of  40  miles  on  one  of  3 
feet,  iligher  speeds  are  not  required  in  new  and  thinly  settled 
countries. 

While  gages  of  4  feet  8}  inches  and  upward  are  uadoubtedly 
advantageous  where  great  speed  is  uece-ssary  and  large  amounts 
of  freight  are  to  be  carried,  the  advocates  of  the  narrow  gage 
appear  to  have  the  best  of  the  argument,  so  far  as  its  economy- 
is  concerned  in  cases  where  the  traffic  and  travel  do  not  justify 
the  outlay  of  such  a  large  amount  as  the  broad  gage  and  its 
rolling-stock  demands.     See  N.\RR0W  G.^GE. 

In  the  English  parliamentary  commis--ioa  for  taking  evidence 
as  to  the  expediency  of  making  the  gage  unilbrni  for  the  King- 
dom, the  following  expedients  were  cited  as  means  of  adapting 
trains  or  carriages  to  traverse  variously  gaged  tracks  :  -~ 

Telescopic  axles. 

Mounting  carriages  on  trucks  of  different  gages.  That  is, 
running  car-wheels  and  all  on  to  a  sub-truck  having  the  gage 
required. 

Shifting  the  body  from  one  truck  to  another. 

Carrying  the  freigh*  in  boxes  wliich  are  shifted  on  to  plat- 
form-cars having  the  gage  required. 

Combining  the  gages  on  one  line. 

2.  A  bar  with  shoulders,  indicating  the  distance 
between  the  rails,  and  by  which  they  are  laid. 

Rail'Tvay-gate.  A  gate  at  a  railway-crossing, 
on  the  level  of  a  common  road  or  street.  Such  are 
usually  tended  by  guards  or  watchmen,  but  attempts 


Fig.  4137. 


Fig.  4138. 


Uttiheay-Gate. 

have  been  made  to  operate  them  by  means  of  the 
pa.ssing  trains.  In  Fig.  4137  the  gate  is  lai.l  down 
by  the  pressure  of  the  passing  train  upon  the  up- 
wardly projecting  arm  of  the  rock-shatts  to  which 
the  gate  is  connected. 

Rail'way-jack.  (Eailway  Engineering.')  A 
lifting  de-vice  for  pulling  up  rails,  raising  ears,  and 
other  like  purposes. 

Fig.  4138  has  two  standards  3,  4,  having  holes 


4139. 


Railtcay  Track-Lijier. 
{Railway  Engineering.)    See 


near  their  upper 
ends,  so  that  the 
lever  a  may  be 
pivoted  at  vari- 
ous hights  ;  the 
shoes  resting  on 
the  rail. 

The  lifting- 
head  is  bolted  in 
a  slot  in  the  lever 
between  the 

standards  which 
pass  through  the 
slot,  andisplaced 
beneath  an  angle  of  the  oliject  to  be  lifted. 

Fig.  4139  is  a  tripod -stand,  with  a  lever  and  screw, 
from  whose  lower  . 
pan  is  suspended 
a  hook,  which  is 
inserted  beneath 
a  rail  for  the 
purpose  of  tear- 
ing it  from  the 
tie. 

Rail'^way- 
joint.  (llailuay 
Engineering.) 
The  junction  of 
two  rails  in  the 
same  line  ;  it  is  , 
usually  a  butt- 
joint,  but  in 
some  cases  the 
rails  are  halved 
together. 

Rail'-way-plo'w. 

SXHW-PLOW. 

Rail'w^ay  Print'ing-ma-chine'.  (Printing.) 
One  in  which  the  bed  is  carried  by  a  track  upon  a 
railway,  being  usuallj'  driven  by  a  crank  motion. 

In  Fig.  4140,  d  is  the  type-bed  which  rests  upon 
the  truck  and  reciprocates  beneath  the  cylinder  upon 
the  railway-track  b. 

The  paper  is  fed  to  the  under  side  of  the  cylinder  c, 
which,  alter  an  impression  is  given,  remains  station- 
ary while  the  bed  d  returns,  and  the  fingers  close  on 
the  next  sheet  before  it  starts  again.     The  cylinder- 
wheel  gears  directly  into  a  rack  on  the  side  of  the 
bed,  and  register  may  be  obtained  without  a  point- 
ing apparatus.   The  impression-cylinder  is  not  shift- 
ed to  suit  forms  of  diffeient  sizes,  but  the  fonvard 
edge  of  the  type  is  always  placed  on  the  same  line  on 
the  bed.     The  feed-board  e  is  hinged  to  turn  up  and 
allow  access  to  the  form.    Tapes  i  i  carry  the  printed 
sheet  to  the  fly/- 

Rail'^vay-sa-w.  A  sawing-machine  in  which  the 
.saw-mandrel  is  mounted  on  a  carriage  which  slides 
on  ways.     See  Railway  CfT-OFF  Saw. 

Rail'v?ay-sig'nal.  (Unilu-ny Engineering.)  Sig- 
nals are  used  on  railroails  to  indicate  safety,  danger, 
a(iproach  to  a  station,  that  a  switch  is  in  place  or 
is  displaced,  and  for  various  other  purposes. 

Both  audible  and  visible  signals  are  employed,  the 
former  being  produced  by  the  engineer  with  the 
steam-whistle,  by  bells  or  by  torjiedoes. 

The  following  code,  though  limited  in  expression, 
is  universally  understood,  at  least  on  American 
roads  :  — 

One  whistle  of  the  locomotive  means  *'  down  brakes  "  ;  two 
whistles,  "  off  brakes ''  ;  three  whistles,  *'  back  up  "  ;  continued 
whistles,  "  danger  "  ;  a  continued  successionof  short  whistles  is 
the  cattle  alarm.  The  conductor's  signal,  given  by  a  sweeping 
parting  of  the  hands  on  a  level  with  the  eyes,  means  "  go 
ahead"  .\  downward  motion  of  the  hand, '"  stop."'  A  beckon- 
ing motion,  *'  back.*'    A  lantern  raised  and  lowered  veitically, 
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RAILWAY-SWEEPER. 


Fig.  4140. 
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"start";  swung  at  right  angles  or  across  the  traclt, ''.stop  "  ; 
swung  in  a  circle,  "  buck."  A  red  flag  waved  oq  the  traclt, 
"d.iii^er";  hoisted  at  a  station,  "stop";  stuclt  up  by  the 
roadside,  "  danger  on  the  tracit  aliead  "  ;  carried  unfurled  on 
an  engine,  "  another  engine  is  on  its  way." 

The  New  York  and  Erie  was  the  first  road  wliich 
coustriioted  a  line  of  telegrapli  to  be  used  exclusively 
for  transmitting  messages  in  relation  to  the  business 
of  the  roail,  and  upon  it  was  introduced  the  system 
now  in  general  use  of  controlling  the  movement  of 
the  trains  by  telegraph. 

In  this  system  the  whole  of  the  trains  are  under 
the  control  of  a  su]ierintendent  at  headfjnarters, 
who  is  notified  by  the  operator  at  his  station  of 
the  time  when  each  train  arrives  at  his  station. 
Having  the  time-table  of  the  roail  before  him,  he  is 
enabled  to  give  directions  to  the  conductor  of  each 
train  to  go  ahead,  stop,  or  turn  otf  at  a  siding  aliead, 
as  may  insure  the  track  bein^  clear  for  the  train 
which  has  the  right  of  the  road  and  prevent  danger 
of  collision. 

Under  another  system  employed  on  some  double- 
track  roads,  each  operator  is  required  to  telegraph 
to  his  neighbor  on  the  passage  of  a  train,  who,  on 
its  approach,  if  the  track  be  clear  ahead,  displays  a 
safety-signal ;  or,  if  not,  a  danger-signal,  when  the 
train  is  stopped.  This  arrangement  provides  against 
danger  of  collision  by  trains  proceeiling  in  the  same 
direction  ;  but  the  number  of  operators  recjuired  and 
the  expense  of  maintenance  have  led  to  the  trial  of 
automatic  electro-magnetic  devices  by  which  these 
station-signals  may  be  operated. 

In  1867,  Mr.  Thomas  S.  Hall  patented  an  electric  signal,  so 
arranged  that  the  displacement  of  a  r^iil  at  a  switch  or  draw- 
bridge  would  exhibit  a  signal  at  tlie  distance  of  half  a  mile  or 
more  in  each  direction,  at  the  same  time  cau.sing  a  bell  to  ring 
until  the  source  of  disturbance  was  removed.  This  was.  how- 
e"cr,  effected  by  closing  the  circuit,  so  that  in  case  of  accident 
to  the  apparatus  itself,  the  signal  would  not  be  made,  nor  would 
its  failure  to  operate  be  detected  without  an  inspection. 

Mr  \Vm.  Koblnson.  in  1S70,  invented  a  continuous  circuit 
a-rangeinent  in  which  the  danger-signal  was  kept  constantly  ex- 
hiiitcd,  except  when  the  circuit  was  broken  bv  the  wheels  of 
an  approaching  train  striking  a  lever  at  the  side  of  the  track. 
If  a  rail  were  di-placcd,  nr  the  apparatus  was  out  of  order,  the 
engineer,  seeing  the  danger  signal,  would  be  governed  accord- 
ingly ;  but,  on  the  contrary,  if  the  safety-signal  appeared  when 
the  train  reached  the  proper  point,  it  "showed  that  both  the 
tru'k  and  the  electric  apparatus  were  in  order. 

Another  device  of  the  snnie  inventor  rang  a  bell  at  n  railroad 
crossing  when  a  train  arrived  within  a  certain  'list.ance. 

A  conti-iuo'is  line  of  signals  at  fixed  intervals  of  a  mile  or  .so 
ap:itt,  upon  the  closed-circuit  plan,  has  also  been  devised. 


The  wear  and  tear  in  tlie  operating  meehatiism  of  signals  of 
this  kind,  occasioned  by  the  frequent  passage  of  heav_^  tn.ins  at 
high  rates  of  speed,  being  very  great,  it  has  been  ]ir(>po.>ed  to 
use  the  rails  themselves  as  a  telegraph  line  for  this  purimse,  the 
circuits  being  made  by  the  iron  wheels  as  they  pass  over  the  in- 
tervals separating  the  ends  of  the  rails  at  the  joints  Mr  F.  L. 
Pope  says  that  he  has  tried  an  arrangement  of  this  kind  on  the 
Boston,  Lowell,  and  Nashua  Railroad,  and  that  it  was  almost 
absolutely  certain  in  its  results  during  an  experience  of  five 
months. 

Rail 'way-slide.  (Haihray  Eneiincering.)  A 
device  for  shifting  a  car  from  one  line  of  rails  to 
another.  It  con.sists  of  a  ]ilatform  running  on  wheels 
transversely  across  the  tracks.  The  car  is  nin  up 
an  inclined  plane  on  to  the  platform  ;  the  latter  is 
then  moved  tiansversely,  and  the  car  descends  the 
incline  on  to  the  other  track. 

Rail'-way  Speed-meas'ur-er.  An  instrument 
for  determining  the  speed  of  railway-trains.  Whi- 
shaw's,  termed  by  him  a  ccntimetral  chronvmdcr  or 
vc/ocentwretcr,  is  provided  with  clock-work,  a  dial, 
and  index-hand,  by  which  the  rate  is  determined  be- 
tween stations  at  known  distances  apart,  as  ;}  mile. 

Redier's  hnrograph  aH'ords  a  means  of  determining 
whether  or  no  a  prescribed  rate  of  speed,  measured 
by  the  number  of  revolutions  of  the  driving-wheel, 
has  been  maintained. 

Another  French  invention  records  on  a  sheet  of 
paper,  once  a  minute  and  at  the  end  of  every  kilom- 
eter, tlie  speed  and  the  distance  traveled,  aii<l  also 
the  time  of  arrival  and  diii'ation  of  stoppage  at  each 
station. 

Rail'way-s'weep'er.  (Slrccl-Railway  Engineer- 
Vis.  4141. 


iiirt<ii-tiuuwuy  Sweeper* 
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ing.)  Stationary  spliut-brooms  at  the  fore  part  of  the 
engine  are  commonly  used  for  cle  iring  small  obstruc- 
tions from  tire  track.  Kotary  brushes  are  also  used. 
Fig.  4141  is  of  this  kind.  It  is  hxed  on  a  diagonal 
shaft  and  rotated  by  gear  connection  with  the  axle. 
I5y  means  of  the  screw  Q,  levers  L  M,  and  connect- 
ing-rods R  S,  it  m.iy  be  lifted  out  of  gear  and  clear 
of  the  track  when  desired. 

Fig.  4142  is  a  plan  view,  which  shows  the  relation 
of  the  brush-cylinders  to  the  bed  and  the  wheels. 


street- Railway  Sweeper. 


The  brushes  are  revolved  by  gearing  on  their  shafts 
and  on  the  wheel-axles,  or  by  belt  and  pulleys  ;  are 
adjustable  vertically  ;  may  be  preceded  by  oblique 
and  vertically  adjustable  scrapers  ;  set  obliquely  to 
clear  the  horse-track,  or  revolve  in  line  with  the  rail 
to  clear  the  wlieel-track. 
Rail''V7ay-s'witch.    (Railway  Engineering.)    A 


Fig  414a 


iia  U  way-  Switch. 


device  for  shifting  cars  from  one  track  to  another. 
Fig  4144.  ^^  consists  essentially  of  a 

I — ^ 


then  held  up  until  the  train  has  passed.  The  weij^hl 
on  the  lever  causes  it  to  automatically  replace  the 
movable  rails  should  the  switchman  neglect  to  do  so. 
In  Fig.  4144,  the  e.xterior  rails'  ££, which  con- 
nect the  main  line  and  branch  tracks,  are  li.\ed. 
The  interior  long  rails  H  H'  are  coupled,  as  are  also 
the  short  rails  G  G',  and  each  pair  indeiiendently 
connected  by  the  rods  J/iVto  their  respective  switch- 
levers.  In  case  these  are  misplaced,  the  tianges  of 
the  wheels  entering  the  weilge-shaped  ojienings 
formed  by  the  tapering  ends  of  the  mov- 
able rails  throw  them  into  their  proper 
positions,  while  the  fixed  onter  rails  pre- 
vent the  cars  from  leaving  the  track.  See 
Switch. 

Rain.  (Pyrotcchmj.)  Gold-rain  is  com- 
posed of  small,  equally  sized  stars,  about 
A  inch  in  diameter :  they  appear  of  a  gold- 
en color  when  burning,  produced  by  lamp- 
blai'k  and  flowers  of  zinc  ;  and  as  they  burn 
slowly,  their  effect  in  falling,  jiarticularly 
in  large  numbers  from  a  considerable  hight, 
is  very  bpautil'ul. 

Rain-cham'ber.  (MetaUurgy.)  In 
the  extraction  of  copper,  a  compartment 
into  which  spray  is  injected,  and  through 
which  the  smoke  is  comi)elled  to  pass,  to 
remove  poisonous  vapors.  Proposed  by 
Sir  Humphry  Davy.  See  also  Wheljiley 
and  Storer's  patent,  1864. 

Rain-gage.  An  instrument  for  measuring  the 
aniountof  rain  that  falls  on agivensuiface.  Also  called 
an  Ombrometer,  Udometer,  Pluviameter.  In  Fig.  4145, 
A  is  a  simple  device  for  this  purpose.  It  comprises 
merely  a  copper  funnel  5  to  7  inches  in  diameter,  in- 
serted in  the  neck  of  a  bottle  placed  on  a  stand  and 
protected  from  tlie  sun's  rays,  to  prevent  evapora- 
tion. The  rain  collected  in  the  bottle  is  measured 
in  a  glass  jar  having  -^  the  area  of  the  funnel,  and 
graduated  so  that  a  rainfall  of  -i\;  inch  collected  by 
the  funnel  is  measured  by  1  inch  on  the  side  of  the 
vessel.  The  stand  should  be  placed  at  a  sufticii-nt 
distance  from  any  buildings,  etc.,  to  prevent  their 
affecting  the  amount  falling  into  the  funnel. 
B  consists  of  a  copper  cylinder,  5  to  7  inches  in 

Fig.  4145. 
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pair  of  movable  rails  united 


If 


II 


+ 


J  ff    bvironstraps,andpivoted 
•<^^:  at  one  end  in  continuity 


'^ 


U^. 


with  a  track  and  connected 
by  a  rod  to  a  lever  by  wnich 
the  other  end  of  the  pair  is 
brought  into  line  with  either 
oneof  twoor  more  tracks  on 
^^  whicha  train  may  be  approach - 
^  ing  or  is  intended  to  proceed. 
Various  arrangements  hnve 
been  proposed  or  adopted  to  les- 
sen or  avoid  the  danger  of  run- 
ning off  the   track  in  case  the 
switch  is  not  in  proper  position. 
In   Fig.    4143,    the  weighted 
bell-crank    lever    F   keeps    the 
switch-rails  in  line  with   tliose 
of  the  main  track,  and  is  held 
fii-mly  ilown  by  a  swing-catch 
H  while  they  are  in  this  posi 
tion  ;  the  switch-rails  are  shift 


diameter  and  2i  feet  long,  in  which  is  a  float  of  near- 
ly the  same  area  as  the  cylinder,  but  rising  and  fall- 
ing freely  therein.  It  carries  a  graduated  rod,  which 
ri.?es  upward  as  rain  accumulates  in  the  cylinder,  in- 
dicating the  fall  in  inches  and  ilecimals.  Snow  and 
hail  are  melted,  to  ascertain  the  amount  of  water 
ed  to  correspond  with  those  of  j  which  they  form,   the  first  being  pressed  down  in 
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the  side  track  by  lifting  the 
lever  F,  the  catch  being  swung 
out  of  the  way,  and  the  lever  is 


the  gage-funnel  as  it  fills,  if  necessary. 

The  Smithsonian  rain-gage  C  is  of  brass,  and  has 
a  wooden  cylinder,  which  is  inserted  permanently  in 
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the  groan.l  tor  the  protection  and  ready  adju.stment    ^.IJZf^' l-::^i:,Zlr:tXV<i^^^^^^ 


of  the  iiistnnneiit.  It  has  a  graduated  scale,  which 
reads  to  lOths  and  lOOths  of  an  inch. 

Tlie  scale  may  be  dipped  into  it,  or  may  be  made 
to  float,  so  as  to  be  raised  as  the  \yater  accumulates, 
e.'cposing  the  graduations  on  the  rising  rod. 

Still  another  gage  I)  consists  of  a  large  and  a 
smaller  tube  connected  at  bottom,  the  smaller  tube 
having  -^  of  the  sectional  area  of  the  mouth  of  the 
larger  one.  ... 

The  smaller  tube  is  graduated,  and  1  inch  ol  rise 
is  equal  to  -^  of  an  incli  fall  of  rain. 

The  tube  should  be  6  inches  long  and  2  inches  in 
diameter,  connected  with  a  tube  i  inch  in  diameter, 
and  with  a  funnel  on  the  larger,  to  give  it  the  pro- 
portions stated. 

The  self-recording  rain-gage  (Fig.  4146),  a  very 
delicate  and  accurate  instrument,  was  invented  by 
Mr.  Robert  Beckley,  of  tlie  Keiv  Observatory. 

a  is  a  thin  ca-st-iron  box,  about  one  foot  square,  and  having 
a  hin-'eJ  top  to  which  tiie  funnel  b  is  ;ittachej  ;  tje  upper  sur- 
face o°r  this  has  an  area  of  just  liJU  sqnare  inches.  A  pipe,  hav- 
inE  a  strainer  at  its  lower  orifice,  lejuls  from  the  funnel  to  a 

Fig  4Ua 


Becktfi/s  Self-Recording  Rain- Gage. 


Admit  air  anil  prevent  any  water  beini^ 
attriction.     Tae  loui;  'eg  of  the  sip.ion,  afcer  \^<\i\n\ 


copper  receiver 
supported  by  a 
hollow  cylinder  d 
tloatiog  in  mercury 
contained  in  the 
annular  cistern  e. 
As  water  enters  the 
receiver,  the  float  d 
descends  in  the 
mercury,  its  area 
relatively  to  that  of 
the  cylinder  being 
so  proportioned 
that  it  descends 
uniformly  with  the 
I  admission  of  equal 
quantities  of  wa- 
ter into  the  re- 
ceiver c.  When 
the  level  of  the 
water  rises  as  high 
as  the  top  of  tae 
siphon  /,  this  be- 
gins to  operate, 
rapidly  emptying 
the  receiver,  which 
then  rises  and  as- 
sumes its  original 
position.  As  the 
receiver  contains 
ju«t  25  cubic  inches, 
this  occurs  when- 
ever i  inch  of  rain 
has  fallen. 

The  siphon  /is 
contracted  andiflat- 
tened  at  its  upper 
portion,  so  that  the 
water  continues  to 
ri.-e  in  its  shorter 
leg  until  a  suffi- 
cient head  of  water 
has  accumulated 
above  it  to  over- 
come the  capillary 
attraction, when  the 
flow  do.vn  the  lon- 
ger leg  commences 
and  continues  un- 
til all  the  water  in 
the  reservoir  n  dis- 
charged Several 
small  irregular  ap- 
ertures at  the  lower 
pirt  of  the  sijihon 
retained  by  capilliry 
frnni  the 


marks  made  on  its  surface  as  the  reservoir  descends  are  wuhhed 
off.  The  clock  /  is  contained  in  a  hernu'tically  cloftd  ca.-e.  hav- 
ing mercurial  stuffing-boxes  at  n,  in  which  the  vertical  spindle 
revolves,  by  a  reversal  of  whose  movement  thewirdirg  is  ef- 
fected, and  at  o,  through  which  the  pendulum  is  fet  in  motion 
This  movement  is  effected  by  turning  the  milled  head  p  rotating 
two  bevel-wheels  imparting  motion  to  a  small  arm  9,  whiih, 
pressing  against  the  pendulum*rod,  forces  it  out  of  a  veiticul 
position.  When  pressure  is  removed  from  the  milled  head,  the 
arm  falls  back  to  its  original  position,  permitting  the  penduium 
to  oscillate  freely.  The  clock-work  mechani.-^m  euiplo\ed  may 
of  course  be  adapted  to  run  any  number  of  days  de^ired. 

Crossley's  raiu-gage  is  au  adaptatinn  of  his  liquid 
meter,  the  parts  being  inclosed  in  a  box  and  having 
a  vibi-ating  bucket  whose  pulsations  are  recorded  by 
a  train  of  gearing  and  an  index -linger  on  a  dial. 

The  i-ain-gage  of  the  lute  Professor  Coffin  \vas_  an 
inverted  cone,  having  a  horizontal  surface  of  172-8 
s(iuare  inches  ;  the  rain  falling  into  it  jiassed  down, 
through  an  orifice  so  small  that  no  aitpveciable 
evaporation  could  occur,  into  a  close-fitting  can. 
One  inch  of  rain  in  depth  would,  therefore,  make  -^ 
of  a  cubic  foot  when  collected,  the  weight  of  which 
is  100  ounces.  Each  ounce  that  the  can  contained 
after  a  storm,  consequently,  represented  tott  of  an 
inch  in  perpendicular  fall.  The  amount  nect-ssary 
to  merely  moisten  the  funnel  without  precipitation 
into  the  "can  was  easily  determined  as  a  constant. 

Itonalds's  rain  and  evaporation  gage  has  a  float  in 
a  central  covered  vessel,  which,  by  means  of  a  silken 
cord  passing  over  a  pulley,  turns  an  indi'X  indicating 
the  amount  of  rain  received  in  an  exterior  uncovered 
vessel  commimicating  with  the  first,  and  having  an 
area  of  one  square  foot,  in  case  any  has  iallen  be- 
tween two  observations,  diminished  by  the  amount 
which  has  evaporated  ;  if  no  rain  has  fallen,  the 
amount  of  evaporation  only  is  indicated,  the  i:idex 
tuming  in  the  opposite  direction. 

The  amount  of  rain  falhng  annually  is  very  unequally  dis- 
tributed over  the  earth's  surface,  depending  on  n.any  condi- 
tions. The  direction  of  the  wind,  its  permanence,  timperature, 
the  condition  and  elevation  of  the  surface  o^er  which  it  passes, 
all  exert  an  important  influence. 

High  mountain-ranges  intercept  a  large  proportion,  m  some 
cases  nearly  all,  of  the  aqueous  vapor  with  which  the  atmos- 
phere becomes  charged  duiing  its  passage  over  the  sea,  the 
eource  whence  the  great  supply  of  moi.^ture  is  derived,  and 
cause  it  to  be  deposited  on  their  windward  sides,  while  those  to 
leeward  receive  little  or  none. 

Thus  the  trade-wind  districts  of  the  west  coast  of  !-outh 
America  are  rainless,  the  moi.^ture  brought  from  the  Atlantic 
by  these  winds  being  in  part  discharged  upon  the  eastern  plains 
of  that  continent  I efore  reaching  the  Andes,  which  inteicept 
the  remainder.  Proximity  to  the  sea,  when  the  prevailing 
winds  are  from  that  direction,  also  greatly  increases  the  n  tan 
rainfall.  In  Ireland  and  the  Westof  Kngland  a  larger  quantity 
falls  than  in  Central  and  Eastern  Englaud  ;  the  an  ount  at  Liv- 


erpool exceeding  that  of  London  by  about  one  half,  w  hi, e  at 
?eathwaite,Borrowdale,in  Cumberland,  the  annual  fall  lesihes 
the  for  that  latitude,  extraordinarj"  amount  of  Ul.o4  i:.(bes: 
this  is,  however,  principally  due  to  the  high  ranges  of  Liils 
eastward  of  this  place.  v  .v.  m 

At  Sitka  Alaska,  and  Bergen,  ^orway,  where  both  tliee 
conditions  of  proximity-  to  the  ocean  and  the  vi<iDit\  ot  high 
n  ountains  to  leeward  are  fulfilled,  theanni:al  fall  is  n-^pt.  tiTely 
87.9  and  88.6  inches,  while  at  Stockholm  it  is  20.4,  and  at  St. 
Petersburg  17  3  inches. 

The  whole  western  seacoast  of  America,  north  oriatitvi.e  -ii  , 
is  from  this  cause  characterized  by  au  ani.ual  full  ex((idirj:  bU 
inches,  diminishing  to  i  of  that  amount  and  less  eastward  of 
the  mountains  ...  *,  <■  .1, 

Intensely  heated  plains,  bv  elevatmg  the  tcmperatrie  of  the 
winds  passing  over  them,  even  thoi'gh  saturat.  d  with  vaj  or  on 
their  arrival,  tend  to  prevent  prenritation.  Thus  the  J.  i^ert 
of  Sahara,  Egypt.  Arabia,  r^outheru  Persia,  and  the  great  desert 
of  (iobi  in  Central  Asia,  constitute  a  niinlei's  tnict  eii  br.- nng 
ii  cumference.    The  tal  le- 


■ "    '  inle-^s.  ,     .        ,  .  . 

Local  causes  frequently  determine  the  amount  of  ram  wliicB 

in  a  short  time  at  a  given  spot       This    rot  unfre- 

iinnnts  to  a  lar-le  fraction  of  the  annual   preripita- 

I^ndon.on   the  27th  of  November,  184.5,  fii  inches, 

Shown  at  L     The  cyiin  ler  ftts  ..U,  on  the  spnna.e  „,,  so^a,,  to     m^  '^^^^i::t^S^^^^7Z}^^:.^^^^^Z 
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receiver  perfectly  vertical  i..•^-  — -   ^  , 

glycerine  over  the  surf  ice  of  the  mercury  prevents  oxidation,     ra"^-''S- 
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inches  hare  been  known  to  f&\\  in  22  hours  ;  at  Genoa,  30  inches 
in  24  hours  ;  and  at  Gibraltar,  33  inches  in  26  hours,  —  the  latt^^r 
equaling  the  total  yearly  fall  in  Eugland  and  in  the  Northern 
United  States. 

At  San  Diego,  California,  but  5  inches  fall  in  the  course  of 
the  year.  Grass  Talley,  ia  the  same  State,  has  an  annual  fall 
of  60  inches. 

The  tropics,  as  being  the  great  source  for  supplying  the  at- 
mosphere with  aqueous  vapor  by  evaporation,  naturally  con- 
stitute the  great  area  of  precipitation,  though,  owing  to  other 
causes  modifying  the  normal  distribution  of  rain,  the  average 
tropical  fall  may  occasionally  be  largely  exceeded  in  some  ex- 
tra-tropical places.  For  instance,  on  the  Pacific  coa^t  of  Pata- 
gonia, latitude 50°  55"  S.,  144  inches  have  been  known  to  fall  in 
40  days. 

At  Sierra  Leone,  314  inches  fell  in  four  monthB  of  183S  ;  20 
inches  of  whicU  fell  in  two  diys. 

The  average  annual  rainfall  of  Bengal  is  200  inches  ;  on  the 
Bhore  Ghaut,  above  Bombay,  220  inches  frequently  fall  in  four 
months. 

The  greatest  known  raiofiill  in  the  world  occurs  in  some  parts 
of  India. 

At  Mahubalechoar,  on  the  western  slope  of  the  Ghauts,  4,461 
feet  above  the  sea.  the  average  yearly  fall  during  a  period  of 
forty  years  was  275  inches. 

At  Cherrapoonje,  at  the  same  elevation,  on  the  Garrow  Moun- 
tains to  the  south  of  the  valley  of  the  Brahmaputra,  the  an- 
nual rainfall  is  550  iuches,  which  is  about  equal  to  the  rainfall 
of  a  century  at  Alexandria,  K-^^ypt.  Tuis  wis  eveu  exceeded  iu 
the  experience  of  the  naturalist  Hooker,  who  observed  in  some 
of  the  valleys  of  the  Hirailaya  a  fjU  of  470  inches  in  seven 
mouths,  and  3 )  inches  oa  one  occasion  in  four  hours,  equal  to 
the  average  annual  rainfall  in  Fr:\nce-  This  was  at  Khosia, 
where,  according  to  Mr.  Yule,  in  the  month  of  August,  1841, 
there  fell  264  inches,  or  22  feet ;  3)  inches  falling  diily  during 
five  successive  days.  Thi-;  is  attributable  to  the  abruptness  of 
the  mountains  which  face  the  Bay  of  Bengal,  from  which  they 
are  separated  by  200  miles  of  Jheels  and  Sunderbunds. 

This  fall  is  very  local:  at  Silhet,  not  thirty  miles  farther 
south,  it  is  under  100  inche.^ ;  at  Gowahatty,  north  of  the 
Kh.isia,  in  Assam,  it  b  about  80  ;  and  even  on  the  hills,  twenty 
miles  inland  from  Ohurra  itself,  the  fall  is  reduced  to  200. 

During  the  rainy  season,  from  April  to  November,  as  much. 
as  10  or  12  inches  of  rain  falls  in  a  day  in  Burmah  and  Siam. 

The  enormous  rainfall  of  Khasia  would,  however,  seem  to  be 
equaled  in  Cayenne,  where  Admiral  Rou«sin  reports  12  feet 
6  y6  inches  having  fallen  between  the  1st  and  24th  of  February, 
1820-  At  Cumana,  in  Venezuela,  on  the  same  coast,  the  annual 
amount  is  but  8  inches. 

Latitude  exerts  a  great  effect  on  rainfall,  the  amount  of  vapor 
suspended  in  the  atmosphere  decreasing  rapidly  as  we  approach 
the  poles,  though,  owing  to  its  being  discharged  more  equally 
throughout  the  year,  tiie  number  of  rainy  days  is  generally 
greater  than  in  lower  latitudes. 

There  are  six  maximum  points  of  rainfall  in  Europe,  esti- 
mated in  rainy  days,  not  quantity,  —  Norway,  Scotland,  S.  W. 
Ireland  and  England,  Portugal,  N.  E.  Spain,  Lombardy. 

In  Ireland  it  rains  208  days  in  the  year. 

In  England  it  rains  150  days  in  the  year. 

In  Kazan  it  rains  90  days  in  the  year. 

In  Siberia  it  rains  60  uiys.in  the  year. 

On  the  Dofrefeld^  of  Norway  it  rains  and  mists  nearly  con- 
tinually an  aggregate  of  82  inches  per  annum  ;  about  equal  to 
Bombay,  Hivana,  Sierra  Leone. 

Humboldt  estimate'*  the  average  rainfall  at  the  equator,  9G 
inches ;  at  latitude  10',  80  inches ;  at  latitude  45",  29  inches  ; 
at  latitude  60^,  17  inches. 

According  to  Professor  Thomson,  the  average  number  of 
days  on  which  rain  fills  is,  between  latitudes  12°  and  43^  north, 
78;  between  latitudes  43^  and  50''  north,  103,  between  lati- 
tudes 50*^  and  60^  north,  161.  Local  circumstances,  however, 
largely  interfere  with  tuis  ;  at  Rome,  for  instance,  there  are  but 
64  days  of  rain  in  the  year,  and  at  Padua  120. 

London  has  220  dry  days  in  the  year,  and  Dublin  but  150. 
The  number  of  days  of  heivy  rain  is  nearly  the  same  at  both 
places,  —  from  16  to  32  annually. 

Dr.  Heberden  found  that  on  top  of  Westminster  Abbey,  from 
July,  1766,  to  July,  1767,  but  12.099  inches  of  rain  fell ;  on  top 
of  a  lower  building  near  by,  IS  139  inches ;  and  at  the  ground, 
22.608  inches. 

At  York,  as  determined  by  Phillips  in  1834  -35,  the  amount 
at  an  elevation  of  213  feet  wa'?  14.963  inches  ;  44  feet,  19.852 
inches  ;  at  the  ground,  25.70i  inches. 

.\t  the  Paris  Observatory  the  relative  amounts  falling  three 
meters  from  tlie  surf'ice  of  the  earth,  and  a  station  twenty -seven 
meters  above  this,  were  as  1.116  to  1. 

The  effect  produced  on  the  annual  rainfall  of  a  country  by 
clearing  it  of  its  forests  is  a  subject  which  of  late  years  ha«  re- 
ceived, as  it  deserves,  a  great  share  of  attention.  Sir  John 
Herschel,  Lyell,  and  the  mo>t  eminent  authorities  in  meteorol- 
ogy generally  concur  in  the  opinion  that  the  tendency  of  cut- 
ting down  the  woods  is  to  cause  an  absolute  diminution  of  the 
rainfili.  The  plai^i-'  of  Babylonia,  once  so  fertile,  now  an  arid 
desert;  the  elevated  plateius  of  Central  Spain,  which  in  the 
time  of  the  Ro  nans  yielde  1  abundint  harvests,  and  now  afford 
but  a  scaaty  subsUtence  to  sheep,  —  appear  to  owe  their  present 
Co  118 


I  sterility  to  this  cause  ;  while  it  is  stated  that,  in  Central  Amer- 
!  ica,  lakes  situated  in  tracts  formerly  cleared  by  the  Spaniards, 
which  had  dimiuished  in  volume,  have  again  becon.e  full  on 
i  account  of  the  increased  rainfall  due  to  encroachment  of  vege- 
table forms  on  this  cleared  land. 
j      It  is  also  stated  that  the  amount  of  arable  land  in  Egypt  has 
]  been  increased  in   recent  times  by  planting  palms  and  other 
trees  in  desert  and  unfertile  places.     The  origin  of  some  of  the 
j  oases  in  the  great  Sahara  desert    is    attributed  to   the  same 

cause. 
;      However  the  absolute  yearly  rainfall  may  be  affected  in  this 
,  way ,  —  our  data  do  not  extend  over  a  space  of  time  extending 
I  back  sufficiently  far  to  positively  determine  if  there  has  been  an 
;  important  diminution  in  its  auount  since  the  settlement  of 
'  this  country,  —  there  can  be  no  question  but  the  deprivation  of 
its  woody  covering  tends  to  promote  evaporation  from  tlie  ?ril, 
rendering  it  arid  and  sterile  and  causing  the  fullii  g  uiin,  whi'  ii 
would  otherwise  slowly  percolate  through  it.  to  ruu  qt  i.  Kt_.  uli, 
CJirrying  with  it  the  lighter  and  more  fertilizing  particles  to  tt^e 
water-courses  by  which  they  are  ultimately  conveyed  to  the  sea. 
This  also  tends  to  iuipair  the  permanency  of  flow  of  streams, 
as  the  water  which  would  accumulate  and  be  gradually  dis- 
charged by  means  of  springs,  tending  to  moderate  the  extremes 
of  high  and  low  water,  flows  off  at  once,  causing  floods,  imme- 
diately succeeded  by  intervals  of  extreme  low  water. 

Some  observers  insist  that  this  result  has  already  been  de- 
veloped in  many  tributaries  of  the  Ohio;  those  down  which 
in  the  memory  of  man  heavily  laden  arks  or  tlat-boata  were 
floated  to  a  market  being  now  entirely  unnavigable 

The  tranfitory  character  of  the  floods  in  the  western  tribu- 
taries of  the  IHi.'fOuri.  notably  rhe  Platte  River,  afford  confirma- 
tion of  the  fact  that  inland  navigation,  as  well  as  agriculture, 
depends  largely  on  a  sufficient  growth  of  timber,  which  can 
alone  mainUiin  those  conditions  of  evaporation  and  discharge 
of  moisture  which  are  most  favorable  to  the  support  of  uiau. 

The  following  table  gives  the  avenige  annual  rainfall,  in 
inches,  for  a  number  of  places  on  the  globe.  The  figures  for 
the  United  States  are  derived  from  the  tables  prepared  for  the 
Smithsonian  Institution  by  C.  A.  Schott,  Ei-q  :  — 


Brunswick,  Me 44.68 

Hanover,  N.  H 40  32 

Burlington,  Vt 34  15 

New  Bedford,  Mass 41.42 

Providence,  It.  1 4154 

Fort  Columbus,    N.   Y. 

Harbor 43.24 

Penn  Yan,  N.  Y 28.42 

Buffalo,  N.Y 33.84 

Newark,  N  J 44.85 

Philadelphia,  Pa 4405 

Pittsburgh,  Pa 37  09 

Washington,  D.  C 37.52 

Baltimore,     Md.     {Fort 

MiHenry) 4110 

Fortress  Monroe,  Va 47.'  4 

White  Sulphur  Springs, 

Va 37  54 

Gaston,  N.  C 43.40 

Charlestou,  S.  C 43.63 

Savannah,  Ga 48.32 

Key  West,  Fla 36  23 

Fort  Myers,  Fla 56.55 

Mt.Vemon Arsenal, Ala.  66.14 

Huntsville,  Ala 54.88 

Natchez,  Miss 53.55 

New  Orleans,  La 6105 

Baton  Rouge,  La 60.16 

Fort  Brow u.  Texas 33.44 

Fort  Bliss,  Texas 9,56 

Fort  Smith ,  Ark 40  36 

Washington .  Ark 5450 

Springdale,  Ky 48  68 


Marietta.  Ohio 42.70 

Cleveland,  Ohio 37.61 

Detroit.  Mich 30.05 

Mackinac,  Mich 23.96 

Richmond,  Ind 43.32 

Peoria,  111 4125 

To  these  may  be  added  the  following  figures  of  foreign  rain 
fall :  — 


Milwaukee,  Wis 3040 

Fort  Snelling.  Minn....  2611 

Muscat  ne,  Iowa 42  88 

St    Louis,  Mo 42.18 

Fort  Gibson,  Ind  Ter  ..  36.37 
Fort  Towson,  Ind.  Ter..  51.08 
Fort  Leavenworth,  Kan    31.74 

Fort  Kearney,  Neb 25.25 

Fort  Randall*,  Dak 1651 

Fort  Laramie,  \\'yoming  15.16 
Fort  Massachu.'etts,Coi.  17.06 

Fort  Garland,  Col 6.11 

Fort  Craig,  New  Mexico  11.67 
Fort  Marcy,  New  Mexico  16.66 
Fort  Defiance,  Arizona..  14  21 

Salt  Lake,  Utah 23.85 

Fort  Bridger,  Utah 6  12 

Sacramento,  Cal 19.66 

San  Francisco,  Cal 21.69 

San  Diego,  Cal 9.16 

Meadow  Valley,  Cal 57.03 

Dalles,  Oregon 21  14 

Fort  Hoskins,  Oregon.. .  66.71 
Fort  Vancouver,    Wash- 
ington Territory 38.84 

Fort  Colville,  Wash  Ter.  9.83 
Neah  Bav,  Wash.  Ter... 123.35 

Sitka,  Alaska 83  39 

Vera  Cruz,  Mexico 183.20 

Cordova,  Mexico 11208 

Bermuda 65  34 

San  Domingo 107  6 

Havana,  Cuba. 91.2 

Rio  Janeiro,  Brazil 59  2 

Maranham 277  00 

Cayenne llti  00 

Toronto,  Canada 35  17 

St  Johns,  Newfoundland  58.30 
St.  John,  N.  B 51.12 


London,  England 24.4 

Liverpool,  England 34  5 

Manchester,  England.. .  36.2 

Bath,  England 30.0 

Truro,  Eugland 44.0 

C.imbridge,  England 24.9 

York,  Eugland 23 

Borrowdale,  England. .  .141.54 

Dublin,  Ireland 29  1 

Cork,  Ireland 40-2 

Limeriek,  Ireland 35 

Armagh,  Ireland 3^.12 

Aberdeen,  Scotland 28  87 

G.asgow.  Scotland 2133 

Bergeu,  Norway 88.61 


Stockholm 20.4 

Copenhagen 18  35 

Berlin 23.56 

Mannheim 22  47 

Prague 14.1 

Cracow 13  3 

BrusseU 28.0Q 

Paris 22  64 

Geneva 31-07 

Milan 3801 

Rome 30  86 

Naples 29.64 

Marseilles £3.4 

Lii'bon    ;.  27-1 

Ooimbra  Port 113.8 
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Bordeaux 34  00 

A  ijicrs 30.99 

St  IVtcrsliurg 17  3 

Simpaeropot,  l^rimea. . ..  14-83 
Kut:iis(K  short'oflilack 

Sm) 69.44 

B.ikou(=l  of  Ca.«pian ). . .  13.38 
E.iathLTinburjc.Ural.MLs.  14.76 
Buniaoul,  Siberia 11.80 


Pckin,  China 26.93 

Canton,  China 69.30 

Singapore,  Malacca 97 

Sierra  Leone.  Africa 86.2 

Uttray  Mullay,  India — 267.2 

Madras,  India 44.6 

Calcutta.  India 76.4 

Clierrupooiijee,  India.. .  .592 
Khasia,  India 610 


Raise 3  Up-on'.  (Shipbuildin;/.)  Having  the 
iilHiei-  wui  ks  liighti'iieJ  ;  the  opposite  of  razoed. 

Rais'er.  (dirpmtry.)  The  front  of  a  step.  The 
eli-v.itioii  of  a  step.  A  riser.  The  Hat  portion  of  a 
step  is  till'  tread. 

Rais'ing.  1. 
(Melal-ipurking.) 
Tlie  process  of 
funning  circular 
\vi)rk  or  einlioss- 
iiig  in  sheet-metal 
by  striking  »p  or 
I'li.^ing  IVorn  the 
interior  surface. 

Ill  the  case  of 
circular  works,  as 
candlesticks,  tea- 
pots, anJ  otlier 
vessels  anil  tlieir 
covers,  thisis  gen- 
erally ell'ected  liy 
spinning  in  the 
lathe. 

In  other  cases 
hammeiing  is  re- 
soitcil  to,  the 
metal  being  raised 
and  the  desired 
form  imjiarted  by 
s-.iccessive  blows 
while  the  plate  is 
lihii:ed  on  an  an- 
vil or  former,  care  being  taken  to  preserve  as  nearly 
as  possible  a  uniform  thickness  throughout. 

Wliere  large  numliers  of  the  same  pattern  are  to 
be  made,  stamps  and  dies  are  usually  employed.  See 
E.MBOsstNO  ;  SfiN.siNG  ;  Stamping. 

2.  (Printing.)  Placing  scraps  of  paper  on  the 
tympan  so  as  to  increase  the  pressure  at  a  particular 
point,  to  cause  the  ink  to  adhere  more  fully  and  give 
a  dark  impression  at  that  point.  Practiced  with 
woodcuts.     Also  called  underlaying. 

3.  (Leatlur-nmnu/acturc.)  The  operation  of  swell- 
ing the  pores  of  leather  by  steeping  in  dilute  acid, 
in  order  to  enable  the  tanning  liquor  to  penetrate 
nuiri'  ensily. 

Rais'ing-board.  {Leather-working.)  A  corru- 
gated liuard  whicli  is  rubbed  upon  leather  after  it 
has  been  tanned,  shaved,  daubed,  and  dried,  in  or- 
di'r  to  raise  the  grain.     A  cripphr. 

Rais'ing-gig.  (Cloth-manufacture.)  A  machine 
fur  raising  a  iKqi  on  cloth.  A  gig-machine. 
Rais'ing-ham'mer.  (Mctal-workin/j.)  A  long- 
lieaded  hammer  with  a  round- 
ed face,  used  by  silver  and 
copper  smiths  to  convert  a 
sheet  of  metal  into  a  bowl- 
shape. 

Raia'ing-knife.     (Cooper- 
ing.)    A   knife   employed   by 
coopers  in  setting  np  the  staves 
in  form  for  a  cask. 
Rais'ing-plate.     (Carpcn- 
Raising- Hammer.       try.)     That   plate  of  a  frame 
wliich   rests   on    the   vertical 
timbers  and  supjiorts  the  heels  of  the  rafters. 


Rais'ing  Sunk'en  Ves'sels.  (Hydraulic  Engi- 
lueriiuj. )  Among  the  various  devices  for  this  pur- 
pose may  be  cited  :  — 

1.  The  camel  or  caissmi  submerged  and  chained 
to  the  vessel  ;  the  water  in  the  caisson  displaced  by 
air,  either  by  pumping  out  the  water  or  lorcing  in 
the  air  ;  the  tlotative  power  of  the  cai.s.son  thus 
lightened  lifting  the  vessel  to  the  surface.  The 
camel  has  long  been  used  in  Holland  lor  Hoating 
vessels  over  the  bars  of  rivers.  The  invention  is 
credited  to  Bakker  of  Amsterdam,  about  1688,  the 
year  that  the  great  Prince  of  Orange  came  over  to 
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England  and  superseded  the  last  of  the  Stuart  kings. 
The  camel  consists  of  twin  hollow  vessels,  .so  ar- 
ranged that  they  can  be  applied  on  either  side  of  the 
ship's  hull.  They  are  made  water-tight,  and  on  the 
deck  of  each  windlasses  are  attached,  by  whicli  ropes 
passed  under  the  keel  of  the  vessel  are  worked. 
Each  half  of  the  camel  is  allowed  to  fill  with  water, 
which  sinks  with  the  weight,  and  when  the  ropes 
are  adjusted  the  water  is  pumped  out,  and  the  buoy- 
ancy of  the  hollow  vessels  lifts  the  ship  out  of  its 
bed  at  the  bottom  of  the  ttream. 

The  largest  men-of-war  were  thus  lifted  over  the 
shoals  of  the  Zuyder-Zce.  The  camel  has  been  used 
in  many  other  places  since. 

A  modified  form  consists  of  caissons  or  large  bar- 
rels submerged  and  attached  by  slings  to  the  vessel. 

Captain  Austin's  plan  difl'ers  from  those  described 
in  having  large  inflatable  canvas  b.igs  h  h  h  h,  ren- 
dered water  and  air  proof  by  caoutchouc  and  strength- 
ened by  envelopes  of  netting.  Tl»ese  are  brought 
into  position  against  the  vessel  byslinging  the  chains 
to  which  they  are  attacheil  around  the  hull.  Two 
tug.s,  taking  the  ends  of  a  chain  n,  sweep  the  bottom 
where  the  vessel  lies  until  the  bight  encounters  the 
vessel.  Buoys  .attached  to  the  chain  at  intervals 
show  by  their  position  on  the  surface  of  the  water 
the  lay  of  the  vessel.  Another  chain  a'  is  now 
swept  aronnd  the  other  end  of  the  vessel,  and  rings  c 
on  the  ends  are  passed  over  the  ends  of  the  chain  a. 
A  sto]>per  g  is  .sent  down  the  chain  a  to  prevent  the 
ring  slipping  back.  Another  bag  /  is  then  sent 
down  the  chain  a,  the  same  being  on  each  side  of 
the  vessel,  ami  is  secured  by  a  stopper  d.  All  being 
ready,  the  bags  hhhhf  are  inflated  by  air  driven 
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in  by  pumps  through  the  ])ipes  i  i,  which  reacli  to 
the  surface,  and  the  vessel  floats,  as  seen  in  the 
figure.  The  bags  are  secured  to  the  main  chains  by 
smaller  ones. 

Colonel  Gowan  tried  this  plan  in  1851  in  an  at- 
teni|it  to  raise  the  wreck  of  the  United  States  steamer 
"  Missouri,"  burned  and  sunk  in  the  Bay  of  Gibral- 
tar in  18i5.  He  found  it  inetfectual  ;  the  difficulty 
being,  in  this  case,  the  bursting  of  tlie  bags.  He 
tried  them  again  at  Sevastopol  with  the  same  result. 
He  removed  the  wreck  at  Giliraltar  Roads  by  blow- 
ing it  to  pieces  by  the  explosion  of  loaded  cast-iron 
cylinders  inserted  beneath  the  vessel.  The  charges 
weie  ignited  by  electricity,  and  the  portions  of  tiie 
wreck  removed  piecemeal. 

2.  Another  mode  is  by  slinging  a  vessel  to  light- 
ers, which  are  raised  by  the  tide,  and  the  vessel 
transported  to  shoaler  waters.  The  slings  are  short- 
ened during  the  ne.vt  tide,  and  the  [)rocess  repeated. 

One  of  the  earliest  accounts  of  mising  sunken  ves- 
sels is  that  given  of  the  raising  of  the  "  Mary  Rose," 
by  Edward  Bedall  of  Boston,  Colony  of  Massachu- 
setts, 1642.  She  had  been  sunk  in  the  previous 
year,  and  the  diving-bell  seems  to  have  been  used  in 
adjastin.;  the  slings  by  which  she  was  raised  and 
transported  to  shoal  water,  where  the  hull,  lading, 
ami  guns  were  recovered. 

The  steamer  "  Erie,"  burnt  and  sunk  in  Lake 
Erie  in  ISo-t,  was  raised  by  Colonel  Gowan  liy 
me.ins  of  chain  falls  working  from  two  open-trussed 
fi-ames  supported  upon  hulks  on  either  side. 

This  gentleman,  unler  a  contmct  with  the  Russian  govern- 
ment aflerwird,  between  ISoT  and  18ti2,  niised  the  hulls  of  tlie 
vessels  sunk  in  the  harbor  of  Sevastopol  during  the  siege  of  that 
place  by  the  Allies.     These  were  more  than  100  in  number. 

The  atrempt  was  first  made  to  lift  them  entirely  by  means  of 
floitin^  ciissons  or  docks  on  either  side,  connected'bv  chains 
to  tile  hull  of  the  vessel.  It  wa.s  found,  however,"  that,  as 
t  le  ve  sel  rose,  the  docks,  though  firmly  anchored,  were  drawn 
to.:et;ier  with  such  force  that  they  could  not  be  separated 
even  when  steam-t  igs  and  gunboat*  aggregating  1,000  horse- 
po.ver  were  broug  it  into  requisition  fur  this  purpose. 

A  pump  capable  of  raising  nearly  1,000  tons  of  water  per 
minute  w  is  then  employed.  This  removed  the  water  from  the 
interior  of  the  hull  much  faster  than  it  could  enter  from  with- 
out, tae  ports  and  other  openings  having  been  previously  closed 
as  far  as  possible,  and  by  this,  in  conjunction  with  the  "floating 
c.ai-.soos  and  a  chain  1,000  feet  in  length,  having  links  of  some 
3j0  pounds'  weight,  the  work  was  succes.-^fuliy  accomplished. 

3.  A  third  plan  is  to  raise  the  wreck  by  direct 
hoisting  power.  An  instance  of  this  is  Bishop's 
floating-derrick,  shown  at  Fig.  1617,  page  688. 

4.  Vafea's  plan  for  raising  sunken  ships  consists  in  first  clos- 
ing hermetically  the  hatches,  port-holes,  and  all  other  openings 
in  the  deck  or  upper  or  side  parts  of  the  sunken  ship,  and  then 
pumping  do.vn  air  to  the  bottom  of  the  ship  through  tubes  in- 
scrtei  eitner  throjg  1  the  bottom  of  the  ship's  hull,  or  through 
the  deck,  eich  tube  being  passed  down  close  to  the  bottom  of 
the  ship.  The  air  thus  introduced  rises  by  itself  toward  the 
under  side  of  the  deck,  and,  not  being  able"  to  escape,  pre.sses 
tue  water  contained  in  the  ship  down  and  out  through  the  hole 
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made  by  accident  or  through  holes  made  for  the  purpose      The 
vessel  will  thus  be  rendered  buoyant,  and  will  rise  to  the  surface 

Rais'in-seed'er.  (Household.)  A  machine  for 
taking  the  seeds  from  raisins.  The  examijle  shows 
the  usual  form.  The  rai.sins  falling  from  the  hojiper 
e  down  the  spout  /  are  iinjialed  upon  closely  set 
wires  on  the  cylinder  by  revolution  against  a  rubber 
drum  ;  a  scraper  removes  the  seeds  from  the  sur- 
face, and  the  pulp  is  subsequently  drawn  cff  lie 
wires  and  collected.  The  wires  are  set  so  closely  as 
to  force  outward  the  seeds  ;  these,  when  removeil  by 
the  scraper,  fall  into  one  drawer,  while  the  pulji  re- 
moved from  the  wires  by  the  rake  m  falls  into  the 
left-hand  drawer. 

Rake.  (Jr/ricuJlure.)  An  implement  having  a 
head  provided  with  teeth  and  a  long  handle  project- 
ing from  the  head  in  a  direction  tiansiverse  to  tluit 
of  the  teeth  and  nearly  perpendicular  to  the  head. 
A  grain-rake  works  better  when  the  teeth  and  han- 
dle are  at  an  angle  of  about  75°.  Tlie  head  is  put 
on  a  "little  honkiny,"  as  it  is  called. 

Rakes  are  hand  and  horse.  Specific  names  indi- 
cate purpose  or  construction  ;  as,  hiiy,  stubble,  bar- 
ley, manure,  liorse,  tilting,  drag,  etc. 

Hand-rakes  are  of  wood  for  hay  or  grain,  and  of 
metal  for  garden  use. 

The  rake  is  not  represented  in  the  sculptures  or 
paintings  of  ancient  Egypt.  So  says  Wilkinson. 
The  seed  was  covered  by  the  plow,  hoe,  or  by  tramp- 
ing of  goats;  probably,  also,  by  dragging  bushes 
over  it. 

The  Roman  hoe  (raster,  a  scraper),  when  its  blade 
was  divided  to  form  teeth,  was  known  as  raster-li- 
dciis  or  qimdridcns,'ete.,  according  to  the  number  of 
prongs.  It  wa%  the  ordinary  tool  for  stirring  the 
ground  when  deep  digging  by  the  spade  {pala)  was 
not  refiuired. 

The  hay  or  grain  hand-rake  (a)  in  the  United 
States  is  made  of  wood,  and  the  same  rake  answers 
tor  either.  The  material  will  vary  with  the  place, 
but  the  general  statement  may  be  made  that  the 
handle  and  head  .should  be  of  a  material  strong  in 
proportion  to  its  weight,   say  red-elm  or  sassafras  ; 
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and  the  teeth  of  the  strongest  wood  procurable,  say 
hickory.  In  England,  willow  is  u.sed  for  the  handle 
and  head,  ash  for  the  teeth.    The  handle  is  mortised 
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into  the  head  anil  stayed  by  a  round  rod  passing 
through  tlie  handlt;  and  into  the  head,  where  the 
ends  are  split  and  wedged,  or  secured  by  pins. 

b  is  the  Japanese  rake. 

Grain-rakes  in  Britain  are  made  of  large  size  for 
raking  and  gleaning  the  stuljbles  :  the  head  is  4  feet 
long;  the  teeth  of  iron,  4  inches  long  and  IJ  inches 
apait. 

One  variety  has  wheels  at  the  end  9  inches  in  di- 
ameter ;  the  rake  of  the  teeth  is  adjustable.  It  is 
used  for  grain  or  hay,  and  was  the  precursor  of  our 
more  ambitious  horse-rakcs. 

In  Scotland,  a  rake  is  used  with  a  jointed  head  1.5 
feet  long.  The  handle  has  a  cross-bar,  and  the  im- 
plement is  drawn  by  two  men. 

The  garden-rake  varies  in  size  and  somewhat  in 
the  kinil  of  material.      See  df. 

Cheap  rakes  are  cast  and  made  malleable.  Others 
have  wrought-iron  heads  and  wrought  pins  riveted 
tln'reinto.  Some  are  light  and  etlective,  being  made 
of  steel. 

A  small  hand-tool  (c)  for  woi'king  among  flowers 
is  made  to  comliine  a  hoe-bla<le  and  a  rake  on  respec- 
tive sides  of  the  insertion  of  the  handle. 

A  rake  (c)  to  take  oil'  the  heads  of  flowers  in  pas- 
tures or  on  lawns  consists  of  blades  instead  of  teeth. 
The  sharp  edges  cut  off  the  flowers,  which  fall  over 
the  head  of  the  rake  as  it  is  ilragged  along.  Daisies 
are  considered  a  great  eyesore  on  English  lawns,  and 
dandelions  by  the  neat  gardeners  of  our  own  country. 

This  rake  is  in  principle  like  the  clover-headers  of 
the  nineteenth  century  and  the  wheat-harvester  of 
Gaul,  which  gathered  the  crops  of  that  fertile  land 
in  the  first  to  the  tifth  centuries  A.  D. 

Fig.  4151  has  a  rake  A  and  hoe  B  pivoted  on 
shank  G ;   either  of  these  may  be  turned  down 
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inp  curveil  or  sickle-formt'd,  are  much  stronger  than  when  an- 
gular, and  the  huy  and  grain  work  round  them  much  more 
freely  ;  the  bar  running  under  the  teeth,  and  by  wiiicli  they 
are  raised,  is  so  amugcd  that  the  teeth  do  not,  as  in  other 
Hikes,  rest  upon  it,  but  allows  them  to  drop  into  any  hollows  of 
the  land  The  frame  and  teeth  are  made  entirely  of  wrought- 
iron  ;  the  teeth  work  independently  of  one  another,  so  as  to 
adapt  themselves  to  irregularities  of  the  surface.  It  is  mounted 
on  high  wheels,  which  are  capped  to  prevent  the  hay  working 
round  the  axles. 

*'  By  means  of  a  pull-down  lever,  which  requires  only  the 
strength  of  a  boy  to  manage,  the  rake  can  be  emptied  of  its 
load  without  stopping  the  horse  ;  the  fran.o,  being  made  of  iron 
instead  of  wood,  allows  the  wheels  to  be  brought  about  a  foot 
nearer  together,  which  ia  an  advantage  in  narrow  lanes  and 
gateways."' 

This  rake  is  recommended  for  dragging-in  clover-seed  in  the 
spring,  and  for  covering  other  grass-seeds  ;  also  as  a  stubble-rake. 

Horse-rakes  are  classified  as  follows  :  — 

Horse-rakes.   I    """'""g- 
I    Lifting. 

Hay-drags. 
Hay-coc  Iters. 

Fig.  4152  is  an  illustration  of  the  revolving-rake, 
operated  by  a  person  walking  in  the  rear  and  holding 
the  upper  round  connecting  the  bars  B.  The  teeth 
A'  A"  A'"  and  the  others  in  the  series  rest  nearly 
level  upon  the  ground,  the  block  C  preventing  the 
rake  (roni  tilting  as  long  as  pressure  is  kept  on  the 
bars  B  B.  When  a  suttioient  ijuantity  of  hay  has 
accumulated  on  the  forward  part  of  the  rake,  the 
bars  are  lifted,  tilting  the  rake  and  allowing  the  for- 
ward ends  of  the  teeth  to  catch  in  the  ground,  at  the 
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By  operator. 
By  draft. 


Garden  Rake  and  Hoe. 


the  shank,  when  the  other  can  be  nseil  as  a  fork  or 
a  spade.  A  latch  F  serves  for  locking  in  either  of 
the  aliove  positions. 

Horse-rakes  are  of  several  kinds,  and  have  come 
into  extensive  use  of  late  years.  The  mower,  horse- 
rake,  and  horse  hay-fork  are  a  most  eH'ective  trio  in 
the  business  of  cutting  and  saving  hay. 

Horse-rakes  are  wheeleil  or  wheelless.  Some  rake- 
hi'ads  revolve,  as  in  the  old  flop-over  rake  ;  in  others, 
the  rakc-hetid  is  formed  by  or  attached  to  the  axle 
or  trails  behind  it,  and  the  teeth  are  only  lifted  to 
deliver  the  hay.  In  some  the  teeth  are  inde|ien- 
dent,  so  as  to  yield  to  obstacles  without  affecting  the 
operation  of  other  teeth.  The  rake-head  is  in  some 
cases  turned  by  hand  at  the  proper  moment,  but  is 
more  commonly  arranged  to  receive  motion  from  the 
power  of  the  animal  when  a  holding  device  is  re- 
leased by  the  driver. 

Howard's  horse-rake  (English),  g,  Fig.  4150,  is 
thus  ilescribed  by  the  makers  :  — 

*'  It  is  intended  forraking  hay.  corn,  stubble,  or  twitx-h-grasa. 
The  shaft-irons  are  furnished  with  a  joint  and  quadrant,  by  which 
the  teeth  may  be  readily  altered,  so  as  to  rake  upon  their  points, 
or.,''et  more  or  less  olT  the  ground.  This  method  is  to  prevent 
the  nike  collecting  the  soil  and  rubbish  with  grain,  an  objection 
frequently  mised  against  the  use  of  horse-raUes ;  the  teeth,  be- 


Revolving  Horse-Rake. 

same  time  withdrawing  the  block  C,  which  acted  as 
a  detainer.  The  rake  revolving  discharges  its  load, 
and  the  other  row  of  teeth  comes  into  action. 

Fig.  4153  is  another  form  of  the  revolving-rake,  in 
which  the  operator  fides  and  manages  the  rake  by 

Fig.  4163. 


Sulky-Rake  ( Rear  Work). 


means  of  a  lever,  by  which  the  rake  is  kept  to  its 
work,  or  is  tilted  as  occasion  requires. 

Fig.  4154  is  another  view  of  a  sulky-rake,  on  the 
revolving  principle,  in  which  the  working  portions 
are  in  front  of  the  driver.  By  the  operation  of  the 
lever  the  atop  is  lifted  from  the  rear  ends  of  the 
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Fig.  4154 


Sulky- Rale  {Foncard  Work). 


teeth  .and  the  front  end  tilted  down,  so  as  to  catch 
in  the  ground  and  revolve  the  rake. 

Fig.  4155  is  a  rake  of  the  tilting  order,  the  rake- 
bars  tiuiling  behind  the  axle  and  being  raised  as 

Fig.  4155. 


TiUing-Rake. 

occasion  requires  to  drop  a  load  of  collected  hay. 
The  rakes  fall  by  gravity,  and  are  raised  by  lever 
anil  chain. 

Fig.  4156  is  a  spring-tooth  rake.  The  rake-axle 
is  connectfd  by  a  bent  arm  with  the  lever  h,  pivoted 
to  the  thill  B,  and  held  by  a  notch  in  a  segineut- 

B;.  4136. 


Spring-Tootk  Horse-Rake. 

rack.  When  the  lever  Is  released  therefrom,  the 
draft  causes  the  a.xle  to  turn  on  its  hinge-joint  a, 
raising  the  teeth  m  from  the  ground,  and  <lischarging 
the  hay  by  its  own  weight  and  the  action  of  clear- 
ei-s  C. 

In  Fig.  4157,  the  rake-head  is  partially  revolved 
to  deposit  a  windrow 
by  pushing  forward 
the  lever  c  and  turn- 
ing the  lever  back  ; 
the  toggle-levers  dd 
turn  the  r;ike  down 
for  gathering,  and 
lock  it  fast.  The 
teeth  are  cleared  by 
a  series  of  bars  K, 
having  pins/ which 
pass  between  them. 
Sulky-Rake.  In  Fig.  4158,  the 

teeth  /  are  held  in 
raking  position  when  the  lever  G  is  thrown  back- 


ward, as  shown.  On  being  pushed  forward,  it, 
through  the  medium  of  a  series  of  connected  levers 
£,  hits  the  teeth,  which  are  then  thiown  ([iiiik.y 
upward  by  the  action  of  a  spring  B  on  tlie  end  of 

Fig.  4158. 


Horse-Rake. 

one  of  the  series.  The  spring  surrounds  the  axis  of 
a  ratchet-wheel,  by  which  its  tension  may  be  ad- 
justed. Horizontal  bars  J  passing  between  the  teeth 
free  the  hay  therefrom. 

Another  form  is  that  of  a  wheeled  rake  with  oscil- 
lating teeth  elevated  by  a  spring  at  the  will  of  the 
operator,  the  spring  being  wound  or  set  by  the  mo- 
tion of  the  wheels,  while  the  teeth  are  held  in  work- 
ing position  by  an  automatic  sjiring-catch.  This  is 
tripped  by  the  driver's  foot,  and  the  springs  then 
operate  to  instantaneously  elevate  the  teeth  and  sup- 
port them  while  dropping  a  bnnch  of  hay,  or  going 
to  and  from  the  field.  By  actuating  a  hand-lever, 
the  springs  are  released,  and  the  teeth  then  drop  by 
gravity. 

2.   (XanticaL)    a.  The  backward  slope  of  a  mast. 

6.   The  foiTvanl  jiitch  of  the  stem. 

c.  The  backward  slope  of  the  stem,  by  so  much  as 
it  overhangs  the  keel.  The  rake  of  a  rudder  is  that 
of  the  stern-]>ost. 

Rak'er.  (Bricklaying.)  A  piece  of  iron  having 
two  ]ioints  bent  at  right  angles,  used  for  jiicking  out 
decayed  mortar  from  the  joints  of  olil  walls  pivpara- 
tory  to  replacing  it  by  new  mortar.  Technically 
tenned  poiiiting.     See  Fig.  4109. 

Rak'ing-mold'ing.  {Biiildinrj.)  A  molding  in 
an  inclini'd  position,  as  on  the  under  side  of  a  stairs 
baluster,  etc. 

Rak'ing-pie'ces.  (Bridge.)  Pieces  laid  upon 
sills  supported  by  the  footings  or  impost  of  a  piei-. 
Above  them  are  the  strikimj-platcs^  which  suppoit 
the  ribs  of  a  bridge  centering,  and  which  are  driven 
in  to  allow  the  centering  to  drop  clear  of  the  com- 
pleted arch.     See  Centering. 

Ram.  1.  The  heavy  weight  of  a  pile-driving  ma- 
chine.    Otherwise  called  the  Mcmkoj. 

2.  The  piston  of  the  large  cylinder  of  a  hydraulic 
press. 

3.  A  water-raising  device  in  which  the  concussion 
produced  by  aiTestiiig  a  descending  body  of  water  is 
made  to  force  a  smaller  quantity  of  water  to  a  hight 
greater  than  the  fall.     See  HvDiniLic  R.\M. 

4.  A  steam-liammer  used  in  connection  with  the 
squffzcr  in  setting  ttp  the  bluom  as  it  is  lengtheneil 
by  the  action  of  the  squeezer. 

5.  A  warlike  implement,  formerly  used,  consisting 
of  a  spar  with  a  heavy  metallic  head  (nries)  swung 
from  a  frame  and  used  to  batter  down  walls  or  masli 
gates. 

6.  (SliiphuHding.)  A  spar,  hooped  at  the  end,  and 
used  for  moving  timbers  on  end  by  a  jolting  blow. 
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7.  {Nautical.)  A  projecting  device  at  tlit*  bow  of 
a  war-vessel,  designed  to  crusli  in  the  sides  of  an 
adversary  by  running  against  her  '*end  on." 

It  formed  a  very  important  means  of  offense  in 
ancient  naval  warfare,  the  prows  of  galleys  in  former 
times  having  been,  as  may  be  .seen  by  the  examina- 
tion of  old  coins  and  sculptures,  generally  furnished 
with  rams. 

At  tlie  battle  of  Salamis,  480  b.  c,  Queen  Arte- 
misia, an  Asiatic  Greek  herself,  though  allied  with 
the  Persians,  effected  her  escape  by  running  down  a 
Persian  ship,  causing  the  Greeks  to  mistake  her  gal- 
ley for  one  belonging  to  their  own  fleet. 

The  term  ram  is  also  applied  to  a  ship  provided 
with  .such  an  ajipendage. 

Tlie  great  ship  of  Ptolemy  Philopaior  had  two  heads,  two 
sterna,  and  seven  beaks,  ouc  of  wliich  \vj.s  longiir  than  the  others. 

With  the  introduction  of  armor- pi  at  ing  tlie  use  of  the  ram 
his  been  revived  in  modern  wj.rf-i.re  The  first  effective  use 
mide  of  it  was  by  the  (Jonfederate  "  Virginia."  tiie  captured 
*'  Meri-imao,"  sinkia;^  the  United  States  ships  "  Cumberland  " 
and  '^  Saratoga,"  in  Hampton  Roads,  March  9,  18i52. 

In  the  nival  en^igement  at  Liisa,in  July,  1832,  the  Austrian 
admiral's  ship  "  An-hduke  Ferdinand  Maximilian  "  sank  the 
Italian  irou-claJ  "lie  d'ltalia"  by  a  well-delivered  thrust  of 
her  ram. 

One  of  the  rams  built  on  the  Clyde,  in  Scotland,  for  the  Con- 
federate States,  but  afterward  p.ircuiseJ  by  the  British  gov- 
ernment, is  thus  described  by  the  ''  Liverpool  Courier  "  :  ''  The 
iron  hull  h  us  a  coating  of  1(J  ioclies  of  teak,  an  I  armor  plates  4^ 
inches  thick,  nearly  the  whole  length  of  the  side,  but  tapering 
in  thickness  at  bow  an  1  stern.  The  topgallant  rail  of  the  bul- 
warks is  of  wood,  and  removable,  the  bulwarks  proper  being  of 
iron,  hinged  on  the  dei'k  level,  and  falling  outwardly  against  the 
snip's  siile,  thus  literally  '  clearing  for  action,'  and  giving  the 
guns  in  the  turrets  an  uninterrupted  sweep,  except  directly  fore 
an  1  aft.  The  muzzles  of  the  guns  are  only  a  little  above  the 
deck  level,  and  the  tops  of  the  cupolas  are  but  5  feet  high,  so 
th  It  they  do  not  present  a  very  conspicuous  mark.  The  turrets 
extend  some  depta  below,  and  have  thus  the  protection  of  the 
ship's  i\XiS.  \Vaat  is  exposed  above  the  deck  has  5V-iacli  plat- 
ing, doubled  near  the  muzzles  of  the  guns,  and  14-inch  teak 
backing.  The  turrets  are  IS-sided  in  the  surface  presented  to 
shot. 

"  There  are  two  turrets,  each  to  carry  two  12-ton  gun<i,  ranged 
side  by  side,  and  thro.ving  a  ijS-pound  sp  lerical  shot,  or  a 
300-pound  bolt,  if  the  weapons  are  rifled.  The  tower  rests  on 
a  turn-table,  running  on  wheels,  the  motion  being  obtained  by 
four  crab-winches,  acting  on  a  toothed  rim  fi.xed  to  the  keel-on 
thit  supports  the  tower.  The  tower  is  prevented  from  siiifting 
by  a  wrought-iron  central  spindle,  bolted  into  t.ie  frame.vor»c 
and  bed  of  the  vessel.  Outside,  the  towers  are  24  feet  in  di- 
ameter;  inside,  19  feet.  The  charge  and  projectile  will  be 
handed  up  to  the  gun  by  means  of  tackle,  these  turret  guns 
being  positively  eisier  to  work  than  ordinary  broad  ide  guns, 
wUile  the  men  are  all  under  cover  of  the  arm^r-platiag  Aim  is 
taken  from  the  outside  of  the  turr,-t  For  this  purpose  there 
are  three  little  holes  in  the  roof  for  the  gunner  to  pat  his  head 
throu^)x.  filled  with  iron  bonnets  to  glance  oTride  bu'l?ts  The 
gunner,  in  fact,  brings  the  port-holes  of  his  turret  to  bear  upon 
t.ie  object. 

*'  The  dimensions  of  the  '  Scorpion  '  (and  *  Wyrern ')  are  : 
Length  on  water  line,  224  feet;  beam,  42  feet  6  inches  ;  depth, 
20  feet;  measurement,  about  1,830  tons.  Their  great  beam 
gives  these  vessels  wonderful  stability  as  floating  batteries.  The 
screw-propeller  is  14  feet  in  diameter,  and  has  three  blades  " 

The  ("onfederateram  "Tennessee,'*  in  the  extraordinary  fight 
with  nearly  half  our  entire  fleet,  whicli  took  pi  ice  inside  the 
harbor  of  Mobile,  proved  herself  one  of  the  mo^t  formidable 
crafts  for  h  irbor  defense  which  has  ever  been  constructed.  Her 
hull  was  originally  intended  for  a  min-of-wir,  and  was  put  to- 
gether in  a  most  stanch  and  substantial  manner-  Her  length 
was  about  130  feet.  In  form  she  was  a  mo  lificition  of  the  old 
*'  Merrimac  "  Her  armor  consistel  of  2J-inch  iron  in  bars  8 
inches  wide  crossing  one  another  and  bolt'ed  down  with  li-inch 
bolts,  miking  five  inches  of  solid  iro.i.  This  again  was  backed 
by  2  feet  of  solid  oak  through  the  entire  portion  of  the  boat 
above  the  water-line,  and  ext»^nding  some  feet  even  below  that. 
From  her  forward  casemates  forward,  including  her  pilot-house, 
an  additional  inch  of  iron  was  given  her,  making  6  inches  of 
plating,  and  an  additional  foot  of  wooden  backing,  making  3  feet 
at  this  part  of  the  boat. 

Her  gun-room,  if  that  be  the  proper  term  to  use,  occupied 
about  two  thirds  of  her  length,  and  wasconstrnct^d  withaflat  top 
composed  of  2-i  by  8  inch  iron  bars,  crossed  and  bolted  together, 
forming  a  close  lattice-work  above  her  gunners,  and  affording 
ventilation  while  in  action.  The  sides  were  inclined  like  those 
of  the  old  "  Merrimac,"  and  through  them,  in  the  fight  with 
our  fleet,  no  billsucceeiled  in  penetrating.  Her  ports,  of  which 
there  were  two  on  either  side,  and  one  fore  and  aft,  were  closed 
by  means  of  iron  shutters,  which  revolved  upon  a  pivot  In  the 


center  of  one  side,  and  were  worked  by  means  of  a  cog-wheel  on 
the  inside  They  were  liable,  however,  to  derangeuient,  and  iu 
the  engagement  with  our  fltet  two  were  actually  so  deianged  an 
to  prevent  their  being  opened,  while  a  third,  the  aftiT  oi.e  was 
shot  away  entirely ,  the  pivot  on  which  it  revolved  beii.g  bn  ken 
off,  and  it  was  through  tuis  that  the  fragment  of  shell  ei.tvnd 
which  wounded  Admiral  Buchanan,  as  he  was  standing  i.enr. 
directing  a  gunner  to  clear  away  some  .splinters  with  «..i.  h  it 
had  become  filled.  Ten  shots  struck  in  close  contiguity  to  tliirt 
port,  which  it  was  early  discovered  it  was  impossible  lor  her 
crew  to  close,  and  this  really  became  the  heel  of  Achilles  Co  the 
fated  "  Tennessee.''  Somewhere  between  lorty  and  fiU.}  shors 
struck  her  during  the  fight  in  nearly  every  part  of  the  bod,  but 
not  one  penetrated  her  impervious  armor.  One  15-ir.ch  ?hell 
from  the  monitor  "  Manhattan,*'  as  is  suppo.=ed,  u  ade  a  deep 
indentation  which  mu*t  have  caused  her  to  stagger,  but  bounded 
otf  from  her  ribs  of  steel.  The  impaci  of  the  blow,  hov  ever, 
stove  through  her  two  fiet  of  wooden  blwkiig.  and  produced 
inside  all  the  evidenc  es  of  the  n.issile's  having  come  through 
The  splinters  flew  promiscuously  in  all  dirtdions  in  the  r.iigh- 
borhood  inside  The  ram  was  nrn.ed  with  two  7  and  oi  e  8  ii.i  h 
rifled  guns  of  the  Urooke  pattern,  fore  and  aff,  and  uitli  four 
of  the  same  G-inch  guns  in  her  broadsides. 

The  attack  by  Lieutenant  \V.  B  (  uphing  upon  the  Confeder- 
ate ram  "  Albemarle,"  iu  the  Uoanoke  Kivcr,  was  made  Oc- 
tober 28,  1864,  With  a  tug  rigged  «ith  a  torpedo  J^par,  he  nm 
the  gantlet  of  the  batteries  and  destroyed  the  ram,  his  own 
vessel  being  sunk  in  the  encounter.  The  galljint  commander 
and  one  seaman  escaped.  Lieutenant  CushiDg  died  December 
24, 1874,  aged  32. 

Ram-block.  (Nautical.)  A  b^ock  without 
sheaves  for  the  lanyards  of  the  shrouds.     See  JJead- 

Rained.     (Shipbuilding.)    Said  of  a  ship  on  the 

stocks  when  the  frames,  stem,  and  stern-jiost  are  i.p 
and  adju.sted. 

Ram-bead.  (Nautical.)  An  old  name  for  a 
halyaril-bloik. 

Ram-line.  (Nautical.)  A  line  n.sed  in  striking 
a  straight  middle  line  on  a  spar,  being  secuivd  at 
one  end  and  hauled  taut  at  the  other. 

Ram'mer.  1.  (Firc-arnis.)  a.  The  rodhy  \\hieh 
the  eharge  i.-s  forceil  home.      See  Ramuoi>. 

b.  A  staff  having  a  eylindrieal  or  conovdal  head 
attached,  used  in  cannon  for  the  same  purjiose.  The 
rammer-head  is  made  of  heech,  maple,  or  other  haid 
wood  not  easily  sjdit,  and  is  bored  for  about  two 
thirds  of  its  length  to  n^ceive  a  tenon  on  the  staH". 
For  rilled  guns  or  for  hollow  projectiles,  its  face  is 
countersunk. 

Kammers  for  large  guns  are  technically  temifd 
rammers  and  stavrs.  For  field  aitil  ety,  a  spumjc  is 
attached  to  the  other  end  of  the  staH",  and  the  com- 
bined ini])lement  is  called  a  sponge  and  rammer. 

The  sponge  is  made  of  coatse,  well-twisted  woolen 
3'arn,  woven  into  a  warp  of  .strong  liemp  or  fax 
thread,  after  the  manner  of  Brussels  carpet.. 

They  are  woven  in  threads  with  selvages  bc^twcen 
them,  which,  being  cut,  the  sponges  are  sewed  to 
fit  formers  of  the  same  diameter  as  the  sponge-heads. 

Hair  sponges,  frequently  called  brusli-wipers,  are 
sometimes  employed,  and  are  very  useful,  lor  clcau- 
in^he  grooves  of  riHed  guns. 

Fig.  4159  is  a  flexible  rammer  for  turret-guns.  It  is  attached 
to  the  monitor  turret  by  a  hinge,  so  as  to  be  lowered  into  ser- 

Fig.  4159. 


Flexible  Rainmerfor  Turret-Gtins. 
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Rammers. 


Tireable  position  when  required.  It  is  composed  of  a  tube  B 
surroundiug  a  series  of  jointed  plates  C,  which  can  be  flexed  in 
one  direction,  and  are  caused  to  protrude  from  the  tube  and 
follow  the  bore  of  the  gun  by  means  of  a  screw  operated  bj  a 
hand  crank  and  gear  n  o,  or  other  suitable  mechanism. 

2.  The  pavior's  rammer  (Fig.  4160)  is  u.sed  in  set- 
tling paving- stones  firnilj' 
into  their  beds.  The  ram- 
mer is  used  by  a  motion  in 
direction  of  its  length,  as  in 
the  annexed  illustration,  in 
the  ramrod  of  the  fowling- 
piece,  the  gun-rammer,  or 
even,  in  the  largest  sense  in 
which  the  word  is  used,  the 
ram  of  a  steam- vessel  brought 
into  action  by  the  motion  of 
the  vessel  end  on  upon  the 
enemy's  .shi]).  See  Ram. 
3.  (Fuundbuj.)  A  tool  for 
ramming  tlie  sand  into  the  Hasks.  They  are  of  two 
kinds  ;  si|uare  and  round.  The  former  is  thin  and 
calculated  to  affect  the  bottom  of  the  soft  sand,  com- 
j>ressing  and  driving  it  into  the  interstices  of  the 
pattern.  The  round  or  flat  rammer  (6,  Fig.  41 60)  hard- 
ens the  upper  surface  only  ;  it  is  always  used  last. 
Rammers  are  .sometimes  entirely  of  iron  ;  they  are 
best  made  with  ash  or  hickory  handles,  about  four 
feet  long,  shod  with  a  cast-iron  end  of  suitable  size 
and  weight.  Bench-rammers  have  short  handles. 
Ra-mo-neur'.  A  chinmey-sweeping  device. 
Ramp.  1.  (^Fortification.)  An  inclined  road  in 
a  fortification  leading  from  one  level  of  the  enciente 
to  another.     See  Bastion. 

2.  (Carpentry.)  A  concavity  on  the  upper  side  of  a 
hand-rail  formed  over  riseis,  or  over  a  half  or  quar- 
ter space,  by  a  sudden  rise  of  the  steps  above. 

Ram'pant  Arch.  One  whose  abutments  spring 
from  an  inclined  plane. 

Ram 'part.  (Fortification.)  An  embankment 
around  a  fortified  place.  In  the  more  perfect  con- 
dition the  wall  of  the  rampart  forms  a  scarp  and  is 
crowned  by  the  parapet.  See  Intrenchment  ; 
Bastion. 

The  term  huhcark  is  sometimes  applied  to  a  ram- 
part, and  sometimes  to  an  outwork  for  the  defense  of 
the  main  work. 

Rciin'rod.  A  rod  of  wood  or  metal,  used  for 
forcing  the  charge  to  the  bottom  of  a  gun-barrel,  and 
also  with  a  wiper  or  ball-screw  attached,  for  cleans- 
ing the  interior  of  the  barrel  and  for  withdrawing  a 
charge.  It  is  held  to  the  gun  by  thimblesor  by  grooves 
in  the  band  and  a  corresponding  groove  in  the  stock. 
Wooden  ones  are  now  only  used  for  sporting  arms. 
The  iron  ramrod  did  not  supersede  the  wooden  one 
until  1742.  It  was  introduced  into  the  Prussian 
army  by  Prince  Leopold,  of  Anhalt-Dessau. 

The  United  States  service  ramrod,  used  prior  to 
the  introduction  of  breechloaders,  is  made  of  steel. 
Its  parts  are  :  — 

The  stem.  The  thread. 

The  head.  The  cap. 

The  cup. 

It  generally  is  made  with  a  swell,  to  keep  it  in 
place  ;  but  in  some  patterns  a  spring  in  the  stock 
serves  this  purpose,  and  the  swell  is  dispensed  with. 

Ramrods,  in  the  large  gun-factories,  are  made  by  machinery. 
In  the  case  of  wooden  one-s,  the  blanks  are  driven  through  tu- 
bularcutters,  which  bring  them  to  a  cylindrical  form.  The 
iron  ones  are  cut  from  a  round  rod.  For  polishing,  they  are 
placed  upright  in  a  frame  which  holds  ten  at  a  time,  and  are 
subjected  to  the  action  of  hard-wood  rubbers  supplied  with  oil 
and  poUshing-powder.  The  grooved  ends  of  the  rubbers  are 
pressed  again.«t  the  ramrods  by  springs,  and  the  rubbers  receive 
a  rapid  motion  while  the  ramrods  are  slowly  revolved. 


principally  used  in  micrometers,  and  invented  by 
Ramsden,  a  celebrated  instrument-maker  in  Enc- 
land  (1735-1800). 

His  name  is  associated  with  science  as  the  maker 
of  the  celebrated  dividing-engine,  arid  he  is  known 
by  a  number  of  his  instruments,  of  great  accuiacy, 
in  several  European  observatories,  —  sextants,  tel- 
escopes, and  mural  circles. 

The  Ramsden  eyc-piccc  has  two  plano-convex 
glasses,  each  of  which  presents  its  concave  side  to 
the  object-glass.     See  Positive  Eye-piece. 

Ran.     1.   (Rope-making.)     A  reel  of  20  yams. 

2.  (NaiUical.)  Yarns  coiled  on  a  simn-yani 
winch. 

Rand.  (Sliocmaking.)  One  of  the  slips  beneath 
the  heel  of  a  sole,  to  bring  the  rounding-surface  to  a 
level  ready  to  receive  the  lifts  of  the  heel. 

Ran-dan'.  (XaiUical.)  A  mode  of  rowing  with 
alternate  long  and  short  oars. 

Rand-form'ing  Ma-cblne'.  A  machine  which 
operates  upon  a  skiveil  rand-.strip,  to  bend  it  into 
the  circular  (horse.shoe)  form  suitable  for  its  place 
in  the  heel  of  a  shoe. 

In  Fig.  4161,  the  rand-strip  is  pas.sed  in  at  the  ori- 
fice a  shown  at  the  upper  left-hand  corner  of  the 

Fig.  4161. 


Rand-Forming  Machine. 

engraving,  and  seized  between  two  steel  formers, 
one  of  which  is  held  up  against  it  by  the  central 
shaft,  around  which  it  is  bent  as  its  thin  edge  is 
ciimiTed  by  the  formers.  The  strip  is  kept  in  a 
curved  path  by  a  guide,  and  released  by  a  strijijier 
at  the  lower  opening  6,  properly  crimped  and  curved 
for  ap]ilication  to  the  heel. 

Rand'ing-ma-chine'.    (Slwsmaking.)    One  for 
fitting  rands   on    heel-blanks, 
to  give  the  cup  shape  to  the  ?'g-  4162. 

upper  part  of  the  blank.  In 
the  example,  the  machine  con- 
sists of  a  heel-supporting  post, 
a  feeding  and  nailing  mechan- 
ism, an  edge-guide,  and  a  rand- 
guide,  by  which  the  rand-coil 
or  ribbon  is  directed  and  placed 
in  position  to  be  nailed  upon 
the  heel. 

In  Fig  4163,  the  forming  cams  a  a' 
are  made  of  shape  to  fit  thebevel  of  the 
heel,  and  their  inner  sides  are  beveled 
to  fit  the  bevel  of  the  rand,  which  is 
passed  upward  between  them,  and 
rests  against  a'.  The  operator 
then  depresses  a  treadle  b.  which 
swings  back  the  starting-lever  6,  relea,«ing  the  clutch  ring  c, 
when  the  spring  s:  throws  the  center-rod  to  the  right,  closing 
the  cam  a  against  the  rand  and  engaging  the  clutch-ring  c  wit!l 
the  end  of  the  pulley  rf.  and  causing  the  shafts  to  rotate.  The 
cant  e  runs  on  top  of  the  rand,  forcing  it  between  the  cams  a  a' , 
which  press  it  into  the  desired  form.  When  the  shaft  hnn 
de  one  revolution,  a  lug  on  the  ring  runs  on  to  the  beveVd 


Randing-Machine. 


Kams'aen  S  tye-piece.    1  he  positive  eye-piece,  !  end  of  the  lever  b,  whereby  the  ring  and  center-rod  are  carried 
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Fig.  4163. 


Kanititig-Mac/tine. 


fer  cnongh  to  the  left  to  disengnge  the  clutcb-teeth  and  sepa- 
rate the  cajns,  so  that  the  rand  may  be  disengaged  therefrom. 

Rand'ing-tooL  {Slwemahiiuj.)  One  for  cutting 
oat  slips  of  leather  to  form  rands.  The  slip  is 
cut  into  lengths,  which  are  crimped  into  a  horse- 
shoe sliajie. 

Range.  A  fireplace  cooking-stove,  usually  bricked 
in  at  tlie  sides,  but  sometimes  portable. 

Fig.  4164  has  a  middle  fire-chamber  and  two  ovens 
at  each  side.     By  means  of  dampers  the  heat  is  di- 

Fig.  4164. 


the  upright  flue, 
which  has  forward 
projections  be- 
tween the  ovens 
and  a  warming- 
shelf.  Hot  -  air 
spaces  occupy  room 
on  each  side  of  the 
ovens. 

2.  (Ordnance, 
etc.)  The  horizon- 
tal distance  to 
which  a  projectile 
is  thrown. 

Strictly,  the  dis- 
tance from  the 
muzzle  of  the  gun 
to  the  second  inter- 
section of  the  tra- 
jectory with  the 
line  of  sight. 

3.  A  ladder  step. 

4.  (A'autkal.) 


Fig.  4166. 


PoTtablt  Cooking  Range. 


Fig.  4167. 


a.  A  length  of  cable  a  little  in 
excess  of  the  depth  of  water,  roused  up  out  of  the 
tier  and  ranged  on  deck  ready  to 
run  out  of  the  hawse-hole  when 
the  anchor  is  cast. 

b.  A  large  cleat  in  the  waist 
for  belaying  the  sheets  and  tacks 
of  the  courses. 

Hvrncd  ranges ;  two-pronged 
cleats  or  kevels. 

Range-cock.    A  faucet  for 

Fig.  4168. 


Cooking-Range. 


Elevated 


reeled  to  as  many  as  may  be  necessary, 
ovens  are  encircled  by  the  flues  above. 

In  Fig.  4105,  the  bivse-burning  grate  is  fed  from  a 
cylindrical  covered  tube  which  slides  in  a  suitable 
vertical  tube  fixed  at  the  back  part  of  the  top  plate. 

Fig.  4165. 


Base-Burning  Range. 


The  r.-idiating  heat  from  the  fire  may  be  used  by  a 
reflector  oven  attached  before  it. 

Fig.  4166  is  a  portable  range  having  a  central 
broiling-clianiber,  side  ovens  which  can  be  utilized 
by  means  of  dampers,  and  a  hot-closet  above. 

Fig.  4167  gives  a  sectional  elevation  and  a  hoii- 
zontal  section  of  a  range,  showing  the  various  parts. 
The  grate  has  a  water-back  D  and  a  horizontal  flue 
11  extending  backward  beneath  the  lower  oven  to 


Range- Cock. 


the  hot  w  iter  reservoir  of  a 
cooking-range. 

Range-heads.  (Nauti- 
cal.) The  bitts  of  the  wind- 
lass. 

Range-stove.  A  stove 
made  in  the 
form  of  a 
range,  that  is, 
with  lateral 
extension,  ov- 
ens, and  boil- 
ers, as  the  case 
may  be,  on 
each  side  of  a 
central  fire- 
chamber. 

The  example  (Fig.  4169)  is  a  portahh  ranrre,  or 
range-store,  adapted  to  be  set  out  upon  the  floor  of 
a  kitchen,  instead  of  being  built  into  a  recess  in 
the  wall,  beneath  the  chimney. 

Rap.  A  lay  or  skein,  containing  120  yards  of 
yarn.     See  Lay  ;  Yarn  ;  Hank  ;  Reel. 

Rape.  A  filter  used  in  a  vinegar  manufactory  to 
separate  the  mucilaginous  matter  from  the  vinegar. 
It  derives  its  name  from  being  charged  with  rapes, 
the  stalks  and  skins  of  grapes  from  which  the  must 
has  lieen  expressed. 

Raphi-an-kis'tron.  (Surgical.)  An  instru- 
ment used  in  the  formation  of  an  artificial  pupil  for 
the  eye.  See  Ikidectome,  page  1195.  See  PuPlL, 
Aktificial. 
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saw-blades,  and  to  which  revolution  is  imparted  by  the 
pulley  b  through  the  gears  c  d.  The  cast-iron  feed- 
plate  e  is  divided  by  a  ridge  into  two  parts  ;  the  beets 
are  placed  on  it  and  pushed  up  against  the  revolving 
rasp  by  wooden  blocks  / ;  a  semicy Under  of  wood  g 


Ran^e-Stove. 

Ra'pi-er.  {Arms.)  A  sharp-pointed  sword,  de- 
signed fur  thrusting.  The  blade  has  a  lozenge- 
shaped  section. 

Ras'ing-i'Ton.  {NaiUical.)  An  iron  to  clean 
old  oakum  out  of  the  seams  previous  to  recalking. 
A  rctming-iron  is  for  opening  the  seams  to  receive 
oakum.     A  rave-hook. 

Rasp.  An  abrading  tool  of  the  nature  of  a  file, 
but  having,  instead  of  chisel-cut  teeth,  its  surface 
dotted  with  separate  protruding  teeth,  formed  by 
the  indentations  of  a  pointed  punch. 

It  is  used  almost  exclusively  uiion  comparatively 
soft  substances,  as  wood,  horn,  and  the  softer  metals. 

This,  like  many  other  mechanical  devices,  is  found 
in  the  animal  kingdom.  Some  niollusks  have  rasp- 
like tongues,  by  which  they  penetrate  the  shells  of 
others  for  the  purpose  of  feeding  upon  them. 

The  wasp  carries  a  rasp,  and  with  it  abrades  dry  wood  to  ob- 
tain fiber,  which  becomes  mixed  with  glutinoa.s  saliva,  and 
forms  the  pulp  of  which  so  **  skillfully  she  builds  her  cell." 
This  dries  into  paper,  and  has  a  very  considerable  tenacity. 
Hornets'  nests  pendent  from  trees,  varying  in  size  from  an 
orange  to  a  h.ilf-barrel,  are  familiar  objects,  and  are  the  most 
beauUful  structure  to  which  we  can  point  as  being  formed  of 
rasj)in^t.  These  insects  also  remove  fibers  of  weather-beaten 
wood  with  their  feet. 

The  rasp  of  the  Tahitians.when  visited  by  Captain  Cook,  was 
a  piece  of  coral, —  no  mean  substitute  for  one  of  metaL  The 
teeth  of  the  rasps  used  by  cabinet-makers  and  farriers  are  cut 
in  lines  sloping  from  left  to  right :  those  for  last-makers  and 
some  others,  in  the  reverse  direction  :  and  for  gun-stockers  and 
saddle-tree  makers  they  are  disposed  in  curved  or  cre.scent- 
shaped  lines.  These  distinctions  are  unnecessary,  the  only 
requisite  being  that  each  tooth  should  be  intermediate  between 
the  two  in  front  of  it,  so  as  not  to  form  furrows  in  the  work. 

The  ra.sp-cutting  machine  resembles  the  file-cut- 
ting machine  (which  see)  in  the  striking  and  feeding 
parts,  differing  mainly  in  the  several  devices  by 
wliich  it  is  adapted  to  the  cutting  of  rasps  instead  of 
files.  To  this  end,  the  chisel-stock  is  pivoted  to  the 
rock -shaft  so  that  the  chisel  may  be  vibrated,  not 
only  in  a  vertical  plane,  as  usual,  but  also  in  a  hori- 
zontal plane,  thus  cutting  the  teeth  in  curved  lines 
across  the  blank.  The  forward  feed  motion  is  inter- 
mittent, taking  place  only  after  the  completion  of 
one  row  of  teeth  and  before  the  commencement  of 
another. 

Raspa-to'Ti-um.  (,'?urgica!.)  A  rasp  used  in 
nusping  bone.<  for  surgical  or  anatomical  purposes. 

Rasp'a-to-ry.  (Surgical.)  An  instrument  for 
rasping  bones.     A  scalprum. 

Rasp'er.  (Baking.)  A  file  for  rasping  the  burnt 
surface  from  loaves  of  bread. 

Rasp'ing-ma-chine'.  1.  A  machine  for  rasping 
wood  and  bark  for  making  dyes,  tinctures,  etc.  See 
also  Rark-cuttixg  Machine,  etc.,  Figs.  561,  561, 
565,  566,  567. 

2.  A  macLine  for  grating  beet-root  for  sugar.  It 
consists  of  a  drum  a  having  its  periphery  set  with 


Fig  1171. 


Meckanical  Rasp  for  reducing  Bid-Root  to  Pttlp, 

lined  with  sheet-iron  covers  the  upper  part  of  the 
rasi>  ;  the  pnl]i  is  received  in  a  trough  beneath. 

Rasp'ing-niUL     A  saw-miU  for  reducing  dye- 
woods  to  dust. 

Rasp-punch.  .K  tool  for  cut- 
ting the  teeth  of  rasps  ;  it  is  held 
in  the  left  hand  of  the  workman 
at  a  suitable  angle  to  the  face  of 
the  blank,  and  struck  with  a  mal- 
let. 

Ratcb.  A  rack -bar  with  inclined 
angular  teeth  between  which  a  pawl 
drops. 

A  circular  ratch  is  a  ratchet- 
iclird. 

Ratch'et     The  detent   which 
falls  into  the  interdental  spaces  of  a  ratchet-wheel, 
rising,    as   the   wheel    revolves,    in 
one   direction   and   preventing   the 


Rasp-Punch. 


Fig  1172. 


backward  motion  of  the  wheel.  (See 
Hatchet  -  wheel.)  A  pawl.  A 
click. 

If  employed  to  move  the  wheel,  it  | 
is  a  pallet. 

The  applications  of  the  ratchet 
are  very  numerous.  It  is  used  in 
connection  with  pawls  in  hoisting  Ratchet  and  Qiclc 
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mechanism,  capstans,  windlasses,  and  winches  ; 
witli  clicks^  in  the  winding  mechanism  of  most 
machines  wliich  are  actuated  by  springs  ;  in  ma- 
cliines  where  a  rotary  motion  is  obtained  by  im- 
pulses derived  from  an  intermittent  reciprocator,  as 
in  many  feed  motions  ;  in  most  escapements  in  con- 
nection with  pallets  on  the  axis  of  tlie  balance  or  on 
the  anchor. 

The  terms  pawl,  click,  pallet,  have  therefore  spe- 
cial significations,  indicating  relation  or  function. 

Fig.  4173  is  a  device  of  this  kind,  designed  to 
prevent  reverse  mo- 


Fig.  4173. 


tion  of  the  shaft  in 
sewing  and  other 
machines.  It  is  so 
arranged  that,  while 
the  wheel  to  which 
the  pawl  is  connect- 
ed revolves  in  the 
proper  direction,  the 
pawl  does  not  inter- 
fere with  its  motion ; 
but  the  instant  the 


Ratc/iet  and  Pawl. 

wheel  commences  to  turn  in  a  contrary  direction,  the 
pawl  is  made  to  engage  with  its  ratchet,  and  the  re- 
verse motion  is  prevented. 
Ratch'et   Bed-key.     A  wrench  which  has  a 

Fig.  4174. 


Fig.  4176  has  two  interchangeable  shafts  C  Z  for 
drills  and  countersinks  i[  K,  fed  respectively  by 
thumbscrews  /  o  n.  Either  is  secured  in  place  by 
the  screw-cap  E.  The  pawl  is  caused  to  engage  the 
ratchet  by  pressure  of  a  spring  in  the  handle  B,  be- 
ing prevented  from  falling  out  while  one  shaft  is 
substituted  for  the  other  by  a  screw  F  entering 
a  slot  in  the  pawl. 

Ratch'et-drill.  A  drill  whose  rotatory  move- 
ment is  derived  from  a  ratchet  and  pawl  actuated 
by  a  lever. 

The  movement  is  u.sually  intermittent,  the  paivl 
engaging  the  teeth  only  when  the  lever  is  pushed  in 
one  direction,  and  slipping  over  them  when  drawn 
backward.  In  some,  however,  a  continuous  rotary 
motion  is  imparted  to  the  drill. 

Sinclair's  (Fig.  4177)  is  of  this  kind.  The  spindle 
A  has  a  ratcheted  shoulder  i^which  holds  the  foiked 
handle  EE  and  disk  handle  DD  in  place,  and  in 


Fig.  4177. 


Ratchet  Bed-Key. 


ratchet  on  the  socket  or  square,  which 
engages  the  head    of   a  bolt.       As  the 


Fig.  4175. 


Ratchet-Brace. 


spring-pawl  on  a  hand-lever. 
Fig.  4176. 


handle  is  vibrated  in  one 
direction  the  spring-pawl 
turns  the  ratchet  and 
spindle,  and  in  the  re- 
verse motion  the  pawl 
snaps  back  over  the  teeth 
of  the  ratchet. 

Ratch'et-brace.  A 
boring-brace  in  which 
the  .spindle  carrying  the 
bit  is  rotated  by  means 
of  a  ratchet-wheel  and  a 


Ratchet-Brace, 


Ratchet- Drill. 

which  the  pawl  G  engages  when  this  handle  is 
worked  in  one  direction.  When  the  movement  is 
reversed  a  second  spring-pawl  on  tlie  handle  E  en- 
gages the  teeth  of  the  wheel  C,  which  are  inclined  in 
a  direction  opposite  to  those  on  the  disk  F.  Pins  on 
this  wheel  engage  the  pinion  c,  which  rotates  the 
wheel  /;  during  this  movement  a  spring-bolt  J  in 
the  drill-spindle  enters  betwei'u  two  teeth  of  the 
wheel  /,  slipping  over  them  when  the  hiuulle  E  is 
again  pushed  forward,  so  that  the  pawl  G  again  en- 
gages with  F.  By  this  means  a 
continuous  movement  in  one  direo-  Fig.  4178. 
tion  is  communicated  to  the  drill- 
spindle. 

The  handle  D  serves  to  hold  the 
device   firm.     See    also    Ratchet- 

BRACK. 

Ratch'et-jack.  A  form  of  screw- 
jack.  The  rotatable  lever-socket  a 
has  a  collar  encircling  the  head  of 
the  screw,  and  a  pawl  which  drops 
into  the  notches  of  a  ratchet  fi.xed  . 
thereto,  so  that  the  operator  may 
work  the  jack  without  moving  from  Ratchet-Jack. 
his  place.     See  Screw-jack. 

Ratch'et-punch.    A  ]iunch  operated  by  a  screw, 
which  is  rotated  by  a  lever  liaving  a  pawl  connection 
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to  a  ratchet  b  on  the  shank  of  the  screw.    The  crank 
on  the  upper  end  of  the  screw-shank  is  for  a  qtiick 


Fig.  4179. 


Ralthel-Pmch. 

motion,  to  bring  the  punch  down  to  its  work  or  to 
rais«  it  after  the  hole  is  made. 
Ratch'et-wheel.      A   wheel    having    inclined 
teeth  for  receiving   a  ratchet  or 
detent,    by  which   motion  is  im- 
parted or  arrested. 

The  teeth  are  of  such  shape  as 
to  revolve  and  pass  the  detent  in 
one  direction  only.  The  detent 
may  be  a  pallet,  as  at  a,  or  a  pawl, 
as  at  b.  The  former  receives  an 
intermittent  rotation  by  a  recipro- 
cating circular  movement  of  the 
arbor  and  its  cam.  The  wheel  in 
the  second  figure  is  intermittingly 
rotated  by  the  motion  of  one  pawl, 
while  the  other  one  acts  a.s  a  de- 
tent in  the  intei-vals  between  the 
forward  motions  of  the  former. 
Ratch'et-wrench.  A  wrench 
openitel  by  a  ratchet  and  pawl,  so  that  it  may  be 
turned  continuously  without  removal  from  the  bolt 
or  nut  to  which  it  is  applied,  by  a  backward  and 
forwai-d  movement  of  the  handle. 

In  Fig.  41  SI,  the  wrench-holder,  turning  in  a 
cavity  in  the  handle  A,  is  removable,  and  its  upper 
part  has  ratchet  teeth,  over  which  projects  a  lip  on 
the  pawl  C.     The  nut  fits  into  a  cavity  a,  while 

Fig.  4181. 


Batdiet-Whtel. 


Ratchet-  ITrench. 

the  upwardly  projecting  portion  of  the  bolt  passes 
through  the  central  aperture. 

Rate.  1.  (XauJica'.)  In  the  old  classification 
of  men-of-war  in  the  British  navy,  ships  were  rated 
according  to  the  number  of  guns  which  they  carried. 
This  ha'i  been  much  disturbed  by  the  introduction 
of  armored  vessels,  heavy  ordnance,  rams,  etc. 

Formerly  the  first  rate  was  from  100  ^ins  upward  :  the  seo- 
onfj  rate  was  from  90  to  100  guns  :  the  third  rate  was  from  R<0 
to  84  guns :  the  fourth  rate  was  from  &'!  to  74  guns :  the  6fth 
rate  was  from  32  to  40  guns  ;  the  sixth  rate  included  the  small- 
est arm  tments. 

In  the  United  States  navy  ve-sseLs  are  rated  acrording  to  their 
tonnage.      Thus,   ships   of  3.000   tons  and   upward  are   first 
rates;  2,000   to  3,000   ton.s  are   second   rates:    800   to  2,000, 
or  iron-dads  from  1.200  to  2,000.  are  third  rates ;  under  800  \ 
tom,  or  iroo-clads  under  1,200,  are  fourth  rates.     These  are  i 


fertber  subdivided  into  classes,  according  to  their  armament 
and  tonnage. 

2.  (Horology.)  The  daily  gain  or  I0.SS  of  a  chro- 
nometer or  other  timepiece  in  seconds  and  fractions 
of  a  second. 

Rat'iag.  The  rclling  or  rotting  of  flax,  to  loosen 
the  fiber  from  the  woody  portion  and  gum  ;  the 
hare  from  the  shires.     See  Retting. 

Rat'line.  {Xautical.)  One  of  the  ropes  (from 
1  inch  to  li  inch  in  circumference)  fonning  the  steps 
of  the  shrouils,  whereby  they  are  ascended. 

Rats-tail.  1.  (Xaulical.)  The  pointed  or  ta- 
pered end  uf  a  rope. 

2.   A  tapered,  round  file. 

Rat-tail  File.  A  small,  tapering  file,  circular  in 
its  transverse  section. 

Rat-tan'.  (Malay,  rotan.)  The  stem  of  a  cane  of 
the  genus  Calamus,  especially  used  for  making  sjilints 
for  chair  seats  and  backs. 

It  abounds  in  Southern  Asia  in  moist  situations,  and  the  va- 
rious species  are  used  for  hanks  for  sails  ;  cables,  sonietiuifs  as 
much  as  42  inches  round :  cords,  withes,  and  walkir,g-sticks  ; 
also  for  making  splints  for  baskets  and  brooms,  fish-weirs,  hur- 
dles, hoops,  carriage-seats,  and  many  other  purposes.  The 
larger  varieties  grow  to  a  size  of  3  inches  diameter,  and  to  a  bight 
of  nearly  100  feet.  It  is  cylindrical.  Jointed,  and  destitute  of 
branches. 

Rat'tan-as.  A  coarse  sacking  made  at  the  Mau- 
ritius. 

Rat-tan'-ma-chin'er-y.  The  rattan  used  in  this 
country  is  imported  Ironi  Singapore,  packed  in  bun- 
dles in  lengths  of  8  to  16  feet.  It  is  sorted,  prelim- 
inary to  being  prepared  for  its  various  uses,  into  12 
sizes,  according  to  diameter,  and  washed  in  revolv- 
ing boxes.  The  joints  being  scraped  smooth  liy  ma- 
chinery, the  hard  outer  surface  is  removed  in  strips, 
which  are  used  for  the  bottoms  of  cane-seat  chaii-s 
and  similar  latticed  work,  and  the  rounded  pith  por- 
tion, known  as  reed,  is  woven  into  basket.s,  tables, 
and  chairs.  The  shavings  are  made  into  matting, 
the  rub  into  mattresses. 

After  washing  and  scraping,  the  rattans  are  pre- 
sented to  the  action  of  machines  comprising  a  set  of 
drawing  or  feeding  rollers,  and  knives  which  make 
longitudinal  incisions  in  the  hard  outer  coating,  di- 
viding it  into  strips  which  are  then  separated  from 
the  inner  poious  or  pithy  portion  by  means  of  a  tu- 
bular cutter,  through  wliich  this  part  is  drawn  while 
the  strips  are  thrown  off  by  the  conical  e.\terior  of 
the  mouth  of  the  cutter.  Another  machine  then 
reduces  the  strips  to  an  even  thickness  and  width. 

Fig.  4182. 


r    ,         ,     ,    iJ 


^ 


I 

Kattan  S/Uitting  and  Stripping  Machine. 
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In  the  preparation  of  rattan  for  use,  it  gives  occa- 
sion for  tlie  use  of  maoliines  for  straiglitening,  wash- 
ing, scraping  tlie  joints,  slitting,  stripping,  dressing, 
or  reducing,  which  is  a  planing  and  trimming  oper- 
ation, and  polishing. 

In  one  combined  slitting  and  stripping  machine  a 
series  of  rotary  cutters  are  pivoted  in  the  end  of 
rack-bars  placed  radially  in  the  stock  G  and  caused 
to  simultaneously  approach  or  recede  from  its  cen- 
ter, so  as  to  operate  on  the  rattans  as  they  are  drawn 
through  it  by  the  feed-wheels.  They  are  held  to 
their  work  by  springs,  and  accommodate  themselves 
to  the  varying  thickness  of  the  rattan,  which  is  then 
led  to  a  tubular  cutter.      Fig.  4182. 

In  Big.  4183,  the  rattan,  after  being  operated  on 


Fig.  4183. 


Kattan- Stripper. 


by  radial  cutters,  is  presented  to  the  tube  or  quill  E, 
which  may  be  adjusted  at  a  variable  distance  from 
the  cutters. 

Machines  for  shaving  off  the  joints  and  evening 
the  strips  are  also  used.  In  Fig.  4184,  the  first  of 
these  objects  is  effected  by  inclined  knives  M,  and 
as  the  strip  is  drawn  forward  by  the  rolls  /'"  /"  /' 
J L  L',  the  pithy  under-surface  is  removed  by  knives 


Fig.  4184. 


Rattan- Shaving  Machine. 

or  scrapers  d  d,  after  which  circular  cutting-flanges 
on  the  roller  F  and  its  fellow  trim  the  edges  to  an 
even  width. 

Sawyer  employs  a  tubular  cutter,  having  an  open- 
ing of  hexagonal  or  other  polygonal  section,  sur- 
rounded by  radial  ribs  or  fins,  by  which  the  outer 
coat  is  split,  and  at  the  same  time  separated  from 
the  interior,  which  is  drawn  through  the  tube. 

Advantages  are  claimed  for  the  hexagonally  sec- 
tional form  of  the  pith  as  peculiarly  adapting  it  for 
its  destined  purposes. 

Watkins  has  patented  a  method  of  uniting  the 


ends  of  the  separated  strips  by  scaiiing,  removing 
the  smooth,  glossy  part  from  the  ends  of  strips, 
and  joining  them  by  cement,  so  that  they  may  be 
fonned  into  continuous  lengths. 

Also  a  process  of  saturating  the  pith  when  cut 
into  strips,  with  a  solution  of  shellac  or  other  prepa- 
ration, in  order  to  harden  it  and  render  it  adapted 
to  purposes  for  which  the  outer  surface  only  is  usu- 
ally employed. 

After  being  split  off,  the  exterior  rind  is  bleached, 
constituting  chair  caiie,  and  put  up  in  bumlles  of 
1,000  feet.     One  hundred  of  these  bundles  make  a 
bale. 
Rat-teen'.    (Fabric.)    A  kind  of  woolen  stuff. 
Rat'tle.     a.  An  instrument  consisting  of  a   vi- 
brating   tongue   and   a   rotating   ratchet-wheel   by 
which  a  sharp,  ratllimj  sound 
is  produced  to  make  an  alarm.  T'K-  4185. 

Watchmen  were  formerly  fur- 
nished with  them  to  sound  a 
rallying  signal,  and  they  were 
kept  in  private  houses  to  enable 
the  occupant  to  call  the  watch 
or  sound  a  fire-alarm.  See 
Watchman's  Alakm. 

b.  A  child's  toy  made  in  a 
similar  way,  or  consisting  of  a 
case  of  wicker-work  or  other 
material  and  inclosing  small 
pebbles  or  other  objects  which 
produce  a  rattling  sound.  Policeman's  Raitlt. 

Rat'tler.  {Cutlery.)  A 
term  ap|ilicd  by  cutlers  to  a  form  of  razor  whose 
blade  is  ground  very  thin  by  laying  it  longitudinally 
on  a  stone  anel  reducing  the  angle  of  the  sides  to 
about  15°.  When  the  nick  extends  only  a  part  of 
the  way  back,  it  is  called  a  half-rattler. 

Rat-trap.  A  device  for  catching  or  killing  rats 
and  similar  vermin. 

The  older  were  generally  of  two  well-known  forms, 
—  a  wire  cage,  having  funnel-shaped  entrances  with 
pointed  wires  at  the  inner  extremity,  through  which 
the  animal,  attracted  by  the  bait, 
could  enter,  but  which  op)iosed  an 
invincible  ob.stacle  to   his  egress  ; 
and  a  pair  of  spring-jaws,   which 
I — I  were  forcibly  closed  when   he  at- 

*py     ^  tempted  to  remove  the  bait  placedon 

a  hook  between  them.    Of  late  yeara 
the  inventive  faculty  has  been  con- 
siderably exercised  upon  devices  of 
this  class.     Among  these  are  em- 
braced,—  revolving    spikes,    actu- 
ated  by   a  weight  ;    a   iiortcullis, 
which  impales  the  animal ;   doors 
which  fall  and  inclo.se  him;   con- 
trivances which  knock    him    into 
the  trap,  or  give  him  a  killing  blow 
(the  sockdologer) ;  double  doors,  of 
which  the  outer  one   closes  when 
the   rat   enters,   and  is   caused  to 
open  again  when  he  passes  through 
the  inner,  where  he  is  imprisoned ;  traps  with  swing- 
ing doors,  closed  by  the  passage  of  the  animal  through 
them  ;  traps  which  are  automatically  reset  after  he 
is  secured  or  killed  ;  peculiarly  arranged  dead-falls  ; 
tilting-boards  and  traps,  through  which  he  falls,  and 
which  then  resume  their  usual  position  ;  and  others. 
In  Fig.  4186,  the  bait  is  placed  on  a  hook  within 
the  aperture  a  ;    it  is  protected  on  the  other  three 
sides  by  a  wire-guard  A,  and,  when  disturbed,  the 
hook  partially  rotates  tlie  rock-shaft  c,  releasing  a 
lug  at  top  of  the  rod  d  from  contact  with  the  tooth 
of  the  snail  e,  permitting  the  shaft  /  to  rotate  under 
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the  influence  of  the  weight  g,  and  tlirough  tlie  medium 
of  the  pitman  h  causing  the  descent  of  the  cross-head 
i,  to  whose  under  side  are  affixed  two  pins,  which 
impale  the  animal  wlien  he  meddles  with  the  bait. 

Fig.  4186. 


Ral-Trap. 

The  pins  are  disen;;aged  from  the  animal's  body  and 
the  trap  reset  by  the  onward  movement  of  the  shaft 
/,  which  continues  its  revolution  until  the  snail  e 
again  engages  tlie  stop. 

Fig.  4187  consists  of  a  box  having  a  hinged  open 
top  and  a  cistern  below.  The  bait  is  protected  by  a 
wire  guard  having  an  opening  in  the  middle  large 
enough  to  admit  the  animal's  muzzle.  On  seizing  tlie 
bait  a  catch  is  released,  allowing  the  pivoted  plat- 
form to  partially  rotate  by  the  animal's  weight  and 

Fig.  41ST. 


Ral-'D-ap. 

drop  liim  in  the  cistern  below,  when  the  depressed 
end  again  rises  and  the  catching  device  is  re-engaged, 
holding  the  platform  in  position  until  displaced  by 
another  nibble.     See  also  Animal-trap. 


Rave.  {Vehicle.)  One  of  the  side  pieces  of  a 
wagon-body  frame  or  of  a  sleigh. 

Rave-hook.  {Nautical.)  A  hooked  iron  for 
clearing  old  oakum  out  of  the  seams. 

Rav'el.  {Weaving.)  A  comb-like  iustrament 
between  whose  teeth  the  yarn-threads  are  passed 
when  being  distributed  upon  the  beam  of  the  loom. 
The  ravel  has  a  length  equal  to  tlie  width  of  the 
web,  and  maintains  the  order  which  the  threads  ac- 
quire in  the  warpiny-mill.     A  separator. 

The  ravel  is  also  used  in  winding  yarns  from  balls 
or  hanks  on  to  a  balloon. 

Rav'e-lin.  {Fortification.)  A  detached  work 
having  a  parapet  and  ditch  forming  a  salient  angle 
in  front  of  the  curtain.  It  is  erected  upon  the  coun- 
terscaiy,  and  receives  flank  defense  from  the  body  of 
the  place. 

Inside  the  ravelin  may  be  a  rcdoiiit  and  ditch  ; 
the  gorge  is  unprotected,  and  the  ravelin  may  be 
considered  a  redan  upon  the  counterscarp. 


Fig  4188. 


Bastions  and  Ravelin. 


In  the  figure  :  — 
a  a  are  the  bastions  of  the 
main  work. 
6,  Curt.iin. 
c.  Ravelin. 


d  d.  Bitch  of  ravelin, 
f,  Redoubt  of  ravelin. 
ff.  Main  ditch. 
g  g  g.  Glacis. 


Rav'el-ing-en'gine.  {Paper-making.)  A  ma- 
chine for  tearing  rags  for  making  into  pulp  for  paper. 
A  tcazing-cylinder.     See  Kag-exgixe. 

Ra'vens-duck.  {Fabric.)  A  quality  of  sail- 
clotli. 

RaTW-hide.  The  iintanned  skin  of  animals, 
such  as  the  cow  and  buffalo  ;  usually  prepared  by 
liming  and  scraping  off  the  hair. 

The  hide  is  cut  into  a  continuous  fitrip,  several  of  which  arc 
afterw.ard  twisted  or  plaited  together  to  form  a  rope,  which  is 
immersed  in  a  .solution  that  tends  to  preserve  and  render  it 
more  pliable.  Ropes  of  this  material  are  preferred  to  chain, 
hemp,  or  manilla  for  tiller  ropes,  being  stronger  than  the  two 
latter,  and  not  li.ible  to  break  suddenly  lilie  the  first. 

A  mode  of  making  small  belting  from  raw-hide  by  cutting 
Into  a  continuous  strip,  stretching,  and  afterward  treating  with 
a  preservative  solution,  was  patented  by  a  firm  in  Leeds,  Eng- 
land. 

Raw-silk.  Reeled  silk  wound  from  the  cocoons, 
several  fibers  forming  one  thread. 

The  cocoons  are  immersed  in  warm  water  to  soften  the  natu- 
ral gum  on  the  filaments,  and  the  ends  of  a  number  being  gath- 
ered are  wound  as  a  single  thread  upon  the  reel.  When  the 
skein  is  dry,  it  is  made  into  a  hank.    See  SaE-REEL. 

Ra-za'gO.    {Fabric.)    Coarse  tow-cloth  of  Spain. 

Ra-zee'.  {Nautical.)  A  vessel  cut  down  to  a 
less  number  of  decks,  as  from  a  two-decker  to  a  frig- 
ate.    The  opposite  of  one  raiscd-up. 

Ra'zor.  A  keen-edged  cutting  instrument  em- 
ployed for  removing  the  hair  of  the  beard  and  head. 
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The  edge  and  the  back  of  the  blade  are  more  or  less 
curved,  and  lines  drawn  from  each  side  of  the  back 
and  meeting  at  the  edge  include  an  angle  of  about 
18^  If  inade  in  one  piece,  the  sides  are  slightly 
hollowed  in  grinding.  The  cutting  part  is,  however, 
sometimes  made  much  thinner,  and  of  uniform  ta- 
per from  back  to  front,  and  inserted  in  a  backing 
piece. 

The  blade  is  formed  with  a  tang,  which  is  fastened 
in  the  handle  by  a  rivet.     The  handle  has  no  back. 

From  distant  ages  the  custom  of  shaving  has  descended  to 
moilern  times,  though  in  different  times  and  nations  the  prac- 
tice has  varied,  the  scalp  or  the  face,  in  whole  or  in  part,  being 
subjected  to  the  operation. 

The  ancient  Egyptians  shaved  tlie  head  and  face  regularly. 
The  pi-iests  shaved  all  over  every  three  days.  They  also  bathed 
t.vice  a  day  and  twice  each  niglit.  The  wool  of  any  animal  was 
an  abomination  in  the  temple,  and  therefore  they  were  scrupu- 
lously dressed  in  linen.  So  also  were  the  Hebrew  priests  (see 
Ex  xxviii.  42;  Lev.  vi,  10).  Cotton  was  not  known  in  Egypt 
exiept  as  a  curiosity  from  India. 

.Joseph  shaved  himself  before  being  presented  to  Pharaoh, 
and  from  their  long  residence  in  Kgypt  the  Israelites  came  to 
Hdopt  certain  practice^  of  a  religious  or  social  character.  Moses 
made  regulations  concerning  shaving,  and  special  observances 
are  prescribed  in  the  ceremonies  in  taking  the  vows  of  a  Naza- 
rite.  and  in  relation  to  the  cleansing  of  lepers.  This  was  about 
1490  B.  c.  Samson  was  an  unshaven  man  until  he  fell  into  bad 
company  and  lost  virtue,  strength,  and  sight.  The  comparison 
(Isaiah  vii.  20)  of  the  king  of  Assyria  to  a  hired  razor  seems 
to  infer  the  completeness  of  the  operation  he  would  perform 
upon  the  subject,  and  the  comparison  of  the  king  to  a  traveling 
barber  may  have  inferred  contempt  for  the  agent. 

The  shaven  crown  and  braided  cue  of  the  Chinese  were  origi- 
nally marks  of  subjection  imposed  by  the  Manchoo  Tartars  so 
late  as  a.  d.  l!)27. 

Perhaps  it  was  only  the  pre^-ent  peculiar  mode  that  originated 
in  this  way,  "S  the  Japanese  follow  the  same  practice, adopting, 
however,  a  different  style  of  tonsure. 

The  Homeric  heroes  were  bearded.  The  custom  of  letting 
the  heard  gro.v  prevailed  until  the  time  of  Alexander,  when, 
a(  cording  to  Plutarch,  in  Lysander,  and  Athenseus,  the  Greeks 
hegm  to  shave,  and  contiuued  to  do  so  until  the  time  of 
Justini  in. 

"  And  this  custom  of  shaving  the  beard  originated  in  the  age 
of  Alexander,  as  Chrysippus  tells  us  in  the  fourth  book  of  his 
'  Treatise  on  the  Beautiful  and  on  Pleasure.'  And  Diogenes, 
when  he  saw  some  one  once  who-<e  chin  wa"?  smooth,  said,  *  I 
am  afraid  you  think  you  have  great  ground  to  accuse  nature 
for  having  made  you  a  man  and  not  a  woman.'  And  at  Rhodes 
there  is  a  law  against  shaving,  but  no  one  minds  it.  And  at 
Byzantium  there  is  a  law  Hgaiust  barbers  being  pos.«iessed  of 
razors,  but  they  shave  none  the  less.  So  saya  the  admirable 
Chrysippus."  —  Athen^us. 

*'  Ctesippus,  the  fine  son  of  Chabrias, 
Has  ceased  to  shave  himself  three  times  a  day. 
A  great  man  among  women,  not  with  men  '' 

TiMOCLEs:  quoted  in  the  "  Deipnosophiste." 

Ctesippus,  the  Brummel  of  his  time,  became  a  proverb  :  — 
'*  And  T,  too,  once  was  a  young  man,  0  woman, 
Nor  did  I  then  five  several  times  a  diiy 
Bathe,  as  I  now  do  bathe  ;  nor  at  that  time 
Had  I  a  soft  cloak,  such  as  now  I  have, 
Nor  such  perfumes  as  now  ;  now,  I  will  paint  myself, 
And  pluck  my  hair,  by  Jove  I     Aye,  I  will  be 
Ctesippus  ;  not  a  man ;  and  in  brief  time 
1  too,  Uke  him,  will  eat  up  all  the  stones." 

Menanber. 

Ctesippus  had  sold  the  stones  of  his  father's  tomb  to  obtain 
means  for  his  luxury. 

In  451  A.  U  C,  Paulus  Ticinus  Mfenas  imported  barbers  into 
Rome  from  Sicily.  They  were  at  first  peripatetic,  but  afterward 
had  shops,  which  became  the  lounges  of  the  metropolis,  as  we 
find  by  the  contemporary  poets  and  satirists.  Pliny  says  that 
Scipio  Africanus  was  the  first  lioman  who  shaved  daily. 

As  early  as  Hippocrates  some  surgical  operations  were  regarded 
as  beneath  the  attention  of  physicians,  and  were  relinquished  to 
the  barbers.  The  Council  of  Tours,  in  1163,  prohibited  the 
clergy  from  performing  bloody  operations,  and  the  barbers  be- 
came the  possessors  of  their  practice.  Barbers  were  incorpo- 
rated witli  the  surgeons  of  London  by  act  of  Henry  VIII.,  but 
were  deprived  of  this  association  early  in  the  eighteenth  century. 
In  Holland  and  Germany  the  mixed  practice  still  continues. 

After  many  hirsute  centuries  shaving  ag;iin  became  common 
under  Louis  XHI.  and  XIV  of  France, each  of  whom  ascended 
the  throne  in  infancy,  and  tlius  made  smooth  chins  fiishionable. 

During  the  reigns  of  Elizabeth  of  England,  and  Peter  of 
Russia,  laws  were  enacted  to  compel  certain  classos  to  shave. 
The  people  were  disgusted. 

In  Spain  and  Portugal  the  whiskers  became  the  great  objects 
of  attention,  and  the  loss  of  honor  was  followed  by  the  loss  of 


whiskers.  John  de  Castro,  in  the  reign  of  Catharine.  Queen  of 
Portugal,  pledged  one  of  his  whiskers  to  the  merchants  of  Goa, 
as  security  for  a  loan  of  1,000  piasters. 

The  whiskers  belonging  to  the  image  of  Confucius  are  sup- 
posed to  be  capable  ol  imparting  wisdom  and  manly  beauty  to 
any  one  who  may  wear  them.  Unfortunately,  decapitation  is 
the  reward  of  any  one  who  removes  them  from  the  image,  so 
that  their  virtues  are  never  tested. 

Artificial  hair  was  used  by  the  Egyptians,  Carthngenians, 
Greeks,  and  Romans.  A  splendid  wig  has  been  preserved  in  one 
of  the  Egyptian  tombs,  and  is  now  in  a  European  museum. 

Wigs  were  again  brought  into  use  in  France  about  1629,  and 
the  practice  spread  throughout  civilized  Europe.  Kings,  cour- 
tiers, and  the  devotees  of  law,  physic,  and  divinity  were  not  full 
dressed  without  a  wig.  The  absurd  idea  yet  obtains.  Horse- 
hair and  goat's  hair  yet  protect  or  parch  the  legal  Jind  judicial 
brain  in  the  "  tight  little  island''''     See  Hair,  par.  6,  page  1047. 

Cortez  found  the  Mexicans  using  razors  of  obsidian. 

Pepys,  in  his  Diary  (May,  1662),  recommends  *'  trimming 
one's  self  with  a  pumice-stone,  which  I  learnt  of  Mr.  March, 
and  I  find  it  very  easy,  speedy,  and  pleasant." 

Among  the  Knights  of  the  Razor  are  to  be  found  enrolled  the 
great  inventors  Ctesibus,  Arkwright,  and  the  great  English 
painter,  Turner  ;  the  latter  was  a  very  humble  member  of  this 
ancient  and  honorable  fraternity,  and  was  dropped  from  the 
rolls  of  the  order  at  quite  an  early  age.  having  shown  a  degree 
of  genius  for  drawing  which  was  perhaps  deemed  incompatible 
with  his  success  in  his  hereditary  profession. 

The  order  of  procedure  in  making  the  best  razors  is  as  fol- 
lows :  — 


8  molded. 


1    The  blade  i 

2.  Forged. 

3.  Ground  and  scorched  to  take  off  the  black  scale. 

4    Drilled  for  the  joint,  and  stamped  with  the  name. 

5.  Hardened  and  tempered. 

6.  Ground 

7.  The  shoulders  are  ground  on  a  dry  stone. 

8.  The  blade  is  ground  on  a  leaden  lap,  which  gives  the  true 
curve  to  the  surface. 

9.  The  tang  and  back  are  glazed  by  a  leather  glazer. 

10.  Polished  on  a  buff-wheel  with  crocus. 

11.  Handled. 

12.  Set. 

Razor-blades  are  forged  from  cast-steel  (except  the  cast-iron 
ones) ;  the  bars  being  tiited  to  i  inch  in  breadth,  and  a  thick- 
ness equal  to  the  back  of  the  razor. 

The  blades  are  heated  in  a  coke  or  charcoal  fire,  and  dipped 
into  the  water  obliquely.  In  tempering,  they  are  laid  on  their 
backs  upon  a  clear  fire,  about  half  a  dozen  together,  and  they 
are  removed,  one  at  a  time,  when  the  edges,  which  are  as  yet 
tiiick,  come  down  to  a  p:ile  straw  color.  Should  the  barks 
accidentally  become  heated  beyond  a  straw  color,  the  blades  are 
cooled  in  water,  but  not  otherwise. 

Holtzapffel  agrees  with  Stodart,  that  the  best  cooling  mixture 
is  water  at  40°  Fab. 

Shavings  of  leather,  added  to  the  fire,  are  said  to  prevent  the 
cracking  of  the  razor  when  plunged  into  water. 

After  tempering,  they  are  ground  on  a  stone  of  5  or  6  inches 
diameter  for  the  finer,  or  from  12  to  15  inches  diameter  for  the 
coarser,  kinds,  and  afterward  on  a  lap  charged  with  fine  emery 
in  oil ;  two  courses^  the  last  with  finer  emery  than  the  first, 
being  employed. 

The  final  polishing  is  effected  on  a  soft  leather  wheel  charged 
with  crocus,  both  the  wheel  and  razor  being  heated. 

As  the  glazing  and  polishing  wheels  revolve  away  from  the 
edge,  a  wire  edge  is  left,  which  is  struck  i-ff  by  tilting  it  up  and 
sweeping  it,  edge  foremost,  over  the  face  of  a  hone.  Should  the 
wire  edge  still  remain,  it  is  drawn  perpendicularly  over  a  strip 
of  horn,  and  the  .=weepiug  operation  repeated. 

It  is  then  honed,  being  laid  flat  on  the  side  for  this  purpose. 
The  manner  of  rubbing  the  edge  against  the  stone  varies 
among  different  operators,  some  preferring  a  long  and  sweeping 
and  others  a  zigzag  motion,  while  otiiers  again  employ  short 
circular  or  elliptic  strokes  ;  all,  however,  agree  in  working  from 
heel  to  point.  Should  the  wire  edge  ari?e  during  this  process, 
it  must  be  rubbed  off  on  the  horn  as  before.  The  work  is  then 
finished  on  the  strop. 

The  keenness  of  its  edge  may  be  tested 
by  drawing  it  obliquely  across  the  thick 
skin  of  the  palm  of  the  hand,  but  the 
cutler  also  tries   it  upon  the  finger-nail,  , 
holding  it  at  right  angles  to   the  nail  V     j 
and  slightly  drawing  it,  by  which  means    \    / 
a  very  slight  notch  or  inequality  may  be     i\  /' 
detected.  "-W 

When  viewed  with  a  magnifying  power 
of  50  to  100,  the  edge  of  n  razor  exhibits 
a  series  of  faint  undulations,  resembling 
ripple-marks  These,  however,  otTer  no  \ 
impediment  to  its  cutting  properties,  and 
unless  imperfections  are  visible  wlien  a 
power  of  20  to  30  linear  measurement  is 
used,  the  razor  will  generally  prove  satis-  , 
factory.  "  ^ 

The  hollowed  form  is  imparted  to  the 
side  to  reduce   the  quantity  of  metal  re-  Razors. 


Fig.  4189. 
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quired  to  be  removed  ia  sharpeoing.  a  b  show  the  most  ordi- 
nary form*  :  each  is  ground  transversely,  the  former  on  a  wheel 
of  12,  and  the  latter  on  one  of  4  inches  diameter. 

In  some  ca^es,  as  c,  the  blade  is  ground  longitudinally,  giving 
it  a  thinner  edge  :  these  are  termed  rattlers  by  the  Sheffield 
cutlers  inconsequence  of  tiieir  tendency  to  vibrate  when  shav- 
ing a  heavy  beard  Others  (rf)  are  ground  in  both  ways.  These 
are  called  hnlf-raitUrs .  t  is  formed  by  setting  the  blade  in  a 
baclting  f  h33  a  brass  frame  or  guard  to  prevent  persons 
whose  hands  are  tremulous  from  accidentally  cutting  them- 
selves.   It  is  called  a  guard-razor. 

Ra'zor-pa  per.  Smooth,  unsized  paper,  one  side 
of  which  is  treated  with  a  composition  of  crocus  and 
flour-emery  in  powder.  It  is  used  to  wipe,  the  razor, 
and  is  intended  as  a  substitute  for  the  strop. 

Ra'zor-strop.  An  implement  for  sharpening  ra- 
zors or  other  thin-edged  tools.  It  usually  h:is  a 
handle  and  a  case  for  receiring  it  when  not  in  use. 
Some  kinds  have  but  two  abrading  surfaces,  —that  to 
which  the  razor  is  first  applied,  consisting  of  leather 
thinly  coated  with  fine  emery -powder  ;  and  the  sec- 
ond, by  which  keenness  of  edge  is  finally  imparted, 
of  leather  alone.  Othere  have  four  sides,  coated  re- 
spectively with  a  hard  composition  and  with  leather 
of  different  degrees  of  fineness,  to  which  the  razor  is 
successively  applied. 

Barbers  keep  their  razors  in  order  after  being  once 
set  by  rubbing  on  a  leathern  strap  suspended  by  one 
end,  and  held  by  the  other. 

Reach.  1.  (Vehicle.)  A  pole  connecting  the 
rear  axle  to  the  bolster  of  a  road-wagon.  A  coupling- 
pole. 

Some  modem  carriages  have  none,  the  bed  or  body 
performing  that  duty. 

A  reach  for  a  certain  description  of  city  wagon  is 
shown  in  Fig.  4190.     It  is  arched  in  front,  so  that 
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VTason-Reach. 


the  fore  wheels  may  pass  under  it,  enabling  the  ve- 
hicle to  be  turned  in  a  .shorter  space.  The  circular 
sway-bar  is  extended,  so  as  to  support  the  reach 
when  turned  in  any  position. 

2.  (Hydraulic  Enginecriiig.)  That  portion  of  a 
canal  between  two  locks  having  a  uniform  level. 
Also  called  a  po7td.  Locks,  lifl%  inclines,  slides,  or 
shiices  connect  reaches  of  different  levels. 

Re-ac'tdon  "Wa'ter-wlieel.  A  wheel  to  which 
a  rotary  motion  is  imparted  by  the  action  of  streams 
of  water  issuing  tangentially  from  its  sides  under  the 
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'  pressure  of  a  head  of  water  entering  it  from  above. 
The  principle,   which  is  that   of  recoil,   is  eml  od- 
ied  in  Barker's  mill  and  in  the  turbine.      It  differs 
in  nothing  from  Hero's  ^olipile,  excejit  that  in  the 
latter  steam  under  pressure  is  the  motor.     Reaction 
water-wheels  are  made  single  or  double,  the  latter 
having  two  on  a  single  shaft.      One  form  has  radial 
buckets  on  wliich  the  water  confined  in  a  vertical 
\  chute  impinges  (see  Flittek-wheel)  and  then  es- 
ca]>es  at   the  ends  through   wheels  on  the  reaction 
'  principle.     This  form  has   a  horizontal  axis.     See 
also  Turbine. 
I      The  motive  power  exerted  by  liquids  escaping  hori- 
zontally is  illustrated  by  a  device  called  the  hydrau- 
lic tourniquet   (Fig.    4i91),   consisting  of  ave.'-sel 
I  pivoted  at  its  upper  and  lower  extremities  and  hav- 
!  ing  two  pipes  at  bottom  whose  ends  are  bent  in  op- 
posite directions.     On  filling  the  vessel  with  water, 
it  escapes  through  these  tubes,  causing  the  vessel  to 
revolve  on  its  axis. 

Perley  and  Pattee's  saw-mill,  at  the  Chandiere 
Falls,  Ottawa  River,  Canada,  has  6  gang-saws,  each 
driven  by  a  Rowe  reaction-wheel,  5  feet  in  diameter, 
400  inches  sectional  area  of  dl-^charge.  The  head  is 
14  feet,  and  the  power  of  each  is  about  70  horses. 

Reati'lng-glasB.  A  large  niagnifj-ing  lens,  used 
to  a.^^ist  in  leading,  etc. 

Read'y  Reck'on-er.  A  table  or  an  instrument 
for  making  simple  calculations,  as  the  amount  of 
wages  due  a  workman  for  a  given  time,  etc. 

Re'al  Ra'di-us.  (Geaiinr/.)  The  radius  of  the 
drcle  touching  the  crests  of  the  teeth  of  a  cog- 
wheel. The  iiidius  of  the  pitch-circle  is  called  the 
geometrical  radius. 

Ream.  A  quantity  of  pa- 
per of  auy  size  containing  20 
quires  or  480  sheets.  A  com- 
mon practice  is  now  to  count 
£00  .sheets  to  the  ream. 

Ream'er.  Sometimes,  but 
incoiTectly,  written  rimmer. 
A  tool  nsed  to  enlarge  a  hole 
and  liing  it  to  a  shape  the 
conn  tirpart  of  the  tool,  w  heth- 
er  cylindrical  or  tapering. 

Broaches  are  reamers,  be- 
ing multiple-sided  taper  rods, 
whose  angles  cut  the  sides  of  the  holes  in  which 
they  are  rotated.     See  Broach. 

The  reamer  is  usetl  in  truivg  or  rounding  the  holes 
made  by  a  rock-drill. 
As  a  machinist's  tool  (a  b),  it  is  fluted  and  slightly 
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Reamers. 


tapering  :  the  blades  being  worked  out  of  the  solid 
metal  by  planing  or  milling  on  a  machine.  The 
flutes  are  then  bndced  off  like  a  tap  to  give  a  saliency 
to  the  cutting-edge. 

Instead  of  mere  longitudinal  fluting,  the  grooves 
in  the  tool  may  be  made  spiral,  a  right  and  a  left 
hand,  crossing  obliquely  so  as  to  leave  the  surface 
in  diamond-shaped  portions.  The  flutings  are  then 
planed  out  and  backed  off,  the  result  being  a  toothed 
reamer  c  of  effecrive  character. 

The  flat-sided  reamers,  such  as  rf  p,  triangles, 
squares,  and  pentagons,  are  properly  termed  broadies. 


REAMING-BIT. 
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Fig.  4193.  Tools  to  be  driven  through  a  hole 

are  Diufts  (which  see). 

Hall'-rouiicl  reamers  are  u.sed  in 
braces  to  enlarge  holes  in  sheet-metal 
or  small  castings. 

A  revolving  tool  which  cuts  one 

size  as  it  goes  is  a  drill.     A  reamer 

is  a  cutting  tool  for  enlarging  a  hole, 

•  A     and  should  enter  the  hole  a  piece  be- 

\^' 1   fore  it  begins  to  cut,  so  as  to  work 

'    y/,    steadily  and  sti-aightly.     This  is  not 

^    descriptive  of  the  action  of  a  drill, 

even  though  employed  to  enlarge  an 

iipiniing,  as  the  cored-out  hole    in  a 

casting. 

bj      In    Fig.    4193,    the   cutters  D  are 

made    in    sections,    having   dovetail 

projections  fitting  grooves  in  the  con- 

KrraiuiiH!;  Tap  ical  plug  C,  which  is  drawn  upwardly 
and  Reamer.      ^^  ^^  j^  expand  the  tool  radially  to 
cut  a  dovetailed  or  undercut  recess. 

In  Fig.  4194,  the  cutters  are  moved  longitudinally 
by  connection  with  a  nut  on  the  shank,  and  are 
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Expanding  Reamer. 


driven  outward  in  their  guide-.slot3  by  the  conical 
end  of  the  shank. 
Ream'ing-bit.      A  broach    of   hardened    steel 


having  a  taper  form  and  angular  cutting-  Fig-  4195. 
edges.     See  3  IT. 

Fig.  4195  has  a  guide  at  the  end  of  the 
reamer  to  fit  the  hold  to  be  enlarged  and 
maintain  the  reamer  in  central  position. 

It  is  used  for  boring  out  truly  or  enlarg- 
ing a  hole  commenced  by  a  bit  of  ordinary 
construction.  It  has  usually  a  shank  about 
as  large  as  the  hole  made  by  its  cutting- 
face,  to  insure  the  straightness  of  the  hole. 
Frequently,  it  has  cutting-edges  on  its  cyl- 
indrical portion,  and  acts  to  dress  ott'  irreg- 
ularities and  make  a  perfectly  cylindrical 
opening. 

Reaniing-bits  are  used  in  drilling  metal  ; 
also  in  dressing  to  roundness  and  enlarging 
the  size  of  holes  bored  by  rock-drills.  See 
Reameu. 

Ream'ing-i'ron.  {Calking.)  A  blunt 
chisel  used  for  opening  the  seams  be- 
tween the  planking  of  a  ship  preparatory 
to  calking  them  with  oakum. 

Reap'er.  A  machine  for  cutting  grain 
in  the  field.  "Wheat  and  barley  were  com- 
monly cultivated  in  ancient  Egypt.  The 
former  was  cut  in  five  months  after  sowing,  Bit. 
the  latter  in  four.  The  wheat  was  bearded, 
and  generally  cut  below  the  ear,  as  in  the  annexed 
figure.  It  was  cut  with  a  smooth-edged  or  a  toothed 
sickle.  Both  are  represented  in  the  tombs,  and  il- 
lustrations are  given  in  this  work  under  the  caption 
Sickle. 

The  whole  series  of  harvesting  and  thrashing  oper- 
ations are  shown  in  the  accompanying  illustration, 
which  is  from  a  tomb  at  Thebes  of  the  jirobable  date 
of  1490  B.  c.     The  condition  of  the  standing  wheat 
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Harvest  Scene  (  Tliebes,  1490  B.  C). 


shows  that  it  was  cut  below  the  ear.  Two  men  are 
working  together,  and,  according  to  the  then  usual 
mode  of  representing  such  things,  the  motions  of  the 
parties  are  exactly  simultaneous.  The  next  man  is 
taking  a  drink,  sickle  over  his  shoulder,  in  a  manner 
quite  customary  among  us,  at  this  distance  of  thirty- 
three  centuries.  The  man  behind  him  is  probably  a 
gleaner,  and  urges  him  to  hurry,  as  he  too  wants 
a  drink.  Next  is  shown  a  gleaner  with  his  basket 
slung  upon  his  back.  He  picks  up  the  scattering 
ears  and  jerks  them  into  his  basket,  like  the  chiffon- 
ier of  Paris  with  his  rags.  We  next  see  two  men 
with  a  rope  basket,  carrying  the  ejirs  from  the  field 
to  the  heap  where  they  are  tramped  by  cattle  ;  a 
man  tending  with  a  whip  and  another 
throwing  in  the  ears  with  a  three-, 
pronged  fork.  Then  comes  the  win- 
now'ing  ;  men  with  scoops  lift  the  grain 
and  chaff,  throwing  them  up  in  the  air, 
that  the  wind  may  blow  away  the  chaff. 
By  this  time  all  parties  are  dry,  and 
here  is  a  kid-.skin  bottle  hanging  in  the 
tree  and  a  dusty  Copt  taking  a  pull  at 
it.  The  ne.\t  scene  is  at  the  grain-heap, 
where  two  scribes  kee)i  tally,  — one,  of 
the  amount  lirought  from  the  winnow- 
ing-floor,  and  the  other  of  the  amount 
sent  to  the  granary. 


Another  harvest  scene  from  the  tombs  is  worth 
noticing  in  this  connection,  though  the  part  selected 
is  more  specific  in  the  refreshment  line  than  in  the 
work  perf'ormeil.  In  Egypt,_  as  with  us,  the  cool 
drink  at  the  end  of  the  row  was  not  the  least  pleas- 
ant part  of  the  day's  experiences,  but  they  could  not 
rest  in  the  sliady  fence-corner  for  lack  of  the  treei 
and  the  fences.  In  the  drawing,  one  tree  lends  its 
welcome  shade,  and  to  a  limb  is  hung  the  kid-skin 
bottle  at  which  the  "  fellah  "  is  sucking.  On  the 
stand  are  two  jars  waited  on  by  another  "  fellah  " 
with  a  fiabella,  —  call  it  a  fly-brush.  A  thirsty  man 
is  devoting  him.self  to  a  bottle,  and  a  female  comes 
up  with  a  fresh  supply.     Another  reaper,  sickle  on 
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Harvest  Scene  (  Time  of  Mates). 


